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oils are 
vv,,JLU,.U\.'i:> and nutraceuticals, 

The strengths of the Australian Marine Oils industry include: (i) relative sustainability of raw 
material (some countries show resources in decline), (ii) a dean and green image of the local 
resource, (iii) closeness to Asian ma,rK<!ts, (iv) uniqueness of composition of several marine oils, (v) 
an increasing knowledge of marine and (vi) development of appropriate technologies. 
Opportunities exist based on these strengths and the Marine Oils industry has taken several 
products into the international market place. Together these features provide the Australian fishing 
and associated industries with the capacity to better utilize existing resources. 

Wax ester oils 
Research provided biochemical data on orange roughy oil and the waste obtained from processing, 
thereby assisting industry to better utilize the orange roughy resource. From data on the oil 
composition of orange roughy and its properties, a range of wax ester-derived degreaser, hand 
cleaner and other industrial products have been manufactured Australia by BEKU Environmental 
Products Ltd. The oil from deep water oreos also contains high levels of wax esters and, it is 
feasible to use this oil in addition to that from orange roughy. We examined the composition of oil 
from other fish containing wax esters together with the composition and physical properties of wax 
ester oils produced by industry, :including :further value-adding oils to a high purity wax ester, the 
latter working with BEKU on process refinement. 

Shark liver oils 
Deep sea sharks are a significant by-catch of the orange roughy and other fisheries. Shark livers 
are large (20% of the total shark weight) and contain considerable quantities of oil which is often 
enriched in squalene. Squalene is used as a health-food or is hydrogenated to squalane, vvhlch is 
used in pharmaceutical and cosmetic industries as a lubricant and cosmetic base. We have 
evaluated the squalene content of deep-sea shark species landed in Australian and other waters, and 
assisted industry in screening the squalene content of oils. 

Research was completed on processing of crude oils so that the opportunity existed to export 
refined squalene, rather than crude shark liver oil. Several processes for separating and purifying 
squalene have been established and at present BEKU is the sole Australian manufacturer of 
squalene. In association with CSIRO, BEKU has :further developed a diacylglycerol ether (DAGE) 
fraction from shark liver oil. This new product is also used in nutraceuticals. Technology has been 
developed for the preparation and purification of squalane ( derived from squalene ). Options for use 
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to 

level oils from se.1.~icte:a fish, fish capsules was 
fish~derived or related (n-3) oils in Australian aquaculture is 

increasing. By determining oil composition of Australian species ( e.g. tuna, jack mackerel, 
southern sharks, snapper) examining ways to add value to the crude (n-3) oils, industry vvill 
better placed to identify alternative feedstocks to take am,anrn!i:e of market opportunities. 
Other species examined include European carp, Patagonian toothfish, several temperate sharks and 
ling. 

The growing interest in these oils has encouraged the establishment of technologies Australia for 
adding value to the omega-3 oils. To date a process has been developed in the laboratory for 
purification oftriacylglycerol-containing oils and scale-up of the process is underway in association 
with Nu-Mega Lipids, a joint venture between Clover Corporation and Heinz. The Nu~Mega 
Lipids initiative will utilize a resource that would otherwise be disposed of as waste and instead will 
produce refined tuna oil products. Research on enrichment technologies was performed with 
several products prepared in laboratory trials, all containing in excess of90% omega-3 PUFA. 

In addition to marine products research, a complimentary FRDC study (Project 95/122) was 
established to examine a wider range of Australia's commercial and non-commercial fishes for their 
nutritional composition, with an emphasis on oils. This research is due for completion in early 1998. 

Antarctic Biota and microo:rganisms 
Collaborative studies on lipids of microorganisms, zooplankton and fish from the Southern Ocean 
have increased the understanding of the biochemical and microbial processes of the Antarctic 
ecosystem Specific lipids are used in the taxonomy of new Antarctic bacteria, including those 
able to synthesize potentially useful natural products ( e.g. omega-3 and omega-6 PUF A). Lipids 
have been used to elucidate krill, zooplankton. and other food-chain interactions, including those of 
commercial interest. Methodologies also have been transferred to aquaculture and environmental 
studies. For example, we have demonstrated the enrichment of omega-3 PUFA into rotifers using 
Antarctic bacteria. Techniques and processes developed by the marine oils industry can be 
transferred to biotechnological applications of Southern Ocean species. 

The Australian Marine Oils industry has made rapid progress over the past 5 years and 
opportunities are now available to consolidate developments and commence new initiatives. 
Ongoing oil characterization and process oriented research vvill complement and strengthen existing 
industry initiatives and allow the Marine Oils industry to maximize returns on the present fish catch. 
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rich in wax esters 
squalene other cmnm::ments 

(ill) oils enriched om1ega··J polyunsaturated fatty acids (PUFA). 
Commercial products have been developed overseas from these three types of oils. lipid 
composition of fish can depend, however, on .s..,.,,.svJcuu changes reproductive status feeding 
habits, changes available food, regional differences the basic foods nutrients, and other 
factors. It is due to possible variations there is a need to characterize the oils derived 
from Australian species. 

With the aid of previous FRDC funding (grant 91/77, Orange roughy other marine oils: 
characterization and commercial applications), the Marine Products project has developed a 
considerable intellectual resource on Australian marine oils. State of the art laboratory facilities 
and expertise have been assembled for the chemical characterization of oils. This research 
assisted a number of companies that established facilities for the production of oil and high grade 
meal from the south-east Australian :fisheries. 

Initial characterization of oils derived from commercially-landed Australian species and related 
samples was undertaken as part of the previous FRDC funded study (91/77). This work directly 
assisted Australian industry and resulted in the manufacture of value-added degreaser and other 
cleaning products from orange roughy oil. 

A process to separate squalene from shark liver oils was also developed in collaboration with 
CSIRO Division of Molecular Science (formerly Chemicals and Polymers) during the initial 
FRDC funded study. The process was licensed for use by industry (Squalus, ITL Australia) for 
the production of squalene for the local and export markets. The purified export-grade squalene 
is currently worth approximately $25 per kilogram It was proposed that Australia could initially 
export 20-50 tons annually (worth $0.5-l.25M). At whatever level is achievable, the 
opportunity exists for the Australian fishing and associated industries to gain a significant portion 
of the international squalene market 

Although omega-3 PUFA are abundant most fish oils, to date no value-added omega-3 
containing products have been manufactured in Australia. Rather, such products are still 
imported and crude fish oil is at times exported for value-adding. It is now well accepted that 
fish-derived PUF A reduce the risk of coronary heart disease and stroke in humans and also may 
play a role against a range of other disorders, including arthritis. Capsules of :fish oils containing 
high levels of the essential PUF A are marketed aggressively overseas and have captured a small 
market in Australia (e.g. MAXEPA and related products). These products typically retail for 
between $30 and $300 per kilogram Using omega-3 PUFA rich oils derived from Australian 
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r~c·a~1rf'nonma1rme 

''-''-'"''"""''u on nrc>ce:ssntg ""iAV'"'"'""' on the 
possible utilization of the nu-f'~,,,.n is .,,c,uauy dm:noeid by industry. 
is increasing government and public concern mn11tn1Zllit2 waste generated by industry, 
including from aquaculture seat:ood processing. This provides a stimulus the production 
of further value-added marine oil products from underexploited species and from waste generated 
by the Australian fishing industry. 

Enhancing post harvest production of Australia's fisheries and converting what is now waste 
material into value-added by-products is required. Such products include squalene from shark 
liver oil, omega-3 PUF A conventional fish. oils, and specialty products from wax ester rich 
oils. The economic yields of the :fisheries can be increased and environmental concerns minimized 
with utilization of waste material. 

Research undertaken with FRDC grant 91/77 has provided major impetus to the relatively young 
Australian Marine Oils industry, with an emphasis on first, orange roughy oil, then on shark liver 
oil. Further research is still required on other species, as is more refined work on species studied 
to date. The research effort is needed to enable the small businesses involved in this industry to 
continue to be viable. For example, at the time of commencement of this project, discussions had 
been held with several companies on the potential to manufacture a value-added omega-3 PUFA­
containing product in Australia. Industry cannot afford to undertake the research on its own, nor 
does it have the technology or expertise to undertake all the required research. 

For Australian industry to achieve an economically sustainable level of value-added products, 
there is a need to strengthen our knowledge of the oil composition of new commercial and by­
catch species and also on species ( e.g. various tuna and mackerel) which offer potential for either 
increased catch or better utilization, including oil production and value-adding. 

Further research and development is required on optimizing methods for refining sqmtlene­
containing, omega-3 PUFA containing and other marine oils, thereby increasing product value. 
One aim of the project was therefore to develop methods for obtaining and fractionating marine 
oils, including for example the use of supercritical fluid extraction (SFE) and other procedures. 
SFE techniques have the potential to overcome problems associated with more conventional 
techniques. For example, the use of toxic solvents is avoided (important for production of 
materials for the health, pharmaceutical and related industries), as is the use of elevated 
temperature. In combination, these features will minimize oxidation of sensitive PUF A and other 
components during processing. 
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species, 
1. identifying ""'"*-~1r..,1·"~ sources of omega-3 ~~'''i.','lo:tu:."n?,,,. fatty 
specialty oils (e.g. diacylglycerol ethers Uvi..,u-.-,,_,a other sharks), 
2. assisting ll.A.,.,.,.."~-·, to develop products specific fractions. 

e ~"·"=~~•~n,,,,. optimization of methods for refining squalene~containing and omega~ 
3 containing marine oils, thereby increasing product value. techniques developed will be 
broad-based and transferable between :fish species and the developing field of single cell oils 
(SCO) derived from microorganisms. This aspect of the project include evaluation and 
possible use of supercritical fluid extraction (SFE) and fractionation ~"'"ll'ill,Q"'"""' 

5.1 After further consultation with FRDC prior to commencing the project, the following Likely 
Achievements (see also below for Achievements for Australian industry) were proposed: 
• further assessment of industry needs, through personal contact or letters 
• completion of survey of oreo dory oil composition 
e survey of the oil composition of southern sharks, including possible changes with season and 

other factors 
• provision of assistance to industry for the calibration of hand held refractometers and other 

devices which are used to assess shark liver oil quality 
• examination of the oil composition of shark liver oil for species from NT and WA 
• development oflaboratory methods for enrichment of diacylglycerol ethers from shark liver 

oil 
• study of the omega-3 PUFA cmnposition of Australian species; where appropriate changes 

with environmental and other factors will be examined 
., pilot examination of existing and new technologies (including SFE) for enriching omega-3 

PUF A from fish oil 
o pilot examination of existing and new technologies (including SFE) for extracting and 

enriching shark liver oils. 

5.2 Likely achievements of project for Australian industry: 
• industry will be provided directly vv:ith advice, assistance and analyses of oil and related 

samples 
• expansion of the data base on the composition of marine oils from Australian fish 
., development or provision of assistance to industry for the development of new technologies 

for adding further value to new oils 
.., transfer of such technologies, related advice and other information to industry. For example, 

negotiations will continue to seek commercial partners for methods under development that 
purify omega~3 oils. 
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-------------

recnmcru.assessment ~~r,,n~,;~ 

analysis of environmental factors on 
3. assessment of issues on a more specific/micro level. 

copy of the Risk Assessment as prepared at completion 1 of Project 94/115 
in mid 1995 is .,,...,,""'"'- (Appendix B). 
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Oil was extracted samples using 
scheme. The extracts were i.,ru,.uuv.u,,u 

soluble ~·--LA<Uo Lipids were .. ,,.,,..nua,-ra,,-, 

under vacuum, stored under 

Supercritical fluid extraction techniques were designed from the scientific literatrrre and 
experiments undertaken drrring the course of the project. A number of recent review articles exist 
for application SFE and SCF to omega-3 PUFA =u.u.:u,::,. However, developmental work was 
required for adaptation of the methods to oils derived from Australian fish and for application of 
these techniques to shark liver oil. Limited work had been performed on the isolation of squalene 
from olive oil, and it was believed aspects of the technology would be transferable to shark liver 
oils. 

Portions of the total lipid extracts were analysed with an fatroscan Mark V TH-10 TLC-FID 
analyser to determine the concentration of major lipid classes. Total fatty acids, alcohols, glyceryl 
ether diols and sterols were obtained by alkaline saponification or, in the case of fatty acids, 
directly as methyl esters by acid-catalyzed transesterification. Samples were analysed using 
capillary gas chromatographs (GC) equipped with flame ionization detectors and automatic 
:injectors. A nonpolar methyl silicone (HPl) fused-silica capillary column was used to identify and 
quantify the many fatty acid isomers and other components present. Selected samples were also 
analysed on a polar (e.g. BP20) capillary column. Data were acquired, processed and 
manipulated using MS-DOS based personal computers and appropriate chromatography (DAPA) 
and spreadsheet software packages (Excel). Lipid samples were also analysed by gas 
chromatography-mass spectrometry (GC-MS) to confirm component identifications. 

Further details on experimental methods employed, :including sample collection and preparation, 
are provided :in the appended scientific papers (Appendix D). 

Processes for fractionation and therefore value~add:ing of marine oils were examined, developed, 
or modified and refined during the project. Details are documented in various technical reports 
prepared during the project (Appendix A). 

Final Report: Project 94/115 8 



Progress on project objectives and ...,_.., ... ,,,,.,.,,,. 
follows in this section. 

Results were in the form of (i) specific biochemical data on nu,m1>,,., species, oils, :fractions 
and related samples and processing technology or expertise re1cmea. Several means were 
used to communicate to the fishing and related industries. Transfer of results included: 

® Preparation of reports for industry on (i) specific oil analyses and/or (ii) development of 
processing technologies. 

@ Direct personal communication to industry. 
® Scientific presentations at conferences, workshops and seminars. 
e Manuscripts in national and international journals. 
• Where appropriate, for processes developed during the course of the project and related 

studies, protection ofresults (e.g. via patents or suitable mechanisms) has occurred (see also 
intellectual property section). 

Transfer of results was also facilitated by several media releases and associated national publicity 
received during the project. Appendix. A provides a list of publications and reports on marine oils 
over the past 3 years. 

7.1 Assessment of industry needs, through personal contact or letters. 

Close ties continued with a number of companies as outlined in the original proposal and as stated 
above. The project continues to interact strongly with industry and on a regular basis new clients 
approached the project team with requests for information, advice and/or detailed analysis of oils 
being produced or under consideration of production in Australia ( see section 7. 9, Achievements 
of Project for Industry). Industry was supportive of the marine oil research performed during 
the project and representative letters of support are attached (Appendix. E). 

7.2 Survey of o:reo dory, orange roughy and myctophid oil composition. 

Wax ester containing degreaser and hand cleaner products have been produced since the initial 
discovery of the chemical composition and physical properties of orange roughy oil as part of 
project 91/77. The products were initially based exclusively on orange roughy oil. During the 
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fatty -A-~AMJA ciJmpmumms were aeternmu:a for ~., ... ,.,,,,,., "''""-'-'¼JA"'"' srx 
&pecies oreo collected from r ...... ,n.1.,u.u.<1cu waters; namely Neocyttus rhomboidalis, 
Neocyttus sp., Allocyttus verrucosus, Allocyttus niger, Pseudocyttus maculatus, Oreosoma 
atlanticum. Neocyttus helgae, landed North Atlantic waters, was also analysed. Similar 
analyses were carried out on the muscle and swim bladder of the orange roughy Hoplostethus 
atlanticus from both Australian and North Atlantic waters. Orange roughy is currently a major 
commercial species southern Australia and is a new fishery in the North Atlantic; there are four 
species of oreo of increasing commercial significance in Australia due to orange roughy quota 
reductions. It is therefore necessary to determine if oreo fishing industry is capable of 
supplementing the current orange roughy requirements with respect to muscle and oil demand. In 
the oreos, the mean lipid content ranged from 0.5 to 3% of wet weight, with a mixed lipid 
composition including wax ester, triacylglycerol, sterol and polar lipid. The ratio of the 
monounsaturated fatty alcohols 22: 1 to 20: l allowed samples from the two geographical regions 
to be distinguished. Total wax ester in muscle from North Atlantic male orange roughy was 
much higher than in Australian fish (27 vs. 8.5% wet weight, respectively); females from both 
locations contained similar amounts of wax ester (4.5 vs. 3.3%, respectively). Selected swim 
bladders from North Atlantic and Australian orange roughy show similar wax ester content (90 
vs. 82%, respectively). The ratio of 22: 1 to 20: l fatty alcohols in orange roughy from the two 
regions was 0.5 (Australian) and 1.4 (North Atlantic). Indeed differences exist between oreos 
from the two locations, and this requires further investigation. With respect to the nutritional 
value, the oreos are more attractive than the orange roughy, however, PUF A levels are lower 
compared with other popular species. 

Another fish species with high levels of wax ester is the myctophld Electrona antarctica. The 
lipid composition of this southern ocean species was examined in a collaborative project with 
visiting scientist Prof C. F. Phleger of San Diego State University, California. A scientific paper 
was published in 1997 on the findings (Appendix D). A summary of the research follows. 
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viscera 
mcJ.ud.eia the monounsaturated fatty 18: l(n~9) 

lower levels of 16:0 and saturated acids. Fatty alcohols were ao1nm.ate:a. 
16:0 and (37.8-47.8%) and monounsaturated 18: 
low ratio 22: 1/20: l alcohols obseived E. nn,fnv,~fif•n 

copepods and other items low in 22: 1 alcohols. 

Tue project also provided advice and analytical support to BEKU Environmental Products Ltd 
during pilot scale trials to produce an Australian-manufactured high purity wax ester product. A 
wax ester product of >99% purity was achieved. The opportunity now exists to produce a highly 
purified wax ester oil for use by cosmetic manufacturers. 

7.3 The oil composition of southern sharks, including possible changes with season and 
othe:r factors. 

Analyses were performed on the liver oil content and composition of a range of southern and 
deep-sea sharks, and reports were prepared for industry ( see Appendix A; copies of reports are 
held at the CSIRO Marine Laboratories, Hobart). Results were presented in late 1994 at the 
PACON meeting in Townsville and at the international Pacifichem conference in Honolulu. 
Newspaper and other popular articles and media coverage were obtained for project 94/115 and 
FRDC after the Townsville PACON presentation and following a press release in 1995 and again 
in 1996 and 1997 associated with media coverage for Project 95/122. Results were presented in 
poster form in July 1996 at the Australian Marine Sciences Association conference held in 
Hobart. A copy of the poster (A4 size) is appended (Appendix C). This poster was also 
presented in July 1996 at the 2nd World Fisheries Congress in Brisbane, at the Inaugural 
workshop of the Australasian Section of the American Oil Chemists Society (AAOCS, Canberra, 
February 1997) and at the AOCS National Meeting in Seattle in May 1997. Two scientific papers 
were published in 1995 in the conference proceedings from the PACON meeting and in 
Comparative Biochemistry and Physiology (Appendix B).The summaries of these two papers 
follow. 
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fatty acid squalene species of deep-sea sharks I 
collected southe1·n Australian waters 

The liver oils from the deep-sea sharks Somniosus pacificus (Pacific sleeper shark), 
Centroscymnus plunketi shark), Centroscymnus crepidater (Long-nose velvet shark), 
Etmopterus granulosus (Lantern shark), Deania calcea (Platypus (Brier) shark) and 
Centrophorus scalpratus (Endeavor shark) were analysed to describe their lipid, fatty acid and 
squalene compositions. The major lipids in all species of deep water shark were diacylglycerol 
ethers and triacylglycerols, and the major hydrocarbon was squalene (Figures l and 2 ). Only 
trace levels of polar lipids were detected. Monounsaturated fatty acids (C16:1, C1s:1, C22:1 and 
C24:1) co:mprised 62-84% of the fatty acids. Saturated fatty acids contributed 11-26% of the total 
fatty acids, while polyunsaturated fatty acids were relatively minor co:mponents (l-13%). All 
sharks had different lipid compositions, but similar fatty acid and diol profiles. Toe high squalene 
content ( 50-82% of oil) of all species, except Centroscymnus plunketi and Somniosus pacificus, 
suggests that the oil from these deep-sea sharks collected in southern Australian waters will be 
suitable for industrial uses. 

(B) 

CH2-o-R 

I II 
CH -o-c-R' 

I II 
CH 2- 0 - C - R" 

0 
(C) 11 

CH 2- o- C - R 

I '°' 
CH -o-c-R' 

I 0 

11 
CH 2- o- C - R" 

R, R' & R" =saturated or monounsaturated 
or polyunsaturated alkyl chain 

Figure 1. Structure of(A) squalene, (B) diacylglycerol ether (DAGE), and (C) triacylglycerol. 
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Figure Lipid class composition (determined by TLC-FID) ofliver oils :from selected 
Australian deep-sea and other (school) shark species. 

In collaboration "With Brad Wetherbee of the University of Hawaii, analyses were completed on a 
smvey of liver oil :from a range of deep sea shark species examining the effect of water depth, size 
and other factors on oil composition. The sharks were collected :from New Zealand waters. A 
summary of the results follows ( see also Table l ). 

Lipid Composition of Deep-sea Sharks: Variation with size and other factors 

Deep-sea sharks approach neutral buoyancy through means of a large, oily liver that contains 
large amowits oflow-density lipids, primarily squalene and diacylglycerol ether (DAGE) 
(Figure 1 ). As an animal increases in size and matures sexually, many biochemical changes take 
place within the animal. It was hypothesized that maintenance of neutral buoyancy in deep-sea 
sharks involves fine-scale changes in the chemical composition of liver oil as individuals grow and 
develop. To test this hypothesis the lipid composition of liver oil of individuals of different sizes 
and sex for around 200 specimens of species of deep-sea sharks collected :from the Chatham Rise, 
New Zealand were compared. The composition of liver oil varied between, and among species 
(Table 1). Several species contained large amounts of squalene and DAGE, whereas only traces 
of these lipids were present other species. There was an inverse relationship between the 
amount of squalene and DAGE in liver oil, and squalene content tended to decrease as sharks 
increased in size. Species "With high squalene levels (>80%) in liver oil were not abwidant on the 
Chatham Rise, as is observed in Tasmanian waters. However, DAGE levels were elevated in 
many species, and increasing commercial interest is occurring for oils rich in this lipid :fraction. 
Maintenance of neutral buoyancy in deep-sea sharks is a dynamic process that involves changes in 
the composition oflow density liver lipids as the sharks increase in size. 
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mean 3 to 
one soe,cmrren 

7 0.8 
68. l 

0.1 0.7 
0.4 
0.1 9.1 0.8 

80.2 0.5 18.4 0.5 0.4 
Leafscale 55.2 0.1 5 15.9 0.3 

Squalus acanthias White-spotted 0.0 0.0 12.4 87.4 0.2 
Hexanchus griseus Sixgill 0.5 70.3 28.7 0.0 
Aprisurus species A Freckled catshark 0.1 0.2 0.2 99.3 0.3 

species C Fleshynose catshark 0.2 0.1 0.1 85.7 0.7 
species E Bulldog catshark 28.l 0.3 4.7 66.2 0.6 

HC = hydrocarbon (predominately squalene), WE= wax ester, DAGE= diacylglycerol ether, 
TAG= triacylglycerol, FFA = free fatty acid 

Analyses were conducted of liver oil from deep sea sharks to examine the inter-sample 
variation in the oil composition over 18 months (n=6). Oil was extracted and supplied by a 
commercial oil processor. Variations in oil con::iposition were observed over the study period 
(squalene, 22% to 64%; DAGE, 23% to 52%; TAG 11% to 25%). Once again, an inverse 
relationship between the amount of squalene and DAGE in the liver oils was observed. 
However, insufficient catch information was available from the processor to determine the 
effect of season versus other environmental (temperature, depth, location) or biological 
( species, sex, size) factors. At this stage it is believed to be unlikely that seasonal variation is a 
major factor in the inter-sample variation, and will have little influence for commercial 
operations targeting liver oils from deep sea sharks. Rather, the key factor is species 
composition. 

Analyses were completed and a manuscript examining the lipid, fatty acid and vitamin 
composition of school and gummy shark liver oils was prepared for publication (Appendix D ). 
Aspects of these results were presented at the Inaugural workshop of the Australasian Section of 
the American Oil Chemists' Society (Canberra, February 1997; Appendix D). Results were also 
presented in poster form at the same meeting. The summary of this study follows. 
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temperate 

DHA, for direct use and/or 

Assist industry with the calibration hand-held :refractometers and other devices 
which are used to assess shark liver oil quality. 

During year 1, a literature survey was conducted and two hand-held refractometers were trialled. 
Literature summaries and our results from the laboratory trials were made available to industry. 
Hand-held refractometers can provide a useful first-round measure of squalene content in liver 
oils. In passing results on to industry, it was noted that some oils known to be low in squalene 
content gave refractive index readings corresponding to higher squalene values than expected. 
The need to verify squalene results using laboratory~based techniques other than refractometers 
was highlighted and also communicated to industry. No further research with refractometers was 
conducted during the project. 

7.5 Examination of the oil composition of sha:rk liver oil for species from NT and WA. 

Three samples of shark liver oil from the NT and WA were obtained through commercial sources. 
The WA sample of liver oil from Centrophorous uyata contained very high levels of squalene. In 
fact, liver oil from Centrophorous uyata contained the highest squalene level (85%) found to date 
for liver oils obtained from deep-sea shark species analysed from Australian waters. The two 
samples of liver oil from NT samples (sand bar and tiger shark) contained either very low levels 
or no squalene. Rather, the oils contained high levels oftriacylglycerol. These TAG oils also 
contained PUF A such as DHA, and as noted above for liver oils from school and gummy sharks 
and other temperate shark species may be suitable for further value-adding. 

7.6 Develop laboratory methods for enrichment of diacylglycerol ethers from shark liver 
oil. 

A laboratory procedure (involving column chromatography) was developed to isolate 
diacylglycerol ethers from shark liver oil. The method was used to obtain a pure standard for use 
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Closerex~1nunat1on 
diacylglycerol .,...,,,,...,,.,.,, reveals drt:Jcen:nci~s may of significance 
development. Varying levels of the three main components were present the oils 
analysed: DAGE, 34-74%; triacylglycerol, 17-32%; squalene, <0.5-35%. The significance 
levels of the three main components, relative proportion, for use in animal and/or human 
products remains to be determined. However, knowledge of the composition of similar fractions 
in use or under trial by industry will aid any Australian initiatives with fraction. When such 
product :information knowledge of biological uses and effects is available, it may be possible 
to modify existing factory procedures to change or tailor product composition. 

A glyceryl ether diol fraction can be produced from DAGE by cleavage of the fatty acid side­
cha:ins using base saponification or other procedures. Tue glyceryl ether alkyl chains are 
comprised of: 18:1 (main component), 18:0, 16:0, 16:1, 14:0, 14:1 and 20:1. The distribution of 
alkyl chains is generally less complex than for the fatty acids derived from the DAGE and 
triacylglycerol fractions (Appendix D: Bakes and Nichols 1995 and references therein). 

The theoretical yield of g]yceryl ether diol from pure DAGE is approximately 32% ( calculated 
assuming an average alkyl chain length ofC1g). Therefore, for a DAGE fraction containing 66% 

DAGE, the theoretical yield would be 21 %. Losses would be expected during processing and a 
practical yield of 10-15% or less may be realistic. For fractions containing lower levels of DAGE, 
the theoretical and practical yields are lower again. 

Laboratory trials were conducted to produce the glyceryl ether diol using a commercial DAGE 
fraction. The reaction was successful under the conditions employed, with all the starting DAGE 
and TAG present being converted to glyceryl ether diol and fatty acids (Figure 3). 

Difficulties were encountered with the separation and low recovery of the glyceryl ether diol. 
These observations may be partly attributed to the presence of squalene :in the starting DAGE 
fraction. From these results and the above considerations, the overall economics do not presently 
support the production of a shark liver oil-derived glyceryl ether diol product (based on access to 
existing human health markets). However, should sufficient market interest (and accompanying 
product value) exist for a glyceryl ether diol product, further research and development may 
overcome some of the difficulties encountered to date. 
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Figure 3. TLC-FID chromatogram of reaction products from treatment of a commercial 
DAGE :fraction. HC denotes hydrocarbon (squalene). FFA denotes free fatty acid. 

A report detailing analytical methods used for quantitative determination of DAGE and glyceryl 
ether dioL including alkyl side-chain distributions, was prepared. The report was made available 
to Australian industry and overseas parties involved in product development vvith Australian shark 
liver oils. 

The oil composition of a range of zooplankton was examined in collaboration with Prof C. F. 
Phleger from San Diego State University. A possible new source of DAGE was discovered in 
one pteropod species. As the deep-sea shark resource may be showing signs of overfishing in 
selected locations, harvest ofpteropods therefore might be an alternate source of DAGE. Clione 
limacina accounts for up to 80% of the total Gymnosome population in the North Atlantic and is 
so common it is a food of the Greenland Right whale and some fishes. The economics for 
harvesting Clione would appear unattractive. However, culture of this species, including as a 
direct source of DAGE or for use as a source of genetic material for possible transgenic 
application, may have some potential. The lipid profile results for Clione and other pteropods 
have been collated and have been presented at an international conference by Prof Phleger. A 
scientific manuscript describing these results was published (Appendix D) and a summary of the 
research follows. 
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The omega-3 PUF A composition of fishes. 

PUFA have received much attention in recent years, particularly omega-3 ( or n-3) PlJFA, due to 
their increased role as a medicine in the protection against coronary and ischemic heart disease, in 
the treatment of malaria, arthritis, as treatment for the lowering of blood pressure and reducing 
hypertension and against other disorders. Studies on the dietary intake of these fatty acids is 
ongoing in many laboratories. Omega-3 PUF A have also received interest from aquaculture and 
related industries, particularly in the rearing of larval fishes. 

These :findings have generally enhanced the image offish as a healthy food for consumers. 
Capsules offish oils that contain high levels of the essential PUFA, EPA [20:5(n-3)] and DHA 
[22:6(n-3)], are marketed aggressively internationally, and have captured a small market in 
Australia (e.g. MaxEPA and related products). There is an increasing body of evidence that DHA 
plays an important role in infant development and is active against a range of disorders. Animal 
studies conducted by the CSJRO Division of Human Nutrition have demonstrated that contrary to 
popular assumption, DHA rather than EPA is likely to be a principal active omega-3 fatty acid for 
a wide range of cardiovascular effects which could all contribute to reduced mortality and 
improved health. The Division of Human Nutrition plans to conduct further research in this area 
on Australian DHA-rich oils. Oils rich in DHA would find ready markets when the greater 
potency has been demonstrated in well controlled laboratory and clinical trials. 

There has been wide-spread interest in Australia in the importation of omega~3 products, but 
prior to the commencement of this FRDC project, there has been little development towards the 
production of an Australian-equivalent omega-3 oil or product. An objective of the project was 
to provide research to assist Australian industry to develop new marine oil-based products, and in 
the long term to 1. reduce the import of similar products :from overseas, and 2. stimulate interest 
in export of Australian omega-3 products. The raw material is available and the potential now 
exists with the research capability and industry expertise available in Australia for products to be 
developed. With the acknowledged additional problem that fish oils from northern hemisphere 
waters may be contaminated by organochlorines and other deleterious materials, the potential for 
a "clean and green" Australian omega-3 product is further enhanced. 
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groups ~=-,-.= i:rr._,.,ll,.:;)][5 and one omega-6 !J.LU•Y-U'VL 

containing-group was the cod-liver 
omega-3 group; five samples almost identical futty acid compositions. ""''"''H"~ 
oil, examined for comparative purposes, was the om,ega,-o 

Triacylglycerol was the only lipid class detected all the capsules analysed. According to various 
researchers, the high degree ofunsaturation in fish oil-based omega-3 capsules can cause 
oxidation of PUFA resulting in formation of polymeric materials such as dimeric, trimeric and 
oligomeric triacylglycerols. The oxidation products may play a role in carcinogenesis and 
inhibition of prostacyclin production as well as having other adverse biological effects. The 
absence of additional peaks in TLC-FID traces of commercial products analysed indicates the 
capsules are either recently manufactured or contain an antioxidant to prevent oxidation. 

Cod-liver oil (CENOVIS) was the cheapest of all of the oils analysed and contained 16.7% 
saturated fatty acids, 47. 7% monounsaturates (C16: 1, CI8: 1, Czo: 1 and Czz: 1) and 33.5% 

PUFA (Table 3). The PUFAprofile was dominated by DHA (11%), EPA (9%) and 20:4(n-3) 
(6%) and contained only minor amounts of the (n-6) PUFA. Although the CENOVIS product 
contains lower relative levels of PUFA than the other omega-3 PUFA products, consumption 
of seven capsules of the CENOVIS product (at approximately two thirds the price, Table 2) 
would supply a similar amount of omega-3 PUFA as one capsule of any of the other omega-3 
products. 

The remaining five omega-3 capsules were all encapsulated fish oils, which generally contained 
identical fatty acid compositions; these capsules were Fish Oil (Blackmores, Efamol), Omega-
3 (Nature's Way), MaxEPA (Nature's Own, Vitaglow) (Table 3). PUFA were the dominant 
group of fatty acids (41%) with levels ofmonounsaturated [mainly 16:l(n-7)c and 18:l(n-9)c] 
and saturated (predominantly 16:0 and 14:0) fatty acids being slightly lower (26% and 29% 
respectively). The major PUFA in decreasing order of abundance were EPA (18%), DHA 
(11 %), C16 PUFA (3%), 18:4(n-3)/18:3(n-6) (3%) and DPA (2%). The price of the different 

brands of omega-3 capsules in this subgroup varied between $235 and $298 per kg of oil at 
retail level. 

All encapsulated fish oils contained a :minimum of30% omega-3 PUFA; evening primrose oil 
did not contain omega-3 fatty acids, but rather showed high levels of omega-6 fatty acids. 
With the exception of cod-liver oil which contained 11% DHA and 9% EPA, the other omega-
3 capsules contained 11-12% DHA and 18% EPA 
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Marine Oils from Australian Fish ____________ , __ 
Table 2. Listing of commercial encapsulated omega-3 and omega-6 (Evening Primrose oil) PUFA 

Brand value 
mass per per 

per jar {mg} oil 100 ntg EPA 

Cenovis Evening Primrose oil 50 $5.49 550 $0. 11 

Cenovis Cod-liver oil 00 $2.98 275 11 25 12 

Efamol (Vitaglow) Fish oil capsules 40 $11.80 1000 rno 

Nature's Own MaxEPA Marine lipid concentrate 50 $11.75 1000 180 13 

Blackmores Fish Oil 1000 50 $12.95 1000 180 

Vitaglow MaxEPA PLUS 40 $13.50 800 1'"' ,0 

Nature's Way OMEGA3 60 $17.90 1000 180 H 

·----------------------------------------------------------------------------------

EPA, eicosapentaenoic acid 

-------------------------------------------------------------------------·----------~.,~ 
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CENOV!S .Jack 

Cod Mackerel 
Oil 
0. 

'14:0 4.'1 8.2 7.6 7.6 8.1 7.6 7.2 
i15:1 0.1 0.1 0.1 0.1 0.1 
ii5:0 0.2 0.2 0.3 0.2 0.2 0.1 
a15:0 0.1 0.1 0.1 0.1 0.1 0.2 
15:0 0.3 0.6 0.5 0.6 0.7 0.6 0.8 
C16 PUFA 0.7 4.7 2.9 4.5 4.2 
16:1 0.4 0.4 0.3 0.3 0.3 0.4 0.1 
16:1(n-7)c 0.0 9.5 10.5 9.3 8.8 10.8 10.3 4.8 
16:0 1.8 9.7 16.7 16.7 17.4 1 17.0 18.0 
i17:1 0.3 0.2 0.3 0.3 0.2 0.3 
i17:0 0.2 0.2 0.2 0.2 0.2 0.2 0.1 
a17:0 0.6 0.3 0.3 0.3 0.3 0.3 0.4 
17:0 0.0 0.1 0.5 0.4 0.4 0.5 0.5 0.6 
18:4(n-3)/18:3{n-6) 4.4 2.9 3.2 3.2 3.7 3.1 2.9 2.7 
SA/GLA 
18:3(n-3) 0.7 0.4 0.3 0.4 0.3 0.4 1.4 
18:2{n-6} LA 91.2 2.1 1.5 1.3 1.6 1.3 3.2 1.8 
18:1(n-9)c 1.6 16.0 8.4 8.9 8.6 8.3 8.9 10.8 
18:1(n-7)c 0.2 4.2 3.2 3.3 3.1 3.2 3.5 3.2 
18:i(n-5)c 0.4 0.1 0.2 0.3 0.1 0.1 0.2 
18:0 0.5 1.9 3.2 2.6 2.6 3.1 3.1 3.8 
20:S(n-3) EPA 8.8 17.9 19.5 17.8 17.9 17.5 9.8 
20:4(n-3) 5.9 0.7 0.7 0.8 0.7 0.6 1.8 
20:2(n-6) 0.2 0.2 0.2 0.2 0.2 0.2 
20:1 11.5 1.4 1.5 1.8 1.5 1.6 10.4 
20:1 0.3 0.3 1.2 1.0 0.3 0.2 0.4 
20:0 0.2 0.2 0.2 0.2 0.2 0.1 
22:6(n-3) DHA 11.0 11.3 11.1 1 i.1 10.9 10.6 11.0 
22:4(n-6) 0.1 0.1 0.1 0.1 0.1 
22:S(n-3) DPA 1.1 2.0 2.3 2.1 2.2 2.1 1.8 
22:1 4.7 0.6 1.6 2.0 0.7 0.8 6. i 
22:1 0.3 0.1 0.2 0.2 0.1 0.1 0.8 
22:0 0.1 0.1 0.1 0.1 0.1 0.1 
24:1 0.2 0.3 0.5 0.5 0.4 0.3 

Other 0.2 1.2 2.1 1.5 2.5 2.4 1.5 1.1 

Total 100 100 100 100 100 100 100 100 

Sum saturates 2.3 16.2 29.5 28.1 28.8 29.6 29.1 30.6 
Sum monounsaturates 1.8 47.7 25.2 27.0 26.7 25.6 26.4 36.8 
Sum polyunsaturates 95.7 33.5 41.8 42.2 40.7 41.2 41.8 30.3 

Sum Omega-3 PUFA 4.4 30.5 35.5 37.2 35.9 35.0 34.2 28.5 

All numbers are expressed as a percentage of the total fatty acids 
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is now mcrea,smg ,..,,.,.""?'""""" lower or um·etn1ea ~=··--
manufacture of new AU.C>U a,iau Based on a .,..._._,.,,.,., .... increasing market 
demand orute_g.a-3 oils in nutritional products, potential exists to add-value to 
currently manufactured locally. The Australian-derived oils alla,u.1.v do not 
18: 12 (weight percent) EPA to DP...A found most m.uu,.-.,u ,.,.,..,,,,,.,..,...,. (see Table 3). 
DHA is generally more abundant than EPA Australian oils. of EPA to DHA varies 
considerably between species ( e.g. Figure Similarly, the ratio may also vary based on changes 

diet, environment and other factors. In recent times it has recognized EPA and DHA 
play different roles in human nutrition. Therefore precise knowledge of the relative levels of these 
two essential fatty acids will be important both when targeting oils for :further development and as 
a marketing feature of :future Australian products. 

Australian species analysed, often on request, included the southern school shark, gummy shark, 
tiger shark and other shark species, banana prawn waste, ling, salmon (from several processes), 
bream, red bait, European carp (oil was obtained from several sources), spotted Wobbegong, jack 
mackerel, krill (several species) and cod liver oil (the latter for comparative purposes). Oil 
samples were derived :from liver, waste material or whole fish. Results were usually prepared in 
report form and supplied to interested parties or prepared for scientific publication. A listing of 
reports and publications is provided in Appendix A and copies of non-confidential reports are 
available from the CSIRO Division of Marine Research library. Selected results are presented 
below. 

Fish and related oils analysed which contain high levels of EPA and DHA include: 
(i) oil produced :from jack mackerel and from waste generated by the salmonid industry (under 

development by Groundswell Organics) 
(ii) red bait (Emmelichthys nitidus) which is a by-catch associated with the jack mackerel 

fishery 
(iii) mutton bird oil (Appendix D) 
(iv) oil produced as a by-product from tuna canning (e.g. Heinz, Eden) 
(v) oil derived from the southern ocean krill Euphausia superba and the local krill Nyctiphanes 

australis (Appendix D) 
(vi) liver oil from school and gummy shark 
(vii) Lutjanid species (snapper or sea perch) 
(viii) oil isolated :from selected trash fish associated with the northern prawn and orange roughy 

fisheries. 
Results for these and other oils follow. 
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A systematic survey of six Lutjanidae species (snapper or sea perch) from northern waters was 
also performed. All species contained very relative key omega-3 PUFA, 
(Figure 4). These results are to be prepared for publication. 
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Figure 4. EPA and DHA content of selected oils from Australian species and 
imported fish oil capsules. 

Selected trash fish (by-catch of existing fisheries) were examined during the project and a report 
was prepared. Oil from Caelorinchus sp. caught as by~catch of orange roughy contained 38% 
PUFA, with main components being DHA (20%), EPA (8%) and AA (3%). A trash fish caught 
abundantly during northern prawn trawling, Lethrinus genevittatus, also contained elevated 
PUFA (44%), with DHA dominant (32%). However, oil yield was low (3%) indicating little 
scope exists for utilization of this species for oil alone. 

The major component of most of the oils described above is generally triacylglycerol, although 
the mutton bird (native dialect, Yolla), like the oreo dory oils can contain elevated levels of wax 
esters (e.g. mutton bird oil contains approximately 60% wax ester). Unlike the wax ester rich oils 
from orange roughy, dory and Electrona ( section 7 .2 ), mutton bird oil contained elevated levels 
of omega-3 PUFA (Appendi'{ D). 
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(0.2~0.6%), 
gut/roe. 

free acids are present in of lower quality. n,u~n«"r'...,vsLIC, U'UU.\;vU by 
Marchem showed triacylglycerols (71%), polar lipids (24%), acids (2%), (2%) 
and an urutae:i1t:111ea component (2%). a ""'n!llr!ll,rP analysis, oil obtained by solvent 
extraction fillets contained higher levels of lipid (88% ). This finding indicates that 
processes used by Victorian LLU<uu.,. Fisheries and Marchem are not extracting the more polar 
lipid. The high triacylglycerol levels carp produced by Victorian Inland Fisheries may be 
attractive to a market seeking oils for production or forms of value-adding. 
European carp has a high oil content (i.e. 30-50% of mass, G. Darbyshire, personal 
communication). This is an attractive feature for commercial interest in obtaining carp oil 
either as a by-product of meal manufacture or from other processing. 

Fatty acids 
The fatty acid composition of the Victorian Inland Fisheries carp oil was comprised of mainly 
monounsaturated (56-57%) and saturated fatty acids (22-23%). PUFA were present at low 
relative levels (15-16%) (Table 4, Figure 5). The main fatty acids in carp oil were 16:0, 
16: l(n-7)c, 18: l(n~9)c and 18:2(n-6), accounting for approximately 70% of the total fatty 
acids. Levels of the essential PUFA, EPA and DHA were low (<2% of each) compared to oil 
derived from marine :fish. Higher levels of EPA and DHA (3% and 5% respectively) were 
observed in carp oil produced by March.em The oil obtained by solvent extraction of fillets 
contained higher levels of EPA (8.8%) and in particular DHA (33%) (Project 95/122). This 
finding again indicates that the processes used by Victorian Inland Fisheries and Marchem to 
obtain triacylglycerol-rich oils are not extracting the more polar lipid containing PUF A 

Fish oils are usually considered a good source of essential omega-3 PUF A. Fish oils containing 
high levels of monounsaturated fatty acids (e.g. orange roughy oil) are used in industrial 
degreasers and cosmetics. In orange roughy oil, the main constituent is wax ester, which has 
better solvating properties than triacylglycerol oils. Recently, increased interest has occurred 
in Australia with Emu oil. The carp oil fatty acid profile is similar to emu oil; both oils are 
mainly triacylglycerols, containing high levels ofmonounsaturates and low levels of PUFA. 

It may be possible that industry will have uses for low-PUF A carp Alternately, the levels 
of omega-3 PUF A present may be sufficient for use by some aquaculture operators, for 
incorporation into feeds and for other applications. Feeding trials with target species would be 
needed to further examine potential in this area. Fisheries management agencies regard the 
carp as a pest and strategies are being developed to remove it from Australian water-ways. 
Should harvesting of carp be considered, the results of this study may have wider interest. 
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Figure 5: Partial gas chromatogram of fatty acids from European carp (supplied by Victorian Inland Fisheries). IS denotes internal standard. 

Table 4: Fatty acid composition of carp oil (supplied by Victorian Jnland Fisheries) 

Percentage composition 
Sample Fillets GutJRoe 

Al A2 BI B2 

14:0 2.3 2.3 2.5 2.4 
15:0 0.5 0.5 0.6 0.6 
16:0 16.7 17.0 16.4 16.6 
17:0 0.4 0.4 0.4 0.4 
18:0 2.7 2.6 2.4 2.6 
Sum Saturates 22.8 23.1 22.4 22.8 

i17:0 0.6 0.6 0.6 0.7 
al 7:0 + 17: l(n-8)c 1.4 1.6 1.6 1.6 
Sum Branched 2.4 2.6 2.8 2.8 

16:1(n-9)c 0.7 0.0 0.0 0.0 
16:l(n-7)c 18.2 19.5 20.1 19.4 
16:1 0.3 0.3 0.4 0.3 
18:l(n-9)c 28.l 28.3 28.6 28.3 
18:l(n-7)c 5.7 5.6 5.3 5.1 
18:l(n-5)c 0.2 0.2 0.2 0.2 
20:l(n-9)c 2.1 2.1 2.2 2.5 
20:l(n-7)c 0.4 0.4 0.4 0.4 
Sum MonoW1Saturates 57.0 56.7 57.4 56.6 

C16PUFA 0.1 0.2 0.2 0.3 
18:2(n-6) 7.5 8.2 8.5 8.7 
18:3(n-3) 0.8 0.4 0.6 0.2 
18:4(n-3) 0.1 0.1 0.2 0.3 
20:2(n-6) 0.3 0.4 0.4 0.4 
20:3(n-6) 0.3 0.3 0.3 0.3 
20:4(n-3) 0.3 0.3 0.3 0.3 
20:4(n-6) AA 1.4 1.5 1.6 1.5 
20:5(n-3) EPA 1.7 1.8 1.8 1.7 
22:4(n-6) 1.5 0.3 0.2 0.2 
22:5(n-3) DPA 1.0 0.9 0.6 0.6 
22:6(n-3) DHA 1.1 1.3 0.8 0.8 
SumPUFA 16.2 15.S 15.7 15.5 
Other 2.1 2.4 2.3 2.8 
Total 100.0 100.0 100.0 100.0 

12:0, 20:0, 18:3(n-6), 22:l(n-9)c, 22:1(n-7)c also present (0.1-0.2%) 
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.Meal 

The acid composition reuto.e:rea oil vuu.u~,u from the waste tissue 
of Patagonian toothfish provided by Austral Fisheries were determmed. samples contained 
elevated levels oftriacylglycerol (72-100% of total content of the flesh was 1.8% 
(small fish) and 5.6% (large fish), with meal contain.mg 24% oil. The flesh and meal contained 
14-23 % PUF A. Based on the results from study and earlier results obtained for the 
Patagonian toothfish (Final Report FRDC 91/77), fillets this new Australian fishery 
represent a good source of the essential omega- 3 PUF A In contrast, the oil produced by 
commercial renderi..ng of waste material contained considerably lower levels of PUFA (6% of total 
fatty acids). The rendered oil contained higher levels of monounsaturated fatty acids (73%) than 
the other tissues ( 51-65%) and is similar in composition to oil derived from European carp. 

Table 5. Lipid class composition of Patagonian toothfi.sh. 

Sample 

Meal 

Flesh 

Oil 

large :fish 
small fish 

WE 

Percentage composition 

TAG 

74 

92 
72 

100 

FFA 

0.4 

2 
10 

ST 

0.9 

0.3 
2 

PL 

25 

6 
16 

Oil 
content 
(mg/g) 

240 

56 
18 

WE= wax ester, TAG= triacylglycerol, FFA = free fatty acid, ST= sterol, PL = polar lipid 
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Table 6. acid toothfish 

acid Flesh·sm.aH oil 

~·-----------------------·--- --------·· 
14:0 3.6 5. 3.1 5.0 
15:0 0.4 0.4 0.4 0.5 

0.6 1.4 0.6 0.4 

7.7 8.8 7.4 10.3 

16: l(n-5) 0.3 0.3 0.2 0.2 
16:0 17.5 17.7 14.8 15.7 

al7:0/17:l 0.1 0.1 0.0 0.0 

17:0 0.3 0.3 0.3 0.2 

18:4(n-3) 0.0 0.1 0.0 0.0 

18:2(n-6)/18:3(n-3) 0.0 0.0 1.6 1.7 

18:l(n-9) 25.4 3U 33.3 40.3 

18:l(n-7) 5.4 4.7 6.1 6.3 

18:0 3.5 3.8 3.6 0.0 

20:4(n-6) AA 0.0 0.0 1.2 0.3 

20:5(n-3) EPA 7.4 5.9 4.0 1.8 

20:3(n-6) 0.2 0.1 0.1 0.0 

20:4(n-3) 0.0 0.0 0.3 0.3 

20:2(n-6) 0.0 0.2 0.3 0.2 
20: l(n-9)/(n-ll) 8.3 6.9 9.5 9.2 

20:0 0.0 0.1 0.1 0.1 

22:5(n-6) 0.0 0.1 0.0 0.0 

22:6(n-3) DHA 14.5 8.8 6.1 1.4 

22:5(n-3) 0.6 0.4 0.3 0.2 

22:4(n-3) 0.1 0.1 0.0 0.0 

22:l(n-11) 2.4 1.8 3.3 3.2 

22:l(n-9) Ll 1.0 1.8 1.8 

22:l(n-7) 0.2 0.2 0.3 0.2 

22:0 0.2 0.1 0.0 0.0 

24:1 0.5 0.4 1.0 0.6 

Total 100.0 100.0 100.0 100.0 

Sum saturated 25.5 27.5 22.3 21.5 

Sum monounsaturated 51.5 56.6 64.7 72.6 

Sum branched 0.1 0.1 0.0 0.0 

Sum polyunsaturated 22.8 15.8 14.0 5.9 

20:5(n-3) EPA (mg/100 g) 46 86 495 ND 
22:6(n-3) DHA (mg/100 g) 89 127 765 ND 

ND, not detenn:ined 
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completed 
necessary trials cmne11ttat1on provided analytical st1n·n,D:.._ .. ~ 
to the company during product development and the subsequent approval process. an 
Australian-produced omega-3 oil becomes available, the company's :intention is to replace 
imported oil with the local value-added oil. Further research was performed on laboratory 
purification of Australian tuna oil is described in section 7.8. 

The CSIRO Division of Human Nutrition has recently indicated that DHA may be more active 
(than EPA) against a of cardiovascular disorders. The composition of the Australian 
marine-derived oils may therefore be considered advantageous for future product development. 
The first animal cardiovascular trials of an Australian omega~3 oil product ( derived from tuna oil) 
was conducted by the CSIRO Division of Human Nutrition. It would be useful and potentially 
beneficial to conduct similar trials with other purified Australian omega-3 oils ( and also eventually 
with enrichment products from jack mackerel, salmon and other oils). 

The possible requirement oflarger quantities of fish oil by the expanding Australian aquaculture 
industry may be in direct competition to other industries needing sources of omega-3 PUF A*rich 
oils for value-adding. Further consideration of this issue will be needed in the future. 

In performing the research described above and examining the literature available on the PUF A 
( and lipid class and cholesterol) content of Australian species, a general lack of high quality data 
for many species was noted. The FRDC project (95/122) "Nutritional value of Australian fishes: 
oil, fatty acid and cholesterol composition of edible species" was initiated and commenced in late 
1995. This new project compliments the FRDC-funded project: "Handbook of Australian 
Seafood - A Guide to Whole Fish and Fillets" and :in addition will build on research conducted in 
Project 94/115. 

A pilot experiment was conducted with scientists from the University of Tasmania on the use of 
novel omega-3 PUF A containing bacteria as feed for rotifers that are used as larval feed in 
aquaculture. A manuscript was published in Aquaculture on this initial research. (Appendix B ). 
A summary of the findings follows and a poster detailing the discovery of specific bacteria as a 
source of omega-3 PUFA is shown in Appendix C. Following the success of this initial research, 
and industry interest, a new project to evaluate the use of these bacteria in aquacultme and other 
arenas was initiated. This project is now the subject of a separate FRDC study (97/329; T. Lewis 
et al.). 
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A survey of selected southern ocean fish and zooplankton species was completed in collaboration 
with Prof C. F. Phleger from San Diego State University. Results for Electrona antarctica and 
Clione limacina are shown in sections 7.2 and 7.6. Results obtained for other zooplankton have 
been prepared for publication in the international literatme (Appendix D) and a summary follows. 

Lipids and T:rophodynamics of Antarctic Zoopbmkton 

Zooplankton were collected by trawl from the Elephant Island region of the Antarctic Peninsula, 
and from East Antarctica near 63 - 65 S and 139 ~ 150 W. Most zooplankton had low 
percentages of wax esters (0-8%, as percent of total lipid), with the exception of Thysanoessa 
macrura (34% wax esters). High triacylglycerol levels were found in Themisto gaudichaudii 
(68%, as percent of total lipid), Euphausia tricantha, and E. frigida (27-54% triacylglycerol), 
and Periphylla periphylla (42-48% triacylglycerol). Polyunsaturated fatty acids (PUFA) were 
23-60% of the total fatty acids, with the omega-3 fatty acids eicosapentaenoic acid [20:5(n-3)] 
and docosahexaenoic acid [22:6(n-3)] being most abundant. The scyphomedusan, P. periphylla, 
was an exception with 12 - 19% docosapentaenoic acid [22:5(n-3)] being the major PUFA The 
major euphausiid sterols included cholesterol (75-92%, as percent of total sterols) and 
desmosterol (6-22%). The major sterols of other zooplankton species were more diverse and 
included trans-dehydrocholesterol, 24-methylenecholesterol, brassicasterol, and 24-
nordehydrocholesterol. The benthic ascidian, Distaplia cylindrica, had 45% stanols, as percent 
of total sterols, whereas the pelagic ascidian Salpa thompsonii had only 8-11 % stanols. 
Trophodynamic implications of the lipid, fatty acid, and sterol data include an ability to distinguish 
herbivorous and carnivorous diets and determine survival and reproductive strategies. 
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csmo process for recovery of 

An environmentally benign method has been developed producing high purity (>99%) 
squalane from liver oils of deep-sea sharks (Figure 6). Industrial applications for the compound 
include cosmetics, perfumeries, lubrication, or as a high-boiling solvent. Yields the order of 
90% are obtained routinely by the process, "Which has been optimized and demonstrated on a 
multi-kilogram scale in a pilot plant. 

TAG 
Squalene Squalane 

DAGE + 
DAGE 

Squalane 

Raw Shark Liver Oil Squalane Fraction Residue Fraction 
Figure 6. TLC-FID traces illustrating lipid class composition of raw shark liver oil and separated 
products after processing to produce squalane. TAG, triacylglycerol; DAGE, diacylglycerol ether. 
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results on oil composition of tuna 
tuna products (Project 94/115) is shown 
November 1997 at the Pacific Oils Conference 

TAG 

OTHER 

Crude Fish Oil (before) 

CSIRO 
Process 

TAG triacylglycerol 

FF A free fatty acid 

PL polar lipid 

TAG 

Purified Fish Oil (after) 

Figure 7. TLC-FID traces illustrating lipid class composition of crude tuna oil and purified 
product. 
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whether or not tJ-'--'->nU.LSV was ,rprc,n~TPn rlH-Y'trlO the extraction 
research should also address aspect of the pmification/enrichment 

Triacylglycerols 
After determining the optimum extraction conditions for a standard purified TAG-rich fish oil, 
crude oils were extracted to optimize extraction conditions. Crude tuna oil (91% TAG) 
previously purified to remove FFA was trialled to determine if the SFE would remove wax ester, 
sterol, polar lipid and unknowns. SFE partly removed wax ester and sterol from the crude oil 
while polar lipid and the unknown were fully removed; a TAG purity of >99% was achieved. A 
crude tuna oil was trialled to determine whether FF A could also be removed. FF A decreased 
from 1.8% to not detectable and polar lipid was also totally removed, while the level of sterol 
remained at trace levels (0.3%). TAG was enriched from 95.6% to 99. 7%. In order to determine 
whether sterol could be removed, prawn waste oil (high sterol content) was extracted. The crude 
prawn oil contained 10% TAG, 26% FFA, 10% sterol and 54% polar lipid. Two fractions were 
obtained by SFE. The first fraction contained 95% TAG, 1.5% FFA, 2.6% sterol, 0.1 % polar 
lipid and 0.7% of an unknown component. The methanol fraction contained 90.7% FFA, 0.3% 
sterol and 8. 7% polar lipid. SFE was effective for removing FFA, sterol, polar lipid and some 
unknowns. It is unclear whether removal is due to their "poor extractability" by C02 or if 
selective solvent rinsing and trap packing allowed only the desired components to be collected. 
Further studies should determine if such a process would be feasible on a larger scale. 

Fatty acid profiles of triacylglycerol-containing oils purified by SFE 
The fatty acid composition of selected oils was determined to assess if SFE purification of TAG 
enhanced PUFA levels. In the case of tuna oil pre-processed to removed FFA, levels of the 
essential PUFA, EPA and DHA, were enhanced. Levels of EPA increased from 3.5% to 4. 7% 
and DHA increased from 20.2% to 28.3%, indicating that SFE may be an effective tool for 
enriching these components. 

In conclusion, the results of analytical~scale SFE trials indicate the approach offers an alternate 
method to enrich marine oils, or to supplement existing technologies. Oils produced were of high 
quality with respect to purity and odor. Future investigations could also address if such purified 
oils can be obtained directly from raw materials (e.g. livers). Enrichment of PUFA was possible, 
although other researchers have found that for separation by SFE, the fatty acids need to be 
present as derivatives ( e.g. esters). Further research is needed to verify this finding. 
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of >90%, 
followed by treatment of the ester .LI..UL>.u.w • ..., to separate PUFA esters. second 
step was approximately 20%. The '-''V'-'-'-'-'""'"'" and DHA level was approximately 95% of the 
total fatty acids (Figure 8). A pressure :fractionation urea-free supernatant yielded 
individual PUF A ethyl esters, with DHA of greater than 90% purity achieved. Hydrolysis then 
afforded the free PUFA. It is envisaged that by-products the regime will be use lower­
value products. 

DHA 

EPA 

20:4( -6) 

18:4(n-3) IS en 
18:1 :22:5(n-3) °' BHT 20:4(n-4) (T, 

(D 

10 15 20 25 30 35 40 45 50 55 60 65 

Retention time (mlns) 

Figure 8. Partial gas chromatogram of fatty acids from enriched tuna oil. IS denotes internal 
standard. 
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triacylglycerol 

viable market can products. 
negotiations were commenced to provide the PlJFA-enrichment tec:nn,010,gyunder an options 
agreement to potential commercial partners. Appropriate patent was completed. 

Aspects of the PUF A en...-ichment results were presented at the Inaugural wo,r.kim_o,v of the 
Australasian Section of the American Oil Chemists' Society (Canbemt, February 1997). An 
additional oral presentation was given on behalf of FRDC describing the Corporation and 
providing examples of R&D on marine oils supported by FRDC. The papers for the two AAOCS 
presentations are attached (Appendix D). Two talks highlighting developments with omega-3 
PUFA oils in Australia were also presented at international meetings in France and Italy in 
September 1997. A manuscript submitted at the French meeting is attached (Appendix D}. 

7.9 Achievements of project for Australian industry 

The oil composition has been determined for the first time for a number of species landed in 
Australian waters. Results were communicated directly to industry in report or other suitable 
form (Appendix A). The close ties established with Australian companies as part of an earlier 
FRDC-:funded project (91/77) continued, enabling the project to interact strongly with industry. 
During the project companies and organizations that have sought or been provided with advice, 
literature or detailed analyses on oils being produced in Australia include: 
Agrivet, Albert Park Seafoods, Antarctic Division, Antarctic CRC, ATG, Austral Fisheries, 
BEKU Environmental Products Ltd, Bergilden, Biodeva, Clipper Pearls, Clover Corporation, 
CSIRO Fisheries (prior to 1997 merger), CSIRO Human Nutrition, CSJRO Leather Research 
Centre, CSJRO Plant Industries, Eden Consulting, Foxbay, Gibsons, Gt'bson Chemicals, Goulburn 
Valley Authority, Groundswell Organics, Heng Yin Enterprices Development Co (Australia), 
.HRL Technology, ICI, IFIQ, ITL, Jurox, MacFarlane Laboratories, Marchem, Marine Biologies, 
Murray Darling Association Inc., National Carp Task Force, Novost Pty Ltd, Nu-Mega Lipids, 
NZ Crop and Food Research, NZ Phmmaceuticals, Organic Solutions, RMIT, RP Scherer, 
Scales, Scandmavian Laboratories, Shaun Somerset (for FRDC), Solutions in Agriculture, 
Squalus, Tallay's Fisheries, Tasmanian Wakame, Tassai Tas Univalve, Traicon Holdings, 
University of Tasmania (Agricultural Science, Aquaculture, Biochemistry, Chemistry, and other 
departments), Wallace Brothers and Zootech. 

An article was prepared by a freelance reporter for ECOS, CSIRO's quarterly Science and 
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During the nr,u,,,,"1" ongoing characterization, process optimization and development of plant 
protocols was performed association -with industry on a nu_-n-rr,nn fraction obtained during 
squalene production. The fraction is rich in DAGE (the term alkoxyglycerol is used), which 
have perceived benefits against various disorders. Several reports were prepared on this 
fraction, including the detailed analysis of this fraction. A new Australian export product was 
launched by BEKU Environmental Products late 1997 (Section 7.6, £'11,Ji)',.,,,,= E). 

An agreement was finalized between CSIRO and Squalus for the company to separate squalene 
from shark liver oils using a process developed by CSIRO during the previous FRDC marine oils 
project (91/77). It is envisaged that for transfer, to Australian industry, of the squalane 
technology developed and optimized at laboratory scale, a similar approach will be taken to that 
used with the squalene technology, i.e. a licensing agreement -with a commercial partner will be 
sought. At this stage, industry is examining the process. 

8. BENEFITS 

The principal benefactors of Project 94/115 have been and will continue to be the individual 
companies attempting to exploit the marine resources associated with the by-products and by-
catch from the Australian fishing industry. The fishing industry itself will benefit from new 
markets for by-products and by-catch. The community at large will benefit through the more 
efficient usage of by-products and by-catch, and reduction waste, as well as through the 
possibility of cheaper local sources of refined marine oil products. Finally the Australian economy 
will benefit through the production of value-added export products, which can also potentially 
replace :imported materials. The Australian marine oils industry is still young and fragmented, 
with many individual players. As such, strong support for this project has been provided by 
individual companies within the industry rather than by management bodies for the Marine Oils or 
fishing industries. 

Benefits also include potential better exploitation of environmentally sensitive species, such as 
Patagonian toothfish and European carp. Results for these two species have been supplied to 
management authorities and industry and will aid future decisions to be made with these fisheries. 
Additional benefits were the initiation of new projects that will examine the lipid composition of 
Australian Seafood (Project 95/122) and assess the potential of using novel PUFA-containing 
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whilst 
"'"'"·"""" to prospective industry 

partners. 

10. FURTHER DEVELOPMENT 

Research undertaken with FRDC project 94/115 (and the preceding Project, 91/77) has provided 
further impetus and assistance to the relatively new Australian Marine Oils industry, with an 
emphasis on first, orange roughy and related oils, secondly on shark liver oils and thirdly on 
omega-3 PUFA containing oils. Ongoing research is needed to enable the small businesses 
involved in the Marine Oils industry to continue to be viable. For Australian industry to achieve 
an economically sustainable level of value-added products, there will be a need to strengthen our 
knowledge of the oil composition of further new commercial and by-catch species and also on 
species ( e.g. various tuna and mackerel) which offer potential for both increased catch and 
utilization, including oil production and value-adding. Future research in this field will ensure that 
the economic yields of Australia's fisheries can be increased and environmental concerns 
minimized with utilization of waste material. 

There is increasing government and public concern for minimizing waste generated by indust1y, 
including from aquaculture and seafood processing. This further provides a stimulus for the 
production of value-added marine oil products from underexploited species and from waste 
generated by Australian industry. Understanding the potential of Australia's natural and 
processed marine oils is important for both human nutrition and many primary industries such as 
aquaculture. In the long term the increased knowledge and technology base on marine oils and 
products will ensure more efficient return on the exploitation of Australian marine resources. 

Highly-purified orange roughy and related oils may be used as a possible substitute for jojoba oil. 
These oils are utilized by the cosmetic and pharmaceutical industries after being refined, 
depolarized and deodorized. The further development and scale-up of technology for purification 
of wax ester oils in Australia is needed. 

Future research and development is required to meet the needs of the Australian Marine Oils 
industry and includes: 
• Continued determination of the composition of marine oils from underexploited pelagic and 
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Bakes, M. J., Nichols, P. D. and Strauss, C. R ( 1995) Value-added products from Australian 
shark liver oils. In: Recent Advances Marine Science and Technology. Proceedings 
PACON 1994 Conference (0. Bellwood, H. Choat and N. Saxena, Eds.) 47-53, 
Townsville, July 1994, James Cook University of North Queensland. 

Virtue, P. Johannes, RE., Nichols, P. D. and Young, J. W. (1995) Biochemical composition 
of Nyctiphanes australis and its possible use as an aquaculture feed source: lipids, pigments 
and fluoride content. Marine Biology 122: 12 128. 

Mancuso, C. A, McMeekin, T. A, Nichols, D. S. and Nichols, P. D. (1995) The Australian 
Collection of Antarctic Microorganisms (ACAM): an increasing demand for a new resource. 
Chemistry in Australia 62(8): 11-12. 

Nichols, D. S., Hart, P., Nichols, P. D. and McMeekin, T. A (1997) Enrichment of the rotifer 
Brachionus plicatilis fed an Antarctic bacterium containing polyunsaturated fatty acids. 
Aquaculture 147: 115-125. 

Nichols, D. S., Nichols, P. D., McMeekin, T. A and Sullivan C. W. (1996) Polyunsaturated 
fatty acids, and a novel C31:9 polyene, from sea ice microbial communities. In: Preprints of 
Papers Presented at 212th American Chemical Society National Meeting, Orlando, FL, vol. 
36(2), Division of Environmental Chemistry, Inc., American Chemical Society, pp. 283-285. 

Nichols, D. S., Brown, J., Nichols, and McMeekin, T. A (1997) Production of 
eicosapentaenoic and arachidonic acids by an Antarctic bacterium: Response to growth 
temperature. FEMS Letters (in press). 

Phleger, C. F., Nichols, P. D. and Virtue, P. (1997) High levels of wax ester in the Myctophid 
fish Electrona antarcticum. Antarctic Science. 9:258-265 . 

. Phleger, C. F., Nichols, P. D. and Virtue, P. (1997) Southern ocean pteropods: a potential 
buoyancy role for diacylglycerol ether. Lipids. 32: 1093-1100. 

Nichols, P. D., Bakes, M. J. and Elliott, N. G. Docosahexaenoic acid-1ich liver oils from 
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Bakes, J. Nichols, P. ( 1994) Lipid 
from southern school shark galeus). 
Scales. 

Bairns, M. J. and Nichols, P. D. (1994) Assay of lipid classes Orange roughy oil produced 
by Quotila Trading. Report 94-QTl. Report prepared for Quotila Trading. 

Nichols, P. D. and Bakes, M. J. (1994) GC assay ofBEKU sualene fractions. Report 94-
BEKU5. Report prepared for BEKU Environmental Products Ltd. 

Bakes, M. B. and Nichols, P. D. (1994) A study of the lipid and fatty acid composition of the 
oil extracted from banana prawn waste. Report 94-A VRl. Report prepared for Agricultural 
Vetinary Research. 

Bakes, M. J. and Nichols, P. D. (1994) Lipid composition of shark liver oils supplied by 
Scales. Report 94-SC4. Report prepared for Scales. 

Bakes, M. J. and Nichols, P. D. (1994) Proximate lipid composition, squalene content and 
fatty acid composition of a New Zealand shark liver oil. Report 94-C&FR3. Report prepared 
for the Crop and Food Research Institute. 

Bakes, M. J. and Nichols, P. D. (1994) Lipid and fatty acid composition of veterinary-grade 
cod liver oil. Report 94-Zootechl. Report prepared for Zootech. 

Bakes, M. J. and Nichols, P. D. (1994) Lipid and fatty acid composition of liver oil isolated 
from ling and three species of shark. Report 94-SC3. Report prepared for Scales. 

Bakes, M. J. and Nichols, P. D. (1994) Assay of lipid classes in northern Australian shark 
liver oils supplied by Scales. Report 94-SC6. Report prepared for Scales. 

Nichols, P., Bakes, M. and Elliott, N. (1995) Marine oils from Australian fish. Milestone 
report, January 1995. Report 95-FRDCMSl. Report prepared for the Fisheries Research and 
Development Corporation. 

Bakes, M. J. and Nichols, P. D. (1995) Lipid and fatty acid composition of oil produced from 
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Bakes, M. J. and Nichols, P. (1995) Lipid class composition oil extracts. Report 
95-SIAl. Report prepared for Solutions in Agriculture. 
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Nichols, P., and Bakes, M. ( 1995) Purification of omega-3 fish oils: Progress report 
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(Dissostichus eleginoides) flesh, oil and meal. Report prepared for Austral Fisheries. 

Nichols, P. D. (1997) Fatty acid composition of Clover American Samoan oil. Report 97-
Clover7. Report prepared for Clover Corporation Pty Ltd. 
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overseas 

Conference and other presentations 

Bakes, M. J., Nichols, P. D., Elliott, N. G. and C.R. Strauss (1995) Commercialization of 
waste marine oils in Australia. Australian Marine Science Association, July, Sydney, 
Abstracts. 

Nichols, P. D. (1995) Progress in the development of marine oil products in Australia. The 
Royal Society of Tasmania. Invited lecture. Hobart, September. 

Bakes M. J., Nichols P. D. and Strauss C.R. (1995) Developments with and 
commercialization of marine oils in Australia, International Chemical Congress of Pacific 
Basin Societies, Honolulu, Hawaii December. 

Bakes, M. J., Elliott, N. J., Nichols, P. D. and Strauss, C. (1996) Value adding Australian 
marine oils. Australian Marine Science Association, July, Hobart, Abstracts. 

Phleger, C. F. and Nichols, P. D. (1996) Lipids of Antarctic zooplankton and fishes from 
Elephant island. Australian Marine Science Association, July, Hobart, Abstracts. 

Bakes, M. J., Elliott, N. J., Nichols, P. D. and Strauss, C. (1996) Value adding Australian 
marine oils. 2nd World Fisheries Congress, July, Brisbane, Abstracts. 

By invitation, Michael Bakes also attended the symposium "1\/faking the Most of the Catch" 
organized in conjunction with IFIQ which was held in Brisbane, July 1996. 

Nichols, P. D. ( 1996) Developments with marine oil products and environmental biomarker 
research. Invited seminar, Department of Biology, San Diego State University, September, 
San Diego. 

Nichols, P. D. (1996) Lipid Biomarkers. Invited seminar, Centre for Environmental 
Biotechnology, University of Tennessee, September, Knoxville. 

Bakes, M. J., Elliott, N. G., Nichols, P. D. and Strauss, C. (1996) Value adding Australian 
marine oils. Australian Organic Geochemistry Conference, October, Perth, Abstracts. 
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Nichols, D., Nichols, Levvis, T~, .., .. ""~"" 
(1997) Novel ,.,,..,,.,.~,.,,,,u, .. as alternate sources 
and industries. ~-~--·-- Microorganisms 
Abstracts. 

Bakes, M., Nichols, D. S., Nichols, P. D., Strauss, C., Bode, and Drummond, (1997) 
Developments with omega-3 polyunsaturated fatty acid oils in Australia. Fourth International 
Marine Biotechnology Conference, September, Sorrento, Italy, Abstracts. 

Nichols, P., Bakes, M., Mooney, Elliott, N. and Strauss, C. (1997) Developments with 
marine oil products in Australia. Pacific Oils 2000, Auckland, New Zealand, Abstracts. 

Virtue, P. Mooney, B., Elliott, N., Bakes, M., Nichols, P., Bode, 0., Anderson, R. and 
Drummond, G. (1997) Pacific Oils 2000, Auckland, New Zealand, Abstracts. 

Bakes, M. J., Elliott, N. G., Nichols, P. D. and Strauss, C. (1997) Value-adding Australian 
marine oils. Pacific Oils 2000, Auckland, New Zealand, Abstracts. 

Patents 

Nichols, P. D., Nichols, D. S., Simpson, G. and Strauss, C. "Separation Process" Provisional 
Patent for application to shark liver oils lodged November 1993. Maintained as confidential 
know-how since November 1994. 

Nichols, P. D., Bakes, M. J. and Strauss, "Purification Process". Provisional patent lodged 
January 1995, refiled January 1996 and January 1997. 
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1. Technical assessment re achievements objectives 

The objectives are centered in two areas: (i) the ongoing characterization of Australian 
marine oil resources and provision of these results to the scientific community and industry, 
and (ii) Examination and optimization of methods for further refining squalene-containing 
and omega-3 containing marine oils, thereby increasing product value. The status of 
research conducted to date is also briefly summarized in non-technical terms in the taped 
interview enclosed with this report. Positive feedback for future R&D has resulted from a 
range of similar interviews around Australia. 

The Marine Products project of the CSIRO Division of Oceanography has developed a 
considerable intellectual resource on Australian marine oils. State of the art laboratory 
facilities and expertise have been assembled for the chemical characterization of oils. The 
three types of oils available from Australian species are: 
1. the wax ester oils, 
2. squalene-rich (and diacylglycerol ethers: DAGE) oils, 
3. triacylglycerol (TAG) oils, containing omega three polyunsaturated fatty acids (PUFA). 
The funding provided by FRDC 94/115 allowed this expertise, in many cases otherwise not 
available, to be used by the developing Australian Marine Oil industry. 

The research conducted to date has assisted a number of companies that have established 
facilities for the production of oil products from the south-east Australian fisheries. 
Numerous requests have been received from industry around the country regarding the 
characterization of Australian oils, and in all cases the highest quality analytical data has 
been provided (Report 95FRDCM1). The need for ongoing data on the oil composition of 
new species is considered essential. In several instances in dealing with the industry, it 
has been necessary to correct anomalies that have arisen over the composition of various 
marine oil raw materials and products (e.g., raw material composition, incorrect labeling). In 
the commercially competitive international environment, the provision of accurate technical 
data and advice is essential and this component of the research would be an ongoing part 
of project 94/115. 

The second part of the project is related to the examination and optimization of methods for 
further refining marine oils. Progress has included: 
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(iii) A process produce and separate ..,,..,,"''""'"' after nur1rn,u:, 

squalene) cu3111e11:>oem the Division of Chemicals 
assistance of project refinement a laboratory the newly 
developed squalane process will be required as part of years 2 and 3 of the project In 
addition optimizing squalane recovery and purity, the production and isolation of 
saturated DAGE/TAG also needs to optimized. The potential use of the saturated 
DAGE/TAG by-product also would need to be investigated (e.g. in maricu!ture feeds). 
Scaling-up of the squalane process will need to be examined, both at a larger laboratory 
scale and when progress is sufficient, in the pilot facility at the Division of Chemicals and 
Polymers. 

(iv) We have developed a laboratory procedure to isolate DAGE from shark liver oil. This 
process will be of relevance to the second component of the squalane research. 

(v) The trialling of supercritical fluid extraction (SFE) equipment for oil separation has been 
completed. SFE is a relatively new form of technology that shows potential for the 
purification and possible enrichment of marine oil products. The trial results look promising 
and further research would be pursued in years 2 and 

Future process oriented research will focus initially on the squalane and omega-3 
procedures. Good technical progress has been demonstrated with the squalene process, 
and, with other squalene developments within the Australian industry. The likelihood of 
further technically sound developments is considered good, as a flow-on from future 
research provided through project 94/115. 

2. Analysis of environmental factors impacting on the marine oils industry 

The key factor for the marine oils industry is the fisheries resource. The resource is 
dependent on sustainable catches and the need for better utilization of the waste and by­
products. Consultation with various fisheries bodies (e.g. AFMA, NT DPIF, CSIRO Division 
of Fisheries) during preparation of this report revealed or confirmed several features: 

(i) The deep-sea shark resource (by-catch of other fisheries, source of squa!ene, squalane, 
DAGE oils) has not been surveyed and no stock assessment information is available. 
However, based on consultation with industry and management bodies, the likely catch rate 
required to meet the current and predicted needs of the Australian Marine Oil industry is 
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composition 
,n":.",::i,n in years 2 and 

oil resource is considered adequate for Australian meet predicted local 
export demands. Developments characterization of new oil resources with the 
ensuing appropriate purification processes will be factors industry will on. 

3. Assessment of issues on a more specific/micro level. 

Input from industry has been provided to also cover this point (Appendix). 

Strengths for the Australian Marine Oil industry include: 
• the sustainability of the raw material (in comparison, several competing countries show 

indications that raw resources are in decline), 
• the clean and green resource (c.f. competitors), 
• the demonstrated dedication of the Australian industry, including the building of the raw 

material supply network, 
• closeness to major markets (Asia), 
• a preference by certain buyers to deal with Australian rather than traditional suppliers, 
• the uniqueness (and underutilization) of the composition of several of Australia's marine 

oil resources, 
'ii the development of political connections by sectors of the Marine Oil industry 
• emergence and growth of the Australian Marine Oil industry, 
• a good technical knowledge of the composition of local marine oils (and in some 

instances of competitors oils) has been obtained through the assistance of FRDC 
funding, 

• the now on-line development of appropriate technologies, again including through the 
assistance of FRDC funding . 

Weaknesses include: 
Iii the monopoly of certain areas of the marine oil market by overseas competitors, 
• the lack of financial resources for many of the Australian Marine Oil Small and Medium 

Enterprises, and therefore the ability to conduct R&D (to our knowledge, most of the 
companies recently entering the market have to trade in the black) 

" in the case of certain products, the non-compliance of the raw material with 
specifications, 
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resources. 
o the image of FRDC would continue benefit from an association with R&D directed to 

minimizing waste of the by-catch and from processing. 
"' the involvement of an independent research organization {CSIRO) in R&D would be 

beneficial a variety of organizations. 

The opportunities and the raw resources now exist for the production on a annum basis 
of initially 10-20 tonnes of squalene; this could expand to 100-200 tonnes over several 
years. The world market is estimated at between 1000-2000 tonnes p.a. At market value, 
the initial Australian squalene production is worth around $0.5M, this value will increase by 
up to a factor of 10 or more as production increases. 

World production and estimates of the potential national and export market are higher for 
the squalane and omega-3 TAG oils. Presently, further R&D is required to bring about 
Australian production. For the omega-3 oils, using the yield information presented above 
for the raw resource and an initial estimate of 20-30 tonnes production, the return would be 
$1.3M. This value would again be expected to increase as production increases. 

The main threats are considered to be: 
® the continued dominance, and therefore possible control, of the market by competitors, 
,. the reluctance of some areas of the fishing industry to support this new industry through 

the continued dumping of by-catch and process waste, 
• inappropriate government legislation (e.g. Therapeutic Goods Act regulations with 

respect to squalene; banning of harvesting/landing of certain dogfish species due to 
historical factors, for example, deep sea dogfish in Victoria based on heavy metal 
information), 

,. fluctuations in the currency mark.et 

In summary, the Australian Marine Oil industry has made rapid progress. The opportunities 
are available now for consolidation of developments to date and the commencement of 
new initiatives. The industry is clearly in need of further R&D. The ongoing 
characterization and process oriented research planned for years 2 and 3 of Project 94/115 
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Appendix C 

VALUE-ADDING AUSTRALIAN MARINE OILS 
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Oil Composition of Australian Seafoods: 
Background 
The content and composit ion of the oil from Australian fiah, 
ahellfish and crustaceans w.,. examined to: 
• Detennine the nutritional value of th ... apeci ... 
• Investigate whather oil levels differ with region, speciea 

groups and other factors. 
• Transfer know-how to industry to better exploit the total 

catch, Including waste products from tuna. 

Olis and nutrition 
EPA (elcoeapentaenolc acid, 20:&>3) and DHA (docoelllwlOlc 
acid, 22:l<oS) are omega-3 polyunsaturated fatty acids (PUFA). 
They are .... nual In the human diet and help '9duce the rlek of 
coronary heart dlaeue, stroke, uthma and other disorders, 
Including poulble acUvtty against cancer, dyalexla and 
dementia. Omega-3 fatty acids are also beneficial for brain and 
raUna funcUon and development. Nutritional atudlee Indicate 
DHA la more acUve than EPA for certain disorders. 

AA (arachldonlc acid, 20:4m8) la an omega-8 fatty acid which la a 
precuraor of proataglandlna and other Important compounds. 

Cholesterol la a atructural component of many t luuea. It la 
synthesised by humans, but In exceaa la a precuraor ol coronary 
heart dlaeue and other disorders • 
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Affearch findings 
• Moat Australian ftah have high levels of the omega-3 PUFA 

retattve to other food groups and low levels of cholesterol 
(rapreaentaUve data la ahown). 

• Prawns have lower levels of omega-3 PUFA and higher 
levels of cholesterol compa'9d to ftah. 

• Australian flah generally have higher relative levels of DHA 
than flah from northem hemisphere waters Including oil 
products from th ... flahes. 

• Tuna aN • partloularlly good source of DHA·rlch oil. 

Industry outcomes 
NU-MEOA LIPIDS commenced manufacture of Australian-made, 
value-added tuna oil products In 1997. The tuna oil products 
contain 25% CHA, a DHA to EPA ratio ol >3, and a lower 
proportion of choleaterol than Is found In fleeh from tuna and 

. other Mllfood. 
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Tuna Oils Rich in DHA 
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Polyunsaturated Fatty Acids 
from Sea Ice Microbiota 

Lipid deposits (yellow) within sea ice 
diatoms visualised by Nile Red stain. 

Scanning electron micrograph 
of sea ice bacteria. 
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David S Nichols', 
Janelle Brown 1, 

John Bowman 1, 

Jennifer H Skerratt 1•2, 

Peter D Nlchols1,2, 

Tom A Mcmeekin' 
and 

Cornelius W Sullivan' 

Every year, vast areas of sea ice form and melt around Antarctica. Ice 
coverage extends from 3 million km2 in February, to 20 million km2 in 
September/October. Sea ice supports the growth of microalgae (mostly 
diatoms) together with bacteria. 

An important role of the microbes, for higher trophic levels, is the 
biosynthesis of polyunsaturated fatty acids (PUFA) such as 
eicosapentaenoic acid [20:5@3 (EPA)] and docosahexaenoic acid 
(22:6m3 (DHA)J. 

Capillary gas chromatogram of c,. 
the fatty acids from a h1ernal 

psychrophilic sea ice bacterium SarlCWd 
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2CS1RO Division d Marin e Research, Hobart.Tas,Australla; 
3 Hancock ln1dtute for Marine Srudles, Dept. Blologlcat 
Sciences, Unlv. Southern Californla. losAngefes, CA. USA 

Thlt workwu 1upport.ed by. NSF DPF'fundlne toAC. Palrrmno and CWS:APR.A 
and ARC 11.W'ld ini to DSN and JB; ASAC 1uppon to DSN, PON, TAMcM and H 
Burton: FRDC fundlf'll to PON. Our Antarcllc CRC colleaiutt .-, thrt,d for help 
d111n1 the pro~ct W, aho thank Michael Bene!( Vl'ho ~~l&f1ed thtt poster. 

Sea ice microbiota are important sources of these essential components 
for marine organisms. 

This study investigates fatty acid composition of sea ice diatom 
communities during a summer bloom in McMurdo Sound, and examines 
PUFA production by psychrophilic sea ice bacteria isolated from Prydz 
Bay. PUFA production has been observed for only a limited number of 
bacteria and has not been reported previously from Antarctic bacteria. 

):~t:~f;:~;r;,;~r.:rtZ}~·~;~1z~tt~~,(~t~P~~~:;~,~~~J-;-it\~;j\/l 
Th~;~·1~~~·:i~~-~i:~f~A\~·~i~'i~idi\~:~:-~~~ -~~i~-~-;{f~~~'i:iiE·P.(·~--~/ ;~~;~d:~6 
environmental factors . 

Bacterial PUFA: 

Of over l 10 psychrophilic strains, 23 produced EPA in the range of trace to 20% of fatty 
acids.Another 21 produced PUFA such as 18:2co6, 18:3003 and 20:~ro3. Five strains 
produced DHA, the first strains to do so not isolated from the deep·sea. One 5train 
produced 20:'4<1>6 (anchklonic acid.AA) and EPA. 

The proportion of PUFA·producers is an order of magnitude higher than in temperate 
environments; the constant low temperature of the Antarctic environment has selected 
strains maintaining membrane fluidity by producing PUFA. 

Bacterial Hydrocarbons: 

• NOYel n·Cl l'!I p0:1ene in PUFAi)roducing strains, the fir5t report of this hydrocarbon. It 
may be derived from EPA and represent membrane adaptation to low temperature. 

Biotechnological lmpllcatlons: 

Utilising bacteria as aquaculture feeds had not been pursued previously due to th eir 
perceived lack of PUFA. However, sea-ice bacteria may produce hijl levels of PUFA, 
allowing them to be possibly utilized in aquaculture feeds. 

Bacteria l PUFA production is a "guaranteed" resource, in comparison to variable wild 
fisheries. Culturing bacteria is also cheaper and easier than algae for PUFA production. 

Industrial usage of purified PUFA {such EPA and DHA) as health products, food additives 
or pharmaceuticals is increasing. The majority of PUFA·producing bacteria accumulate 
one type of ro3 PUFA; usually EPA or DHA Thi5 feature removes the cost of purifying 
individual ro3 PUFAs from the complex mixtures present in fish oi ls or algae. 

Successful feeding trials with rotife rs have been completed. Rotifers were enriched in 
ro3 PUFA when fed an Antarctic bacterium. 





Scientists and entrepreneurs are working together to 

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

If the wheel were to be reinvented, 
would it happen at a small factory in the 
suburbs of Hobart? 
Spend 10 minutes talking to Dan 

Cudmore, marketing director of Tasmanian 
company Beku Environmental Products 
Ltd, and you might believe it possible. 

Cudmore will tell you all about the 
products that have in four years 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 
Tasmanian division of the Australian 
Export Awards. 

Beku is one of a number of enterprising 
Australian companies with their sights set 
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Gill Shannon reports. 

on markets in China, Indonesia, Taiwan, 
Japan and Vietnam, as well as Europe and 
the United States in the long term.What is 
the product they are banking on? 

Take Cudmore at his word, and you'd 
think they were marketing in various forms 
the elixir of life. Actually, their goods are 
based on oils salvaged from the least­
favoured parts of dead deep-sea fish. 

Beku's product range falls into three cat­
egories which, curiously, roughly align with 
dictionary definitions for elixir. They are: 
• an industrial degreaser and a metal 

cutting, tapping and drilling fluid (a 
liquor once supposed to have the power 
of transmuting metals); 

• an emollient that can be used as a base 

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

• a general health tonic (a liquor once 
supposed to have the power of indef­
initely prolonging life). 

Beku's first product, the degreaser, was 
launched in 1991 following two years of 
research and development led by CSIRO's 
Division of Oceanography and company 
founder, Bernd Kutzner. The resulting 
processing technique has been patented 
worldwide. 

The degreaser, a hand cleanser, and a 
soluble cutting oil due to debut this year, 
are based on wax esters derived from oreo 
dory and orange roughy. Cudmore says the 



contain properties much like the whale oils which were put 
to similar use until Australia's industry was halted some 40 
years ago. Mineral and vegetable oils have been used since, but 
involve problems relating to biodegradation, and bacterial 
build-up. 

'Our range> represents a world-first alternative to 

hand degreasers and oils,' 
Cudmore says. 'V/e're the wheel with these marine-oil 

"""u"·"""i', the chemical composition of oils contained in various 
fish wastes is crucial to rhe product-developmem process. This work 
is done sciemists at CSIRO's Division of Oceanography in 
Hobart as part of its Marine Products Projecr ied by Dr Peter 
Nichols. The oceanography scientists work closely with Dr Chris 
Strauss and Michael Bakes at 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 

seek profitable uses fm the by-catch and by-products of Australia's 
south-eastern fisheries (such as orange roughy, jack mackerel, blue 
grenadier and deep-sea shark). Companies to benefit from this 
collaboration include Beku, Clover Corporation Pty Ltd, Squalus 
Pty Ltd and Scales Fish and Bait Sales. 

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

'Research into uses for the oils available from such species and 
other discarded material is assisting industry to improve the 
ulilization of these Australian marine resources,' Saul says. 'CSIRO's 
Marine Oil Program is helping us to establish an industry with 
benefits not only for the fishing sector but the broader community.' 

One of the first products studied by the research group was 
orange roughy waste. Of the orange roughy catch, approximately 
30% is processed into fillets, the remainder being discarded as waste. 
Traditional low-value uses of fish waste include pet food, fertiliser, 
bait, fish meal and unrefined oils. 

Characterising oils from fish waste. In the laboratory the oil 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 Virtue examines 

oil composition. 
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Studies of orange waste revealed 
that some 18% of the fish is oil, 80% of 
which exists in waste the swim 
bladder, frame and skin. They also found 
that orange oil, unlike that of most 
other commercial is comiJrn,ed almost 

of wax esters, one of three classes 

containing omega-3 
polyunsaturated fatty acids. 

Beku forsees a great potential for squa­
lene, which is a popular health tonic in 
Asia. Cudmore says 1500-1800 tonnes of 
squalene is used worldwide every year. The 
company has tapped a tiny portion of the 
market with its export of 40-70 tonnes 
annually for encapsulation. In addition, it 
uses only 1-2% of the available resource. 
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The squalene exported Beku and 
other companies is extracted and refined 
from the livers of deep-sea sharks. These 
sharks, as well as being fished in their own 

are an under-utilised of 
orange and other 
fisheries. Their livers are 
of the total shark's 
considerable quantities of oil. In the past, 
Australian shark liver oil was sold 
unprocessed to for VcUUV'dWUH<lc• 

In a further process, 
generation, can be converted to 

squalane, which has a of uses in the 
pharmaceutical and cosmetic industries, 
particulariy as a lubricant, tablet coating 
and cosmetic-base oil. The divisions of 
Oceanography and Chemicals and 
Polymers have developed a process to 
produce squalane from shark liver oil and 

will be partners in 1996. 
Omega-3 oils are also of interest to 

Beku and the company is working closely 
with CSIRO on their chemical 
characterisation. Research into rhe health 
benefits of omega-3 oils is being conducted 

CSIRO's Division of Human Nutrition 
in Adelaide. 

acids are 
unsaturated fats most found in fish 
and fish oils. Small amounts, of a different 

are also found in linseed soya 
bean and canola oil. The acids feed imo 
various in the human body 
with widespread effects. They have been 
shown to: 
• reduce blood triglyceride levels 

( trigylycerides are a type of blood fat that 
plays some role in the development of 
heart disease); 



squalene-rich oils 
and diacylglycerol 
ethers (DAGE) 

~-,~- ,w,, ,,,,,,..,", "~-- ~" -~ 

Squalene 
. . .. · .. ·.. . ·. . i in ,apsule form as a 
• . . •• . •... ..·· ... m~tldsJ··f gef!eral health tonic 
. • l"Mfal ~ing, · f nt 
· tapping and drilling · ~raft • low~rs cn6tester.ol 

fluid ··· • OHA in ~rticuiar a 
vital component of 
brain cell development 
in infants 

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

• wood and leather 

• have anti-coagulant properties, thereby 
helping to prevent blood clots from 
forming too readily and so possible 
reducing the risk of heart attack; 

• reduce the effects of inflammation and 
may therefore be useful in combating 
arthritis and rheumatism; and 

• reduce blood pressure and potentially 
protect against heart rhythm disturbances. 

Capsules of fish oils containing high 
levels of the essential eicosapentaenoic acid 
and docosahexaenoic acid (omega-3 fatty 
acids) are marketed aggressively in­
ternationally, and have captured a small 
market in Australia. Cudmore says Japan 
will be the major target market for Beku' s 
omega-3 oils in the next 18 months. 

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

Shark liver oils also can contain 
significant amounts of diacylglycerol ethers 
(DAGE). Australian industry presently 
imports these compounds from overseas, so 
there is potential for import replacement, 
and export markets are being developed 
into Europe, the US and Asia. A range of 
applications for the DAGE oils are being 
examined with particular emphasis on their 
activity· in bolstering the human body's 
immune system and the implications of this 
for cancer treatment. 

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

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

Luckily, the seas around Australia can 
still be said to have a 'clean green' image. 
This is partly 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 products that benefit from this 
natural advantage. 

More about marine oils 
Davenport SR and Deprez PP (1989) Market 

opportunities for shark liver oil. Australian 
Fisheries 48:8-10. 

Kinsella JE ( 1987) Sea.foods and fish oils in human 
health and disease. Marcel Dekker Inc. 

Nichols PD Nichols DS and Bakes MJ (1994) 
Marine oil products in Australia. 
INFORM:254-261. American Oil Chemists 
Society. 

Above: A fish meal and oil processing factory. 

Left: Through the Marine Products Project, Dr Patti 

Virtue, 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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macrura 

(PUFA)were 

eicosapentaenoic acid and docosahexaenoic acid [22:6( n-3)] 

- 19.4% oocrn;apen1taenow acid 

[22:5 (n-3)] being the The major euphausiid sterols included 0 nr,i,,.,,1-,,~·A (75% - 92%, 

as percent of total sterols) desmosterol (6% - 22%). sterols of other zooplankton 

species were more diverse included trans-dehydrocholesterol, 24-methylenecholesterol, 

brassicasterol, and 24-nordehydrocholesterol. The benthic ascid.ian, Distaplia cylindrica, had 45% 

stanols, as percent of total sterols, whereas the pelagic ascidian Salpa thompsonii had only 8% - 11 % 

stanols. Trophodynamic implications of the lipid, fatty acid, and sterol data include an ability to 

distinguish herbivorous and carnivorous diets and determine survival reproductive strategies. 
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summer. In on 

algae own protein as a source 

of metabolic energy variable recruitment is 

and spawning early during years when the pack ice concentration is and oflong duration (Siegel 

and Loeb, 1995). contrast density is low after cold winters. Tnere is substantial 

literature on krill lipids (Virtue et al., 1993, 1996; Pond et al., 1995; Saether et al., 1985) because of 

their commercial interest and undisputed importance in the Southern Ocean. Howe"ver gelatinous 

organisms, such as salps, ctenophores, and medusae are often neglected in studies of energy flow 

through marine pelagic ecosystems. Their importance has only recently been recognized (Longhurst, 

1985; Thuesen and Childress, 1994). 

The purpose ofthls study was therefore to clarify and further understand food web 

interactions and seasonal variability by examining lipids, fatty acids, and sterols as key biochemical 

factors. Lipids have been used as an investigative tool in this study because they are known to be 

particularly useful as biochemical probes in biological systems. Lipids are important energy reserve 

molecules as well as being necessary for cell membrane structure and fo.nction, particularly the 
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are et 

the 

samples were orn:am:eu as 

of the Antarctic Marine Research (AMLR) Field study conam::tea annually in the 

Island region of the Antarctic Peninsula (Martin, 1996; ,....,..,MHT Demer, 199 The Af\.1LR study 

area is located between 60-62.5 _ S and 53-59 _ W. The net was routinely towed to 170 m depth for 

about 30 minutes. Benthic ascidians were collected by hand net from the surface, after they had 

broken loose from the bottom The three Periphylla periphylla samples were taken from one large 

individual collected in the trawl. These samples were frozen at -10 _ C as soon as possible after 

sorting and counting on board ship. They were then transported frozen by air to CSIR.O Division of 

Marine Research, in Hobart, Tasmania, where they were maintained at -60 _ C prior to analysis. 

Euphausia tricantha, E. frigida, E. superba (males, female, and juvenile) and two of the three Salpa 

thompsonii samples were collected by rectangular midwater trawl (to 195 m) from the RJV 

AURORA AUSTRALIS on "Expedition Broke" during February and March, 1996, from East 

Antarctica(Station 181 at 63.4_S, 139_W, and Station216 at 65_S, 150_W). They were frozen in 

liquid nitrogen immediately and transported frozen to CSIR.O Division of Marine Research for 
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were 

following day 

chloroform: 

removed in vacuo) 

chloroform and stored at -20 

were 

a 

water (final solvent 1:1 

The total solvent extract (TSE) was concentrated (solvents 

up to a kno\Vll volume in 

Samples were stored for up to three days to lipid analysis. 

Samples all Euphausia species, Tomopteris carpenteri, Themisto gaudier.audit, Sagitta gazellae, 

Thysanoessa macrura and Salpa thompsonii include three or more pooled individuals for lipid 

extraction. Single individuals, all 

Lipid Classes 

were available to us, were extracted for the rest of the samples. 

An aliquot of the TSE was analyzed using an Iatroscan MK V THlO TLC-FID analyzer to 

determine the abundances of individual lipid classes (Volkman and Nichols, 1991). Each zooplankton 

sample was applied in duplicate or triplicate to silica gel Sill C:hromarods ( 5 µm particle size) using 

1 µL disposable micropipettes. Chromarods were developed m a glass tank lined with pre-extracted 

filter paper. The solvent system used for the lipid separation was hexane-diethyl ether-acetic acid 

(60: 17:0.2 v/v/v), a mobile phase resolving non-polar compounds such as wax esters, sterol esters, 

and triacylglycerols, free fatty acids and sterols. A second non-polar solvent system of hexane-diethyl 
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was wax 

0.1 ·· 

are or 

(Volkman 

chloroform under nitrogen 

(10:1:1 v/v/v; 80_C, 2 hr) to form fatty acid methyl esters (FAME). Following the addition of water, 

products were extracted into hexane/chloroform (4: l v/v, 3 x 1.5 ml), transferred to vials, reduced under 

a stream of nitrogen and stored in chloroform. 

Gas chromatographic (GC) analyses were performed with a Hewlett Packard 5890A GC 

equipped with an HP-1 cross-linked methyl silicone fused silica capillary column (50 m x 0.32 mm i.d.), 

an FID, a split/splitless injector and an HP 7673A auto sampler. Hydrogen was the carrier gas. 

Followillg addition of a methyl tricosanoate internal standard, samples were injected in splitless mode at 

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 at 2°C/min and finally to 300°C at 5 _ C/min. Peaks were quantified vvith DAP A Scientific 

Software. Individual components were identified using GC-MS data (see below) and by comparing 

retention time data with those obtained for authentic and laboratory standards. GC results are subject to 

an error of ±5%. 
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vvas 

were 

et 

Adducts were BSTFA to 

1MS derivatives to GC-MS 
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0. had 

6.7% and The rest - 2. 

(Table 

Five zooplankton stH!CH!S were percentages of triacylglycerol 

(TAG) (Table 1). The highest level was Themisto gaudichaudii (67.8% of total lipid), 

which also had 17.7 mg lipid/g (wet weight). Euphausia rru:anrnnhad 43.4% - 54.2% and E. 

frigida 27.2% TAG. Euphausia superba, collected September, 1995, had 33.2% .. 33.4% TAG. 

Most euphausiids were characterized by lipid levels of 6. 4 - 25. l mg lipid/ g wet weight (Table 1 ). 

Lipid levels in E. tricantha were lower than other euphausiids; 2.5 - 3.2 mg/g. Periphylla periphylla 

had 42.4% - 47.7% TAG, whereas other cnidaria, Calycopsis borchgrevinki andArctopodema 

amp/a, had less TAG; 6.9% and 0.4% respectively. 

High free fatty acid (FFA) levels (66. 7%) were also found in one specimen of Sa/pa 

thompsonii from the AMLR study area, whereas the eastern Antarctica S. thompsonii had 0.0% FFA 

(Table 1). Other zooplankton species characterized by relatively high FFA content included Vanadis 

antarctica (17.4%), Tomopteris carpenteri (25.9%), Themisto gaudichaudii (14.0%) Calycopsis 

borchgrevinki ( 13.2% ), Sagitta gazellae (31.1 % ), and Thysanoessa macrura (24.2% ). These 

specimens were sorted, counted, and identified in a warm zooplankton laboratory for about 30 
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as 

was 

wern soon 

-'-"-'"'P.._~..,...,,.H,,.., (PL) were 

65.4% - 66.9% of Tomopteris rn,c·nPnr;::,n 1%:in 

borchgrevinki and cucumis, 96.9% - 97.8% 

Salpa thompsonii (two specimens), and 8% Sagitta gazellae. Distaplia cylindrica, a non-

gelatinous bentbic tunicate had 74. 7% (Table 

Vanadis antarctica and T. carpenteri were characterized by higher lipid content ( 11. 7 -

13.9 mg/g dry weight) in contrast to other gelat:inous zooplankton (0.2 - 1.2 mg lipid/g wet weight, 

Table 1 ). Periphylla periphylla had less PL the other gelatinous zooplankton ( 40.3% -

45.2%). Sterols comprised 0.9% - 9.8% :in all zooplankton except V. antarctica (13. 7%) and A. 

ampla (16.9%). Diacylglyceryl ethers (DAGE) were found to present in two specimens of P 

periphylla (2.4% - 2.7%), but absent in all other zooplankton. 

Sterols 

Cholesterol (cholest-5-en-3{3-ol) comprised more than 50% of the sternls in seven of the 

eleven zooplankton species in Table 2 (55.6%- 84.1% of the total sterols). The level of cholesterol 

in Thysanoessa macrura ( 84 .1 % ) was similar to cholesterol levels in other krill species ( 82. 9% -

100%, Table 3). Trans-dehydrocholesterol (cholesta-5, 22E-dien-3!3-ol) comprised 10.5% - 21.9% 
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T. macrura 

Salpa ,,u,,",A,vn, 

characterized by a broader s,n,:,f"'trnm sterols than 

principal components 24-nordehydrocholesterol (4.3% -13.3%), 

transdehydrocholesterol ( 4.3% - 23. desmosterol (0.4% - 10.9%), brnssicasterol (24--

methylcholesta-5 ,22E-dien-3 f3-ol) (9 .2% - 23. 7%) and 24-methylenecholesterol (24-methylcholesta-

5 ,24(28)E-dien-3 f3-ol) (3.8% -19.9%) (Table 2). 

The benthlc ascidian, Distaplia cylindrtca had a high percentage of stanols ( 48.9%), 

compared to the pelagic ascidian, Salpa thompsonii, with 7.9% - 11.2% stanols (Table 2). The 

principal stanols in D. cylindrica included cholestanol (5a-cholestan-3f3-ol) (19.5%) 24-

nordehydrocholestanol ( 5 a-24-norcholest-22E-en-3 f3-ol) ( 5. 8% ), dehydrocholestanol ( 5a-cholest-

22E-en-3 f3-ol) (7.0%), brassicastanol (24-methyl-5a-cholest-22E-en-3f3-ol) (6.3%), 24-

methylenecholestanol (24-methyl-5a-cholest-24(28)E-en-3~-ol) ( 6. 0% ), and 24-ethylcholestanol (24-

ethyl-5a-cholestan-3f3-ol) (3.0%) (Table 2). All other zooplankton were characterized by low stanol 

content (2.1 % and 9.4% total stanols), vvith Thysanoessa macrnra having the lowest stanol content 

(0.6% stanols). The stanol composition of krill (Table 3) was also very low. 
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sum 

borchgrevinki (5.5%) 

1% 

PUFA), Beroe cucumis (50.1% PUFA), Salpa thompsonii (57.8% ~ 60.2% PlJFA). Most 

samples had fairly high levels omega-3 fatty also dominated by EPA and DHA, but only 

one Euphausia superba sample (mixed adults) had PUFA levels over 50% of the total fatty acids 

(58.7%, Table 5). Other omega-3 PUFA were present in lesser amounts than EPA and DHA and 

included 18:3(n-3) (0.0.% - 1.3%), 18:4(n-3) (0.0% - 8.0%) and 20:4(:n.-3) (0.0% - 1.5%) (Tables 

4, 5). 

Monounsaturated fatty acids (MUFA) ranged from 10. 7% - 53.4% of the total fatty acids 

(Tables 4, 5). The major MUFA included 18: l(n-9)c, 18: l(n-7)c, 16: l(n-7)c, 20: l(n-9)c, and 

20: l(n-7)c. The MUFA levels in Euphausia tricantha (50.3%) and E. frigida (38.2% - 48.6%) were 

higher than for E. superba, pr..rnarily to more 18: l(:n-9)c (15.3% - 18.5%) than E. superba 

(8.4% - 13.8%) (Table 5). The sum of the MUFA in the polychaete Vanadis antarctica (53.4%) 

was five times greater than in the polychaete Tomopteris carpenteri (10.7%), due to increased 

10 



compared to 

from 0. 7% - 7.8% 

The were low krill ( - 27.9% 

September, 1995, adults (36.0% - SFA, 

V. antarctica 4. 

total 

September, 1995, 

'T' 
l. 

5% of 18:0. 

except for the 

krill 

(Euphausia superba) had 16.0% of stearic acid (18:0) compared to 0.9% - 5.9% of 18:0 in the other 

krill species. Myristic acid (14:0) was high the other September, 1995, krill sample (10.2%), 

whereas it was 0.6% - 7.4% in other krill species (Table 5). 
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5 

etal. 

higher m January. further 

emphasizes the fact the in E superba are not used as an 

Adult male Euphausia superba very low lipid (4.6 mg/g) and triacylglycerollevels 

( 1. 7%) compared to females and juveniles (Table 1 ). These samples were taken in mid summer 

when phytoplankton was abundant, low storage lipid levels may have been the result of other 

energetic costs. This marked difference in lipid levels between krill sexes has been previously 

reported by Virtue et al. ( 1996) and low levels of storage lipid in male krill was attributed to 

reproductive costs associated with mating. Relative levels of polyunsaturated fatty acids (PUF A) 

were substantially higher in male krill (65.3%) compared to female and juvenile krill (41.1- 42.1% 

(Table 5). Most of the PUFA in krill is found in the polar lipid fraction (Virtue et al., 1993). Hence 

this increase in relative levels of PUFA and lower levels of saturated and monounsaturated fatty acids 

is consistent with the observed depletion oftriacylglycerol and corresponding increase polar lipid 

that occurs in male krill. 
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species have levels 

at 

exclusively of crustacean parts. This species also 

to 

.u;;;,;;,uu;,;;,:;, on as some 

uu,.u,.,:tv.u contents of this St'H5C1ElS collected 

in this 

levels 

were fou:nd to consist 

probably 

indicates that :in addition to copepods their diet consists of other species of crustacean and crustacean 

larvae. 

Euphausia frigida is an omnivore and like Euphausia superba is a surface water feeder. In 

the Eastern Antarctic they inhabit waters north of 65 _ S but tend to be fou:nd south of the areas 

where Euphausia tricantha reside. The total lipid :in the E. frigida sample was 15.8 mg/g wet weight 

which is higher than E. tricantha yet lower the female and juvenile E. superba. The lipid class 

profile of E. frigida was made up of mainly polar lipid ( 69 .1 % ) which is the structural component of 

the cell (Table 1 ). Triacylglycerol levels were lower than that found in E. tricantha and female and 

juvenile E. superba. Triacylglycerol is a storage lipid so lower levels infers a reduced feeding activity 

during that period. 

Wax esters 
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- 2. as 

; see 

et al., T macrura must serve as 

macrura not feed on ice and is more 

1985). 

levels of wax esters 

benthos (Graeve et 

indicate a dietary copepods, as has 

T 

1986). 

suggested for 

most abundant 

myctophid in the AMLR study area has 85%- 91% WE its lipid (466 - 585 

(Phleger et al., 1997b ). 

lipid/ g dry weight) 

Sterols of Euphausiids 

The principle sterols of all Euphausiids analyzed included cholesterol ( 81 % -100% of total 

sterols) and demosterol (2% - 17%) (Table 3). According to Goad (1978), crustaceans are 

incapable of de novo sterol synthesis and depend on diet and deaJkylation of phytosterols. 

Desmosterol is produced as an intermediate from phytosterol dealkylation and is also found in marine 

microalgae Nitzschia closterium ( l 00% desmosterol) and Rhizoselenia setigera (94.2% desmosterol) 

(Barret et al., 1995). The waters where some of these krill were known as Bransfield 

Strait waters, are dominated by microplanlctonic diatoms, such as Chaetoceros, Nitzschia, and 

Rhizoseienia (Villafane et al., 1995). The higher cholesterol level in E. frigida (92%, Table 3) and 
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et 

nearly three times rug.ner 

1989). periphyl!a contained absolute levels it was 

T"'''"n'1"' proportion ofTAG(42.4%- 47.7%) compared to 0.4%- 6.9% TAG in 

arnctenzt!ct by a 

hydromedusae 

TAG could 

some buoyancy, but buoyancy in gelatinous zooplankton is thought to be achieved primarily by 

elimination of the sulfate ion (Denton and Shaw, 1961). 

High levels ofphospholipid (PL) in jelly fish, particularly in the ctenophore Beroe cucumis 

(82.8% Table 1), reflect the importance of membrane lipids as opposed to energy storage lipid 

(TAG) in these watery zooplankton. Periphylla periphylla is an exception with less PL (40.3% -

45.2%, Table 1), reflecting relatively more TAG, as noted above. 

The syphomedusae Calycopsis borchgrevinki and Periphylla periphylla were the only other 

zooplankton with WE (6.7% WE, and 2.6%- 4.5% WE respectively, Table 1). Periphylla 

periphylla is reported to feed upon copepods and myctophid fishes (V. Loeb, personal 

communication), and C. borchgrevinki may also feed on copepods. 
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were more 

most diverse 65%~ 

it may be a slow process be 

Lipids of an Hyperiid Amphipod 

Themisto gaudichaudii had the highest TAG content (67.8% of total lipid) of the 

zooplankton analyzed. Since T gaudichaudii, an hyperiid amphlpod, feeds on salps and jellyfish, the 

TAG may help :in overwintering beneath the Antarctic ice when salp populations are low. 

Conversely, it may simply reflect recent feeding activity. The PUF A content of T gaudichaudii 

(54.1% of total fatty acids, Table 4) .includes 20.4% of22:6(n-3) and 24.1% of20:5(n-3). These are 

higher values than those reported by Fricke and Oehlenschlager (1988) for Themisto, and may reflect 

different food sources. Themisto also has 15% transdehydrocholesterol (Table 4) which may be 

derived from its jellyfish diet. 

Lipids of Polychaetes 

The polychaetes Vanadis antarctica and Tomopteris carpenteri had lipid consisting primarily 

of PL (65.4% - 66.9%, Table l) which agrees with Hagen (1988). The content of these 
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wet was 

l co11tes11t V. antarctica 

as 

V antarctica 

(Virtue et 1993). 

(Table 2). Transdehydrocholesterol values (22% - 23%) were 

Calycopsis borchgrevinki and Arctopodema ampla. 

Diacvlglyceryl ethers 

V antarctica 

-23% of the 

same the hydromedusae, 

Two of the P. periphylla samples had low levels of diacylglyceryl ether (DAGE) (2.4% -

1S 

2. 7%, of total lipid). DAGE was not detected in any other zooplankton samples . DAGE have been 

reported in low levels (0.3% - 0.6%) :in E. superba (Fricke et al., 1986). Recently, however, 28% 

DAGE has been reported in another Antarctic zooplankton, the gymnosome pteropod Clione 

limacina (Phleger et al., 1997a) where a buoyancy role for this lipid class was proposed. 

Spongiobranchaea australis, another A.ntarctic gymnosome pteropod, has 0.9% - 1. 7% DAGE, but 

less lipid (3.3 - 4.8 mg lipid/g wet weight) Clione (50.8 mg lipid/g wet weight) (Phleger et al., 

1997a). Periphylla periphylla might obtain DAGE from these pteropods, which could comprise part 

of its diet , or from the low levels reported :in krill. 

Lipids of Ascidians and Sagitta 
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is 

lipid. 

pelagic filter 

1;,,;;1..,au;:,,;; it 

,.,.u,._,,.,~., less food availability 

is 17% -

19% oleic (18: in Sagitta Distaplia, whereas Salpa only has 5% of this monoenic 

Lower levels of oleic acid Salpa reflects its phytoplankton-rich diet. Sagitta and the benthlc 

Distaplia have higher levels of 18: l, reflecting their different carnivorous diets. The presence ofhlgh 

levels ofstanols inDistaplia, such as cholestanol (20%), 24-nordehydrocholestanol (6%), 

brassicastanol (6%), and 24-methylenecholestanol (6%), may reflect reducing activity (anoxia) in the 

sediments where they live. Stano ls, such as coprostanol ( 5 f3-cholestanol) produced in the digestive 

tract of higher animals by microbial degration of cholesterol, are used as biomarkers in sediments 

(Nichols et al., 1993). The high stanol levels in Distaplia therefore may also result from 

biohydrogenation and incorporation of dietary components. The sterol profile of Sagitta ( 5 8% 

cholesterol, 19% transdehyrocholesterol, 4% nordehydrocholesterol) was sirni1ar to that observed in 

the polychaete V. antarctica, although desmosterol was reduced in Sagitta (2% cf 10%). As for V. 

antarctica and other zooplankton, the profile is consistent with a carnivorous diet. The sterol profile 

of Salpa thompsonii (19 - 20% cholesterol, 8-15% transdehydrocholesterol, 14-20% 24-
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1s as 

to 

Since PUF A content 

favorably with 4), the 30 process 

fatty 

Conclusions 

Trophodyn.amic implications of the lipid, fatty acid, and sterol data presented here includ 

an ability to distinguish herbivorous and carnivorous diets and determine survival and reproductiv 

strategies. Lipids indeed provide a \Vindow to look at aspects of trophodyn.amics not visible by 

conventional techniques. 
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Table l. Composition of Lipids from Southern Ocean Zooplanktou. 
Percentage Composition 

·-·-----
Sample WE TAG FFA ST PL UN DAGE ALC TOTAL 

Cnidaria 
Periphylla periphylla 4.5 47.7 1.5 5.9 40.4 0.0 100.0 0.6 

2.8 42.4 1.8 5.1 45.2 0.0 2.7 100.0 
2.6 46.4 3.7 4.6 40.3 0.0 2.4 100.0 0.8 

Calycopsis borchgrevinki 6.7 6.9 13.2 9.8 62.6 0.0 0.8 100.0 (i ,. 
\..I,:> 

Arctopodema amp/a 0.4 0.4 7.1 16.9 74.l 1.0 0.0 100.0 0.5 
Ctenoplwra 

Beroe cucumis 2.1 2.3 6.6 3.0 82.8 0.0 3.2 100.0 
Chaetognatha 

Sagitta gazellae 1.1 0.0 31.l 7.2 59.8 0.5 0.3 100.0 
Polychaetes 

Vanadis antarctica 2.0 -- 17.4 13.7 66.9 -- 100.0 .7 
Tomopteris carpenteri 1.9 -- 25.9 6.4 65.4 0.5 100,0 9 

Hyperiidea 
Themisto gaudichaudi 0.9 67.8 14.0 2.0 15.3 ··- 100.0 7.7 

Ascidians 
Sa/pa thompsonii 0.0 0.0 66.7 3.7 29.6 0.0 100.0 7 

EA* 0.0 0.0 0.0 2.2 97.8 100.0 0.9 
EA* 0.0 0.0 0.0 3.1 96.9 100.0 0.8 

Distaplia cylindrica 1.2 10.6 3.9 9.1 74.7 0.5 rno.o 2.7 
Euphausiacea 

Euphausia superbas 
Sept 95* 0.2 33.4 12.8 2.2 51.3 IOO.O 
Sept 95* 0.3 33.2 5.9 0.9 59.7 100.0 ND 
Sub Adult Male EA* 0.0 16.5 1.5 4.3 77.7 00.0 l 
Male EA* 0.0 1.7 0.0 5.4 93. l 100.0 
Female EA* 0.2 37.J 0.0 4.1 58.2 100.0 29.5 
Juvenile EA* 0.0 39.5 0.0 3.7 64.2 100.0 8. 

Ji.,'uphausia tricantha EA 7.5 54.2 1.0 1.0 36.3 wo.o 3.2 
EA 5.3 43.7 l.l 1.2 48.6 100.0 2.5 

Euphausia.J'i·igida EA 0.0 27.2 0.7 3.1 69.1 100.0 15.8 
Thysanoe.ua macrura 33.9 0.0 24.2 0.9 39.6 0.5 0.9 00.0 7"' ,I 

WE= Wax ester, TAG= Triacylglycerol, FFA = Free fatty acid, ST= Sterol, PL = Polar 
DAGE= Diacylglyceryl ether, ALC = Alcohol 
*EA means that these samples were collected in eastern Antarctica 



Table 2. Sterol Composition of Southern Ocean Zooplanktou 

Percentage Com1>ositio11 
Peak Periphylla Calycopsis Artopodema Beroe Sagitta Vanadis Tomovteris Themisto 

Sterol No periphylla borchgrevinki ampla cucumis gazellae antarctica 

24-nordehydrocholesterol l 4.0 4.2 4.2 2.7 9.6 1.6 4.3 3.8 10.4 1.5 Ll.3 7.2 6" 4.3 

24-nordehydrocholestanol 2 0.6 0.6 0.6 0.3 0.6 0.3 0.5 0.0 1.6 0.0 2.4 L8 0.0 5.8 

cis-dehydrocholesterol 3 0.2 l.l 1.6 0,8 2.1 0.4 0.4 0.6 1.5 0.3 2.9 .6 0,0 2.9 

trans-dehydrocholesterol 4 14.7 15.3 14.7 22.l 23.l 10.5 18.8 21.9 22.8 14.8 8.0 <; < - .'t 15.4 4.3 

dehydrocholestanol 5 u 1.2 u 0.8 0.7 0.5 l.2 0.3 2.0 0.4 1.5 2. 2.6 7.0 

cholesterol 6 64.8 64.2 64.6 65.9 29.2 64.9 58.4 58.2 22.5 55.6 14.4 5.5 

cholestanol 7 l.2 u 1.3 1.0 0.6 0.9 2.9 0.0 1.2 LO 18 l 'l .... 0.0 19.5 

demosterol 8 0.1 0.1 0.0 0.0 10.9 14.9 Ul 10.4 7.6 20.3 4.9 7.2 6.2 0.4 

demostanol 9 0.0 0.0 0.0 0.0 0.0 1.6 0.0 1.5 0.0 1.3 0.0 0.0 0.0 0.0 

brassicasterol 10 5.3 5.0 4.9 2.5 9.2 0.0 1.6 0.0 10.7 0.0 20.2 19.0 23.7 

brassicastanol 11 l.l l.l LO 0.4 0.9 0.9 0.8 0,0 1.3 0.0 3,3 5. 5.3 6.3 

24-methylenecholesterol 12 3.7 3.7 3.6 1.6 8.4 1.2 1.8 2.7 12.4 3.9 20.0 15.0 13.6 3.& 

24-methylenecholestanol 13 1.2 l.2 l.2 0.4 0.9 0.4 0.5 0.3 2.9 0.4 2.3 0.0 6.0 

stigmasterol 14 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.0 L6 ' Cl 1. ~J 0.0 0.0 

stigmastanol 15 O. l 0.1 0.1 0.0 0,0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.7 

24-ethylcholesterol 16 0.5 0.3 0.3 0.5 l.l 0.4 0.5 0.0 L2 0.0 3. 2.3 2.5 3.3 

24-ethylcholestanol 17 0.3 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 

isofocosterol Ill 0.5 0.2 0.2 0.0 0.3 0.0 0.0 0.0 1.3 0.0 3.6 2.4 2.2 0.0 

isofucostanol 19 0.0 0.0 0.1 0.0 0.2 0.0 0.0 0.0 0.2 0.() 0.3 0.0 0.7 

C30, 2 double bonds 20 0.0 0.0 0,0 1.0 2.4 0.0 4.8 0.0 0.0 0.0 0.0 0.0 

Other 0.5 0.6 0.4 0.2 0.0 u 1.9 0.0 0.0 0.6 0.9 2.7 12..4 "' L.,, 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 IOO.O 100.0 100.0 100.0 100.0 100.0 100.0 --------·--~-----~~------------



Table 3. Sterol Composition Southern Ocean Krill 

Percentage Composition 
Euplumsia 

superba tricantha _frlf?UUJJ 

Sterol Peak September Adults 
No 1995 Sub-Male Male Female Juvenile 

24- l 0.0 0.0 0.0 0.0 0.2 0.3 0.0 0.0 0.0 
nordehydrocholesterol 
cis-dehydrocholesterol 3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
trans-dehydrocholesterol 4 0.0 0.6 0.0 0.0 0.0 0.0 L5 1.3 l.2 0.0 
cholesterol 6 86.6 86.3 92.3 100.0 88.4 86.2 82.9 84.3 92.2 1 
cholestanol 7 0.0 0.2 0.0 0.0 0.0 0.0 1.7 0.0 0.0 0.1 
demosterol 8 13.4 11.5 3.5 0.0 2.8 3.5 14.0 14.45 6.2 
demostanol 9 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
brassicasterol 10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 
24-methylenecholesterol 12 0.0 0.0 4.2 0.0 8.7 10.3 0.0 0.0 0.0 0.7 
24-ethylcholesterol 16 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
isofucosterol 18 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
C30, 2 double bonds 20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Other 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0,0 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100,0 100.0 



Table li'atty Add Composition of S0uthe1·n Ocean Zooplankton 

Percentage 
Vanadis Tomopteris Distaplia Themisto Calycopsis Beroe Artopodema 

Fatty Acid antarctica carpenteri cylindrica gaudichaudii borchgrevinki cucumis ampla 

12:0 0.0 0.0 0.0 0.1 0.1 1.9 0.3 0.3 0.1 0.0 0.0 1 0.0 0.0 
13:0 0.0 0.1 0.0 0.0 0.1 0.1 0.2 0.3 0.0 0.0 0.0 0.0 
14:0 1.9 7.3 6.4 4.6 .27 7.4 5.5 3.8 3.l 1.0 3.8 6.4 5.3 5.0 
15:0 0.2 0.8 1.9 0.6 0.6 0.5 1.2 0.6 0.5 0 ') 0.5 1.6 2.4 ,k 

16:0 5.3 13.l 14.9 15.0 11.6 14.3 14.9 B.8 13.6 B.5 15.7 15.4 16.3 
17:0 0.2 0.6 l.4 0.3 0.6 0.3 0.5 0.4 0.4 0.8 0.5 0.5 0.6 
18:0 4.4 3.8 4.5 l.O 7.8 3.3 5.1 3.1 7.0 2L5 7.'S, L9 7 
19:0 0.0 0.1 0.2 0.1 0.2 0.2 0.3 0.2 0.2 0.3 0.0 0.0 0.2 
20:0 0.0 0.2 0.4 0.1 0.2 0.1 0.3 0.1 0.2 0.6 0.2 0. 0. 0.1 
22:0 0.4 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.1 0.0 0.0 (Ul 0.0 0.0 
S11111 Saturates 12.4 26.l 29.8 21.9 24.l 26.l 28. l 22.4 25.2 37.9 28.9 26.8 24.4 26.3 
il4:0 0.0 O. l 0.0 0.1 0.0 0.0 0.1 0.0 0.0 0.0 0.0 il2 0.0 0.0 
il5:0 0.1 0.2 1.1 0.3 0.5 0.2 0.3 0.2 0.2 0.0 0.2 0.4 0.3 0.3 
al5:0 0.1 0.1 0.5 0.1 0.1 0.0 0.0 0.1 0.0 0.0 0.0 0.1 0.0 0.0 
il6:0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0. 0.0 1 0.2 0.3 0.4 
brl7:l 0.1 0.3 0.0 0.1 0.9 0.0 0.0 0.1 0.0 0.0 0.0 0 "i .;, 0.0 0.0 
il7:0 0.3 0.6 1.5 0.4 0.6 0.2 0.4 0.3 0.4 0.3 0.5 0.4 0.4 0.6 
al7:0 0.1 0.2 0.5 0.6 0.7 0.2 (Jg u 0.3 0.3 0.0 
il9:0 0.5 0.1 0.0 0.1 0.1 0.0 0.0 0.1 0.2 0.0 0.0 0.0 0.0 0.0 
Sum Branched Ll 1.6 3.7 1.6 2.9 0.6 1.7 1.9 1.3 0.6 LO L3 
14:l(u,7)c 0.0 0.1 0.0 0.0 0.1 0.1 0.3 0.0 0.1 0.0 0.0 0.1 0.0 0.0 
l4:l(u-5)c 0.0 0.0 0.0 0.0 0.1 0.2 0.3 0.3 0.0 0.0 (Hl 0. 0.0 0.0 
16: l(n-9)c 0.3 0.1 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 
16: l(n-7)c 3.2 0.9 5.1 4.1 5.1 L1 2.7 5.5 1.9 0.0 ~ 4.1 4. 4.1 £. 

16: l(n-7)t 0.2 0.2 0.0 0.1 0.1 0.0 0.1 0.0 0.2 0.0 0.2 0" ·-' 0.0 0.0 
16: l(n-5)c 0.1 0.2 1.6 0.5 0.0 0.2 0.0 0.4 0 . .1 0.0 0. 0.5 0.4 
17:l(n·&)c 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (i.{l 0.0 0.0 0.0 
18:l(n-9)c 13.6 2.9 5.6 8.7 14.3 10.4 5.7 ll.O l.4.3 6.7 '.) ,. 

4 •• ) J.3 3.8 
18:](n-7)c 25.4 l.8 11.7 4.0 1.8 6.4 L8 6.4 2.5 2.4 3.2 2.8 4.5 
I8:l(n-7)t 0.0 0.1 0.3 0.2 0.1 0.0 0.2 0.1 0.0 0.0 0.0 O.J 0.1 0.0 
18: l(n-5)c 1.1 0.6 0.6 0.7 1.1 0.6 0.5 1.4 0.7 0.3 0.8 0.1 0. 0.0 
20:l(n-ll)+(n-3)c 0.0 0.9 0.3 1.9 0.1 0.1 0.0 0 "i ,,., 0.1 0.0 0.0 0.2 0.0 0.0 
20: l(n-9)c 8.7 3.1 3.7 u 4.4 1.9 1.8 l.J 4.7 4.5 1.0 0.0 0.0 



4. continued 

Percentage 
Vanadis Tomopteris Distap/ia Themisto Calycopsis Beroe 

Fatty Acid antarctica cm7Jenteri cylindrica gaudichaudii borchgrevinki cucumis 

20:l(n-7)c 0.2 0.5 2.9 0.1 6.9 1.8 2.0 1.6 5.2 47 5 l 0.3 0.0 0.0 
22:l(n-ll)c 0.2 0.1 0.0 0.0 0.9 0.0 0.0 0.0 1.9 2.4 l ,., ., 0.0 0.0 0.0 
22: l(n-9)c 0.1 0.5 0.3 0.2 0.3 0.6 2.7 0.3 3.2 4.5 3.3 0.0 0. 0. 
22:l(n-7)c 0.0 0.2 0.4 0.1 0.1 0.0 0.1 0.3 0.2 0.2 0.2 0.0 0.0 
24:l(n-9)c 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.0 0.2 O.G 0.0 0.0 
Sum 53.4 10.7 27.5 21.9 35.3 23.l 18.0 28.6 35.2 25.7 36.9 13.4 12.5 12.9 
Monounsaturates 
Cl6PUFA 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 ., 

0.0 0.0 I 

l8:2(n-6) 0.9 0.8 1.3 2.5 0.9 2.2 0.9 l.6 0.9 0.3 1.9 0.2 0.0 
18:3(n-3) 0.1 0.2 0.8 0.6 0.0 0.4 0.1 0.3 0.1 0.0 0.2 0.0 0.1 
18:4(n-3) 0.2 1.9 0.0 3.8 0.1 l.l 0.2 0.3 0.6 0.0 0.8 !i.O 2.6 1.3 
20:2(n-6) 0.2 1.1 0.9 0.9 0.8 0.7 0.6 0.1 0.7 0.3 0.6 0.7 0.0 0.0 
20:3(n-6) 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 l 0.{) 0.0 0.0 0.4 0.4 
20:4(n-3) 0.9 l.5 0.9 0.9 0.8 0.7 0.3 0.1 0.6 0.0 0.5 0.0 0.0 
20:4(11-6) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 
20:5(n-3) 13.4 21.4 20.8 24.0 9.9 18.6 16.4 14.3 17.7 J..5 20.9 27.5 25.6 
C21PUFA 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.0 1.4 0.0 0.0 0.0 0.0 0.0 
C22PUFA 1.7 LO 0.0 0.2 0.4 0.1 0.1 0.0 0 ·; 0.0 OA 0.0 0.0 0.0 
C22PUFA 0.6 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
22:4(n-6) 0.3 0.0 0.0 0.0 2.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
22:5(n-3) 0.3 2.2 1.2 0.8 5.6 0.4 0.2 0.3 12. 19.4 0.5 0.5 0.4 0.4 
22:6(n-3) 14.3 28.2 14.5 20.4 16. l 25.7 26.4 21.3 2.6 LO 3.4 243 29.2 30.8 

Sum PU.FA 32.9 58.5 38.2 54.l 36.8 50.l 46.4 38.4 36.9 22.8 2.8.5 57.8 60.2 58.7 
Other 0.2 3.1 0.9 0.4 0.9 0.1 5.8 8.1 1.4 13.0 4.5 0.0 1.9 0.8 
Total 100.0 100.0 100.0 100.0 100.0 HlO.O 100.0 100.0 100.0 100.0 100.0 HlO.O lOO.O 100.0 



trdcantha 
Acid Adults 

1995 Ivfale Female Juvenile 
Male 

12:0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.1 0.0 0.5 
13:0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.1 
14:0 10.2 l.9 3.2 1.2 7.6 7.4 0.9 0.6 0.9 19.9 

15:0 0.4 0.3 0.5 0.0 0.3 0.5 0.3 0.2 0.2 0.3 

16:0 24.0 27.4 17.2 16.2 llL5 19.3 12.4 13.4 18.0 19.3 

17:0 0.1 0.8 0.0 0.0 0.1 0.2 0.3 0.4 0.4 0.1 

18:0 1.2 16.0 1.5 1.2 0,9 3.1 4.9 5.6 5.9 2.4 

19:0 0.0 0.3 0.0 0.2 0.0 0.0 0.2 0.0 0.3 0.0 

20:0 0.1 0.3 0.3 0.4 0.3 0.1 0.4 0.4 0.4 0.0 

22:0 0.1 0.3 0.1 0.2 0.0 0.0 0.2 o.z 0.1 0.0 

24:0 0.1 0.3 0,0 0.0 0.0 0.0 0.2 0.2 0.1 0.0 

Sum Saturates 36.0 47.8 22.8 19.2 27.9 30.6 19.6 2U 26.3 43.0 

il4:0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

il5:0 0.2 0.1 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.3 

il6:0 0.0 0.1 0,0 0.0 0.0 0.0 0.2 0.2 0.1 0.1 

il7:0 0.3 0.3 0.5 0.0 0.2 0.4 0.6 0.5 0.5 0.2 

al7:0 0.0 0.0 0.6 0.0 0.3 0.2 0.6 1.5 0.5 0.3 

Sum Branched 0.6 0.6 1.1 0.0 0.5 0.6 1.6 2.3 1.1 1.0 

14:l(n-5)c 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 

16:l(n-7)c 7.9 1.6 0.9 1.3 8.1 1.7 1.7 1.5 2.2 :u 
16:l(n-7)t 0.0 0.1 0.0 0.0 0.0 0.0 0.2 0.1 0.0 0.1 

16:l(n-5)c 0.4 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 1.2 

l8:l(n-9)c 12.0 13.8 0.0 5.9 10.0 10.3 18.5 17.7 15.3 7.3 

18:l(n-7)c 8.2 13.0 12.2 8.0 10.9 13.4 10.7 10.5 12.9 3.7 

18:l(n-7)t 0.0 0.0 10.6 0.0 0.3 0.0 0.0 0.0 0.0 0.1 

18:l(n-5)c 0.2 0.0 0.0 0.0 1.3 0.0 0.8 0.8 0.5 0.3 

20:l(n-l l) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 

20:l(n-9)c 0.9 2.7 0.4 0.3 0.6 0.7 8.7 9.5 3.1 0.4 

20:l(n-7)c 0.4 1.2 0.0 0.0 0.2 0.8 3.6 3.9 1.7 0.1 

22:l(n-l l) 0.0 0.0 0.0 0.0 0.0 0.0 1.6 1.0 0.3 0.1 

22:l(n-9)c 0.7 1.8 0.0 0.0 0.0 0.0 3.2 2.5 1.2 0.0 

22:l(n-7)c 0.2 0.6 0.0 0.0 0.0 0.0 0.5 0.5 0.7 0.0 

24:l(n-9)c 0.0 0.1 0.0 0.0 0.0 0.0 0.8 0.6 0.0 0.0 

24:l(n-7)c 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 

Sum Monounsaturates 31.0 35.2 24.0 15.5 29.8 26.9 50.3 48.6 38.2 16.5 

18:2(n-6) 2.1 1.3 0.7 0.6 0.6 1.:2 1.6 i.8 2.2 l.6 

18:3(n-3) 0.0 0.2 0.0 0.0 0.5 0.5 0.0 0.0 0.0 0.7 

18:4(n-3) 2.2 0.2 0.0 0.0 0.1 0.2 0.1 0.1 0.0 0.7 

18:3(n-6) 0.0 0.0 1.5 3.2 3.1 2.4 0.0 0.0 0.0 0.0 

20:2(n-6) 0.1 0.0 0.0 0.0 0.0 0.0 0.8 1.2 0.8 0.2 

20:3(n-6) 0.1 0.0 0.2 0.3 0.4 0.3 0.2 0.0 0.0 0.0 

20:4(n-3) 0.2 0.0 0.6 0.7 0.7 0.2 0.4 0.4 0.4 0.3 

20:4(n-6) 0.0 0.7 0.0 0.0 0.0 0.0 0.6 0.7 1.2 0.0 

20:5(n-3) 17.8 5.1 23.4 31.6 21.9 24.5 6.8 6.7 10.9 20.2 

22:5(n-3) 0.4 0.4 0.5 0.6 0.6 0.0 1.1 0.9 0.8 0.4 

22:6(n-3) 9.5 8.5 15.2 28.3 13.2 12.6 16.6 15.8 18.1 15.0 

SwnPUFA 32.0 16.4 42.1 65.3 41.1 41.9 28.3 27.7 34.4 39.5 

Other 0.4 0.0 0.0 0.0 0.7 1.1 0.2 0.3 0.0 0.0 

ToW 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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Antarctic Scit,nce 9 

a 

State San CA 92182, USA 
Division !,,farine Research, Hobart, Tasmania 7001, Australia 

3Antarctic Hobart, Tasmania 7001 Austraiia 

Eiectrona was collected 
L'le A.ntarctic ""'""'·,."• and from East Antarctica near 61 "S and 93°W. Total m 
Island E. antarctica 466-585 mg d;y than those from Eastern Antarctica 
mg g-1). Wax esters \,VJ'1.lf/U-.},,W 86.2-90.5% of total in£. antarctica flesh. There were no ,n:,;,uu .• ~ .... 

differences between Eastern Antarctica and Elephant Islaz1d in total wax ester or in levels of wax esters 
berween different tissues analysed. bones (up to 326 mg in the neurocranium) chazacterized 
E. antarctica from both locations, with wax esters as the major skeletal class (67.0-87.9%, percent of 
lipid). The wax esters may have a buoyancy role in E. antarctica. The only substantial amOLmt of 
triacylglycerols (29.4%) were found in the viscera of Elephant Island fish. The principal fatty acids of all fish 
analysed included the monounsaturated fatty acids 18: l(n-9) and 16:l(n-7), with lower levels of 16:0 and 14:0 
saturated acids. Fatty alcohols were dominated by the satmated 16:0 and 14:0 (37.8-47.8%) and the 
monounsaturated 18:l(n-9) and 18:l(n-7) (38.3-59.2%). The low ratio of 22:1/20:1 alcohols observed for 
E. antarctica is consistent with a diet of amphipods, copepods and other items low in 22:1 alcohols. 

Received 16 January 1997, accepted 25 April 1997 

Key words: Electrona amarctica, fatty acids, fatty alcohols, lipids, myctophid fish, wax esters 

Introduction 

The Myctophidae are an important cosmopolitan midwater 
fish family, including over 230 species (Wisner 1974, 
Neighbors 1988). In the Antarctic area, there are about 13 
species, of which Electrona antarctica, E. carlsbergii, 
Protomyctophum anderssoni and Gymnoscopelus nicholsi 
are the most abun.dant (Sabourenkov 1991). The biomass of 
all mesopelagic myctophids south of 40°S has been recently 
estimated at between 70-396 x 105 tons (Sabourenkov 1991, 
Lubimova et al. 1983). 

The presence of high levels of wax esters (82-91 %, as 
percent of total lipid) in certain myctophid fishes was first 
recognized by Nevenzelet al. (1969) forLampanyctus ritteri, 
Stenobrachius leucopsarus, and Triphoturus mexicanus 
collected from Hawaiian and Southern California Bight 
waters. Similar high wax esrer levels have been found in 
other mycmphlds including S. nannochir and L. regalis 
(Saito & Murata 1996). According to Neighbors (1988), of 
the 41 myccophid species analysed for lipid, nine species 
contain grea cer percentages of wax esters than triacy lgl ycerols. 
Reinhardt & Van Vleet (1986) first reported levels of wax 
esters in E. antarctica from Croker Passage in the Antarctic 
Penninsula as 45-62% of total lipid. Wax esters are important 
long-term energy reserve molecules (Lee & Patton 1989) and 
therefore have advantages over the more common lipid 
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triacylglycerols, a short-term energy reserve molecule, during 
long periods of food deprivation such as occur during the 
Antarctic winter. Wax esters are also more buoyant than 
triacylglycerols, which may help midwater fishes such as 
myctophids mah1.:ain their position in the water column. 
They are essentially non-compressible, in contrast to 
swimbladder gases, and thus may make diurnai vertical 
migration a simpler task (Nevenzel et al. 1969). 

Although as noted above, wax esters accounted for45-62% 
of the lipid in £. antarctica from Antarctic Croker Passage 
waters, detailed quantitative lipid compositional data are not 
available for this species. The purpose of the present study, 
therefore, has been to compare the lipid composition of flesh, 
skull, spine, and viscera. Large deposits of oil have been 
found in the skeleton of other fish species, particularly the 
wax ester-rich orange roughy, Hoplostethus atlanticus 
(Phleger & Grigor 1990). A secondary objective was to 
compare lipids in. fish from two different geographic locations 
in Antarctic waters namely, the Eiephant Isiand area of 
Western .A..ntarctica and the Eastern Antarctica area near 
93°W longitude. Previous studies of E. amarctica have only 
examined animals from one location. In light of recent 
biomass estimates for myctophids, and the commercial 
potential of their oils (Nichols et al. 1994), we were also 
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in the of wax esters,,_ ... ,.-~.,,,,. 
component acids and fatty alcohois, using modem TLC-
FID and GC-MS 

Materials and methods 

The Electrona antarczica 
Isaacs-Kidd Midwater Trawl from the 
on 1 and 2 1996, from Stations A-64 
and A- 71 54°\V). These G'l = 3) were obtaiI1ed 
as part of the A.ntarctic Marine Liie Research Field 

conducted -·-··-····--· ,_, ..• ,, •. ~.. Island region of 
the Antarctic Peninsula 1996, Hewitt & Demer 

In both cases the net was towed to 170 m for 
about 30 :nLri. Fish were frozen at -10°C as soon as 
after soning and ~v,u.s,u,,-, on board were then 
transported frozen air ro CSIRO Oceanography, Hobart, 
Tasmania, where they were maintained at -60°C prior to 
analysis. E. antarcrica (n = 3) was also collected by rectangular 
midwater trawl (to 195 m) from the RV Aurora Australis on 
;'Expedition Broke" during February and March 1996, from 
East .t\ntarctica (Station 57; 61 °50.26'S, 93°32.31'\V). They 
were frozen in liquid nitrogen immediately and transported 
frozen to CSIRO Marine Research, Hobart, for analysis. 

Each fish was thawed before dissection. The neurocranium 
and vertebral centra of each fish were dissected, rigorously 
cleaned w remove flesh and neural tissue, and chopped into 
fine pieces with a razor prior to lipid extraction. The viscera 
was dissected from each fish, and included the gut and the gut 
contenrs. Fishes from the Elephant Island study area ranged 
in standard length from 96-100 mm and fresh weight from 
13.81-16.54 g. Fishes from East Antarctica ranged in 
standard length from 57-72 mm and fresh weight from 
4.24-4.84 g. 

Lipid extraction 

Samples were quantitatively extracted using a modified 
Bligh & Dyer (1959) one-phase methanol: chloroform: water 
extraction (2:1:0.8 v/v/v); samples were extracted overnight 
and the phases were separated the following day by the 
addition of chioroform and water (final solvent rario, 1 :1 :0.9 
v;v/v rr:erhanol: chloroform: water). The total solvent extract 
(TSE) was concentrated (i.e. solvents removed in vacuo) 
using rotary evaporation at 30°C. All samples were made up 
to a knovvn volume in chloroform and stored at -20°C. 
Samples were stored for up ro three cays; lipid analysis was 
conduc,ed immediately. 

Lipid classes 

An aliquot of the TSE was analysed using an Iatroscan MK V 
TH10 TLC-FID analyser to de,ermine the abundances of 

classes & Nichols 
of the same fish was applied in 

to silica sm chrorr;arods (5 ,um 

of 

class 

triolein and diacylglyceryl the latter 
from shark liver oil; 0.1-10 ,ug range). Peaks were 

quantified on an IBM compatible computer DA.PA 
soft\1/are (Kalamunda, Western Austraiia). Iarroscan results 
are generaliy reproducible to ::10% (VoLl(man & Nichols 
1991). 

A one-factor analysis of variance was performed for the 
lipid class data between samples collected fro;n the rwo 
different sites and between lipid classes of each tissue anaiysed. 
Duplicate and triplicate samples are from lipid extracts from 
tissues of different fish. Fisher's PLSD (protected least 
significant difference) multi-comparison test was applied 
and the results reported use a percentage dara used for 
statistical analysis. 

Fatty acids and fatty alcohols 

A.n aliquot of the TSE was treated withmethanoi-hydrochloric 
add-chloroform lli"1der nitrogen (10:1:1 v/v/v; 80°C, 2 h) to 
form fatty acid methyl esrers (FA.:\rfE) and fatty alcohols. 
Following the addition of water, products were extracted L"1to 
hexane/chloroform (4:1 v/v, 3 x 1.5 rr,J), transferred to vials, 
reduced under a stream of nitrogen and stored in chloroform. 
The FAME fractions were treated with N,0-bis­
(trimethylsilyl)-trifluoroacetamide (BSTFA 50 ml, 60°C, 
1 h) to convert alcohols ro their corresponding TMSi 
(trimethyisilyl) ethers. 

Gas chromatographic (GC) analyses were performed wi,h 
a Hewlett Packard 5890A GC equipped wirh an HP-1 cross­
linked me,hy! silicone fused silica capillary column (50 m x 
0.32 mm i.d.), an FID, a split/spli,less injec:or and an HP 
7673A auw sampler. Hydrogen was the carrier gas. Following 
addition of a methyl tricosanoate internal standard, samples 
were injected in splitiess mode at an oven temperature of 
50°C. After 1 min, the oven temperature was raised to 150°C 
at 30C0 :nin·', then to 250°C at 2C0 min- 1 and finally (O 300°C 
at SC° min· 1• Peaks were quantified with DAPA Scientific 
Software. Individual components were identified using GC­
MS data and by comparing retention times with those 
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obtained for authentic and 

fitted \Vith a 

Determination double bond 
and alcohols 

standards. GC results 

in 
The GCwas 

that described above. 

in acids 

disulfide adducts of monounsarurated 
acids (as methyl and alcohols were formed 

add and alcohol fractions with Dj\tf.DS 
(Dunkelblum et al. 1985, Nichois et al. 1986). Adducts 
were then extracted using hexane/chloroform and 
treated with BSTF A to form TMSi derivatives prior to GC­
MS analysis. 

Results 

Lipid content and composition 

The lipid content of whole fish from Elephant Island was 
466-585 mg g·1 dry weight; fish from Eastern Antarctica 
contained lonly 394-459 mg g-1 dry weight. Myctophids 
from both areas had oily bones (Table I). Wax esters were the 
major lipid class present in the skeleton. Lipid from the 
vertebral centra of E. antarctica from both locations had 
83.6-87.9% wax esters, whereas that of the neurocranium 
comprised 67.0-72.8% wax esters. Conversely, the 
neurocranial lipid had relatively more polar lipids (20.9-
29.3%) than the vertebral centra (7.8-13.1%) (Table I). 

Despite having oily bones, the skeleton of these fish made 
up a low percentage of the total body lipid. N eurocranial and 
vertebral centra lipid of Eastern Antarctic fish together 
comprised only 3.2::0.8% (as percent total body lipid), 
whereas visceral lipid was 7.5::tl.6% and most body lipid 
(89.4:=::0.8%) was stored in the flesh. Likewise, for the 
Elephant Island fish, 1.6::0.7% lipid (as percent total body 

was found in the neurocranium and vertebral 
10.6::t:l.3% in the and 87.8:!:l.8% of the 
was in the flesh. 

content of wax esters Tr1ere were 
differences in levels of VVC between Eastern 

A.ntarctica 

Tbe 

or in the levels of triaclyglycerols between the tissues 
(P = 0.46). Polar lipids were the second most 

important lipid class in£. antarctica. there was 
no significant difference in levels of polar lipids bet'.veen 
E. antarctica from Elephant Island and Eastern Antarctica 
(P = 0.20). There were however, significant differences in 
levels of polar lipids between skull and spine, skull and 
viscera, skull and flesh, and viscera and flesh (P = 0.002). 
Free fatty acids were low in skeleton and flesh and somewhat 
higher in viscera in both groups of fish. Free alcohols were 
low in all fish as were sterols (Table I). 

Fatty acid composition 

Monounsaturated fatty acids (MUF A) were the most important 
group of fatty acids in all tissues of all fish analysed 
(Tables II & III). MUFA in skeletons of both fish groups 
amounted to 78.9-85.5% (of total fatty acids), flesh MUFA 
81.4-85.2%, and visceralMUFA63.4-73.4%. TneseMUFA 
were dominated by oleic acid (18:l(n-9)) and palmitoleic 
acid (16:l(n-7)). Amounts of these MUFA were similar in 
the flesh of all fish. The viscera MUFA composition differed 
substantially from other tissues, particularly in Elephant 
Island fish. In the viscera of Eastern .Antarctica fish, there 
was 34.8% of 18:l(n-9) and 16.2% of 16:l(n-7). Other 

Table I. Percent lipid class ofElectrona antarctica from Eastern Antarctica and Elephant Island ( n = 3=: sd for all samples except viscera and flesh samples 
from Elephant Island where n = 2= sd). 

Wax esters Triacylglycerois Free fatty Alcohols Sterols Polar lipids Lipid as mg g"1 

acids drv \vei£.ht 
Eastern/1.ntarctica 

Vertebral centra 83.6=5.8 0.0:::0.0 1.7::0.2 0.2:::0.0 1.4:::0.4 13.1:::5.2 234::16 

Neurocra.niurn 67.0:::10.7 0.0:::0.0 L4::0.5 0.0::0.0 2.3:::0.3 29.3::::9.5 203:::115 

Viscera 75.i:::5.0 0.7:::1.3 6.1::1.8 0.2:::0.1 l.1:::0.5 16.8:::2.7 413:::161 

Flesh 90.5:::l.O 0.0:::0.0 1.4::::0.2 0.2:::0J 0.3:::0.l 7.7=0.9 440=25 

Elephant Island 
Yertebrakent:a 87.9::7.l 1.5:::2.6 l.9:!:0.4 0.7:::0.8 0.2::0.2 7.8::::3.5 157:::34 
Neuroc~anium 72.8::3.3 2.4:::2.0 1.7:!:0.2 2.2::0.4 0.1:::0.1 20.9:::3.7 326::10 
Viscera 50.4::50.8 29.4::40.0 8.7:::5.6 0.5::0.7 0.0:::0.0 11.0:::4.4 446:::160 
Flesh S6.2::7.7 8.1 :::11.4 1.7:::0.5 0.1:::0.1 0.1::0.1 3.9=3.4 577-:.97 



"""''"'"'"u,,,. MUF A in all tissues included 
and 

Total 
total 

acids were found in viscera of 

similar levels to saturated 
from all tissues. Total PUFA 

PUFA. 

alcohol composition 

acid 

The fatty alcohols were dominated saturated and 
monounsamrated alcohois (Tables II & III). Total saturated 
fatty alcohols ranged from 46.3-54.2% ( of total fatty alcohols) 
(Elephant !slar1d fish) and 37.8-47.8% (Eastern Antarctica 
fish). The major fatty alcohol was 16:0, with 14:0 as the 
second most important. There was less 18:0 (2.6-3. 7% in all 
fish). Tne differences in total monounsamrated fatty alcohols 
were not significant according to the standard deviation data 
(Tables II & III). Tne principal monounsaturated fatty 
alcohol was 18:l(n-9) whilst second most important was 
18: l(n-7). Lesser amoums of the fatty alcohols 16:l(n-7), 
20:l(n-9), and 22:l(n·ll) were detected (Tables II & III). 

ELECTRO NA 

Total and classes 
rr < • 1:,,ectrona antarctzca is an from the 

had rn.ore 

a rich 
It may also reflect a size 
Island fish were than Eastern .A,.ntarctic 

fish. The level of \:vax esters in all 
90.5% 
for 

"'""'-''-'''""• v ... ,., ..... u.,5 viscera. 
Limited literature data are available on the 

of E. antarctica. Reinhardt & Van Vleet (1986) in a 
from waters around in the Antarctic Pe:rjnsula 
noted considerably lower levels of wax esters in both whole 
animals and flesh (62%) and conversely 
levels of triacylglycerols animals, 8-26%; flesh, 
18-27%). In the present study, the high levels of wax esters 
have been confirmed by the TLC-FID analysis in two separate 
solvent systems. Additional verification was by quantitative 
GC and GC-MS analysis of component fatty acids and 
alcohols. 

Differences berween the Croker Passage fish and specimens 
from Elephant Island and Eastern f\ntarctica may reflect 
variation in diet for fish from the three regions. This would 
potentially be a significant finding for a circumpolar species, 

Table II. Percentage fatty acid and fatty alcohol ofE!ectrona amarctica from Elephant Island (n = 3 = sd for all samples except viscera and flesh samples 
where n = 2: sd). 

Vertebral centra Neurocranium Viscera Flesh 
Fatty acid Fatty alcohol Fatty acid Fatty al coho! Fatty acid Fatiy alcohol Fatty acid F arty alcohol 

14:0 2.1::0.2 9.8=0.5 1.4::0.3 7.7';;2.5 3.7=0.8 7.3::2.0 2.6::0.7 8.8::0.1 
16:0 3.7::0.4 41.1=1.1 4.4::0.7 37.4::8.4 11.6::3.9 34.7:::6.0 5.0::0.1 38.5::0.3 
18:0 0.9::0.1 2.9:::0.2 1.2:::0.1 3.1:::0.9 1.6:::0.4 2.7:::0.1 0.9:::0.1 2.8:::0.4 
Sum saturated fatty acids 6.8:::0.6 53.9::0,9 7.1:::0.9 48.3::11. 7 16.9:::3.5 44,8:::7.2 8..5:::0. 7 50.1::0.1 

16:l(n-7) 18.4::::l.5 3.7::0.2 14.1:::0.5 3.3:::0.9 28.3:::26.9 4.0:::0.3 20.0:::1.9 3.8=0.3 
18:l(n-9) 45.3:::4.5 25.4::1.0 42.3:::2.3 23.7:::5.5 14.9::21.l 26.8::7.l 40.2::0.7 23.0:::!.1 
18:l(n-7) 7.3:::0.5 7.1:::0.5 7.1:!:0.6 4.1::3.8 3.7:::5.2 6.5:::0.6 7.5::1.1 6.4::0.3 
20:l(n-9) 3.4::0.2 2.6::0.5 3.6::0.3 2.5::0.9 8.0::::8.6 8.5:::1.5 5.1::2.4 6.5::'::4.7 
22:l(n-11) 3.0::2.0 1.1::0.4 3.2::2.1 1.0:t0.5 2.9::2.7 2.0:::0.4 3.4:::1.4 1.9::0.7 
22:l(n-9) 2.7:::1.3 0.9::0.2 2.9::1.3 0.8::0.3 1.9::::1.5 1.1:::0.1 2.4::!.3 1.0:::0.2 
24:l{n·9) 1.1:::0.3 0.6::0.l 1.9::0.4 0.5:::0.2 0.8::0.7 0.5::0.2 0.7::0.1 2.7::3.3 
Sum monounsamrated fatty acids 82.2::2.6 41.8::0.8 76.3::1.0 36.2::::8.l 6l.3=14.8 49.5::6,9 79.8::2.4 45.7::0.0 

18:2(n-6) 1.9::0.3 1.3:tO.O 1.9::0.1 1.0::0.3 2.6::0.8 0.5::0.7 2.0:::0.3 1.:!::0.2 
20:5(n-3) 1.9::0.5 0.0::0.0 3.4::0.9 0.0::0.0 6.9::6.1 0.0::0,0 2.8::0.7 0.0::0.0 
22:6(u·3) 2.9::0.6 0.0::::0.0 4.8::0.9 0.0::0.0 8.8::::4.7 0.0::0.0 4.3::0.9 0.0::::0.0 
Sum polyunsaturated iany acids 7.4::2.1 1.4::0.l 11.5::2.1 1.0::0.3 :9.4::10.9 0.5::G.7 9.8::2.7 1.2::0.2 

Other 5.5 ~ ' .) .... 5.6 3.2 3.8 5.7 3.0 3.5 

Other includes ail components present at <2.0%:14:l(n-5), 15:0, il5:0, 16:l(o-7)t. 16:l(n-9), il i:O, brl 7:1, al 7:1, 17: l(n-8), 18:l(n·5), 18:4(n-3), 20:0, 
20:l(n-7), 20:l(n-11), 20:2 (n-6), 20:3(n-6), 20:4(n-3), 20:4(n-6), 22:l(n-7), 22:S(n-3), 24:l(n-ll). 
Monounsaruratedcompouents alkis geometry. 
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but in this instance we propose that variations in methods 
account for the observed differences. Open 

of Vlax esters and 

E. antarctica 
The diet of E. antarctica has 

which consist of 40% 

copepods south of 50°S 
consisting of over 20% wax esters. 

macrura is also wax ester-rich (Hagen 
such 2s Themisto gaudichaudii, are 
principal lipid class is triacylglycerols (Phleger & 
unpublished). The high levels of wax esters in£. antarctica, 
regardless of diet, is indicative of wax ester synthesis, including 
i.r1corporation of dietary-derived fatty alcohols (Lee & Patton 
1989), by this species. 

High levels of lipid have been reported in E. antarctica 
from the Weddell Sea/Scotia Sea region of Antarctica 
(313-503 mg g·1 dry weight) (Donnelly et al. 1990). Tnese 
speci.."Dens had increased lipid during the summer, compared 
to the winter months. Childress & Nygaard (1973) reported 
high lipid levels ( as percent dry weight inmidwatermyctophids 
off Califowia; 63.3% inDiaphus theta, 50. l % inTriphoterus 
mexicanus, and 43.8-44.3% in Stenobrachius leucopsarus 
and Parvilu:x ingens respectively. Nevenzel et al. (1969) 
found high levels of wax esters in three lipid-rich midwater 
myctophids; 82.2-91.4% wax esters (percent of lipid) in 

The 

strategies~ may 

Buoyancy implications 

The functions of wax esters in marine organisms include use 
as an energy reserve and as a buoyancy agent (Nevenzel 
1970). In pelagic copepods, the function of wax esters is 
primarily as an energy :reserve. In zooplankton, wax esters 
fUi.,ction mostly as an energy reserve, with buoyancy as a 
secondary function (Lee & Patton 1989). Torres et al. 
(1984), using respiration measurements, calculated that 
E. amarctica couid live for 335 days on its stored lipid. 
However, some midwater fishes, such as the myctophid 
Lampanyctus leucopsarus and stromateoides, have fat 
invesredswL."Tlbladders, wirh wax esters as amajorcomponent 
In myctophids, lipids take on a major buoyancy function as 

Table Ill Percentage fatty acid and fatty alcohol ofElectrona amarctica from Eastern Antarc:ica (n = 3:::sd). 

Venebral cenrra Neurocranium Viscera Flesh 

Fatty acid Fatty alcohol Fatty acid Fatty alcohol Fatty acid Fatry alcohol Fatty acid Fatty al coho! 

14:0 l.8=0.2 7.6::::0.6 1.6:!:0.3 8.3::::1.l 2.2=0.6 6.4=1.0 l.7:!:0.2 6.9:::0.5 
16:0 4.4::0.7 37.2:2.5 5.6::0.8 25.1:::17.6 7.2:::0.5 36.6=0.6 4.2::0.4 36.4::0.3 
18:0 1.2:::0.3 2.7::0.3 1.9:::0.4 3.7.::1.1 2.2::1.1 2.7:::0.5 0.7:::0.2 2.6=0.3 
Sum saturated faery acids 7.4::0.8 47.8::2.8 9.1:::1.1 37.8::15.4 11.5=1.5 46.l=l.1 6.6:::0.8 46.3::0.3 

16:l(n· 7) 18.8:::2.7 4.2::0.2 16.5:::1.8 4.6::1.4 16.2=0.7 3.7::0.2 20.6:::0.2 4.2::0.1 
18:l(n-9) 41.9::::2.1 24.6::0.7 42.4::0. 7 29.0::7.9 34.8::0.7 24.0=1.0 41.0::0.8 25.1:::0.8 
18:l(n-7) 5.4.::0.2 5.6::0.2 5.4::0.3 7.7:::1.l 5.7::0.4 6.1::0.9 5.2.::0.3 6.1::::0.7 
20:l(n·9) 6.6::0.7 7.3::0.6 5.6=0.5 8.9:::2.3 5.6=0.7 9.3::0.3 6.3::0.6 8.4::0.2 
22:l(n-11) 4.5::0. i 2.7::0.3 3.9::0.8 3.4::0.9 3.8::0.9 3.5=0.4 5.1=0.9 3.3::0.2 
22: l(n·9) 2.5::0.4 0.9::0.1 2.3::::0.4 1.2!0.: 2.:!=D.4 1.4::0.l 2.8::0.3 l.l ::0.0 
Sum mono unsaturated fatty acids 80.6::3.0 45.3=0.9 ......... .,...,.., 

! l,.)_,.,.,.j 55.0=14.9 69.2=2.0 48.0:::1.2 82.2:::1.2 48.2::0.5 

18:2(n-6) l.5:::0.1 1.0:::0.l 1.5::0.1 1.3::0.2 1.6=0.l 1.1:::0.l 2.2::0.4 1.4::0.l 
20:5(n·3) l.7=0.6 0.0::0.0 2.1::0.3 0.0:::0.0 4.6::l.3 0.0:::0.0 1.2=0.3 0.0::0.0 
22:6(n·3) 3.1=1.3 0.0::0.0 4.2::1.2 0.0::0.0 7.6::1.3 0.0=0.0 4.2::0.2 0.0::0.0 
Sum poiyunsaturated fatty acids 6.8::::2.2 1.0:::0.l 8.3=1.5 1.3:::0.2 lJ.3::2.6 1.1 ::0.1 7.8::0.5 l.4::0.i 

Other 6.6 , " o ... 6.3 6.0 6.4 5.3 '1,9 4,6 

Other includes all components present at <2.0%: 14:!(n·S), 15:0, il5:0, 16:l(n· 7)t, 16:l(n·9), il 7:0, brl 7:1, al 7:1, l 7:l(n·8), 18:l(n-5), 18:4(n-3), 20:0, 
20:l(n· 7), :20:l(n-11), 20:2 (n-6), 20:3(n-6), 20:4(n·3), 20:4(n·6), 22:l(n-7), 22:5(n·3), 24:l(n-11). 
Monounsarurated components all cis geometry. 
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the swimbladder regresses with age and becomes invested 
with fat (Butler & The wax ester-rich 

uw"""uw, atlanticus, 

function because 

bones 

Electrona antarctica has bones and the bone 
wa.x esters, which is similar to the 

composirion of ,he fish. It is unusual to find wax ester 
perfused bones; most fish with oily bones have triacylglycerols 
as the major lipid class in the skeleton (Phleger & Wambeke 
1995). Nevertheless, the bones of orange roughy, 
Hoplostethus atlanticus, are filled with wax (Grigor et al. 
1990, Phleger & Grigor 1990), and the bones of the coelacanth, 
Latimeria chalumnae and the castor-oil fish, Ruvettus 
pretiosus, are possibly also wax-filled (Nevenzel er aL 1966, 
1965). Although the blackbelly rosefish, Heliocolenus 
dactylopterus lahillei, has 21.l % wax esters (as percent of 
the lipid) in the muscle, triacylglycerols are the major lipid 
(84.4-8i.8%) in the skeleton (Mendez et al. 1993). These 
authors suggest that the lipid-rich poorly caicified bones 
exert buoyancy control, and that the bone triacylglycerols 
play a role in energy reserve. 

Fatty acids and alcohols 

The high levels of MUFA observed in E. antarctica 
(63.4-85.5%, of total fatty acids) are similar to levels observed 
L.'1 the myctophids Stenobrachius leucopsarus, S. nannochir, 
andLampanyctus regalis by Saito & :vfurata (1996). MUFA 
accounted for over 90% of the fatty acids in the orange 
roughy, another wax ester-rich fish (Bakeset al.1995, Elliott 
et al. 1990). Nevenzel et al. (1969) also found high MUFA 
levels in myctophid wax esters; fatty acid profiles were 
dominated by octadecenoic acid (18:1) (71.5-76.4%). The 
fatty acids of wax esters are typically low in PUFA, 
(7.1-19.4%) which agrees with studies cited above. Our fatty 
alcohol data are also similar to results of Nevenzel et al. 
(1969) and Saito & Murata (1996) wi:h 16:0 and 14:0 being 
the domina:1t saturated fatty alcohols and 18:l(n-9) and 
18:l(n-7) bei:1g the major monounsaturated fatty alcohols. 

The ra:io of 22:1 to 20:1 fatty alcohols can provide further 
ir:.sight on die:. A comparison of this ratio for orange roughy 
showed values of >2 for North Atlantic fish and <1 for 
Australia::t fish (Bakes et al. 1995). For E. antarctica from 
both the Elephant island and Eastern A.ntarctica regions, the 
22:1/20:1 ratio was <1. The high ratio for the North Atlantic 
orange rough y was proposed as resulting from a diet comprised 

of calanoid rich in wax esters and 22:1 
for the Australian orange the low ratio of 
alcohols observed for E. antarctica is con~istent with a diet 
of and other prey items lo\v in 22:1 
alcohois. 

The relative ievei of w3 
acids EP/\, and DH.t\ the flesh of£, antarctica \vas 5~4% 
an.a .1 % for the Ea5ter:1 ~.\n:arctic and .Island 

These values are 

Nichols 

On an absolute 
levels of polyunsaturated acids. In Eas,em ru"'"·"'""'""' 
E. antarctica flesh had DHA andl 7:::3 ,ug 
wet Lower amounts of these acids were found 
in fish from Elephant Island which had 18:::6 v.g DHA. and 
12:::3 ,v.g EPA g·1• These levels cannot be to other 
A .. .:.'1tarctic fish because L'1 the few studies done, absolute levels 
are not reported. Absolute levels of both EPA and DHA in 
E. amarctica, however, are low compared to those reported 
for arcdc and temperate fish (e.g. Ackman 1992, Pickston 
et al. 1982, Sigurgisladottir & Palmadottir 1993). 

The PMS (polyunsaturated:monounsaturated:saturated) 
ratio ofl .0:9 .6:1.0 (Elephant Island) and 1.2:12.9: 1.0 (Eastern 
A...ntarctica) is more favorab!e than most other flesh foods 
(English & Lewis 1991, Woodward et al. 1995). Indices of 
atherogenicity and thrombogenicity can be calculated for 
foods based on their fatty acid composition (Ulbricht & 
Southgate 1991 ). For E. antarc,ica fiesh, atherogenicity and 
thrombogenicity indices of 0.12-0.17 and 0.1-0.13 
respectively were determined. Due to the high levels of 
monounsaturated fatty acids in E. antarctica flesh (81-84%, 
Tables II & III), these ratios are extremely favourable relative 
to beef, chicken and polyunsaturated margarines and also 
compare very favorably with fish species containing elevated 
levels of w3 fatty acids. 

As the oil of E. antarcrica is rich in wax esters, which may 
not be fully hydrolyzed by humans and other mammals (Place 
1992), the bio-availability of wax fatty acids may be less than 
100%. Wax ester oils theoretically may cause mild steatorrhea, 
with the wax esters excreted unchanged. Based on feeding 
trials of orange roughy to pigs, it was considered that normal 
consumption by humans is unlikely to cause any serious 
health problems (James et al. 1986). 

Food chain and fisheries implications 

Myctophids are very important in the diet of A,tarctic 
seabirds and mammals. Accordir:g to Hopkins er al. (1993), 
E. antarcrica was the major food item for seve:1 of ni:1e 
domir..ant seabird species examir.ed. lv1id\vater fishes, 
especially E. amarctica, are more impona::t than krill as 
food to flying seabirds feeding in open water near the ice 
edge. Pe !agic fishes, mostly myctophids, \vere consumed at 
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the rate of 1.7 x 106 

South 

consisted of 93.4% myctophid fishes, antarctica 
and Gymnoscopelus nicholsi (Daneri & Coria 1993). 

According to Sabourenkov (1 the biomass of 
mesopelagic myc:ophids south of 4Q0 S is 7()....396 X 106 tons. 
Commercial fishing of myctophids started recently in the 
Atlantic section, and there are probably commercially 
exploitable stocks of lantemfishes in the Pacific and Indian 
section of the Southern Ocean (Cherel et al. 1993). In 1991, 
78 488 tons of myctophids (mainiy E. carlsbergil) were 
caught in the South Georgian subarea which made up 95% of 
the total finfish caught in this region (CCA.i\1LR 1991). 
Large stocks of lantemfishes have been reported from 
hydroacoustic surveys in the Benguela Current off Africa 
(Cruickshank 1983) and feasibility studies of a possible 
Iranian fishery for myctophids have been conducted (Shotton 
1996). 

Wax ester-rich oils have important commercial uses. Wax 
esters from the orange roughy have been exported to Japan for 
use as lubricants in the steel industry (Nichols et al. 1994) 
and have also been incorporated into a variety of degreasing 
and cleaning products for the local Australia and exports 
markets. Wax ester oil has high stability at elevated 
temperatures in contrast to the more common triacylglycerol­
rich fish oils. Marine wax ester oils have also been used in 
cosmetics as a substitute for jojoba oil which has been used as 
a replacement for sperm whale oil, and sold in Ja pan for Aust 
S25 per kg (Nichols et al. 199-'). Since the oil from 
E. antarctica is rich in monounsaturated components, like 
orange roughy oil, it should have industrial uses and therefore 
similar commercial potential. 

In summary, E. amarctica is an oily fish partic'Jlarly rich 
in wax esters. Lipid compositional data for E. amarctica has 
provided comparative information on aspects of the 
biochemical dyuamics and trophodynamics of this species. 
In addition, the data also may be patinen, for evaluation of 
commercial opportunities for the direc~ har,es:. or as a 
secondary-catch, of E. antarctica from Southern Ocean 
waters. As such, these data also may be directed towards 
ensuring maximum return is gained at whatever catch levels 
are considered to be sustainable for E. antarctica. 
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Centroscymnus 
were analysed to lipid, 

lipids "I-'''""'''" of were diacylglyceryl ethers and triacylglycerois, 
major hydrocarbon was """"''"""'"' Only trace lipids were 
l'.vfonounsaturated acids (CHs, 1, , C20 , 1, 1 and C24 , 1) comprised 62-84% 
fatty acids. Saturated fatty contributed 11-26% of the fatty acids, wh.ile 
polyunsaturated fatty acids were relatively minor i.;u[u1.n1ui::ut:s {1-13%). All had 
different lipid compositions, but ,uu.uuu. acid profiles. The squalene content 
(50-82% of oil) of species, except Centroscymnus plunketi and Somniosus pacificus 
suggests that the oil from these deep-sea collected in southern Australian waters will 
be suitable for industrial uses. 

Key words: Shark liver oils; SLO; DAGE; Squalene; Somniosus; Centroscymnus; 
Etmopterus; Deania; Centrophorus. 

Comp. Biochem. Physiol. I JOB, 267-275, 1995. 

Introduction 

The proportion of sharks caught the 
southern Australian deep-sea fishing indus­
try during fishing trawls can be significant 
(average research trawl contains 26% 
shark, but can be up to 50% or greater). 
The amount of shark landed varies due to 
factors such as seasonal variation (mi­
gration, etc.) and reproductive status of 
fishes (Davenport and Deprez, 1989). In the 
past, when sharks were only a minor 
bycatch, they were either discarded or 
used as fishmeal (King and Clark, 1987). 
Apart from fillets, some of the current 
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products directly resulting from shark 
include skin, fins (soup), fish meal, corneas, 
cartilage, chondroitine, liver oils and a 
large number of indirect products 
including surface active agents, aromatics, 
lubricants, artificial silk, cosmetics, rubbers 
and pharmaceuticals (Buranudeen and 
Richards-Rajadurai, 1986; Gopaku...-rnar and 
Thankappan, 1986). 

An international market for shark liver 
oil has existed for some time. The literamre 
to date has suggested that it would be 
difficult to sustain a comrnerciai shark liver 
oil industry in Australia and New Zealand 
due to such factors as their low reproduc­
tive rate and slow growth (e.g. King and 
Clark, 1987). More efficient uriiization of 
shark waste should therefore be considered. 
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Barone, 1970; 
a number of 

operations have exporting crude shark 
iiver oil for several years, value of 

oils and lipids avaiiable the 
processing of the shark bycatch has not 

fully realized. This resource has been 
recognised by many countries and as a 
result, purification and marketing tech­
niques for shark liver oil products have 
been established (King and Clark, 1987; 
Gopakumar and Thankappan, 1986). 

The oil composition of livers from several 
species of deep-sea shark landed in south­
east Australia has been reported 
(Davenport and Deprez, 1989; Deprez 
et al., 1990). In this study, further results 
are reported for Australian species, several 
of which form significant commercial 
resources and for which no published data 
are available (e.g. Somniosus pacificus, 
Ermopterus granulosus, Centrophorus scal­
pratus and Centroscymnus p!unkeri). The 
shark liver oil samples were predominantly 
obtained from commercial processes rather 
than by solvent extraction of whole livers as 
used in some previous studies. A compari­
son between the lipid and fatty acid compo­
sitions of these southern Australian sharks 
will provide further insight into the abun­
dance of specific lipids in the liver of deep­
sea sharks. These results could assist 
industry with the exploitation of the liver 
from these sharks, material currently re­
garded by some as waste. 

Materials and Method 
Samples and lipid extraction 

Somniosus pacificus (Pacific sleeper 
shark) was caught south of Maatsuyker 
Island (southern Tasmania, Australia) on 
29 January 1993 at approximately 1000 m 
depth. The shark was an immature female, 

stage, separation 
purification) of shark liver oil r;o,.,,...,,.,.,., . .,,;,~ 
new industry in Austraiia; 
therefore evolving being improved as 
the industry expands. For D. calcea and C. 
scalpratus, the number livers was not 
determined. The oils for the remaining 
species were composite samples derived 
from between one and six livers. The 
location and water depth for each species 
were not recorded. All species, except 
S. pacificus, are caught commercially; 
S. pac[fi.cus is a rare species and was 
analysed for comparative purposes. 

As S. pacificus is not a commercial 
species, a commercially produced oil was 
not available for analysis, and standard 
laboratory techniques were used to obtain 
an oil from the liver. A portion of the liver 
from S. pacificus was homogenized using 
a mortar and pestle, and a known mass 
was quantitatively extracted using a modi­
fied Bligh and Dyer (1959) one-phase 
method: methanol-chloroform-water ex­
traction (2:1:0.Sv/v/v); the sample was 
extracted overnight and the phases were 
separated the following day by the addition 
of chloroform and water (1: 1 :0.9 v/v/v 
methanol-chloroform-water). The total 
solvent extract (TSE) was concentrated (i.e. 
solvents removed in vacua) using rotary 
evaporation at 30°C. All samples were 
made up to a known volume in chloroform 
and further stored at - 20°C. Sampies were 
not stored for any length of time; analysis 
was commenced immediately. 

Lipids 

An aliquot of the total solvent extract 
(TSE) or the diluted crude liver oil was 
analysed using an Iatroscan MK III THlO 
TLC-FID analyser to determine the abun-

•«·- ·-·------------------
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(96 :4 v/v) 
to resolve hydrocarbon, 

and diacylglyceryl 
ment, the chrornarods were oven and 
analysed im ... rnediately to minimise adsorp­
tion of atmospheric contaminants. 
flame ionisation detector (FID) was 
calibrated for each compound class (phos­
phatidylcholine, cholesterol, cholesteryl 
ester, oleic acid, squalene, triolein; 
0.1-10 µgrange). Peaks were quantified on 
an IBM compatible computer using DAPA 
software (Kalamunda, Western Australia). 
Iatroscan results are generally reproducible 
to ± 10% (Volkman and Nichols, 1991). 

Fatty acids, g{yceryl ether diols and squalene 

An aliquot of the TSE was treated with 
potassium hydroxide in methanol (5% w/v) 
and saponified under nitrogen for 3 hr at 
80°C. Neutral lipids (e.g. glyceryi ether 
diols and hydrocarbons) were then 
extracted into hexane/chloroform (4: 1 v/v, 
3 x 1.5 ml) and transferred to sample vials. 
Following acidification of the supernatant 
aqueous layer using hydrochloric acid 
(pH 2), fatty acids were methylated to their 
corresponding fatty acid methyl esters 
(FAME) using methanol-hydrochloric 
acid-chloroform (10: 1: 1 v/v/v; 80°C, 2 hr). 
Products were then extracted into hex­
ane/chloroform (4: l v/v, 3 x 1.5 ml) and 
stored at - 20°C. The neutral lipid fractions 
were treated with N,0-bis-(trimethylsilyl) 
triftuoroacetamide (BSTFA 50 µI, 80°C, 
1 hr) to convert sterols to their correspond­
ing TMS (trimethylsilyi) ethers. 

Gas chromatographic (GC) analyses 
were performed with a Hewlett Packard 
5890A GC equipped with an HP-1 cross­
linked methyl silicone fused silica capillary 
column (50 m x 0.32 mm i.d.), an FID and 
a split/splitless inject.er. Hydrogen was the 

ric (GC-MS) analyses were performed on a 
HP and a Mass 

'"'"'"·'v' (MSD) fitted a capil-
lary inlet and JADE-valve injector (SGE, 
Australia). were acquired on a HP 
59970C Workstation operated in scan 
acquisition mode. The GC was fitted with a 
capillary column similar to that described 
above. 

Determination of double bond configuration 
in fatty acids and glyceryl ether dials 

Dimethyl disulphide (DMDS) adducts of 
monounsaturated fatty acids and glyceryl 
ether diols were formed by treating the total 
fatty acid and glyceryl ether diol fractions 
with DMDS (Dunkelblum et al., 1985; 
Nichols et al., 1986). Adducts were then 
extracted using hexane/chloroform 
(4:1 v/v) and treated with BSTFA to form 
TMS derivatives (of dials) prior to GC-MS 
analysis. 

Results and Discussion 
Lipid composition 

The lipid composition of the oil extracted 
from livers of six species of deep-sea sharks 
found in southern Australian waters was 
determined. The major lipids included dia­
cylglyceryl ethers (DAGE), triacylglycerols 
(TAG) and free fatty acids (Table 1). 
Hydrocarbon, predominantly the hexa­
unsaturated isoprenoid squalene (C30H 50), 

was also a major component in all of the 
sharks analysed (50-81 % of total lipid), 
except Somniosus pacifi.cus and Cen­
troscymnus plunketi (0 and 1 %, respect­
ively). DAGE and TAG were present in all 
shark spedes at levels between I O and 77% 

.. -· ·--- - -------·-- -----·--·- ---- -- . ·-----------
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Tabie L Lipid 

Shark 

For 

Common name 

Pacific shark 
Plunket shark 
Lantern shark 
Lantern shark 

and 5 and 49%, respectively. Et­
mopterus granulosus (2) contained free fatty 
acids (8 % ), possibly resulting from 
dation of polar lipid or TAG and 
prior to analysis. The absence of 
was suggestive of negligible DAGE degra­
dation, although little is known about the 
behaviour of glyceryl ether diols produced 
during processing. Polar lipids were either 
present in low abundance ( < 2%) or were 
not detected in the processed oils from the 
southern Australian sharks analysed. 

The distribution of lipids in the liver 
oil from Centrophorus scalprarus was 
dominated by hydrocarbon (predominantly 
squalene, 82%) with minor levels of DAGE 
(10%) and TAG (9%). Deania calcea and 
Centroscymnus crepidater liver oils also 
contained high levels of squalene (69 and 
73 % , respectively) and this is in good agree­
ment with previous reports for these two 
species (Deprez et al., 1990; Sargent et al., 
1973). The high levels of squalene are 
typical of liver oils from deep-water sharks 
inhabiting water depths between 600 and 
1000 m (Buranudeen and Richards­
Rajadurai, 1986; Deprez et al., 1990). 

Centroscymr.us plunketi (plunket shark) 
liver oil comprised predominantly DAGE 
(77%) and TAG (23%). The trace amount 
of squalene present in C. piunketi liver oil is 
similar to the levei determined by Summers 
(1987) for a sample of this species collected 
in New Zealand waters. 

The composition of liver oils from 
Somniosus pacificus and Etmopterus 
granulosus has not been previously 
documented. The liver oil of S. pacificus 
was found to contain high levels of both 
DAGE (50%) and TAG (49%), whereas 
the liver oil from £. granulosus (1) (com-

HC DAGE 

49.5 
0.9 76.6 

50.3 32.1 
60.5 29.8 
69.6 

TAG 

49.1 
22.5 
9.3 
6.8 

10.8 
5.0 

FFA PL 
!.4 

8.3 
0.7 

0.7 

Other Tota! 
--· -·--· 

100 
100 
100 

2.2 
l.00 

L3 lOO 
100 

FFA, free 

trawls 
comprised 

squalene (30%) with 
lower levels of polar lipids and 
1 %, respectively). Liver oil from a second 
sample of E. granulosus (2) contained a 
slightly different lipid profile-lower levels 
of squalene (50%1) and higher levels of 
DAGE (32%), TAG (9'%) and free fatty 
acids (8%). The difference in lipid compo­
sition between the two samples, particulariy 
the level of squalene (Fig. 1), may be due to 
differences in processing time (i.e. during 
liver processing, the first oil layer released 
contains higher levels of squalene) (Richard 
Saul, personal communication). 

The role of specific lipids and hydrocar­
bons as buoyancy regulators in the liver of 
deep-sea sharks has been documented 
(Craik, 1978; Malins and Barone, 1970; 
Phleger and Grigor, 1990) and it is apparent 
that different sharks regulate liver lipid 
composition to maintain buoyancy. The 
levels of squalene, DAGE and TAG are 
also affected by the dietary intake of the 
specific components and seasonal factors 
(Hayashi and Takagi, 1981; Kayama et al., 
1971). Phleger and Grigor (1990) did show, 
however, that Hoplostethus atlanticus, 
found at simiiar depths to these deep-sea 
sharks, may well use lipid deposits (in this 
case, wax ester) to control buoyancy. 
However, the absence of more precise liter­
ature on the role of the lipid ciasses found 
in these deep-sea sharks, along with 
physical variables such as depth of catch, 
geographical location and sex of specimens 
analysed prevents further interpretation of 
the reasons for the large differences ob­
served in the liver lipid composmons. 
Furthermore, examination of previous 

- --- --- --- - - ------
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Amount of squalene in oil (mg/g) 

Fig. i. Absolute amounts of squalene in the liver oil from six species of deep-sea sharks 
in southern Australian waters. For E. granulosus. (1) and represent two different 

taken during processing. 

literature data (Batista and Nunes, 1992; 
Deprez et al., 1990; Kayama er al., 1971; 
Sargent et al., 1973) together with the re­
sults of this study, show that there are large 
within-genus variations ( Centroscymnus, 
Centrophorus and Etmopterus) in levels of 
hydrocarbon (squalene), DAGE and TAG. 
Further studies which examine the effect 
of depth, geographical distribution and 
other factors on liver oil composition are 
warranted. 

Squalene and other hydrocarbons 

Of the six different species analysed, the 
liver oil of four species contained greater 
than 50% squalene (i.e.> 500 mg/g oil on a 
quantitative basis). Squalene concen­
trations were in the range of 500 and 
820 mg/g oil in all species, except Cen­
troscymnus plunkeri and Somniosus pacificus 
(Fig: l); the former contained no squalene, 
and the latter contained 9 mg squalene/g 
oil. Only four of the six species examined 
had high levels of squalene, suggesting that 
the relationship between high levels of 
squalene and living in deep waters reported 
by Buranudeen and Richards-Rajadurai 
(1986) may not hold for all species. This 
study, along with previous repon:s, has 
indicated that some deep-sea sharks contain 
both high levels of DAGE and squalene 
(e.g. E. granulosus) or DAGE without 
squalene (C. plunketi). 

The amount of squalene found in the 
liver from C. crepidater analysed this 

study was higher than found by Deprez 
et al. (1990) (73% versus 61 %). On L.1e 
other-hand, the level of squalene in 
C. scalpratus and D. calcea (82% and 70%), 
is in good agreement with, or greater than, 
values determined in other studies where 
levels were in the order of 75% (e.g. Go­
pakumar and Thankappan, 1986; Deprez 
et al., 1990). The difference observed in the 
two analyses of C. crepidater may be due to 
a variety of factors; seasonal variation and 
within-species differences in oil composition 
have previously been documemed (Sum­
mers, 1987). It is our belief that the differ­
ences in the oil composition observed reflect 
real changes in environmental factors, 
rather than being the result of within­
sampie variation of individual components. 
Alternately, small differences in processing 
conditions may account for the variation 
observed. However, it was beyond the 
scope of this study to examine in detail 
differences in oil yield and composition 
(epoxide formation, oxidation and other 
degradation products) with different 
processing conditions. The higher squalene 
value obtained in the presem study was for 
commercially produced oil, whereas the 
value measured by Deprez et al. (1991) was 
for whole livers treated by solvent extrac~ 
tion. The latter technique may not be repre­
sentative of normal processing conditions. 

The oil from the liver of Etmopterus 
granulosus contained approximately 
50-60% ·squalene. This species can be taken 
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species. Although pristane and squalene 
have similar physical characteristics and 
chemical properties, the difference in the 
length the carbon skeleton results in a 
significant difference in their physical prop­
erties. A distillation step may be required to 
remove the trace quantities of pristane pre­
sent in shark liver oils if necessary. 

Fatty acid content and composition 

The fatty acid composition and total 
fatty acid content of the six species of shark 
analysed are presented in Table 2. The 
predominant fatty acids in all species 
were the monounsaturates (62-84%), 
18: l(n-9)c, 20: l(n-9)c and 22: l(n-ll)c. 
Minor levels of 24: l(n-9)c, 22: l(n-7)c and 
16: 1 (n-7)c were also detected. Centroscym­
nus plunketi liver oil comprising mainly 
DAGE and TAG, had the highest levels of 
monounsaturated fatty acids (84%), while 
Centrophorus scalpratus, which contained 
squalene as the dominant lipid, contained 
the lowest level of monounsaturated fatty 
acids (62%). 

Saturated fatty acids were present at be­
tween 11 and 26% of the total fatty acids, 
while polyunsaturated fatty acids were only 
minor components (1-13%). The major 
saturated fatty acid was 16:0 (9-21%), 
while other saturates, including 14:0, 15 :0, 
17:0, 18:0, 20:0 and 22:0, were present at 
much lower levels. Polyunsaturated fatty 
acids (PUFAs) accounted for between l 
and 13% (mean= 6.3%) of the total fatty 
acids. PUFA detected included 22: 6(n-3), 
18: 2(n-6), 20: 5(n-3), 20: 4(n-6), 18: 3(n-3), 
11 · -c ") ,.,.., · -( 6) d n · 4( 6) ___ '.)n-.,, .:..~.)n- an ,__, n-. 
Docosahexaenoic acid (DHA, 22: 6(n-3)) 
was the most abundant of the PUF As, 
comprising up to 7% of the total fatty acids 

on the 
and squalene content by 
Buranudeen and Richards-Rajadurai 
(1986), although, as noted earlier, such a 
relationship may not necessarily hold for all 
species. 

Glyceryl ether dials (derived from DAGE) 

The Iatroscan (TLC-FID) analyser pro­
vides a rapid means of detecting DAGE 
without any sample treatment and deriva­
tization, prior to analysis. The process of 
saponification used in this study converted 
the DAGE to the corresponding 1-alkyl 
glyceryl ether diols. The diols are then 
extracted with other non-saponifiable neu­
tral lipid material and converted to di-0-
trimethyisilyl (TMS) ether derivatives prior 
to analysis by gas chromatography. 
GC/MS analysis of the samples readily 
identified the diol components from their 
base peak at m/z = 205. 

Diacylglyceryl ethers were found at 
varying levels in the seven samples analysed 
in this study (10-77% ). The major diols (as 
a percentage of the total diols) were: 1-
hexa-decylglyceryl ether (16:0; 14-18%), 
hexadec-7-enylglyceryl ether (16: 1 (n-7)c; 
3-11 %), octadecylglyceryl ether (18 :O; 
3-17% ), octadec-7-enylglyceryl ether 
(18: l(n-7)c; 5-6%), octadec-9-enylglyceryl 
ether (18: l(n-9)c; 42-62%) and eicosa-9-
enylglyceryl ether (20: l(n-9)c; 1-12%) 
(Fig. 2). A similar profile was observed for 
all shark liver oils, and this distribution of 
alkyl chains is generally similar to the fatty 
acid profiles, with the exception of lower 
levels of PUFA and C22: i • For example, the 
diol profile is dominated by monounsatu-
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Table 2. Total acid of liver oils from southern Australian aeen-se,a. sharks" 

Sornniosus 
acid 

4:0 0.5 
15:0 0.1 
i6 · 0.1 

0.6 
16: 3.6 
i6: 9.4 
il7: 1 0.3 
iI7:0 0.3 
a !7:0 0.7 
17:0 0.2 
l 8 · 3(n-3) 
18 : 2(n -6) l .4 
18: l(n-9)c 48.8 
18: l(n-7)c 7.l 
18:l(n-5)c 0.3 
18:0 2.0 
il9:0 0.3 
a19:0 0.4 
19:0 0.1 
20: S(n-3) 0.7 
20:4(n-6) 0.7 
20: 2(n-6) 0.6 
20: l(n-11) 
20: l(n-9)c 2.0 
20: l(n-7)c 0.9 
20:0 0.1 
21: 1 
22:5(n-6) 0.2 
21:6(n-3) 7.0 
22:4(n-6) 0.5 
22:5(n-3) 2.2 
22: l(n-ll)c 3.5 
2.2: l(n-7)c 2.3 
22: 1 0.2 
22:0 0.1 
24: 1 0.6 
24: l(n-9)c 2.0 
Orher 0.2 
Total 100 
Sum saturates 12.5 
Sum monowisaturares 72.0 
Sum polyunsarurates 13.3 
Toca! Fatty Acid 340 
(mg/g) 

0.4 
0.2 
0. 
0.2 
2.8 
9.1 
0.5 
0.3 
0.7 
0.1 

0.8 
36.8 

1.9 
0.1 
1.3 
0.3 
0.3 

0.3 

21.0 
0.7 
0.2 
0.2 
0.1 
1.2 
0.1 
0.2 

12.7 
2.9 
0.2 
0.1 
1.1 
3.0 
O.! 
100 

11.5 
83.6 
2.6 
575 

0.1 
0.6 
2.2 

ll.4 
0.6 
0.3 
0.6 
0.2 

2.8 
0.1 
1.8 
0.3 
0.3 

0.1 
O.l 
0.2 
2.8 

18.6 
0.5 
0.2 
0.l 

1.4 

0.2 
20.2 

2.7 
0.4 
0.2 
1.5 
3.8 
0.3 
100 

15.0 
80.0 
2.5 
490 

0.9 
0.3 
0.1 
0.5 
'.LO 

0.4 
22.9 
2.6 
0.1 
l.7 
0.2 
0.3 
0.1 

0.1 
J..9 

16.8 
0.4 
0.3 
0.2 

0.7 

22.9 
3.0 
0.4 
0.5 
1.9 
4.5 
0.5 
100 

16.2 
80. t 

1.3 
250 

0.3 
3.2 

21.3 
0.4 
0.3 
0.8 
0.3 

0.8 
30.3 
2.3 
0.1 
2.5 
0.2 
0.2 
0.1 
0.8 
0.4 
0.3 
4.0 

10. l 
0.5 
0.3 
0.1 
0.2 
4.2 
0.1 
0.4 
8.9 
1.5 
0.2 
0.2 
0.6 
2.7 

100 
26.! 
64.8 
7.2 
175 

0.8 
0.2 
0.4 
0.4 
2~4 

12.7 
0.7 
0.2 
0~6 
0.1 

0.7 
30.2 
2.6 
0.1 
1.4 
0.2 
0.1 

0. l 
1.4 

!6.5 
0.4 
0.2 
0.2 

0.6 

15.8 
3.0 
0.3 
0.2 
2.3 
4.8 
0.4 
100 

15.7 
80.2 

l.41 
170 

i.5 
04 

3.9 
19.8 
0 'i 

fU 
0.6 
0 1 

0.5 
LO 

37.6 
3.0 
0. ! 
3.1 
0.2 
0.2 
O. l 
l.O 
0.5 
0.2 
1.5 
7.7 
0.4 
0.2 

0.2 
5.9 
0.2 
1.0 
3.6 
1.4 
0.2 
0.2 
0.4 
2.1 
0.1 
100 

25.6 
62.2 

0.6 
95 

"All values are expressed as a percentage of the total fatty acids unless otherwise stated. GC results are subject 
to an error of 5 ± ¾. 

t(l) and (2) represent two different samples of liver oil from E. granulosus during processing. 
- not detected. Lower detection limit for individual compounds was l ng (typically 1500 ng of total fatty acids 

was injected). 

rated side-chains (16: l(n-7)c, 18: l(n-9)c, 
18: l(n-7)c and 20: 1(n-9)c), with only 
minor levels of saturated diols (14:0, 16:0 
and 18: 0). T'ne diol profile 1s similar to 
profiles reported by other workers (e.g. 
Deprez et al., 1990; Kayama et al., 1971). 

Tnere has been some suggestion that 
diacylglyceryl ethers are important in the 
treatment of haematopoiesis and radiation 

sickness (Blomstrand and Ahrens, 1959). 
The abundance of these lipids from diverse 
sources, including deep-sea sharks, manv 
marine oils and various mammalian speciei, 
may provide future stimulation for the 
pharmaceutical, health product and related 
industries to prepare a range of products 
(Blomstrand and Ahrens, 1959; Nichols 
et al., 1993). At this time, DAGE are not 
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structure of glyceryl ether dials G 
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Fig. 2. Capillary gas chromatogram of g]yceryl ether diols in neutral lipid fractions of liver 
oils from six species of deep-sea sharks caught in southern Australian waters. A, unidentified; 
B, 14: 0 dio!; C, unidentified; D, unidentified; E, 16: l(n-7)c diol; F, 16: 0 diol; G, 18: l(n-9)c 

dial; H, 18: l (n-7)c; I, 18: 0 dioi; J, 20: l (n-9) dio!; K, 20: l (n-7) dioL 

widely used commercially, although there 
has been some suggestions of their use as 
non-fattening lipids as a replacement for 
triacylgiycerols (Mangold, 1983). 

Conclusion 

The large bycatch of shark (both relative 
and absolute amounts) in the deep-sea 
fishing industry in Australian waters 
provides a useful source for possible 
additional income to fishermen. In 
addition, most species analysed in this 
study are predoroinantly caught in large 
quantities during commercial trawling in 
Australian waters. Production of liver oil 
will enable the fishing industry to further 
exploit bycatches of deep-sea sharks for the 
rich sources of squalene and diacylglyceryl 
ethers. We have shown that the sharks 
analysed here have markedly different pro­
portions of individual lipids in their liver 
oil. As the final value of the oil is based on 
levels of individual components, it may be 
necessary to separate the different shark 
species at the point of harvest where poss­
ible in order to increase processing 
efficiency. 

Acknowledgements-This work was supported in 
part by funding from FRDC. John Stevens and 
Stephanie Davenport, CSIRO Fisheries, and Greg 
Simpson and Chris Strauss, CSIRO Chemicals and 
Poiymers, are thanked for many valuable discussions 
and on•going support. David Nichols and Graham 
Green are thanked for laboratory assistance, and 
John Volkman and Graeme Dunstan are thanked for 
comments during manuscript preparation. Our col­
leagues in the Marine Resources and Pollution 
Program are thanked for assistance with various 
aspects of the project. BEKU Environmental 
Products, Scaies, Squa!us, ITL, Sydney-Wide 
Seafoods, Trident Seafoods and Tas Crays are 
thanked for provision of materials and their ongoing 
interest and support of the project. 

References 

Batista L and Nunes M. L. (l 992) Characterisation 
of shark liver oils. Fish. Res. 14, 329-334. 

Bligh E. G. and Dyer W. J. (1959) A rapid method 
of total lipid extraction and purification. Can. 
J. Biochem. Physiol. 31, 911-917. 

Blomstrand R. and Ahrens E. (1959) Absorption of 
chimyl alcohol in man. Proc. Soc. exp. Biol. Med. 
100, 802-805. 

Buranudeen F. and Richards-Rajadurai P. N. (1986) 
Squalene. fnfoftsh Marketing Digest. 1, 42-43 

Cowey C. B. and Sargent J. R. (19i7) Lipid nutrition 
in fish. Comp. Biochem. Physiol. 57B, 269-273. 

Craik 1. C. A. (1978) The· lipids of six species of 
shark. J. Mar. Biol. Ass. 58, 9I3-92l. 

Davenport S. R. and Deprez P. P. (1989) Market 



·, 

Australian shark liver oils 275 

for shark liver oil. Aust. Fisheries 48, 
and Paltauf 
York. 

Nichois P. D., Guckert J. B. and White D. C. 
m Determination of monounsaturated 

Tasmanian waters. Ausr. 1¥far, Freshwater Res. 

uses and industrial 
J. 17-2L 

Takagi T. (1981) Distribution of 
and diacylglyceryl ethers in the different 

tissues of rn:,=u··~"'"- shark, Daiatias lie ha. Bull. 
Soc. Sci. 47, 281-288. 

Kayarna M., Tsuchiya Y. and Nevenzel J. C. 
The glycery! ethers of some shark liver oils. Bull. 
Japn. Soc. Sci. Fish. 37, 111-118. 

King K. and Clark M. (i987) Sharks from the upper 
continental slope-are they of value? Catch 14, 
3-6. 

Malins D. C. and Barone A. (1970) Glyceryl ether 
metabolism: reguiation of buoyancy in dogfish 
Saualus acanthias. Science 167, 79-80. 

Ma~go!d H. K. (1983) Ether lipids in the diet of 
humans and animals. In Ether Lipids. Biochemical 

double-bond 

J. J14icrobiol Meth. 5, 49-55 
Nichols P. D., Nichois D. S. and Volkman J. K. 

esters in 
cuianticus 
Biol. 105, 

Russell N. J. 
isms. Phil. 
595-6 ! L 

with marine oil 
Aust. 60, 336-340. 

M . .R. Role of wax 

Cold adaotation of 
Trans. Royal· Soc. Lond. 

Sargent J. R., Gatten R. R. and McIntosh R. (1973) 
The distribution of neutral lipids in shark tissues. 
J. ;'..far. Biol. Ass. 53, 649-656. 

Summers G. (1987) Squalene-a potential shark by­
product. Catch 14, 29. 

Volkman J. K. and Nichols P .. D. (1991) Applications 
of thin layer chromatography-flame ionisation 
detection to the analysis of lipids and pollutants in 
marine and environmental samples. J. Planar 
Chromatogr. 4, 19-26. 



R£CENT ADVANCES IN l\lIARINE SCIENCE 
AND TECHNOLOGY '94 

Edited by 

Orpha Bellwood 

and 

Howard Choat 
Professor, Marine Biology 

James Cook University, Australia 

and 

Narendra Saxena 
Professor, Civil Engineering 

University of Hawaii, U.S.A. 

PACON Il'ffERNATIONAL 

and 

JAJ.\1ES COOK UNIVERSITY OF NORTH QUEENSLAJ.'ID 

1994 

-1:-



livers .;,ucUA'-,,;;,, u.•~.u..u....uu ""'--'-0.UCA,V. purified '-'ll'•.U..L/...,<l!.iC:, 

(e.g. machine lubricants, health products, skin moisturisers and other products) and rising costs 
disposal have encouraged research in this area. The value of a resource has now 
identified as a commodity worth more than one million dollars annum) to Australian suppliers, based 
on the market demand, price and the cu,,--rent catch rates. 

INTRODUCTION 

T'ne by-catch generated by deep-sea ( 600-1200 m) trawling for orange roughy in southern Australian 
waters includes members of the Oreosomatidae and Macrouridae families ( oreos, whip tails and rat tails) 
and deep-sea dogfish (pers. comm. S. Davenport, CSIRO Div. Fisheries, Hobart). These by-catch species 
may constitute anything from zero to 100% of a catch, but are usually around 5-10% (Davenport and 
Deprez, 1989). Some :fishers may target sharks when the orange roughy catch is low. Total AJlowable 
Catches (TACs) for orange roughy have been reduced over the past few years and hence the ability to 
exploit by-catch is increasing in importance. There are currently no quotas for deep-sea sharks from 
southern waters and other regions, but clearly such a resource should not be wasted. 

T11e species of interest are usually members of the Squalidae family, commonly called dogfishes. They 
are usually between 50 and 150 cm in length and weigh up to 4 kg (Davenport and Deprez, 1989). The 
liver may account for up to 20% of the body mass of the shark and the oil can contain 0-90%, - more 
usu.a.lly 40-80% - squalene (S. Davenport, unpublished data). They are in fisheries from the Great 
Australian Bight, around Tasmania, to New South Wales, and in waters around New Zealand (specifically 
Lord Hoe Rise, Challenger Plateau and Chatham Rise) (Last and Stevens, 1994 ). Species commonly taken 
are from the genera Centrophor,JS, Centroscymnus, Etmopterus and Deania. Centrophonl.S moluccensis is 
also targeted with long-line, as this species is caught in shallower waters (300-500 m). 

The current world demand for squalene is at least 1100 to 1200 tonnes per year. The main supplier and 
user, being Jap~ requires 900 tonnes. Australia has recently started exporting squalene derived from 
shark liver oil and the quantity is expected to increase substantially in the fo.ture. Based on a squalene price 
of USS20-25/k:g, the export of purified oil is shortly expected to return more than ASl million per annum 
Tae market value of squalene does, however, fluctuate. For example, squalene has been worth 
considerably more during the past decade with a market value over US$40/k:g. 

In this paper, we discuss the analytical protocol for screening species of deep-sea sharks for squalene 
and other valuable lipid components. Data are provided on a number of species that are currently targeted 
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for squalene, and both the commercial incentives and current value for such purified shark liver oils are 
discussed. This information has not been widely available in Australia. 

ANALYTICAL TECHNIQUES 

The material analysed was either a portion of frozen raw liver or an aliquot of a crude oil, often 
prepared by local industry. The processing techniques industry uses to prepare shark liver oil vary, but may 
involve mechanical maceration of liver, followed by heating at 50-60°C, standing to allow the solids to 
separate, and finally decanting ( or possible centrifuging and filtering). 

When we analysed raw livers, we used a modification of the technique developed by Bligh and Dyer 
(1959) to extract the oil. This oil was then concentrated using rotary evaporation and made up to a known 
volume in chloroform. Crude oils supplied by industry were diluted with chloroform then directly analys.ed 
for lipid composition with a MK V thin-layer chromatograph with flame ionisation detection (TLC-FID, 
Iatron Laboratories, Japan); Iatroscan results with the NIK ID analyser are generally reproducible to ±10% 
(Volkman and Nichols, 1991) and we have recently found the MK V system to be reproducible to ±3-5% 
(unpublished data). 

For the laboratory analyses only, non-saponifiable lipids such as glyceryl ether diols, derived from the 
diacylglyceryl ethers present in the shark liver oil, and hydrocarbons (predominantly squalene) were 
isolated together following saponi:fication. Glyceryl ether diols were converted with N,0-bis­
(trim.ethylsilyl)-trifluoroacetamide to their corresponding trim.ethylsilyl ethers and made up to a known 
volume with an internal injection standard. Fatty acids (from diacylglyceryl ethers and triacylglycerols 
present in the crude liver oil) hoerated during saponification will not be discussed further in this paper. 

Gas chromatographic (GC) analyses of the non-saponi:fiable lipid fraction were performed with a 
Hewlett Packard 5890A GC equipped with a HP-1 cross-linked methyl silicone fused silica capillary 
column (50 m x 0.32 mm i.d.), an FID and a split/splitless injector. Hydrogen was the carrier gas. After 
methyl tricosanoate was added as an internal injection standard, samples were injected in splitless mode; 
the initial oven temperature was 50°C. After I minute, the oven temperature was raised to 150°C at 
30°C/min, then to 250°C at 2°C/min and finally to 300°C at 3°C/min. Peaks were quantified with software 
from DAPA Scientific Software, Kalamunda, Western Australia. Individual components were identified 
from mass spectral data and from a comparison of retention times with those obtained for authentic and 
laboratory standards. All GC results are subject to errors of ±5%. 

Gas chromatographic-mass spectrometric (GC-MS) analyses were performed on a HP 5890 GC and a 
5970 Mass Selective Detector (MSD) fitted with a direct capillary inlet and JADE-valve injector (SGE, 
Australia). Data were acquired on a HP 59970C Workstation operated in scan acquisition mode. The GC 
was fitted with a capillary c;olumn. similar to that descnbed above. 

LIPID COMPOSITION OF SHARK LIVERS 

The common and scientific names of the shark species analysed are shown in Table 1. The lipid 
compositions of the liver oils are shown in Figure 1. The major lipids present were diacylglyceryl ethers 
and triacylglycerols and the main hydrocarbon, squalene. The structures of these compounds are shown in 
Figure 2. 
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Figure l. The relative concentrations (as pereentage of total lipids) of squalene (SQ), 
diacylglycery! ether (DAGE) and triacyiglycerols (TAG)in liver oils from sharks 
caught in Australian waters. 
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Squalene, when present, was generally at levels between 60 and 90% of the total sometillles 
there was none or only a trace (see also Bakes Nichols 1994; Davenport and Deprez 1989; Deprez et 
al. 1990). The levels of squalene do not appear to be related to the depth of catch or other environmental 
or geographical factors, but are more probably related to genetic factors. As can be seen from Figure 1, all 
species tested in the Squalidae family contain more than 50% squalene vvith exception of 
C entrosc,vmnus pfunketi. The liver oil from members of the Triakidae ( Gafeorhinus galeus and 1.'vfustelus 
antarcticus) contained little or no squalene. 

Generally, when squalene levels were low in the deep-water dogfishes, levels of diacylglyceryI ethers 
were higher. A commercial use for diacylglyceryi ethers from shark liver oil has not yet been exploited in 
Australia. Triacylglycerols are usually present at levels between trace to 50% in the liver oil of deep-sea 
sharks but higher in the shelf and upper slope water species ( e.g. G. galeus, 97% triacylglycerols). The 
commercial value of triacylglycerols is usually based on the chain length and degree ofunsaturation of the 
constituent fatry acids. We do not intend to elaborate on the fatty acid composition of the shark liver lipids 
here, although we note that the triacylglycerol-rich oils from shark livers may have commercial potential if 
they contain high levels of the essential polyunsaturated fatty acids [20:5(n-3), eicosapentaenoic acid 
(EPA); 22:6(n-3), docosahexaenoic acid (DHA)]. 

COM.MERCL4..L BACKGROUND 

Shark liver oils are not a new resource in Australia. In the late 18th century and early 19th century, oil 
from shark livers was used as a fuel for lighting. During World War II, the oil was used both as a source of 
Vitamin A and as a hydraulic fluid in aircraft instrument gauges (Davenport and Deprez, 1989). The use of 
shark liver oil as a source of Vitamin A ceased after the war and, to the best of our knowledge, has not 
been re-established, probably because synthetically developed vitamins have been successfully produced 
(Buranudeen and Richards-Rajadurai, 1986). 

Not until the 1980s did Australia begin to apply knowledge of the oils from the livers of deep-sea sharks 
to value-addimr. It took a concerted effort from industrv, scientific researchers and other bodies to rebuild - . 
interest in the processing of the oils after initial processing trials were not successful. In the l 990s, the 
timing was appropriate for Australia to add vaiue to this fishery ( e.g. Davenport and Deprez 1989). It is 
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Figure 3. Capillary gas chromatogram of the purified squa!ene product produced by the 
CSIRO process. 

CURRENT AND FUTURE COMMERCIAL USES AND VALUE 

Apart from processing and exporting the purified lipid and hydrocarbon components from shark livers, 
there is as yet limited product development and usage in Australia. Purified squalene is used overseas in a 
variety of products, including surface active agents, machine lubricants, rubber chemicals, cosmetics, 
health products and pharmaceuticals and some food stuffi (Christian 1982; Gopakumar and Thankappan, 
1986 ). Further processing of squalene by hydrogenation to form squalane, the saturated counterpart, 
results in a number of other uses mainly in the cosmetic industry because of the excellent moisturising 
properties of the saturated hydrocarbon product. The value of squalane is slightly greater than squalene 
although the market value has sho'Wll considerable variation. Some of the other products currently 
prepared overseas from squalene and squalane are bath additives, facial cleansers, moisturisers, sun screen 
and chromatography standards (Christian 1982). A Japanese company has recently begun impregnating 
~otton clothing (socks, gloves, shirts and shorts) with squalene so that the moisturising effect can be felt 
during the time the clothing is being worn. 
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Figure 4. Tne commercial value of squaiene obtained 
the waste from the deep-sea fishing industry. (a slide 
designed for the fishing industry presentation) 

International factors controlling the prices of purJied products are generally outside the scope of the 
research scientist to monitor. If we consider the above example (Figure 4), using conservative values as 
indicative only of the potential for value-adding to shark liver oils, the value of a purified product can be 
ascertained. Based on these estimates, a one tonne catch of Brier dog.fish would give a total yield of 
squalene-rich oil of 100 kg (115 L); its value is over US$2500. 

Purified lipids su.ch as diacylglyceryl ethers have been used for a number of purposes. Lion Corporation 
(Japan) found that ether lipids, particularly monoacylglyceryl ethers, help cure male baldness by 
encouraging hair growth (Yokoyama et al. 1993). Glyceryl ether lipids have also been suggested for use as 
non-fattening fats, as they have a lower calorific value than triacylglycerols (Mangold and Patlauf 1983) 
and might be used as low calorie sources of omega-3 fatty acids. Various health products based on 
diacylglyceryl ethers are available in some countries, including Australia. Products containing 
diacylglyceryl ethers are claimed to provide concentrated nutritional substances to help prevent or treat 
health disorders. Although claims have been made that these products have anti-cancer properties, no 
western medical evidence has been. offered to support such claims. Diols formed by hydrolysis of the 
diacylglyceryl ethers ( e.g. batyl and ch:imyl alcohols) have been also used in cosmetics (Christian 1982), 
medical applications and for agricultural antidotes (Blom.strand and Ahrens 1959) 

The potential of these shark liver-oil constituents needs to be further developed. If additional return can 
be obtained, the longer-term prospects for the Australian marine oil industry will be considerably enhanced. 

In summary, the potentiai of deep-sea shark liver-oil has (again) been recognised in Australia during the 
past decade. Now that fractionation and purification techniques are well developed, the opportunity exists 
to convert resources that have been previously under exploited or wasted into value-added products. The 
international market fluctuates, so strategies need to be developed to take changes into account. In 
addition, the "clean and green" nature of the Australian product from pristine waters needs to be 
appreciated in the market place. 
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Variation in lipid composition of some deep-sea fish 
(Teleostei: Oreosomatidae and Trachichthyidae) 
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The lipid, fatty acid and fatty alcohol compositions were determined for muscle samples from six 
species of deep-sea oreo collected from Australian waters; namely Neocyttus rhomhoidalis, Neocyttus 
sp., Allocyttus verrucosus, Allocyttus niger, Pseudocyttus maculatus, and Oreosoma atlanticum. 
Neocytrus he!gae, landed in North Atlantic waters, was also analysed. Similar analyses were also 
carried out on the muscle and swim bladder of the orange roughy Hoplostethus atlanticus from both 
Australian and North Atlantic waters. Orange roughy is currently a major commercial species in 
southern Australia and is a new-fishery in the North Atlantic; there are four species of oreo of 
increasing commercial significance in Australia due to orange roughy quota reductions. It is therefore 

. necessary tc; determine if the oreo ·fishing. illdusiry is capable .. of supplementing ·the current orange·--­
roughy requirements with respect to muscle and oil demand. In the oreos, the mean lipid content ranged 
from 0.5 to 3% of wet weight, with a mixed lipid composition including wax ester, triacylglycerol, 
sterol and polar lipid. The ratio of the mono unsaturated fatty alcohols 22: l to 20: 1 allowed samples 
from the two geographical regions to be distinguished. Total wax ester in muscle from North Atlantic 
male orange roughy was much higher than in Australian fish (27 vs. 8.5% wet weight, respectively); 
females from both locations contained similar amounts of wax ester (4.5 vs. 3.3%,, respectively). 
Selected swim bladders from North Atlantic and Australian orange roughy show similar wax ester 
content (90 vs. 82%, respectively). The ratio of 22:l to 20:l fatty alcohols in orange roughy from 
the two regions was 0.5 (Australian) and 1.4 (North Atlantic). Indeed differences exist between oreos 
from the two Ioc:itions, but not between orange roughy and this requires further investigation. With 
respect to the nutritional value, the oreos are more attractive than the orange roughy however lipid 
levels remain much lower compared with other popular species. 

Key words: Allocyttus sp.; Fatty acids; Fatty alcohols; Hoplostethus atlanticus; Neocyttus sp.; 
Oreosoma sp.; Pseudocyttus sp. 

Comp. Biochem. Physiol. 11 IB, 633-642, 1995. 

Introduction 

Fisheries for orange roughy and oreo have 
recently been established in soucheascem Aus-
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tra!ian waters. Four of the oreos, the black oreo 
Aflocyrtus niger, the smooch oreo Pseudocyttu.s 
maculatus, the spiky oreo Neocymis rhom­
boida{is and the wany oreo Allocyrws verruco­
sus, are currently targeted as conunercial 
species. Current catch rates are about 13,000 
tonnesiyear for the orange roughy and 3000 
tonnes/year for oreo (Nicoll, 1993). The oil 
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content of orange roughy can be up to 18% of 
the total body weight, the majority of which is 
located in the swim bladder, head, frame and 
skin (waste products from filleting); the muscle 
from the orange roughy and the oreo can con­
tain up to 10% of the total lipid (Buisson et al., 
1982). Lipid, fatty acid and alcohol compo­
sitional data of the muscle from orange roughy 
(Hoplostethus atlanticus) and some of the oreo 
species have been reported, particularly for 
species collected in Australian and New Zealand 
waters (Elliott et al., 1990; Body et al., 1985; 
Sargent et al., 1983). 

The muscle lipids from orange roughy are 
comprised predominantly of wax esters rich in 
monounsaturated fatty acids and alcohols. The 
fatty acid moieties of marine wax esters are 
usually dominated by polyunsaturated fatty 
acids (dietary-derived) and the fatty alcohol 
components are invariably saturated or mono­
unsaturated (synthesized de nova) (Sargent 
et al., 1977). The low levels of polyunsaturated 
fatty acids and the high levels of monounsacu­
rated fatty acids and alcohols in the wax esters 
from orange roughy may be a result of several 
possibilities. Sargent et al. ( 1983) suggested that 
the monounsaturated alcohols were produced 

-- -- · by -- de nova · · biosynthesis, · either ·by ···chain 
elongation and desaturation of shorter chain 
moieties of dietary origin, or through direct 
dietary uptake in the form of the acid followed 
by oxidation or as the alcohol. 

Examination of the lipid class, fatty acid and 
alcohol compositions between the different 
species of oreo is warranted as the processing 
waste from these species is now being incorpor­
ated into commercial wax ester-rich marine oils. 
There is increasing evidence that a diet high in 
a, 3-polyunsaturated fatty acids may help to 
prevent coronary heart disease and other related 
diseases (Iacono and Dougherty, 1993; Dyer­
berg et al., 1978). This feature has resulted in 
much interest in marine fish and crustaceans as 
sources of these compounds. 

This study presents the lipid, fatty acid and 
fatty alcohol composition of six species of oreo 
caught in southern Australian waters, and one 
in North Atlantic waters. Previous data were 
only available for three species; the black oreo, 
smooch oreo and warcy oreo (Vlieg and Body 
1988; Buisson et al., 1982; Mori et al., 1966). 
These samples were from differenc geographical 
locations (New Zealand and Southern Africa) 
and consequently, were noc representative of 
Australian fish. We also report a comparison 
between the lipid, fatty acid and alcohol compo­
sition of muscle and swim bladder tissues from 
orange roughy landed in both Australian and 
North . Atlantic waters and provide some 
comment on regional dietary relationships. 

Materials and 1VIethods 
Sample collection 

Seven species of oreo were analysed, includ­
ing the four species caught commercially; Allo­
cyttus niger James, Inada and Nakamura (black: 
oreo), Pseudocyttus maculatu.s Gilchrist (smooth 
oreo), Neocyttus rhomboidalis Gilchrist (spiky 
oreo) and Allocyttus verrucosus Gilchrist (warcy 
oreo). The other species analysed were 
Oreosoma atlanticum Cuvier (ox-eyed oreo), 
Neocyttus helgae Holt and Byrne and Neocyttus 
sp. none of which are harvested commercially. 
AH species were caught in Australian waters 

· with the excepticn of N. helgae which was 
caught in North Atlantic waters (Table l). 
Samples of orange roughy (Hoplostethus at­
lanticus Collect) were taken from the major 
spawning aggregation off eastern Tasmania, 
and from North Atlantic waters (Table 1). 

Except for the North Atlantic samples 
(N. he!gae and H. atlanticus ), all others con­
sisted of whole fish, frozen after capture and 
transported frozen to the CSIRO Marine Lab­
oratories in Hobart. Muscle samples were taken 
from similar positions above the lateral line and 
in front of the dorsal fin (nape region) and the 

:samples- stored at - 80°C until analysed. The __ 
samples from the North Atlantic were taken by 
the Faroe Islands research vessel Magnus 
Heinason, the oreo N. helgae from waters 
around Faroese (61°39'N, 13°1 l'W) and the 
orange roughy from the ICES Fishing Area VIb 
(between 54°30'N, 60°00'N and l8°00'W, 
25°00'W). These tissue samples were dissected at 
sea, frozen and air-freighted on dry ice to 
Hobart where they were scored ac -80°C prior 
to analysis. 

Lipid extraction 

A sample of muscle (0.1-0.5 g) was quan­
titatively extracted using a modification 
of the Bligh and Dyer (1959) technique 
(methanol:chloroform:water; 2: l :0.8 v/v/v). 
Samples were extracted overnight and phases 
separated the following day by the addition of 
chloroform and water so that the final ratio of 
methanol:chloroform:water was 1:1:0.9 v/v/v. 
The total solvent extract was concentrated 
in i·acuo using rotary evaporation at 30°C. All 
samples were then transferred co vials, dried 
under nicro2en at room temoeracure and made 
uo co a kno-wn volume in chloroform. Samo!es 
w~re stored at - 2o=c. · 

Lipid composition 

Triplicate aliquots of the total solvent extracts 
were analysed using an Iatroscan MK III THlO 
thin layer chromatography-flame ionization 
detection (TLC-FID) analyser to determine the 
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Catch date Location 

32.0 lvfar. 92 Great Australian 
HU Jun~ 92 ChaHenger piateatl.;, 
!BA Jun. 92 Gre::i.t A.ustraiian Bight 
27.7 May 93 'Nest of Tasmania. 
26.3 May 93 West of Tasmania 
A7 1 1,,,.,., May 93 We;sc of Tasmania 
15 ~1 May 93 West of Tasmaaia 
16.4 fvtar. 92 Gre;it Australian 
!4.7 ,,.far. 92 Grear Australian 
!6.6 Mar. 92 Great .Australian 
20.2 93 South of Tasmania 
30.0 93 South of Tasmania 
2Q.4 93 South of Tasmania 
!9.2 ()' ,J S<,uth of Tasmania 
2LO 93 South of Tasmania 
32.0 93 South of Tasmania 
34.2 May 93 South of Tasmania 
37.0 May 93 South of Tasmania 
27.2 Jan. 9Z South of Tasman Rise 
32.6 Jan~ 92 South of Tasman Rise 
28.6 fan. 92 South of Tasman Rise 
32.l May 93 South of Tasmania 
3L6 May 93 South of Tasmania 
33.S May 93 South of Tasmania 
29.8 May 93 South of Tasmania 
2!.6 May 93 South of Tasmania 
!6.0 May 93 South. of Tasmania 

32.6* Feb. 93 F:i.roese --..,_, ...... -··· ···· ·· Feb. 93 ····Faroese -:-·-"'-·-··--,--a·-·-•••-·--, . ... ,._, 
29.5* Feb. 93 Faroese 

21 Apr. 89 East of Tasmania 
38 Apr. 89 East of Tasmania 
36.7 Aug. 92 East of Tasmania 
39.0 Aug. 92 E:ist of Tasmania 
3Ll Aug. 92 East of Tasmania 
40., -~ Aug. 92 East of Tasmania 

62* Jan. 93 West of Scotland 
65" Jan. 93 West of Scotland 
69~ Jan. 93 West of Scotland 
61"' Jan. 93 West of Scotland 
67* Jan. 93 West of Scotland 
59"' Jan. 93 West of Scotland 
62"' Jan. 93 West of Scotland 
62"' Jan. 93 West of Scotland 
60· jan. 93 West of Scotland 
66* Jan. 93 West of Scotland 

•Nace: ail !engi:hs are standard length (SL) unless specified by an asterisk ("') which are totai length. 

abundances of individual !ioid dasses (Volkman 
and Nichols, l 99 l ). The primary so!venc sysrem 
used for the lipid separacion was hexane: diechyi 
ether:aceric acid (60:17:0.2 v/v), a mobile 
phase reso!ving non-polar compounds such as 
wax esters, triacy!glycerols and free fatty 
acids. A second non-polar solvent system of 
hexane: di.ethyl ether (96: 4 v/v) was also used to 
resolve hydrocarbons and wax esters ('v'oik..'11.an 

and Nichols. I 99 l ). Tne flame ionization detec­
tor (FID) was caiibraced for each compound 
dass (phosphatidy[cho!ine, cholesterol, chol­
escery! ester, o!eic acid, squa!ene, trioiein; 
0.1-10 µgrange). Wax esters have the same Rr 
as cho!esteryi esters under the condidons em­
ployed; free stero! determined by TLC-FID was 
compared with the toral stern! content deter­
mined by gas chromatography (GC). Using this 
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and content of oreos from Australian and North Atlantic waters 

Tasmanian North Atlantic 

Oreosoma Altocy1t1.1s Psev.docyw.1s Altocyw,s Neocytt11S 

\Vax ester 

Steroi 
Polar 
Tota! 
(mg/g wee) 

Wax ester 
triacytglycerol 
ratio 3.9 

30 ± 33 
37 ± 38 
7+1 

16 ± 9 
5±1 

0.3 

Avg., average; SD, standard deviation. 

8l±:1i 
l0±8 

2.9 

comparison, it was found that the wax ester 
concentracion measured by TLC-FID did 
not contain any stero! escers. Peaks were 
quantified on an IBM-compatible computer 
using DAPA software (Kalamunda, Western 
Australia). Iatroscan results have been pre­
viousiy shown to be reproducible to ± 10% 
(Vo!k..rnan and Nichois, 1991). Statistics were 

· performed using a one-factor analysis of vari­
ance (ANOV A). 

Fatty acids and /arty alcohols 

An aliquot of the total solvent extract 
was treated with methanol-hydrochloric acid­
chloroform under nitrogen (I O: l: 1 v/v/v; 80°C, 
2 hr) to form facty acid meLtiyl esters (FAME) 
and fatty alcohols. Following the addition of 
water, products were extracted into hexane/ 
chloroform ( 4: I v/v, 3 x 1.5 ml), transferred 
to vials and stored in chloroform. Samples 
were then dried under nitrogen and treated 
with N, 0-bis-(trimethylsiiyl)-crifluoroacetamide 
(BSTFA, 50 µI, 80°C, l hr) to convert sterols 
to their corresponding TMS (trimethy[silyi) 
ethers. Following silylation, excess BSTF A 
was removed under nitrogen and the samples 
made up to a k.c,own voiume with a solution 
containing methyl tricosanoate internal stan­
dard. 

Gas chromatography analyses were per­
formed wich a Hewlett-Packard 5890A GC 
equipped with a HP-1 cross-linked methyl sili­
cone fused silica capillarf column (50 m x 
0.32 mm i.d.), an FID and a spliusplitless injec­
tor. Hydrogen was the carrier gas. Samples were 
injected in sp!itless mode using an HP 7673 auto 
injector at an oven temperature of 50°C. After 
1 min, the oven was raised to i50°C at 
30°C/min, then to 250°C at 2°C/min and 
finally to 300°C at 3°C/min. Injector and 
detector temperarures were 290°C and 310°C 

30 ± 2 

8.6 

;J, c.. s 
... :..., J 

30 ±: 27 
29 ± 30 

!3.3 

· i ± 23 
tl ± l 
5 ± t 

66 ± 20 
7±2 

L7 

25 ± 11 
19 ± !4 
3±2 

24 ±25 
[6 ± l9 

L2 

respectively. Peaks were quantified on an IBM­
compatible computer using DAPA software 
(Ka!amunda, Western Australia). 

Gas chromatographic-mass spectrometric 
(GC-MS) analyses were carried out with an HP 
5890 GC and a 5970 Mass Selective Detector 
(MSD) fitted with a direct capillary inlet and 
JADE-valve injector (SGE, Australia). Data 

:were acquired on an HP 59970C Workstation ·­
operated in scan acquisition mode. Typical 
MSD conditions were: electron mu!tio!ier 
voltage 2200 V, transfer line 3 !0°C, EI en~rgy 
70 eV, 0.8 scans/sec and a mass range of 
40-650 Da. The GC was fitted with a capillary 
column simiiar to that described above. Individ-
ual components were identified by comparison 
of mass spectral data and retencion time dara 
with thac obtained for authentic and laboratory 
standards. 

Results 
Oreos 

Livid content and comuosition. rne lioid com­
position of muscle from the oreos w:i.s domi­
nated by three classes: polar lipid (l 6-81 % ), 
wax ester (9-62%) and triacytglyceroi (3-30%) 
(Table 2); free fatty acid and sterol were minor 
components, although in some cases, the levels 
of free fatty acid were quite !:1.igh (e.g. 0. 
atfanticum ). In general, N. rhomboidalis, A. 
,.,,errucosus and Neoc,vaus sp. had significantly 
( P < 0.05) higher levels of polar lipid ( 58-8 ! % ). 
while 0. a[!an£icwn contained signifrc::mtly 
(P < 0.05) higher levels of both triacylglycerol 
(30°/o) and free fatty acid (37%); P. macularns 
and A. niger contained sigcificandy higher ieve!s 
of wax ester (62 and 52%, respecciveiy). Tne 
North Atlantic N. helgae contained vvax ester, 
triacylglycero!, polar lipid and free fatty acid in 
almost equal proportions (30, 25, 24 and 19%, 
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Fig. l. Comparison of total lipid content and lipid classes in muscle from Neocyttus rfromboidalis. 

respectively). Mean total lipid ranged from 5 to 
.... -30 mg/ g (per wet weight of muscle) for the seven 

species (Table 2); the majority of samples 
contained less than 20 mg/g of lipid. 

Within-species variation was high, as can be 
seen from the high standard deviations 
(Table 2). Graphical representation of this 
variation in lipid content and composition is 
shown in Fig. l for seven samples of N. rhom -
boidalis (NR); wax ester was present in three 
samples NR45, NRI16 and NR117 at between 
12 and 93 %; triacylglycerol was only present 
in NRI 16 and NR117. It is noteworthy 
that NR 116 and NR 117 were similar in length, 
catch location and date, and sex (Table 1). All 
seven NR samples contained polar lipid 
(1-97%) and sterol (1-9%), but in different 
proportions. 

Fatty acids. The high degree of variability 
observed for the lipid content and composition 
was also observed in the variability of fatty acid 
composition, both within and between species 
(Table 3); all oreos except P. maculatus had high 
standard deviations in levels of most fatty acids. 
Monounsacuraced fatty acids were the domi­
nanc components in P. maculatus (6l %) and 
A. niger (52%) and were, in general, signifi­
cantly higher than in other species. Despite the 
within-species variacion observed, the other five 
species showed similar levels of all three fatty 
acid groups (saturated, monounsacurated and 
polyunsaturated). The major fatty acids were 
16:0, 18:0, 18:l(n-9)c, 20:l(n-9)c and the two 
essential facty acids eicosapentaenoic acid 

20:5(n-3) (EPA, 2-11%) and docosahexaenoic 
. acid 22: 6(n-3) (DHA, 5-25%). _ ····- ·--··· 

Fatty alcohols. The fatty alcohol composition· 
of oreo muscle also showed a high degree 
of within species variability (Table 3). Mono­
unsaturated alcohols, particularly 20: l(n-9)c 
and 22: l(n-1 l)c were the dominant components 
in all species except N. rhomboidalis and 0. 
atlanticum; the fatty alcohol composition of 
these two species was dominated by 16: 0 
(N. rhomboidafis differed significantly from all 
other species except 0. atlanticum). Polyunsatu­
rated alcohols were only detected at very low 
levels and were not present in either 0. ar­
lanticum, Neocyttus sp. or N. helgae. The ratio 
of 22:l(n-ll)c to 20:l(n-9)c ranged from 0.2 to 
0.9 in Australian caught fish while in N. helgae 
from the North Atlantic, the ratio ranged from 
1.8 to 2.2 (Table 3). 

Orange roughy 

Lipid content and composition. The muscle 
and swim bladder lipid from orange roughy was 
comprised almost entirely of wax ester (i.e. 
98-lOO¾). The average wax ester content of 
swim bladders from North Atlantic males 
(900 mg/g) was similar to chat in the swim 
bladders from Australian males (800 mg/g) and 
females (820 mg/g) (Table 4; Nichols and 
Skerratt, unpublished daca). For orange roughy 
from both regions, wax ester was not as concen­
trated in the muscle (11-390 mg/g) as in the 
swim bladders. Muscle of North Atlantic male 
orange roughy contained higher levels of wa:<: 
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Table 3. 

Cornponent 

(a) Faay acids 
14:0 L2±(l9 0.1 ± 0.3 0.8 L2 
15:0 ± 0.4 0.I ±0.l 0.2 ± 0.3 
!6:0 29.5 ± [2.6 26.8::;; 4.4 3LI ± 7.4 
17:0 0.1 ± 0.4 0.4±(U 0.2 ±0.2 
!8:0 8.3 ± 2.4 8.2 ±: 2. l 6.4 ± Ll 
Satur:ites 40.1 ± 13.9 35~7 ± :tS 38.7 ± 8.6 

!6: l(n· 7)c 2.1 ± L2 L6± LO 3.0 ± L6 
I8: l(n-9)c 18.4 ± 8.4 16.5 ± 6.8 t9.9 ± 4.0 
18: l(n-7)c 2.6 ± 0.6 2.J ± 0.3 3.4 ± 0.8 
20: [(n·9)~c 5.! ±4.0 3.7 ± L 5.9 ± 2.0 
22: l(n-! [Jc L3 ± !.6 0.4±0,5 o.s ± 0.8 
22: l(n-9)c 03 ±:0.9 0.2 0.3 ±: 0.4 
24:! LJ ± LO l.7 ± 0.4 L! ± 0.8 
I'vfonounsarurntes 31.6 ± !4.5 26.3 ±: 9.1 34.3 ± i.O 

18: 2(n-6) [.[ 0.3 0.7 ±0,.3 0.6 ±0.6 
20: 4(n-6) ± L9 3.9 ±0.3 3.! ± LO 
20: 4(n·3) 0.7 ;±:OS 2.1 ± 3.0 0.7 ±0.5 
20:5(n-3)(EPA) 4,5± l.2 6.1 ± 0.8 5.9 ± L.5 
22: 5(n·3) l.2 ± 0.9 l.6 ± 0.1 !.9 ± l.2 
22: 6(n-J)(DHA) [6. l ± 5.3 23.4 ± l.8 14.S ± 6.9 
Polyunsuturntes '];/.8 ± 8.J 38.0 ± 4 . .3 26.9 ± 9.7 

Ratio 22:1/20 :1 -- 0.3 0.1 0.1 

(b) Facty aicohols 
16:0 43.7 ± 40.0 46.6 ± 48.2 9.1 ± 8.5 
18:0 3.8 ± 6.1 0.5 6.7 ± 8.5 
Saturates 47.5 ± 39.0 47.2 ±47.5 15.8 ± 16.3 

I8: l(n-9)c 6.9 ± 8.2 9.4±I0.7 !J.6 ± !3.4 
!8: l(n-7)c U ± 2.0 0.5 l0.9 ± 15.7 
20: !(n-9)•c 24.3 ± 20.0 22.9 ± 21.8 44.9 ± 36.i 
22: t(n· ! l)c 16.3 ± l4.4 !9.3 ± [8.9 12.2 ± [6.5 
22: i(n-9)c l.7 ± 2.l 0.7 !.2 ± !.6 
24:k 0.9 :±: [.4 0.4 ± 0.6 
Monouns::11:urates 51.8 ± 38.2 52.8 ± 47.5 83.2± 17.1 

22:6(n·3) 0.7± L4 0.9±!.3 

Ratio 22:1/10 :1 0.7 0.8 O.J 

•contains some 20: i. 
Avg., average; SD, standard deviation. 

ester than their Australian counterparts (270 vs. 
85 mg/g) while in the female roughy, the wax 
ester content of the muscle was similar in snec­
imens from the two regions (45 vs. 33 mg/g) 
(mean values, Table 4). 

Fatn· acids. Monounsaturared fattv acids 
accounted for greacer than 90% of the fatty 
acids in ail samples of orange roughy (Table 5). 
In the North Atlantic orange roughy, the major 
fatty acids were 22: l(n-1 l)c, 18: l(n-9)c and 
20: l(n-9)c, togerher comprising between 82 and 
84% of the total faery acids. In concrast, 
18: l(n-9)c was the predominant facty acid in the 
Australian fish (56% in musde and 50¾ in 

± Ll :u ± [.3 
0.7 ± O.l 0.3 ::±:0.2 

!2.2 ± 0.3 19.5 ± 7.2 
0.7 ±0-3 0.5 ±: 0.3 
2.4 ± 0.2 3.9 ±: l.5 

ZO~l ± L,t 26.3 ±7,l 

4.5 ± 0.2 J.6 ± 2J} 
22.3 ± 2.4 2L4 ±6.3 
J.5 ±0.J 3.3 ±0.8 

19 5 ± 0.1 !5.4 ± 7.! 
7.2 ±0.8 4.4 ± :J.2 
2.3 ±(U L4 :t:O.i 
!.() ± 0.2 t.5 ± 0.8 

60.9 ±2.S 51.5 ± 16.4 

0.8 ±0.2 l.2 ± 0.3 
I.9 ± 0.3 2?t ± L2 
LO± O.J 0.9 ±0.[ 
4.t ±0,6 5.t ± 2.9 
l.8 ± 0.4 U±:0.! 
9.5 ± !.9 l l.7 ± 6.1 

19.1 ±3.0 22..3 ± 9.9 

0.4 · · · ·-· 0.3 

7.1 ± LJ 7.9 ± 3.3 
3.6 ±0,3 4.4 ± Ll 

10.7 ± 1.6 12.J ± 4.4 

10.7 ± 0.4 15.8 ± 4.7 
2.9 ±0.2 4.2 ± !.4 

40.2 ± U 38.0 ±4.8 
27.8 ±0,3 2!.8 ± 6.5 
!.8±3.! J.8 ±0.9 
0.5 ± 0.3 2.2 ± l.4 

83.9 ± 5.1 85.8 ± 4.9 

0.3 ± 0.5 !.4:±: !.4 

0.1 0.6 

L2±0.5 
0. 

2!U ± 13.9 
0.2 
5.8 ± 3.0 

35.5 ± 17.0 

l.7 ± 0.1 
!3.2± !.3 
2.2 ± 0.1 

14.0 ± 5.9 
4~2 ± 5.l 
o.s 
0.3 

36.9 ± 14.4 

L2:: 0.3 
2.4 ±0.6 
i.6 ±: O.! 
6.4 ±0.4 
0.8 

l.5.6 ± 2.9 
27.8 ± 2.8 

0.3 

L7 
0.7 
2.4 ± 3.J 

t.6 
0.7 

57.3 ± !.8 
34.7 ± !3.2 

2.7 
0.9 

97.7 ± 3.3 

0.6 

2.8 ± 0.8 
0.2 ±0.2 

24.4 ± 7.5 
0.5 ± 0.5 

33.5 ± 8.6 

3.J ±0,9 
13.9::: 0.6 
2.3 ± 0.4 
8.7 :±: L5 
5.5 ±0.5 
0.7 ± 0.6 
0.9 ±0.8 

35.4 ± 3.5 

1.2 ± O.J 
3.3 ± 0.5 
0.3 ±0.3 
9.7 ± L3 
0.9 ±0.8 

!5.7 ± 3.7 
31.1 ±5',2 

· 0.6 -- · ... 

4.0 ± 3.5 
4.8 ± 7.J 
8.8 ± 10.1 

L3 ± L! 
0.9 ±0.3 

28.8 ± 4.2 
56.5 ± to.3 
2.5 ± 2.3 
Ll±LO 

91.1 ± 10.3 

2.0 

swim bladder). Levels of EPA and DHA were 
very !ow in samples from both areas. 

Fatty alcohols. There were also major differ· 
ences in the fatty alcohol composition of the 
North Atlantic and Australian fish (Table 5). 
The major fac;:y alcohol in the ml!scle of the 
Nonh Atlantic fish was 22: l(n-t l)c. which com­
prised about 50% of the total fatty alcohols. 
compared with less than 20% in the muscle of 
Australian caught fish. The major alcohols in 
the Australian fish were 20: !(n-9)c (27%) and 
16: 0 (24 % ) (Table 5). The composition of faery 
alcoh_ols, like the facty acids, was similar in the 
swim biadder and muscle of each fish. 
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Oreos 

The 
of within- and "·"''"'~~~ _e,,.>r•,m 

vari2.tion can be attributed in part 
nation of localized sex and repro-

food habi-
tat (Stansby, cra.-s,Jec:1es van-
ation was not associated ,vith the different 

conditions. 
erois and wax esters have also been found to be 

[eveis of wax ester 
lipid and 62 % wax. ester, 

and 22~/o wa:c ester 

been de,., 

highly variable in other te!eost fish and 1983; 
Menon, 1980); fish living below 250 m used wax Given 
ester as their principle energy reserve while and orange roughy occupy similar depths 
epipe!agic species used triacy!giycerols. (700-1200 m) and are caught together in · 

The low lipid content within oreo muscle the high degree of lipid variation and the gener­
(range 5-30 mg/g wet) suggests that the muscle in ally low levels of wax ester and triacylglycerols 
these species is not a site for lipid storage. The found within the oreos cannot be easily ex­
amount of lipid in oreos is lower than that in p!ained without further research. In contrast 
orange roughy (33-270 mg/g wet) and also a and as might be expected, absolute levels of 
number of fish from the U.S.A (6-202 mg/g wet polar lipid remained constant across all individ­
musde; Kinsella, 1987). As lioid can be deoosited uals examined (between 5 and 10 mg/g wet 
throu::,crhout the muscle or in ·specific oroa~s such muscle). . "' as the liver, it is not yet possible to comment 011 In a study of the warty oreo, A. verrucosus 
whether the low lipid contenc in the oreos is due from southern Africa,. Mori et al. (I 966) re­
to environmental and/or biological factors. - -- ... _ported that the_major lipid components were 

Comparison of the lipid content and compo- wax esrer (76%) and triacylglycerol (17%) (total -­
sition in the oreos showed that individuals lipid 4.1 % ). This differs from the lipid compo­
having a high lipid content in their muscle also sition found in our study of this species from 

Australian waters, where polar lipid (45-99%) 
was dominant with low levels of wax ester 

Table 4. Wax. ester content of orange roughy 

Sample code 

North At/amic 
Female 

48 
49 
50 

Mean 

Male 
94 
95 
96 
91 
98 
99 

100 
Mean 

Tasmanian 
Male 

[5 
16 

Mean 

Female 
ll84 
l 185 
[[87 
t 19 l 
Mean 

Flesh 
[mg/g (wet)J 

5! 
60 
24 
45 

390 
272 
l2l 
3[4 
352 
345 
l 17 
273 

l 19 
5! 
85 

40 
48 
34 
ll 
33 

_ Swim bladder 
[mg/g (wet)] 

759 
i2l 
714 
779 
772 
869 
945 
794 

8[5 
822 

819 

(0-34%) and triacylglycerol (0-17%) (total lipid 
0.4-2.4%). The higher re!acive and absoiute pro­
portions of wax ester in the souchem African fish 
may be a result of regional specific food chain 
differences or the difference in the location of the 
muscle sampled (Phillips, 1991). The warty oreo 
from South African waters is reoorted to feed on 
shrimps, cepha!opods and fish (1vfel'nihov, 1980). 
Evidence to date from Australian caught oreos 
suggests that it and the spiky oreo (N. rhom­
boidalis) have a similar diet to that of warty oreo 
off South Africa with amphipods, squid, fish and 
Pyrosoma being the major prey (C. Buhnan, 
personal communication). 

The correlation of higher levels of mono­
unsaturated fatty acids and hig..h.er proportions of 
wax esters in smooch oreo (P, macuiaws) and 
black oreo (A. niger) is related to a high diemry 
predorninance of the corresponding alcohols. 
beiieved co be zoopianktonic-derived. Tile princi­
pal dierary componems for black oreo are am­
phipods, salps and crustaceans, and for smoO(h 
oreo are saips and amphipods (C1ark et al., 1989; 
C. Bulman, personal communicarion). 

The dorr,jnance of shorcer chain fatty alcohols 
and fatty acids in oreos (e.g. l6:0, 12-31%) is 
not unusual as wax esters from several species of 
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Table 5. Percentage composition of major fatty acids and alcohols in flesh and swim bladders 
of orange roughy 

North Atlantic (n = [0) Tasmania (n == 2) 

Flesh Swim bladder Flesh Swim bladder 
Avg. SD Avg. SD Avg. SD Avg. so 

Fatty acids 
14:0 I.5 0.45 t.l 0.3 n.d. l.8 
16:0 2.1 l.4 l.2 0.2 2.8 0.8 I.9 OJ 
Satuntes 3.8S 2.J 2.8 3.7 

16: !(n-7)c 6.5 1.6 6.3 0.7 8.4 0.[ 10.l 0.9 
18: l(n-9)c 28.6 5.l 25.4 3.2 56.2 6.4 49.5 4.9 
I8: I(n-7)c 4.2 0.7 3.9 0.3 5.7 0.1 4.3 0.2 
20: l(n-9)c 22.l 3.9 29.1 2.3 17.2 4.8 21.2 4.5 
22:l(n-l !}c .. 30.5 5.3 29.7 3.4 9.1 Ll 8.2 1.6 
22: l(n-9)c 2.3 0.5 2.l 0.3 n.d. 1.7 
Monounsatur!ltes 93.1 96.5 96.6 95.0 
20: 5(n-3}(EPA) 0.7 0.4 0.6 0.2 0.7 O.! 1.3 O.! 
22: 6(n-3)(DHA) 1.6 l.8 0.5 O.! n.d 0.5 
Polyunsaturates 3.15 1.1 0.7 1.8 

Fa11.v alcohols 
!4:0 0.6 0.2 1 0.2 1.4 0.3 l.9 0.1 
16:0 8.6 2 l l.6 1.4 24.2 4.2 23.6 1.7 
18:0 3.9 0.5 3.7 0.3 9 2.7 7.4 I 
Sarurates 12.8 16.3 34.6 32.9 

18:l(n-9)c 4.4 1.3 5.3 0.4 12.9 2.1 13.4 2.5 
20:l(n-9)c 20.l 1.9 23.2 1.1 26 . .5 2.4 29.6 0.1 
22:l(n-ll)c 53.6 3.8 47.2 1.7 17.3 5.4 15.6 3.7 
22:l(n-9)c 4.7 0.9 4.3 0.2 4.7 0.9 4.3 0.6 
24:1 . 4.1 0.3 . 3.6 . 0.1 : : 4.1 . 0.6 4.3 0.1 ..• 
Monounsatur:ites 87.3 83.6 63.3 67.2 

Avg., average; SD, standard deviation; n.d., not detected. 

teleost fish were dominated by 16: 0 (Sargent 
et al., 1976). A rare finding in the fatty alcohol 
composition of the oreos was the presence of the 
polyunsaturated alcohol 22: 6(n-3) in small 
amounts in all samples except those from 
0. atlanticum, Neocyttus sp. and N. helgae. This 
novel polyunsaturated alcohol accounted for 
11 % of the total alcohols in stomach samples 
from other O. atlamicum samples (unpublished 
data) suggesting that 22:6(n-3) is most probably 
of dietary origin. Conversion of the 22: 6(n-3) 
alcohol to the corresponding fatty acid or direct 
incorporation of 22: 6(n-3) alcohol into the 
musc!e as wax ester are the most obvious 
pathways for the utilisation of the alcohol. 

The level of the nutritionally important w3-
fatty acids EPA and D HA in O. atlanticum was 
29% of the total fatty acids (Fig. 2a), which is 
considerably greater than levels determined for 
cod liver oiL jack mackerel oil and some of che 
commercial w 3-fish oils currentlv available in 
Australia (unpublished data). H;wever, on an 
absolute basis, 0. atlancicum contained less 
EPA and DHA ( <2 mg/g wet) than many 
commercial species such as Platycephalus 
richardsoni (tiger flathead, 3.3 mg/g fillec), Tra­
churus dec!ivis (jack mackerel, 15.3 mg/g fillet) 
and Latris lineata (stripped trumpeter, 

15.1 mg/g fillet) (D.S. Nicols et al., 1994; P. D. 
Nichols et al., 1994; Bremner et al., 1989) 
(Fig. 2b). The other oreo species, whilst having 
lower relative levels of EPA and DHA (with the 
exception of Neocyttus sp.), had larger amounts 
of these .two essential fatty acids in the muscle 
(e.g. A. niger 4.9, P. maculatus 4.1, N. rhom­
boida/is 3.5, N. helgae 2.1 mg/g wet; Fig. 2b). 

Orange roughy 

The wax ester content of muscle from 
H. atlanticus caught in North Atlantic waters 
was different to that from the same species 
caught in Australian waters; this finding ap­
peared to be sex dependent. Male North At­
lantic fish contained significantly higher 
amounts of wax ester than their Australian 
counterparts (273 vs 85 mg/g wet). Females 
from both re2ions did not show chis trend, but 
rather conrn.i~ed similar amounts of wax ester. 
Analvses of the swim bladders indicated similar 
absoiute levels of wax ester (and therefore lipid) 
in samples from either location. 

Studies of the lipids in H. adanticus have been 
mainly confined to fish caught in New Zealand 
waters although there has been one study of 
samples from British waters. Sargent et al. 
(1983) found predominantly wax ester and a 

- ~ .. 
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small amount of triacylglycerol in both the swim 
bladder and muscle from roughy caught in 
waters west of Britain. The muscle and swim 
bladder from New Zealand fish also contained 
large quantities of wax ester (Grigor et al., 1983) 
suggesting that the fishes from different geo­
graphical locations do not vary greatly in their 
lipid composition. Grigor et al. (1983) also 
reported the wax ester content of the muscle to 
be 36 mg/g and the swim bladder to_be 610 mg/g 
(wet weight) for New Zealand fish, more similar 
to Australian fish than North Atlantic fish, as 
might be expected. Our finding of differences 
due to sex makes it difficult to further compare 
Australian and New Zealand orange roughy as 
biological data for samples analysed by Grigor 
et al. (1983) were not available. As weU as the 
differences in sex, the length (62 cm total length. 
vs. 38 cm standard length) difference between 
fish from North Atlantic and Australian waters 
may also contribute to a variation in lipid 
content. 

The fatty acid composition of the swim blad­
der and muscle of H. atlanticus from the two 
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Fish species 

Fig. 2. Comparison between swu (EPA+ DHA) (a) as a 
percentage of the to ta! fatty acids in areas and other species, 
and (b) as absolute leve!s (mg/g) in oreos and other species 

(*Bremner et ai. (1989); ••o. S. Nichols et al. (!994)1. 

regions differed. The northern hemisphere fish 
had high levels of 18: 1, 20: I and 22: 1, while the 
southern fish were dominated by 18 : I. The hi2h 
level of 22:l(n-ll)c (31%) in muscle of the 
North Atlantic fish was greater than previously 
reported for fish caught in Australian (4.7%), 
New Zealand (7.9%) and British (14.6%) waters 
(Elliott et al., 1990; Sargent et al., 1983). Simi­
larly, the levels of 18: l(n-9)c in the Australian 
fish (56% in muscle) are also slightly higher than 
reported in a previous study of muscle from 
Australian orange roughy (40-52¾; Elliott 
et al., 1990). These results show that variations 
in fatty acid composition may also occur within 
a geographical region and possibly reflect the 
seasonal and dietary variations in the fishes 
habitat. 

Oreos and orange roughy caught in Aus­
tralian or North Atlantic waters differed signifi­
cantly in the ratio of 22: l to 20: I fatty alcohols. 
Australian fish showed a predominance of 
20: l(n - 9)c while N. helgae and orange roughy 
from the North Atlantic contained 22: l(n-1 l)c 
as the dominant alcohol. The ratio of 22: 1 to 
20: 1 was less than one for Australian fish and 
two or higher for North Atlantic fish. Our data 
for orange roughy are similar to the obser­
vations by Sargent et al. (1983) who recorded a 
ratio of 22: l to 20: l alcohols of 1.3. 

The origin and abundance of these alcohols 
are therefore likely to be due to regional dietary 
differences rather than factors associated with 
individual species. The diet of orange roughy 
from both areas is reported to consist of small 
fish, squid and crustacea, with the make-up 
of the latter group differing between regions 
(Bulman and Koslow, 1993; Rosecchi et al., 
1988; Spark, 1993; B. Thomsen, personal com­
munication). In northern waters the diet is 
mainly comprised of calanoid copepods rich in 
wax ester and 22: l fatty alcohol, and in 
southern waters, mainly euphausids and 
copepods low in wax esters and 22: I alcohol. 

In summary, from a nutritional view point (in 
particular a, 3-fatty acids) the oreos are relatively 
rich in DHA with levels generally above 10%. 
Compared with orange roughy, the muscle from 
this group of deep water fish is of more value in 
terms of essential fatty acids; however they are 
still low in comparison wich other more popular 
species. Unlike che orange roughy, the seven 
species of oreo examined showed considerable 
intra-species variation in both lipid concenc, com­
posicion and profiles of fatty acids and alcohols. 
Individual specimens of each species showed 
such differences as 0-93¾ wax ester. These 
differences, along with differences between 
male and female specimens in the amount of 
wax es~er in orange roughy and the marked 
regional differences in the ratio of 22: 1 to 20: l 
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alcohols suggest further investigation is required 
into lipids of deep water fishes both locally and 
on a global perspective to better understand the 
trophodynamics of these species. 
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HE AUSTRALIAN Collection 
of Antarctic Microorganisms* 
(ACAM) was established in 1986 

in the Department of Agricultural 
Science, University of Tasmania, and 
has since been enveloped by the 
Microbial Processes Program of the 
Ancarctic CRC. The five member insti­
tutes of the .1,ntarctic CRC are The 
Australian Antarctic Division, the 
University of Tasmania, CSIRO 
Division of Oceanography, The Bureau 
of Meteorology and The Australian 
Geological Survey Organisation. 

CAM was set up as a collection 
for mlcroorganisms isolated 
from the Antarctic continent as 

well as from sub-antarctic islands and 
the Southern Ocean. 1 It is affiliated 
with the Australian Federation of 
Culture Collections and the World 
Federation of Culture Collections. 
ACAM is one of the few collections in 
the world dedicated to the collection of 
Antarctic heterotrophic bacteria. 

Since the collection was com­
menced, many ACAM strains have been 
isolated from lakes, marine waters, the 
sea-ice and soils in the Vestfold Hills 
region of Antarctica near Davis Station. 
Salinity, oxygen availability, light and 
temperature all vary dramatically 
between these water bodies and, on 
many occasions, can vary greatly with 
depth within individual lakes. Ace Lake 
for instance, north-east of the Australian 
base at Da,is Stadon, is a permanently 
stratified or meromictic lake. Ice cover, 
which is present for 9 months of the 
year or more, prevents wind-induced 
mixing of colder, saltier oxygen­
depleted bottom waters with warmer 
fresher aerated surface waters. This 

" Email address: ACAM@agsci.utas.edu.au 

unusuai stratification has resulted in a 
diverse microbial community whose 
structure varies with depth through the 
water column and sediments. Current 
research involves characterising the 
microorganisms chat inhabit these 
ecosystems and that are able to tolerate 
the variety of physical extremes which 
distinguish the Amarctic en,ironment. 

The three key research areas for 
ACAM to date have been: (1) biodiver­
sity - which microbes are there, (2) bio­
geochemistry - the role of the microbes 
in the carbon and other cycles, and (3) 
biotechnology - the potential commer­
cial exploitation of the microbes. 

The potential for biotechnological 
use of Antarctic microorganisms has 
become increasingly e,idenc from basic 
studies on their taxonomy and molecular 
biology. For example, over recent years 
bacteria have been isolated that (i) pro­
duce polyunsaturated omega-3 fatty acids 
(an important constituent for a healthy 
diet in humans),2 (ii) can degrade hydro­
carbons including polycyclic aromatics 
(recalcitrant components of spilled oil), 
and (iii) can biosymhesise 
bioactive natural products 
such as antibiotics or 
cold/salt-tolerant en,;.--ymes. 

It is now generally 
believed that polyunsarn­
rated fatty acids reduce the 
incidence of coronary 
heart disease and stroke in 
humans. This finding has 
enhanced the image of fish 
as a healthy food for con­
sumers. Other uses also 
exist. Capsules of fish oiis 
containing high levels of 
the essential eicosapen­
taenoic acid (EPA, 20:5w3) 

.. 
I 

and docosahexaenoic acid (DHA. 
22:6w3) are marketed aggressively 
internationally, and have captured a 
small market in Australia (e.g. Maxepa 
and related products). More recendy 
omega-3 fatty acids have been incorpo­
rated into other food items, for exam­
ple, they have been enriched in eggs in 
Aus[falia (through the diet of chick­
ens). The next generation of omega-3 
oiis contain considerably higher levels 
of EPA and DHA (approaching 
70-80%) and funher processing of the 
raw oiis is required to achieve these 
high levels. 

The demand for fish oils by the 
mariculture industry (both in Australia 
and overseas) ,vill continue to increase. 
The economics of fish farming relies on 
the supply of inexpensive feeds of a 
suitable quantity and quality. Tasmania 
fortunately has had large catches of jack 
mackerel, the oil of which contains 
25-30% of the essential omega-3 fatty 
acids EPA and DHA. These two fatty 
acids are considered to be essential for 
most species reared by the mariculture 
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industry. When the jack mackerel fish­
ery failed in 1989, oils had to be 
imported imo Australia at considerable 
cost. At that time, data were not avail­
able on possible local replacemems. By 
building the database on the oil compo­
sition of Australian species and by the 
possible development of alternative 
(algal and/or bacterial) sources of mate­
rials rich in polyunsaturated fam· acids, 
we will be much better placed to utilise 
alternative feed stocks. 

The knowledge base and technolo­
gies developed \vith marine oils can be 
exploited to also isolate valuable oils 
from algal and bacterial sources. A 
number of groups in Australia are 
growing the green alga Dtmaliella for 
the commercial production of natural 
~-carotene. The development of appro­
priate technology and facilities for the 
production of value-added marine oils 
may be transferred to production of 
fine chemicals from microalgae and 
possibly bacteria. Several microalgal 
species produce high levels of omega-3 
polvunsaturated fatty acids (5-20%) 
and others produce arachidonic acid 
(20:4w6). For example diatoms pro­
duce EPA with only low levels of DHA 
present. and certain prymnesiophtye 
species produce large amounts of both 
EPA and DHA. Such algae are being 
used in mariculture operations as 
sources of these fatty acids which are 
considered essential for the growth and 
survival of the larval stages of many 
animal species. 

E RECE)!TLY examined the 
fatty acid composition of 
approximately 60 Antarctic 

bacteria. Although a limited number of 
bacceria have been shown co produce 
polyunsaturated fatty acids, it has been 
generally thought that most bacteria do 
not produce EPA and DKA. The knovvl­
edge that other organisms produce 
higher quantities of EP . .;,. and DHA at 

--
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The under-ice environment; the 
green colour is due to the presence 
sea-ice algal communities. 

low temperature led us to examine new 
strains of bacteria isolated from 
Antarctic waters. Early results indicate 
chat the proportion of Antarctic strains 
that produce EPA is considerably 
higher than found for temperate marine 
bacteria: we have found EPA levels up 
to nearly 20% of the total fatty acids. 
Similarly, a number of strains that pro­
duce DHA (up to 3%) have also been 
isolated. !n addition to the presence of 
EPA in many of the Antarctic strains, 
the level of monounsamrates was con­
siderably higher than observed for 
many fish species; the level of saturated 
fatty acids was lower than in fish. 
Furnre research in this area will focus 
on psychrophilic bacteria isolated from 
the sea-ice environment. ln time. chem­
icals, such as essential fauy adds, made 
by microalgae and bacteria could be 
obtained and purified by technology 
developed for the production of value­
added products from fish oils. 

C\M is a continually expanding 
collection and since its incep-

. tion has grown from 100 to over 
300 strains in early 1995. There is also 
a growing demand for these unique 
bacteria from laboratories all over the 
world. In the last 5 years, AC.AM has 
supplied cultures to researchers in 
Germany, USA, UK, Denmark, China, 
Belgium, Egypt. Spain. Japan, Korea 
and France, as well as many laborato­
ries within Australia. 

More recently AMRAD Natura[ 
Products Pry. Ltd., an Australian phar­
maceutical company, has recognised the 
biotechnological potential of ACAM as 
a source of novel bacterial isolates from 
the Antarctic environment. ACAM is 
set to expand substantially in the next 
few years as a result of a recent agree­
ment between the Antarctic CRC and 
AMRA.D. The contract, which provides 
the Antarctic CRC v,ith its first formal 
commercial association, has required 

A, common sea-ice 
ste!1ata. The Nile highlights 
lipid (yellow) stores produced under 
certain conditions against the 

(red). 

the clarification of many grey areas of 
science policy relevant to the Antarctic 
region. The agreement involves ACAivi 
supplying thousands of microbial iso­
lates from the Antarctic envi.ronmem 
which AMRAD will screen for pharrna­
ceutica l potential. The funding pro­
vided by this agreemem will support a 

large increase in research at the CRC 
and within ACAM in particular. If the 
search for human pharmaceuticals 
proves to be a fruitful one. a resulting 
royalty stream will be available to fund 
fumre Antarctic research. 

The search for Antarctic micro­
organisms that may be commercially 
exploited has only just begun. Future 
research should identify novel strains 
that offer further potential for biotech­
nology and. ac the same time, provide a 
better understanding of the Antarctic 
ecosystem. 
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Abstract 

The Antarctic bacterium, strain ACAM 456, is known to produce eicosapentaenoic acid 
(20:Sn - 3, EPA). Following growth in batch culture, suspensions of this bacterium, at initial 
concentrations of 10 7 , 108 and 109 cells ml - 1, were used as foods for three respective cultures of 
the rotifer Brachionus plicatilis. At 6 and 24 h, rotifers were removed, harvested and extracted for 
analysis of fatty acid composition, which was compared to that of rotifers grown on baker's yeast. 
Incorporation of EPA, along with bacterial fatty acid markers (i13:0, il5:0 and 14:0), was 
evidenced at all bacterial food concentrations tested. The highest observed incorporation occurred 
when rotifers were grown in the medium initially containing 109 bacteria ml - l. After 24 h of 
feeding, the level of EPA reached 9.4% of total fatty acids in the fed rotifers (6.7 ng of EPA 
rotifer - 1 ). ACAM 456, a bacterial strain with the ability to produce EPA, was therefore shown to 
be a potential alternative enrichment food for the rotifer Brachionus plicatilis under feeding 
conditions that may be applicable to many Australian mariculture operations. 

Keywords: Polyunsaturated fatty acid; Brachionus plicatilis; Antarctic 
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1. 

quality of plicatilis fish development therefore relies on the 
incorporation a PUFA-rich food source. techniques 

have been tested for enrichment of m mariculture feeds such as rotifers, 
including use of PUFA-rich microcapsules (Southgate and Lou, 1995) and 
producing bacteria (Watanabe et aL, 1992; Yazawa et aL, 1992). However, tJ1e majority 
of maricu1ture operations to date have generally relied upon microalgae as an enrich­
ment feed (Nichols et al., 1989; Watanabe et aL, 1992; Lubzens et aL, 1995). 

The use of microalgae as live enrichment foods incurs considerable expense to many 
mariculture operations (Lubzens et al., 1995), due to their fastidious growth require­
ments, e.g. nutrients, light quantity and quality, oxygen and carbon dioxide levels. In 
contrast, most bacteria are not as fastidious and can often be grown easily on the waste 
products of agricultural or industrial processes (Nichols et al., 1993 ). 

The utilisation of bacteria as mariculture foods has been an area of international 
interest for many years (Rieper, 1978; Kiessling and Askbrandt, 1993). However, the 
perceived lack of PUFA from bacteria was proposed as a major drawback (Phinips, 
1984). Now that certain marine bacteria are known to produce high levels of PUF A 
components (Yazawa et al., 1988; Nichols et al., 1993), the role of microalgae as the 
sole source of PUFA in natural food chains is also under review (Y azawa et al., 1992). 
The application of bacterial PUF A production, either from extracts, or via direct 
insertion into mariculture food chains, is an area of expanding interest (Watanabe et al., 
1992; Intriago and Jones, 1993). 

Our research has demonstrated that the Antarctic marine environment contains a 
much higher proportion of PUFA-producing strains than other habitats studied to date 
(Nichols et aL, 1993). Nichols and Russell (1996) have isolated strains with comparable 
yields of the PUFA, eicosapentaenoic acid (EPA, 20:5n - 3), to those previously 
reported. In this study, we investigate the use of an Antarctic PUFA-producing bac­
terium for the enrichment of the rotifer B. plicatilis under feeding conditions applicable 
to Australian mariculture operations. 

2. Materials and methods 

2 .1. Bacterial strain 

Strain ACAM 456 (previously designated strain JS6) was isolated from a sea ice core 
collected from Prydz Bay, Antarctica (Nichols et al., 1995) and is currently held within 
the Australian Collection of Antarctic Microorganisms (ACAM, Antarctic CRC, Univer­
sity of Tasmania, Hobart, Tasmania). The bacterium is an unidentified aerobic, Gram-
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2.2. 

The bacterium was initiaHy grown in 10 ml of Zobell's for 
2 days at l 0°C. was to 90 ml of and was incubated at 
l0°C for 7 days. Tne 100 ml culture of ACAM 456 was used to inoculate fresh 

broth, contained within a sealed l O I vessel. This was incubated at l 0°C for 9 days, 
with agitation provided by a magnetic stirrer. The culture was harvested by centrifuga­
tion using 250 ml vessels (6000 rpm = 3470 g) and the cell pellets were pooled by 
resuspension in minimal volumes of sterile 0.85% (w /v) saline. Known volumes of the 
cell resuspension were then taken and serially diluted to obtain absorbance values at 540 
nm. From a plot of absorbance versus colony forming units ( CFU) ml- i previously 
prepared for ACAM 456, an estimate of cell concentration per unit volume for the cell 
suspension was determined (McMeekin et aL, 1993). The cell suspension was divided 
and the resultant fractions were diluted to produce three separate suspensions for rotifer 
feeding: (i) 1 x 10 10 cells in 1 ml; (ii) 1 x 10 11 cells in 1 ml and (iii) 1 x 10 12 cells in 5 
ml. 

2.3. Initial rotifer culture 

The initial rotifers utilised for the experiment were cultured in 80 l white plastic 
cylindrical containers with aeration, undergoing a 7-day batch culture cycle. Seawater 
was maintained at 35%0 salinity and 23°C. The rotifer culture was fed daily with 10-20 l 
of log-phase microalgal culture Usochrysis sp., Tahitian clone; Pavlova lutheri or 
Tetraselmis suecica). Yeast feed (Saccharomyces cerevisiae) was also utilised as the 
microalgae were cleared from t.i-ie culture vessels, based on visual observations. Assess­
ment of rotifer numbers was carried out by removing three 1 ml samples and placing the 
contents on petri dishes in small drops prior to counting under a low power microscope. 
For one day prior to commencement of the experiment, rotifers were fed yeast 
(Saccharomyces cerevisiae) only. Following this period, rotifers were starved for 24 h 
prior to commencement of the experiment. This procedure took place within the original 
80 1 culture vessel. 

2.4. Rotifer feeding and harvest 

Three rotifer cultures were prepared from the initial culture, to which the above 
bacterial suspensions were added to produce total volumes of 1 l and a rotifer 
concentration of 200 animals ml- 1• A fourth l l rotifer culture was prepared at the same 
concentration, to which 0.2 g of yeast (Saccharomyces cerevisiae) was added. Rotifer 
cultures were maintained at l 8°C with constant aeration. After 6 and 24 h, 200 ml 
fractions of each rotifer culture were removed, the animals collected with a 63 µ.m mesh 
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Table I 
Fatty acid composition of foods and rotifer cultures fed yeast or differing concentrations of strain ACAM 456 after 6 and 24 h. 

Average percentage composition 
Sample Code a Yeast ACAM456 0/ROT 6/YE 24/YE 6/107 24/107 6/108 24/108 6/109 24/109 
Fatty Acid (n= I) (n= I) (n= 2) (n= 2) (n= 2) (n= 2) (n= 2) (n= 2) (n= 2) (n= 2) (n= 2) 

13:0 - 0.5 tr tr tr tr tr tr tr 0.1 0.1 
14:0 0.3 13.9 1.7 1.7 1.5 1.7 1.4 2.9 2.2 2.6 4.6 t, 

15:0 0.1 2.2 0.5 0.5 0.5 0.5 0.5 0.9 0.8 1.0 I.I ~ 

16:0 7.9 23.3 6.2 8.0 7.2 6.7 6.2 8.5 7.9 7.9 7.7 ~ 
'"' 17:0 0.1 0.5 0.4 0.2 0.3 0.3 0.4 0.3 0.4 0.3 0.4 5' 
i;:;-

18:0 2.9 2.7 4.9 4.9 4.4 4.8 4.6 4.3 4.4 3.3 3.3 ~ 
t:, 

Sum Saturates: 11.4 43.1 13.5 15.3 13.8 14.0 13.0 16.9 15.7 15.2 17.3 :--. 
'-.. 
:.i:.. 

i13:0 - 10.8 lr tr 0.1 tr 0.1 0.5 0.3 3.3 2.3 
..I:) 

§ 
il5:0 - 4.5 0.7 0.7 0.9 1.0 1.0 1.7 1.3 3.0 3.0 '"' i:: 

::;-

Sum Branched d: 15.5 
i:: - I. I 0.7 1.0 1.0 1.3 2.2 1.8 6.7 5.8 
., 
"' ...... 

14:ln-8 0.5 0.1 0.1 0.1 "" - tr tr tr tr tr tr 'I 

14:ln-7 0.2 0.2 
-._ 

I.I tr 0.1 tr 0.2 0.1 0.2 1.0 0.8 
._ 
'O 

15:ln-8 - 0.7 0.1 tr tr tr 0.2 0.1 0.2 0.6 0.5 ~ 
'-

16:111-9 - 2.0 1.4 I. I I.I 1.4 1.3 1.5 1.3 1.9 1.8 ._ .._ 
16:111-7 17.1 22.8 27.0 29.2 29.3 26.8 26.0 27.6 26.4 33.1 28.9 '-'> 

I 
16:111 -7 b - 0.3 0.2 0.3 0.4 tr 0.3 0.1 0.2 0.2 0.4 

...... 
N 

16: l n -5 0.2 
'-'> 

tr 0.2 0.1 0.1 tr 0.2 0.1 0.2 0.2 0.2 
17:ln-8 0.3 0.8 0.7 0.8 0.8 0.7 0.7 0.9 0.9 1.0 0.8 
17: I c - 0.4 0.4 0.3 0.3 0.4 0.5 0.4 0.4 0.4 0.2 
18:ln~9 44.9 1.9 29.7 31.3 30.1 29.2 27.4 24.1 23.0 16.1 12.7 
18:ln-7 2.9 2.7 4.4 4.7 6.2 5.7 6.3 5.5 6.1 5.5 6.4 
20:ln-9 - - 5.4 4.1 4.2 5.3 5.0 4.4 4.5 2.9 2.9 
20:1 C - - 0.9 0.7 0.8 0.9 0.9 0.8 0.8 0.6 0.7 
22:I c - - 1.2 0.9 1.0 1.2 1.2 1.0 I. I 0.7 0.7 
22:1 C - - 0.4 0.3 0.3 0.4 0.4 0.5 0.4 0.3 0.3 



Sum Monounsal. e 65.5 33.2 72.4 73.8 74.8 72.0 70.4 67.2 65.7 64.8 57.6 
18:211-6 15.8 0.4 2.2 1.6 1.9 2.2 2.7 !.9 2.8 l.2 2.l 

18:3n-3 5.9 - 3.4 2.7 2.7 3.4 3.6 2.8 2.9 1.7 .4 

18:411-3 - tr 0.6 0.5 0.7 0.7 l.O 0.6 1.0 CU 0.5 
20:311 -6 - 0.6 0.4 0.4 0.5 0.7 0.5 0.6 0.3 

20:211 6 - - 0.8 0.5 0.6 0.7 0.9 0.6 0.8 0.2 0.3 
20:411-3 - 0.4 l.7 l.2 1.2 1.6 l.9 l.5 1.7 l.1 l.5 
20:411-6 - - 1.0 0.8 0.7 l.2 !.4 1.0 l.l 03 tr 
20:511-3 - 6.8 1.0 l.O 1.0 1.2 l.4 3.3 3.7 7.J 9.4 
22:611-3 - lr tr 0.1 0.1 tr 0.l 0.3 0.4 u t:, 

Sum PUFA r: 21.8 7.6 11.4 8.7 9.4 11.8 13.6 12.l 14.9 12.6 l7J 
1:,, 

<'. 
~· 

Other 1.3 0.6 l.6 l.5 0.9 l.2 l.6 l.5 l.9 0.8 2.2 ~~ 
<::) 

~ 

Total: 100.0 100.0 100.0 100.0 !00.0 100.0 100.0 100.0 100.0 100.0 iOO.O ~ 

20:511 - 3 (ng/rolifer) nd nd tr O.l 0.4 O.! 0.6 0.6 l.6 l.9 
22:611 3 (ng/rotifer) nd nd tr tr tr tr r tr 0.l 0.1 0.9 

• Sample Code Legend (X/Y): 
X = 0: Sample time Oh. 
X = 6: Sample time 6 h. '-· 

.j,._ 

X = 24: Sample time 24 h. 
'l 
·-, 

b = trnns isomer. 
.... , 
\Q 
'O 

Y = ROT: Initial unfed rotifers. 
0\ ,_ -Y = YE: Rotifers fed yeast paste. ,_ 
\.>1 

Y = 107: Rotifers fed 107 bacteria per ml. I ,_ 

Y = !08: Rotifers fed I 08 bacteria per ml. 
1'.> 
V, 

Y = 109: Rotifers fed l09 bacteria per ml. 
c Double bond position not determined. 
tr = < 0. ! % or < 0.1 ng/rotifer, respectively. 
nd = not detennined. 
d Includes: (tr-0.3%) i 14:0; (tr-0.2%) i 16:0; (tr-0.2%) i 17.0. 
e Includes: (tr-0.2%) 15: l 11 - 6; all cis geometry unless otherwise stated. 
r Includes: (tr) amounts of l 8:3n - 6. 

v;:, 
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screen and washed with filtered seawater (1 1). Suspensions of the washed animals were 
divided for sample replication and were harvested by filtration onto premuffled (450°C, 
24 h) glass-fibre filters (Whatman GF /F) before freezing at -20°C prior to lipid 
analysis. A sample ( I 1) of the initial unfed rotifer culture was also harvested, as 
described above (see sample 0/ROT, Table 1). 

2.5. Lipid extraction and fractionation 

Lipids were extracted from bacteria using a modified one-phase (chloroform­
methanol-water) Bligh and Dyer extraction (Bligh and Dyer, 1959; White et al., 1979). 
A portion of the total lipid extract recovered from the lower chloroform phase was used 
for fatty acid analyses. This portion was transmethylated by reaction for 1 h at 80°C with 
methanol-hydrochloric acid-chloroform (10: 1: l; v /v /v, 3 ml). After the addition of 
water (1 ml), the resultant fatty acid methyl esters (FAME) were extracted with 
hexane-chloroform ( 4: 1; v /v, 3 X 2 ml). For gas chromatographic ( GC) analysis, 

. samples were diluted with chloroform containing nonadecanoic acid methyl ester (19:0 
FAME) as an internal injection standard of known concentration. Peak areas were 
quantified using chromatography software (DAPA Scientific Software, Kalamunda, 
Western Australia) operated using an IBM-compatible personal computer. The fatty acid 
percentages shown in Table 1 represent mean values where duplicate samples have been 
analysed. Fatty acid concentration data (expressed as ng rotifer- 1) were calculated using 
the initial abundance of rotifers in each culture. 

2.6. Analysis of FAME's 

GC analyses of the FAME's were performed with a Hewlett Packard 5890 chromato­
graph equipped with a 50 m X 0.32 mm internal diameter cross-linked methyl silicone 
(0.17 µm film thickness) fused-silica capillary column and flame ionization detector 
(FID), as described in Nichols et al. (1995). GC-mass spectrometric (GC-MS) analyses 
were conducted using a Fisons MD 800 GC-MS system (Barrett et al., 1995). 
Component identification was by comparison of retention time and MS data with those 
obtained from authentic and laboratory standards. 

3. Results 

The fatty acid composition of the yeast- and bacteria-fed rotifers, together with that 
of the initial unfed rotifers, yeast and bacteria diets, is shown in Table 1. Major fatty 
acids of the bacterial food, ACAM 456, grown under the conditions described were 
16:0, 16:ln - 7, 14:0, i13:0 and 20:5n - 3. These components accounted for 77.6% of 
total fatty acids (TF A). Of particular interest was the level of EPA present in this 
bacterium (6.8% of TFA under the culture conditions employed). The fatty acid 
composition of the yeast diet was dominated by 18:ln - 9 (44.9%), 16:ln -7 (17.1%) 
and 18:2n - 6 (15.8%). No EPA was detected in the yeast diet, although I8:3n - 3 was 
present (5.6%). The fatty acid composition of the initial unfed rotifers (which had not 
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The fatty acid composition of the yeast-fed rotifers at 6 and 24 h is Table l. 
Incorporation of the yeast by rotifers wa<; evidenced by an increase in the amount of 
TFA after 6 h (to 14.4 ng rotifer- 1) and 24 h (to 37.5 ng 1) feeding. 
However, the fatty acid profile of both the 6 and 24 h yeast-fed sampies closely 
resembled that the initial unfed rotifer stock culture. 18:3n - 3 (1.6-1.9%) and 
18:2n - 6 (2.7%) remained the predominant PUFA, with the level of EPA unchanged 
from that of the initial rotifer sample. 

The rotifer culture fed an initial cell concentration of l O 7 bacteria ml- 1 contained a 
similar amount of TFA to that of the yeast-fed culture after 6 h feeding (12.0 ng 
rotifer- 1 ). After 24 h, the level of TFA surpassed that of the yeast-fed samples (44.2 ng 
rotifer- 1 ). On a comparative basis, the fatty acid composition of rotifers did not differ 
greatly from the unfed or yeast-fed samples (Table 1). 

After 6 h of feeding on 108 bacteria ml - 1, rotifers contained 17 .1 ng of TF A 
rotifer- 1• After 24 h feeding, this value had increased to 43.0 ng rotifer- 1• A diet of 108 

bacteria ml - 1 led to an increase in both the percentage of bacterial marker fatty acids 
and EPA in rotifers. After 24 h of feeding, the percentage of EPA reached 3.7% of TFA 
(Table 1). 

Feeding on an initial concentration of 109 bacteria ml - 1 resulted in the highest 
concentration of TFA found in rotifers at both sampling times (26.0 ng rotifer- 1 at 6 h; 
71.0 ng rotifer- 1 at 24 h). After both 6 and 24 h of feeding on 109 bacteria rn1- 1, the 
percentage of bacterial marker fatty acids and EPA increased greatly from the levels 
present in the initial unfed rotifer culture and the yeast-fed rotifers. The percentages of 
18: 1 n - 9 and l 8:3n - 3 in rotifer samples fed 109 bacteria ml- 1 decreased after both 6 
and 24 h of feeding (Table 1). Comparison of EPA incorporation levels implied a 
dependence on both the length of feeding and the bacterial food concentration. 

Docosahexaenoic acid [22:6n - 3, DHAJ was present as a minor component in both 
samples of rotifers fed on an initial bacterial concentration of 109 cells ml- 1 (0.4%, 6 h; 
1.3%, 24 h). However, rotifers initially fed 10 7 or 108 bacteria ml- 1 contained only 
trace amounts of DHA, while this component was not detected in either the yeast or 
bacterial diets (Table 1). 

4. Discussion 

Watanabe et al. (1992) reported the use of a different EPA-producing bacterium 
(strain SCRC-6370), thought to be closely related to Shewanella putrefaciens, for the 
nutritive enrichment of B. plicatilis. Under the conditions of their study, the highest 
level of EPA incorporation within rotifers was 7.5% of TFA (2.7 ng rotifer- 1) when 
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Trophic tra..11sfer of bacterial fatty was demonstrated by the increased 1eve1s of 
bacterial marker fatty acids ( 14:0, i 13:0 and i 15:0) found rotifers after feeding on 
ACAM 456. The increasing percentage of bacterial marker acids found in 
rotifers when fed increasing concentrations of ACAM 456 implies a direct enrichment 
mechanism, similar to that observed for the major fatty acid components of microalgal 
diets (Ben-Amontz et at, 1987; Whyte and Nagata, 1990). Furthermore, the apparent 
stability of the total percentage of the components (14:0, total branched-chain fatty 
acids, EPA, 18:ln - 9 and 18:3n - 3) irrespective of rotifer diet or feeding time (Fig. 
1), implies a simple substitution of major fatty acid components of yeast derivation (i.e. 
18:ln - 9 and 18:3n - 3) with those of bacterial diet origin. 

The apparent efficiency of EPA incorporation, on a comparative percentage basis, 
from a food source to the rotifer appears to be variable, and is therefore an issue worthy 
of consideration when testing new enrichment regimes. Whyte and Nagata (1990) report 
high levels of incorporation efficiency from Thalassiosira pseudonana ( which contained 

0/ROT 6/YE 24/YE 6/!07 24/107 6/108 24/108 6/109 24/!09 

Rotifer Sample 

~ 20:Sn-3 

~ 14:0 

!IT: Sum Br-Chain 

::: 18:3n-3 

0 18:ln-9 

Fig. 1. Changes in the average percentage of bacterial marker fatty acids (l 4:0, and the sum of branched-chain 
fatty acids) together with I 8: Jn - 9, l 8:3 n - 3 and 20:5n - 3 (EPA) in rotifer samples as a function of diet and 

feeding time. Sample codes refer to Table l. 
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lutheri over a given time period (Volkman et al., 1989; Jeffrey et al., I 994; Nichols 
and Russell, 1996; unpublished data). 
(3) As an extension of this concept, the use of bacteria as a PUF A source may allow 
the production of co-culture foods; the combined culture of two or more bacterial 
strains to combine several desired characteristics. For example, the provision of DHA 
in mariculture diets is an area of expanding interest (Jeffrey et al., 1994). Bacterial 
strains with the ability to produce DHA have been isolated (Hamamoto et al., 1995). 
A co-culture of EPA- and DHA-producing bacteria may provide a mariculture food 
that is rich in both of these essential fatty acids. In addition, the use of probiotics in 
rotifer cultures is also receiving worldwide attention (Gatesoupe et al., 1989; Gate­
soupe, 1994; Bergh, 1995). PUPA-producing bacteria may have further potential as 
components in a probiotic cocktail. 
The present study has demonstrated the effectiveness of an Antarctic PUPA-produc­

ing bacterium, ACAM 456, as an enrichment food for the rotifer B. plicatilis. The 
findings encourage the discussion and development of potential bacteria-based enrich­
ment foods by the mariculture industry that are based upon their inherent cultivation and 
cost advantages. 
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within rotifers 
efficiency of incorporation 456 appears to be good 
that found in other studies. present ACAM 456 is associated with 
phospholipid species (unpublished data). Tne observed differences in levels of PUFA 
incorporation achieved from various enrichment diets may be to differences the 
lipid classes which the PUFA was un .. .,,.,,.u in the food organism. 

The level of EPA incorporation using ACAM 456 also show room for 
improvement. Nichols and Russell ( 1996) have reported EPA levels from this bacterium 
of up to 16% of TFA under laboratory-scale culture conditions. Comparison of the fatty 
acid composition obtained from the large scale culture used in this study (Table 1) to 
that obtained by Nichols and Russell ( 1996) for laboratory-scale cultures, indicates that 
the decrease in the percentage of EPA was off set by a much higher percentage of 
saturated fatty acids, particularly 14:0. PUFA biosynthesis appears to rely on an aerobic 
mechanism, requiring (or preferring) oxygen as a terminal electron acceptor for desat­
urase enzyme systems (Nichols et al., 1992; Iwanami et al., 1995). ACAM 456 may 
have suffered oxygen limitation in large culture, resulting in partial inhibition of ceH 
growth and PUFA production. The increased percentage of 14:0 in the large scale 
culture of ACAM 456 was also detrimental to EPA enrichment, as 14:0 was enriched in 
a similar manner to EPA in rotifers fed 108 or 109 bacteria ml- 1 (Fig. 1). Large scale 
batch culture of ACAM 456 may require optimisation in terms of EPA production by 
the bacterium. 

The occurrence of DHA as a minor component in rotifers fed 108 or 109 bacteria 
m1- 1 is noteworthy, as this component was absent from both rotifer feeds, and only a 
minor component (trace to 0.1 % ) of other rotifer samples. The presence of DHA in 
rotifer samples that had accumulated elevated levels of EPA is suggestive of chain 
elongation and desaturation of EPA to DHA by the rotifers (Lubzens et al., 1985). 

The major cost, both financially and logistically, incurred in the raising of larval fish 
in many hatcheries, is the supply of PUFA enrichment diets to rotifers (Jeffrey et al., 
1994; Lubzens et al., 1995). The use of bacterial enrichments offers several advantages 
when compared to the traditional use of microaJgae: 

(1) The culture of bacteria opposed to microalgae is a simpler operation, in terms of 
culture conditions and requirements (e.g. light, C02 , etc.). 
(2) Batch cultures of bacteria usually achieve a much higher cell density than those of 
most microalgal species, and in a much shorter time. For example, in the time 
required to grow a single batch culture of a microalga, many batch cultures of a 
bacterium may be produced, yielding a far greater biomass. The greater bacterial 
biomass produced may offset the higher lipid levels present in most micraalgae 
(Volkman et al., 1989). From a comparison with the microalga, Pavlova lutheri, 
when growth rates, biomass yield and PUFA content are considered, it is estimated 
that the EPA yield from ACAM 456 would be greater than that obtained from P. 
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to produce have been isolated 
A co-culture of DH..1\-producing bacteria may provide a 
that is both of these essential fatty acids. In addition, use of probiotics 
rotifer cultures is also u,r,.-,nm attention (Gatesoupe et aL, 1989; 
soupe, 1994; Bergh, 1995). PlJFA-producing bacteria have further potential as 
components a probiotic cocktail. 
The present study has demonstrated the effectiveness of an Antarctic PlJFA-produc­

ing bacterium, ACAM 456, as an enrichment food for the rotifer B. plicatilis. The 
findings encourage the discussion and development of potential bacteria-based enrich­
ment foods by the mariculture industry that are based upon their inherent cultivation and 
cost advantages. 
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oils or the culture of micro algal species have traditionally provided industrial sources of 
omega~3 (ro3) polyunsaturated fatty acids (PUFA). However, fish oil sources may be unreliable 
\Vith the failure or variability of various fisheries. In the future there is concern that insufficient 
fish oil will be available to meet the expected growing demand for ro3 oils. The culture of 
algae for ro3 PUFA is comparatively expensive and complicated. In comparison, the potential 
production of ro3 PUF A from bacteria may be cheaper and easier to produce resource. Several 
species of bacteria have been isolated from the Australian Antarctic Territory that are capable 
of producing ro3 PUF A (e.g. eicosapentaenoic acid, EPA; 20: 5ro3) at similar relative levels to 
those found in microalgae or fish oils. Other species have been isolated that produce 
docosahexaenoic acid (DHA, 22:6ro3) and a mixture of EPA and arachidonic acid (AA, 
20:4ro6). These bacteria may represent a potential new, cheaper and easier to produce source 
of ro3 and ro6 PUF A for the food, aquaculture and related industries. 

Introduction 

Every year, vast areas of sea-ice forms at the ocean surface surrounding Antarctica. Ice 
coverage may extend from around 3 million km2 in February, to a peak of20 million km2 in 
September/October (Vincent 1988). The sea-ice supports the growth of a variety of 
microalgae (mostly pennate diatoms) together \Vith an active bacterial community. This sea-ice 
microbial community (SIMCO) is a major component of the carbon and energy flux the 
polar ocean, and is the foundation of the Antarctic food chain. 

An important role of the SIMCO, \Vith respect to higher trophlc levels, is the biosynthesis of 
PUFA such as EPA and DHA. Only certain bacteria, together with unicellular microalgae, 
possess the capability to produce PUFA de novo (Watanabe et al 1983; Lubzens et al 1985). 
Many other marine organisms cannot synthesize these fatty acids themselves, but rely on 



Bacterial strains used for fatty acid analysis and feeding trials were obtained the 
Australian Collection of Antarctic Microorganisms (ACAM), University of Tasmania. Strains 
were also isolated from sea-ice cores collected in Prydz Bay and near-by lakes during the 
1990/91 and 1993/94 summer seasons, as described in Nichols et al (1993b) and unpublished 
data. Rotifer feeding trials using PUF A-containing bacteria were conducted using similar 
protocols to those outlined in Nichols et al (1996). 

Lipids from bacterial samples were extracted using the modified one-phase chloroform­
methanol Bligh and Dyer extraction as described in Nichols et al ( 1993 a&b ). For bacterial 
samples, a portion of the total-lipid extract was transmethylated by reaction for l hat 80°C 
with methanol-chloroform-hydrochloric acid (10:1:1, v/v/v, 3 ml). The resultant fatty acid 
methyl esters (FAME) were extracted with hexane-chloroform (4: 1, v/v; 3 x 2 ml) (Nichols et 
al 1993b ). For microalgal samples, a portion of the total lipid extract was first saponified by 
reaction at 60°C for 3 h using 3 ml of a 5% KOH in 80% methanol (w/v) solution. Subsequent 
fatty acid methylation was achieved by acidification of the aqueous layer after initial extraction 
of the non-saponifiable neutral lipids, and extraction with hexane/chloroform ( 4: l v/v, 3 x 1. 5 
ml). Gas chromatographic (GC) and GC-mass spectrometric analyses ofFAME samples were 
conducted using a Hewlett Packard 5890 GC and 5970 mass selective detector (MSD) as 
described in Nichols et al (1993a&b) or FISONS MD 800 GC-MS. Analysis of the polyene 
hydrocarbon and hydrogenation product was conducted using GC and Kratos Concept ISQ 
mass spectrometer as detailed in Nichols et al ( 1995b ). 

Results and Discussion 

Bacterial PUFA 
Of over 110 psychrophilic bacterial strains analysed, 17 were found to produce at least trace 
levels of EPA Several strains contained high levels of EPA, with one strain (ACAM 456) 
containing up to 17% EPA of the total fatty acids (Figure l; see also Nichols & Russell 1996). 
ACAM 456 is now descn"bed as Shewanella gelidimarina (Bowman et al. 1997b). In 
comparison, sea-ice diatom communities examined contained high levels of PUFA, in the range 
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Figure 1. Eicosapentaenoic acid, docosahexaenoic acid and arachidonic acid levels ( of total fatty 
acids) in selected Antarctic bacteria and sea-ice diatom communities. Diatom data from Nichols et al. 
(1993a). 



The proportion oac;reiaiuEPA-producers the =+~--rn seia-1(;e is an 
magnitude higher for temperate mairme environments (Yazawa et al 1998a&b) (Figure 2). 
This finding suggests that physico-chemical parameters of the Antarctic sea-ice 
environment have selected for bacterial strains capable u.w..u.u,,u.uJlllj":, a functional lipid 
membrane by the production of PUFA (Nichols et al 1995a). 

International interest exists the transfer of PUFA genes to oil yielding microorganisms 
and ultimately oil seed plants. Bacterial DNA is simpler than eukaryote-derived DNA. It is 
likely, therefore, that bacterial DNA (e.g. from the EPA and DHA producing organisms such 
as Shewanella and Colwellia spp.) may be used as a source of genetic material in the future for 
production of EPA and DHA by transgenic microorganisms or higher plants. 

Other novel lipids 
A novel n-C31:9 polyene was found in several PUFA-producing strains. To our knowledge, this 
is the first isolation of a hydrocarbon of this type (Nichols et 1995b ). Although full 
chemical characterisation has not been completed, we suspect it is biosynthetically derived 
from EPA, by the head-to-head condensation of two EPA molecules, and represents a fu1ther 
membrane adaptation for stabilisation at low temperature. 

Bacterial PUFA -Aquaculture and other applications 
The possibility of using bacteria as aquaculture feeds has been previously considered, but their 
perceived lack of PUFA was thought to be a major drawback (Phillips 1984). It is now 
evident that certain strains of bacteria do produce high levels of PUF A. The ability to produce 
PUF A allows these bacteria to be considered as a valuable addition or alternative to current 
aquaculture feeds. Bacterial production of PUFA represents a renewable resource, in 
comparison to the variable nature of fish catches that are currently the most common source of 
ro-3 PUFA. The culture of bacteria is also considered far cheaper and easier than that of algae 
as a PUFA source. The industrial usage of purified PUFA (such as EPA or DHA.) as health 
products, food additives or pharmaceuticals is also increasing. Bacteria possess the advantage, 
relative to fish oil and most algal oils, that the majority of PUF A-producing strains accumulate 
only one type ofPUFA in particular, usually EPA or DHA. This potentially could remove the 



Environment 

Figure 2. Proportion of EPA-producing bacteria from various environments. Data from 
Yazawa et al. (1988a&b). 



issues 
high production costs relative to some cases nA1r,-.,,,.,,u,., ttT.,',"!,,,.'"'.l' .. ~~ p·roo,1enis 
SCOs. Noteworthy in the recent reporting arresting of embryonic 
development copepods by =u.v..<u.n. ..,,..,,_.....,,..,..,.._"°,."' in diatom cells, with the possibility """'"~""'Fi 
that algal oil constituents may c:::r.rr;i},;:r.,.,,..,,.,, (Miralto et 1997). Similarly, 
microalgal-derived DHA-rich oils contain urutae11tn1ea sterol cornU<:me11ts. The 
safety of these and other unusual lipids derived from micro algal oils used 
production needs to be well established as noted at the International Meeting on Infant 
Nutrition held in Barcelona during late 1996 (INFORM, February 1997). 

Fish oil reserves are currently considered adequate for aquaculture and other uses. There is, 
however, scope for better utilisation of existing :fisheries, in particular through exploitation of 
waste or bycatch. A new initiative by Nu-Mega Lipids will soon see manufacture of the first 
value-added ro-3 PUFA oil products in Australia derived from fish waste. Increased demand is 
predicted for ro~3 PUFA containing oils rich in EPA and DHA due to the many benefits now 
known for such oils. Ignoring possible toxicity and related issues, the economics of obtaining 
SCOs presently prevents their production being economically competitive relative to fish oils. 
However, the knowledge that global :fisheries have reached or are declining from maximum 
sustainable levels foreshadows increased future opportunity for the economic competitiveness 
of SCOs in a 5 to 10 year time frame, or perhaps for ro-3 oils derived from transgenic 
microorganisms or oil seed plants within 10 to 20 years. 
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July 19, 1 

Dear Dr. 

Tne highlight of our recent trip to 
Division of Oceanography! 

South was our visit to the 

You and your associates are really to be commended for the marine science that 
emanates from those beautiful laboratories. 

Aside from the pure science activities I was really impressed with the high morale 
of your staff and the unanimous respect they each had for you as an :individual and the 
leadership qualities you display :in the coordination of your large facility. 

ivf y only regret is that I could not have remained a few days longer as I was 
receiving a meaningful education :in our field of deep water shark liver oil. We were 
particularly grateful for the considerate treatment and meaningful education we received 
from Dr. Peter Nichols .... he is a real credit to your organization as is Dr. Michael Bakes. 

Again, Dr. Fan.dry, we thank you for your hospitality and will look forward to an 
opportunity to visit you again. 

Dr. Chris Fan.dry 
CSIRO Division of Oceanography 
GPO Box 1538 
Hobart Tasmania 
7001 Australia 

FEW/cu 

est regards,d /L 
-~~~/ ~ 

f OD., Ph.D. 

1955 South Ridgewood Way• Bountiful, Utah 84010 • (801) 294-8610 • Fax (801) 294-6906 

--, ,, ,- .. ~ .. ~----.. -· - - ···-~ ·--~---·· .. ,. --- ~,----.---. . ~-~ ·-·-·- -·~---· .-----.-·--



CSIRO 

Dr Nicols, 

re: funding application 93/941 Marine 

Squalus has no hesitation in supporting your request for further FRDC fwiding. Both Squalus 
and Australia already sta.nd to benefit from you earlier work into the fractionation of shark liver 
oils. The research proposed in this application should further enhance the value of Australia's 
marine resources. 

A thorough knowledge of the composition of marine oils is an important pre-requisite to the 
development of commercial products from the oils. Our current level of knowledge is 
inadequate and your proposed work should help redress this problem. 

Given Australia's relatively high cost of labour it is impon:ant that we maxm:use labour 
productivity by having the best available technology. Your proposed work on supercritical 
fluid extraction and fractionation may significantly improve Australia's international 
competitive edge in the processing of marine oils. 

Li.creasing the value-added to Ausrralia's marine resources is important to both the industry and 
the nation. Your earlier work has already contributed to this goal and, we believe, that the 
research proposed in the application has a strong chance of further enhancing the value of our 
ma.rme resources 

Yours faithfully 

ll4WoJ 
Chris Lightfoot 
ManagiI1g Director 

SQUALUS PTY LTD ACN 005 76Z 61Z 
6 EARLSF!ELD ROAD. HAMPTON, VIC. 3!88 AUSTRALIA 

INTERNAT!ONAL TEL 613 521 0016 FAX 613 521 0075 
DOMESTIC TEL (03) 5210016 FAX (03) 521 0075 
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we have had discussions with the c.s.I.R.O. Oivisioo O...~raphy 
t.~e Wvrk which they are doL-.,.g particularly in reference to the Australian 
species of Fish is of extreme interest to the Pharrraceutical 
Industry in Australia. 

There is an increase the knowledge and :::.)J';;;;,..;..... nee.is of Onega 3 
Polyunsaturated Fatty Acids oot.1. in the p,::eva1tion of disease and in the 
treatment of existing disease. 

The essential pa.L-t of any project will be to use functional te.::::hniques to 
increa.se the ~a 3 Fatty Acids -which are present in low concentration for 
higher therapeutic levels and to make t.~ese fractions applicable to both the 
Feed and Ph.aJ::'ma.ceutical areas. 

For example: Baby Feed Industry I Trea.tmen.t of inflamnaticn, in t.'1e Phanr.aceutical 
Industry and for general maintena.."'.lca of Onega 3 levels which a~ 
es5€!ltial in evecyday life. 

We thoroughly support any project which will allow Australia to make use -of 
its resources and adding value to an existing industry particularly as m::>st 
\\/0.Cld sources are contaminated by pesticide problems. 

P.M-0:SH DR~ 
Managing Director 

NATl!JI.At tllU AN!) f!NR (.'!1~/111(;,l,t:> 

TOTAl P. v!l 





Model 
to search 

inerals 
MODEL aircraft with wing­
spans of only three metres 
are being evaluated by the 
mining industry as a lows 
cost method of mapping 
mineral deposits over large 
areas. 

The Australian Mineral 
Industry Research Associa­
tion (AMIRA) believes the 
project could cut the cost of 
geophysical surveys from 
$9-15 per km to $1 per km. 

Fitted with a miniature 
magnetometer, the craft 
would fly as low as 30 me­
tres, producing maps with 
"exquisite detail". 

The CRC for Australian 
Mineral Exploration is as­
sessing the feasibility of 
making extensive modifica­
tions to the Aerosonde, an 
Australian unmanned air­
craft used in full-scale 
flights last year by the Aus­
tralian Bureau of Meteorol­
ogy to study thunderstorms 
near Danvin. 

The 14-kilogram Aero­
sonde has been developed 
collaboratively since 1992 
by the Bureau of Meteorol­
ogy, Perkins Engineering 
(owned by Australian tour­
ing car champion Larry 
Perkins) and the Insitu 
Group (a small Californian 

aeronautical company). 
Modified for mineral 

exploration, it would be 
able to fly and land by it­
self, and would have a 
range of 3000 km. This 
would enable it to operate 
continuously for two to 
three days, flying in lines as 
close as 10m apart. 

Further information: 
James Macnae 
02 9850 9291 

ANZAAS 
Congress: 
Defending 
our Planet 
THE 65TH Congress of the 
Australian and New Zea­
land Association for the 
Advancement of Science 
(ANZAAS) will be held in 
Canberra from 30 Septem­
ber to 3 October, with the 
theme "Defending our 
Planet". 

The Congress will ex­
plore the role of science in 
identifying and under­
standing threats to sustain­
ing human existence on 
Earth, and in developing 
and implementing defences 
against them. 

The major sponsor is 
EnergyAustralia, and the 
Congress venue is Rydges 
Lakeside, Canberra. 

Further information 
1800 063 046 
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A LONG-RANGE solar-pow­
ered research vessel whkh 
would have the capo.city to 
keep stationary in the 
ocean for up to 
months is being developed 
by engineering staff at 
James Cook University in 
Townsville. 

The unmanned vessel is 
seen as a low-cost alterna­
tive to manned research 
vessels, which cost thou­
sands of dollars a day to 
operate. 

The proposed vessel 
would cost only around 

Orange roughy 
I good for 

cutting tools 

A FISH oil that prolongs the 
lifetime of high-speed metal 
cutting tools by between 25-
300 per cent is soon to be 
launched by a Tasmanian 
company following four 
years of R&D. 

The oil, previously a 
waste product from catches 
of orange roughy fish, is a 
more effective cutting fluid 
than conventional petro­
chemical-based fluids. 

It is odourless, competi­
tive in price, and can be used 
on all kinds of metal cutting 
tools including lathes, drills, 
saws and tappers. 

Hobart-based fish oil re­
fining company, Beku Envi­
ronmental Products, has 
been granted international 
patents recognising the oil as 
a degreaser and cutting fluid. 

Company spokesman 
Dan Cudmore said orange 
roughy-based cutting fluid 

but could be fitted 
with a range of instruments 
to measure ocean charo.c-

long, 
be operational be­

fore the end of the year. 
It will have Global Posi­

tioning System satellite 
navigation, and satellite 
communication. 

The idea for the vessel 
came from a proposal to 
hold o. solar powered boat 
race from New Zealand to 
Townsville. 

Further information 
Peter Grabau 
077 81 5092 

would be marketed at 
around $6 per litre. 

He said Beku had also 
succeeded in refining the oil 
even more highly into a 
valuable cosmetic product 
for which there is world­
wide demand. 

The unusual properties 
of the oil were noticed in 
1989, when fishermen slip­
ping around in fish oil all 
day found that it was react­
ing with the plastics in their 
boots. 

Beku Environmental 
Products was established as 
a result of a 1990 collabo­
rative research project on or­
ange roughy oil with CSIRO. 

The company also proc­
esses liver oil from deep-sea 
sharks, another fishing by­
product that was previously 
discarded. 

One fraction of deep sea 
shark liver oil, known as 
squalene, is sold o.s a health 
tonic in the world's human 
health markets. A second 
fraction, known as alkoxy 
glycerol, is reputed to boost 
the human immune system 
and has relevance in can­
cer treatment. 

Further information: 
Don Cudmore 
002 73 9377 
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begum1ng to emerge 
~~""""''''"0 research 

the oil content 

'""""'"'"'""" researchers are half way 
through the two-year pro-

and recently reteru;ect some pre­
results. 

Those involved ""'""'"'1 "''"•f" seem 
enthus'ias:tlc about the results and 

the health benefits of Austra­
lian fish. 

"When we talk about riches of the 
sea, this 
dimension for 
eries and ~y~w~~,~~-
searcher Virtue said recently. 

"There are definite trends that in­
dicate how fish oils medicinal 
value from season to season and be­
tween tropical and " re­
gions," Dr Virtue 

"We have also 
trash fish 

that 
as a bycatch to 

in 
have 
alone. 

The research is being 
funded the Fisheries Research 
Development Corporation 
and the CSIRO. 

'fhe research 
ducted 
Marine "'"esP;:c;n,n 
bart and ;.ux,,uvca 

the Division of Human 

as 'JA>LK,~:a 

The National. Health & Medical 
Research Council has recomr.11ended 
these u"""'""'-'' fatty acids 

increased in the diet of 
Australians. 

Dr Virtue said. that Australia is a 
leading international researcher in 
the marine oil \vith consider­
able US and European interest in 
the fish snecies database de-""'""'"' as of the study. 
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By ELIZABETH ST ACEY 
TASMANIA could become a 
major name in the United 
States health-products mar­
ket thanks to a lucrative new 
fish-oil deal. 

Worth close to $2.5 million, 
the five-year deal between 
Goodwood company Belm En­
vironmental Products Ltd 
and US company Oceania 
Products Ltd is for at least 85 
tonnes of the raw fish-oil 
product alkoxyglycerol to be 
exported to Canada, the US 

and Mexico. 

• 

Dan 
Cudmore: 
new 
deal 
opens 
other 
doors, 

Found in the livers of deep­
sea sharks - called 
squalidae - alkoxyglycerols 
are reputed to enhance the 
body's immune system and to 

diminish the potential dam­
age caused by :radiotherapy 
treatment for cancer. 

The sharks are caught as a 
bi-product of fishing for or­
ange roughy. 

Once the product is turned 
into capsules in the US, it will 
be marketed to 600 medical 
clinics and will bring in about 
A$85 million in retail sales. 

Beku marketing manager 
Dan Cudmore said the deal, 
which was announced yester­
day at Tasmania Develop-

ment Resources Hobart 
office, was a coup for 
the five-year company, 
which employs seven people. 

"This is a very important 
time for Beku," he said. "We 
have always identified this 
product as having uu0:uL,m1." 

Mr Cudmore said the deal 
expanded the i_;u,111.,.,uv mar­
ket potential, pre­
viously had been 
Asian. 

It also opened other doors 
for Tasmania - such as the 

sale of oils from salmon and 
for liver oils. 

He said Tasmania was 
ahead of other countries in 
this area. 

uuuno,u,u,,:1 dean south .. 
ern oceans, the 
and association of 
v.cnu.v." Mr Cudmore said. 

November 7, 1996 

·csmo­
marine 
leader Peter 
Tasmania's dean waters 
were essential to the success 
of such 

is expe,ctfid 
for sale on the US 
December. 
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US to get-·. 
our-:s11ark 
liver Oil. 
Five-year contract 

A Tasmanian company has won a multi-million 
dollar contract to supply shark liver oil to North 
America. .· 

Beku Environmental Products Ltd, of Hobart, 
yesterday revealed it had signed the exclusive 
five-year contract, worth about $2.5 million, with 
Oceania Products Ltd, of the US. 

The oil, from a small deep sea shark caught in 
Southern waters, will be used in health and 
medical products. Under the contract agreement, 
Beku will supply 85 tonnes of the oil, equivalent 
to 170 million capsules and worth $85 million. 

Beku marketing director Dan Cudmore yester­
day said that the company, which now employs 
seven people at its Goodwood plant, expected the 
market to expand dramatically because of the 
high quality of the oil. 

"Our catch comes from the Great Australian 
Bight, the Tasman Sea and the Southern Ocean 
and is regarded as the purest in the world," Mr 
Cudmore said. · 

He said that oil from the other major source, the 
North Atlantic and Scandinavian waters, was 
showing increasing levels of contamination from 
pollution. 

The oil is synthensised to produce high levels of 
alkoxybdycerol, which enhances the human im­
mune cfefence system and is believed to reduce 
potential damage from radiotherapy for cancer 
sufferers. · 

Six species of deep water shark can be used to 
produce the oil. The sharks average less than 1.5 
metres in length but their livers make up 20 per 
c~nt of _total body weight and can weigh several 
kilograms. . · · · . 

The sharks share the same water depths as the 
orange roughy. In the past, thousands of sharks 
killed by the pressure changes in being brought to 
the surface in the orange roughy nets have been 
regarded as waste and thrown overboard. . 

Mr Cudmore said that their value now· was 
recognised and some fishing boats were· now 
seeking them exclusively. But he said the 
numbers needed to meet Beku's requirements 
made up only a tiny fraction of the resource, 
which was being monitored by the CSIRO. 

"All the studies so far have shown the resource 
to be totally sustainable," he said .. 
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$8.5"1:~ ·. 
·purified 
shark oil 
i·c.ontract 

By Mlcm,lle Grima 

A TASMANIAN marine 
(?il procusor bas 11ecured ll.ll 
$86m. contract coup after 
aigni.ng IUI. excluaive supply 
agreement' with iin 

. American company yestor• 
day •.. 

The five-year contl-act wilt 
mean Beltu Environmental 
Product.I Ltd, of <,oodwood, 
will 1upply apadalind hu­
man health product derived 
from fi.th oil to US company 
Ocnna Pnlducta. · 

The first 1.3 t.onuea of the 
product baa alreadJ: been 
airfreighted to the US ud 
bulk ahipmente will coo• 
tinue to leave from. Hobart. 

· It will then he encapau• 
lated and marltttttd to more 
than 600 medical climc1 
tbrourhout North An\eriea . 

. The product - a deep Ma 
ahlll'k liver oil frDCtiou -
enbaraa the ha.man im· 
i:nun111 detanc,e .,..cem by in­
c:naaing white blood callt 
and le Aid ·to dirninilb po­
tard:ial l'adiotherapy damage 
in ca.neer therapies. 
· Be-lr.u marbtutg director 
Dan Cudmore Rid the by 
element. in winni.nJ the 

. coutract were tbe·COmJ?Cy'• 
ability to purify the oil to a 
level hlrber tlwl anywhere 
eln in th111 world. · 

'1 ·. '. Beku ha·· worked in COD• 
: 'juncttoa with .the csmo m 
· Hobert to · develop · the .oil, 
· led. by Dr Peter Nichole. 

•.···' ! ...... _;· •• 



lU: 1 

DAILY C:JMM KEi,;S 
,,- 8, l996 

H08.-\J{f: Oil frot:i 
sh:irk li·.-<'r, hdit•:cd to 

if 

the --nwm;in. immune- ,v,11:m i~ 
set to b<: :rn cxp:inding nport 
indu;rry for Ta:,m;;ni:.i - l:,uc ; ou 
c:in 't buv it in Aus(rJli:i. · 

l3cku • E11\·i10,1mcnral 
Product~ Ltd h:i~ ju$, ,:;ntd ;i 

thc-yeai contr:lCl with :in 
Amcric:Jn comp:rny !o m:irkc! 
S85 million worih of the oil in 
the Unircd Sc:ne,. Ci.11::c:1 :rnd 
Mexico. 

At:ho1..gh stopping ;hort of 
d::imrn~ ,he l1il w:.1:, ;ik;n tt> " 
m,r:iclc - on::. Sclu m.l.fk::::,m: 
Jin:<.:'.Vf D,m Cut.!1110ic ,;;,jj 
,tudie; found tilt :ilk vl'!h ;;cro! 
ir ~v11r.:ii1h!d i.."'(told Sv~:i~r the 
h1!ff1:..in immune "'""rent bY 
incr<::1,;in" "'hit<: biooc :;:!(, 
a,iJ thronib,x:yt~s. 

A!ky!gl::,ccro! w:'b :nh,1 
b<!!icved rn have th-: :,mcnu;i! tu 
reduce Ll'l<! cfr.:cts of r;idi;;tion 
rl:erJpy ir. car.cer pancms. 

Mr Cudmore ,:lld the prcd· 
u..:t. whi.::h Md been dcvelopcct 
in con,uk1tion u·ith CSIRO's 
\-bnnc Division here. was 
nor :tv:1il:.blc for ~cncr:cl 
sale in Austr:i!i:i -

Allhou'1.h sh:irk liver oil 
h:id been ·c0nsur..<'.'rl ii:,r ::,:n­
curie,. the Thcr.lpcutic 
Goods Admini~rraiinn h;id 
not rek:ised the produ.:t for 
g:~ni~r:ii ::on~umpcion. 

··You c.ln'r li,t th:1: prod· 
ut:! fur Ausu::il!:rn saks wel 
have it eencr:\lh· ,old," M, 
Cudmore Sllc!. • 

"You c:w !i,t it r,,~ pro­
duction lfl Au,trdi:.i ;i$ long 
n:; you c:<pcn iL 

.. [r\ not yuite a Lorenzo·s 
Oil this produs:t, bu! we 
wl,)uJd n::ttivl': si.~ t(, eight 
phone c:ills ::i week from 
pt<:,pie · :1round ,"- u,tr:i! i:l 

\\ h\> ilcJf .i.!;,uu( tlli~ pm.Jue:! 
··The:· hu,·e ,;ome~lk ur tMY 

krn,,,. ~on-ic:Ow: v,·fau ~ go, i.."J.tl,.. 
t:i.::- ur who·~ under12.otn:! 
~hcnwthcr:ip;, :,;id they 1~·ould 
I.:i,e_ ti:, ~et hold r,f rhi; pr,,d· 
uC-f. 

A:, Beh: c,.\pon,. the oil 
r:it:icr 1h.1i:: thi: ..::1osul6 ,0!J :ir 
;i rci:ul iel"c:l. ir had r:1;.idc no 
o.ppllcarion rn h:iv, the pr<.x.lm:: 
il;;rect other :h~n for <:.,c\!rt. 

l\-lr CvJm,,rc, 0JuuLitcJ 
whcihc:r rhc Amtr,,:an comp,;. 
ny "uu!J ;,,pply cirtle!' ,pven the 
,iLc ~,( tl,e porential mar\.:.·r in 
Au.,r1 .t!,,: ,in,;! tl1e r~cr :h;;t the 
pr0Ji1<.'f ·.1,:i, un:ihle 10 be 
f):.l!CrH:J bc..::.iu"c it W;JS i.l O_;.tH.tf'· 

~1 u,L 
A n1itlirnum (~S k">nnc-... t.J( lh<: 

011. _;,,:,,;cntr:.itcu 10 ~ level ll•A 
;;ch1c•,ed eb.:wi1>:?ft!. will be 
::1.poncJ unJcr tt1c :iv~·yLar 
Jt:.Jl. 

The cle:1:i w~:cr, of the 
So!.!t.l-iem O..:.::rn ,~c;c \he key "" 
m:ukc:in~ rish oil ovcr~c:i~ 

_.),. Gr.,,rnpc;;,;c rcpon inw 
items produc~ [n,m ·ii.,h frurn 
w:iter; in the nor.hem hcm,­
sohuc found ,h:u more th'l:i SO 
;::r -:c,nt c:om:.incd ornanoch!;;­
rins, CS!RO m1.'1l'lc - orodum 
prnjecr !e:iccr Pci::r ·~i.:ho!; 
:;.11d. 

"'Our w:irer, Jre pri,tinc:," Dr 
:'iichuls :;J1d. 

"We do not h:iv~ r.vl!ut:.irH 
p10bkrns :rnd 1h11 i$ :i. L:v mJ.r• 
keling fe:iturc." ' 

The ~pcdc:, M sh:irk u5ed to 
make the nil i~ J srn:i.ll varie:y 
found only in dctp warers. usu· 
al!y c:iught in ur:inge rougny 
and other dccD-,c:i fishenes . 

L'n1il the u;cful propcnics of 
its liver oil were disco,·crcd, thi: 

AAP 



con1JI1entary, pages 

Abstract The chemical comoosition of the cooked skinless 
flesh and the proventricular (itomach) oil of the mutton bird 
('yolla') has been iwresngate:n, Tne flesh has levels ofvira­
min A, iron, zinc, calcium, iodine and selenium. Its fat (18.7 g 
per 100 g flesh) has a high proportion of polyunsatu-
rated fatty acids (9,3% of total fatty acids). oil, which 
comprises 64% waxes and 32% triglycerides, is ,,,,,,,,i,,,.;v rich in 
omega-3 fatty acids (24.9% of total fatty acids). The amounts are 
such that a typical Australian's intake of omega-3 fatty acids 
would be at !east doubled by consuming 100 g of the flesh per 
week, or 1 g oil per day. T'ne available and potential supply of 
mutton bird flesh and oil is substamiaL For those who consume 
it regularly, the flesh may assist in primary prevention of cardio­
vascular disease. Regular consumption may also assist in the 
management of individuais with atherogenic and thrombogenic 
conditions. The oil may have therapeutic usefulness for athero­
sclerotic and thrombotic conditions; however, the bioavailability 
of the wax fatty acids have not been determined. It could also 
have potenriai in the mar:iculture industry. (Aust J Nutr Diet 
1995;52:87-91). 

Keywords: mutton bird, yo!la, Puffinus tenuirostris, Aboriginals, 
chemical analysis, omega-3 fatty acids. 

Introduction 

Over the iast decade, there has been an upsurge in interest 
in the nmricional properties of traditional aboriginal 
foods(!). However, most analyses relate to species from 
northern Ausrralia. Little attention has been given to those 
of the southern region, including Tasmania. 

One species important for Tasmanian Aborigines be­
fore and after European contact is the mutton bird (2,3), 

called 'yolla' in the local languages (4). Aboriginal com­
munities are expanding an industry based on this species. 
This present study investigated the nutritional value of 
two products derived from the mutton bird: its flesh and 
its oil. The oil, whose physiological function for the bird 
is uncertain (5), is obtained from the proventriculus (stom­
ach) by inverting and squeezing the bird: the body, as sold 
for eating, does not appear to contain significant amounts 
of the oil. 

Materials and methods 

Analysis of flesh 

Six skinless birds (without heads, wings, legs or entrails), 
from the Aboriginal enterprise Yolla Products, were de­
iivered frozen to the South Australian (SA) branch of the 
Australian Government Analytical Laboratories (AGAL). 

browned in their own 
water until the flesh \x.ras tender 

two edible parts, 1m:lrn:irn:2 flesh and 
visible fat, were homogenised to fonn a composite sam-
ple. 0<1Uli:J!c;:, were ~o"h-~,Yc>,-~ until analysis, with 
moisture and vitamin assays coi:nmenced within 24 hours 
to minimise losses (6). All methods are used routinely in 
these laboratories for analysis of other Australia.11 foods 
(e.g. in ref7). 

Energy and macronutrient analyses 

Moisture was determined by drying at l02°C, ash by igni­
tion at 550°C, fat by Soxhlet extraction, and total protein 
by a Kjeldahl procedure (8). Carbohydrate was calculated 
by difference, and energy using the factors, fat 37 kJ/g, 
protein 17 kJ/g and carbohydrate 16 kJ/g (9). 

Minerals 

Flame atomic absorption spectrophotometry was used to 
assay sodium and pomssium (after wet ashing in nitric 
acid), calcium, magnesium and zinc ( after dry ashing at 
400"C), iron ( after wet ashing in nitric and perchloric ac­
ids) and selenium (ashed as for iron, and then convened to 
selenium hydride). Iodine was analysed by inductively­
coupled plasma mass spectrometry, in the Nev; South 
Wales (NSW) Regional Laboratory of AGAL. 

Vitamins 

rniamin was extracted by acid and enzyme digestion, sep­
arated by high pressure liquid chromatography, and 
assayed fluorometricaily as tPiochrome after post-column 
oxidation by potassium ferricyanide (10). Niacin was de­
termined colourimetrical!y by the Konig reaction with 
cyanogen bromide after alkaline extraction - a procedure 
which detects both nicotinic acid and nicotinamide. Reti­
no1 and beta-carotene were extracted from the sampie 
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Tasrnanian mutton birds 

tor 

Cholesterol 

In the 
cholesterol 

12 m 
12QC2/BP 1). 

325 nm; methanol: 
an<l 450 nm were used. 

ether extract used for the retino! 
derivatised 

biy waxes, were extracted using 
(1 :2) (11), and trans-esterified to methyl esters using so­
dium methoxide in methanol. After re-extraction into 
hexane, the metl,yl esters were determined on a 25 m po­
lar bonded phase capillary column (SGE, 25Q2/BP225). 
Individual fatty acids were identified by comparing reten­
tion time data with data for a range of authentic standards. 
The idemiry of several fatty acids was independently con­
firmed by gas chromatography-mass spectrometry on a 
Hewlett Packard 5890 gas chromatograph fitted with a 
5971 mass-selective detector. 

Analysis of oil 

The opaque, viscous orange-red oil was supplied by Yolla 
Products, and analysed at CSIRO Marine Laboratories, 
Hobart. Lipid class abundances were measured by Iatro­
scan MK III THlO TLC-FID analysis (!2). 

Fatty acid methyl esters, formed by trans-esterification 
of the lipids (HCl/chlorofonn/methanol; l: l: 10 v/v/v, 
I00°C, two hours), were analysed by gas chromatogra­
phy, with a 50 m cross-linked methyl silicone capillary 
column (Hewlett-Packard, HPl), flame ionisation detector 
and a spiit/splitless injector, using hydrogen as carrier 
gas (13). Individual fatty acids were identified by compar­
ing retention time data with data for a range of authentic 
srandards. Identifications were independently confirmed 
by gas chromatography-mass spectrometry (13). 

Indices of atherogenidty and th:rombogenicity 

Ulbricht and Southgate (14) have proposed indices of 
atherogeniciry and thrombogenicity for foods, based on 
their fatty acid composition. The index of atherogenicity 
is given by 

S12 + 4x514-'- S16 

and the index ofthrombogeniciry by 

S14 + S16 + Sis 

0.5 X M + 0.5 X Pn6 + 3 X Pr.3 + (P n3/Pn6) 

In these formuias, S" indicates the concentration of 
specific saturated fatty acids: S 12 laurate (Cl2:0); S14 myr-
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of these formulas to mutton bird oil 
the fact thar waxf:S rather than 

and the oil m,,,.,oyr,,•p 

alcohols. It was 

of the flesh 

The mutton as sold, have an average weight of 
about 160 g (range 130-200 g). comprise approxi­
mately 3 8% inedible material, 1 l % visible fat, and 51 % 
lean meat (based on dissection of four raw frozen 
carcases.) 

Toe composition of the cooked skinless flesh is pre­
sented in Table 1, with the fatty acid profiie of the flesh 
lipids in Table 2. The data on the composition of mutton 
bird flesh presented here are the first to be published. 

Compared with other Australian flesh foods ( e.g. lean 
beef, skiniess chicken. or steamed fish), mutton bird flesh 
is rich in vitamin A, iron, calcium and zinc (7). While 

Table 1. Composition (per 100 g edible portion) of cooked 
skinless mutton bird flesh 
Energy 

kJ 1100 

Macro nutrients 

Protein (g) 23.9 

Fat (g) 18.7 

Cm-bohydrace (g) o.o(a) 

Vitamins 

Retino[ (mg) 0.45 

Beta-carotene (mg) 0.0 

Niacin (mg) 3.2 

Thiamin (mg) 0.14 

Nlinerals 

Calcium (mg) 46 

Iodine (mg) 0.27 

Iron (mg) ,i ~ 
~ ..... · 

Magnesium (mg) 33 

Pornssium (mg) 190 

Se!enium (mg) 0.078 

Sodium (mg) 150 

Zinc (mg) 2.5 

Lipids 

Cholesterol (mg) 185 

(a) Carbohydrate was determined by difference as U gi!OO g. This 
value probably reflects accumulated errors in analysis of other 
components. Bv analogy with oilier flesh foods, we believe that 
the true value i; likely to be zero, as shown in rhe Table. 



Table 2. Fatty acid profile of skinless mutton bird ftesh 
lipid ta.I>) 

Fatty acid 

Saturated 

14:0 

15:0 

16:0 

17:0 

18:0 

20:0 

Tota! saturaced 

Mono-unsaturated 

14:l 

16:1 

18:1 

20:1 

22:1 

24:l 

Tota! mono-unsaturated 

Polyunsaturated omega-3 

20:3 

20:5 

22:5 

22:6 

Tota! omega-3 

Polyunsaturated omega-6 

18:2 

20:2 

20:4 

Tota! omega-6 

Total polyunsaturated 

Percentage of total 
fatty acids 

2.5 
0.3 

18.l 

0.2 

5.1 

0.3 

26.5 

0.2 

8.0 

36.7 
8.8 

6.6 

0.6 

60.9 

0.2 

3.3 

0.6 

5.2 

9.3 

2.3 
0.2 

0.8 

3.3 

12.6 
(a) Individual fatty ac'ids comprising< 0.2% of total fatty acids not 

shown, but included in group totals. In accordance with standard 
convention, fatty acids are denoted X: Y, where X is the number 
of carbon atoms and Y the number of double bonds. 

(b) Assuming fatty acids account for approximately 95% of total fat 
(a conventional value for poultry (30)), 100 g of the flesh would 
provide 4.7 g of saturated fatty acids. 10.S g ofmono­
unsaturated, 1.7 g omega-3 and 0.6 g omega-6 polyunsaturated. 

comparisons with other foods are not available, its iodine 
and selenium levels are such that 100 g would supply 92% 
of an adult male's recommended dietary intake (RDI) for 
selenium, and 180% of his iodine RDI (15). A minor dis­
advantage is the sodium to potassium (molar) ratio of 1.3, 
which is a little higher than the desirable value ofless than 
1.0 (!6,l 7). 

The fat content of the flesh is high (18. 7% ), but its 
PMS (polyunsaturated:monounsaturated:saturated) ratio 
of 0.47:2.31:1.00, is more favourable than most other 
flesh foods (7). Ulbricht and Southgate's indices (14}, 

which weight fatty acids according to their cardiovascular 
effects (see Methods), are: for atherogenicity, 0.38 (simi­
lar to polyunsaturated margarine or fish, and more 
favourable than beef or chicken), and for thrombogenic­
ity, 0.33 (much more favourable than beef, chicken or 
polyunsaturated margarine, and approaching that of fish). 

Tasmanian mutton birds 

The polyunsaturated fat is mainly of the C-20 and C-
22 omega-3 types (normally found only to any useful ex­
tent in seafood (18)) which retard thrombogenesis and 
lower blood pressure (14,19,20). We estimate (Table 2) that 
100 g of the flesh would provide 1.7 g omega-3 polyun­
saturated fatty acids. The average Australian consumes 
100 to 250 mg omega-3 fatty acids per day (20), although a 
recent study suggests this estimate may be somewhat 
high (2!). Consumption ofa mere 100 g per week of mut­
ton bird flesh would provide approximately 1700 mg 
omega-3 fatty acids per week, equivalent to over 200 mg 
per day, enough to at least double current intakes. 

The high content of mono-unsaturated fats, which ap­
pear to have beneficial effects on serum 
cholesterol (14,20,22), is also worth noting. However, con­
sumption of 100 g mutton bird flesh ( containing about 
10.8 g mono-unsaturated fatty acids, Table 2) per week 
would have a trivial impact (about 1.5 g/d) on mono­
unsaturate intakes, which are estimated as 41 g per day for 
men and 28 g per day for women (23). 

Thus, the skinless flesh offers substantial nutritional 
benefits. In particular, because of its fat composition, reg­
ular consumption could make it a useful dietary adjunct 
for management of atherosclerotic or thrombotic condi­
tions, and may contribute to primary prevention of these 
conditions. Arguments adduced for increased fish 
consumption (20) apply equally for mutton bird. 

However, our nutritional analysis and discussion are 
based on skinless birds, cooked without added fat, and not 
soaked in brine. Different preparation procedures, that in­
volve adding saturated fats or salt, may significantly 
reduce nutritional desirability. 

Composition of the oil 

The proventricular oil comprised 32% triglycerides and 
64% waxes, with small amounts of free fatty acids, polar 
lipid, sterols and alcohol. Table 3 lists the fatty acid and 
fatty alcohol profiles of the oil (the alcohols deriving from 
the waxes). Over 80% of the fatty acids present are either 
mono-unsaturates or omega-3 polyunsaturates. As fatty 
acids comprise in total 65.6% of the weight of the oil, 
100 g of the oil would provide 6.6 g saturated fatty acids, 
40.0 g mono-unsaturates, 16.1 g omega-3 and 2.1 g 
omega-6 polyunsaturates. The fatty alcohols are mainly 
saturated. 

The fatty acid profile of the oil has been reported 
previously (24,25), but those studies used older, lower-res­
olution techniques. To the extent that comparisons are 
possible, the present and previous results are reasonably 
consistent. 

The oil, which has a different anatomical origin to the 
flesh. has a P\,fS ratio (2.92:6. 10: 1.00). atherogenicity in­
dex (0.21), and chrombogeniciry index (0.08) that are all 
substantially more favourable than the flesh itself. Con­
sumption of l g oil per day would provide approximately 
160 mg omega-3 and 400 mg mono-unsaturated fatty 
acids per day, thereby at least doubling a typical Austral­
ian's current intake of omega-3 fatty acids, though having 
only a trivial effect on intakes of mono-unsaturated fatty 
acids. 

Thus, the oil may be suitable as a dietary supplement 
for those with atherosclerotic or thrombotic conditions, 
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Tasmanian mutton birds 

Table 3. Fatty acid and fatty alcohol profile of mutton 
bird oil(a) 

Aliphatic chain 

Saturated 

14:0 

16:0 

17:0 

18:0 

20:0 

Total saturated 

Mono-unsaturated 

14:l 

16:l 

17:1 

18:1 

20:l 

22:1 

24:l 

Tocal mono-unsaturated 

Polyunsaturated, omega-3 

18:3 

18:4 

20:4 

20:5 

22:5 

22:6 

24:1 

Total omega-3 

Polyunsaturated, omega-6 

18:2 

20:2 

20:3 

20:4 

Total omega-6 

Polyunsaturated, other 

16:4, omega-I 

16.3, omega-4 

Total 'other' polyunsaru-
races 

Total polyunsaturated 

(a) See note (a), Table 2. 

Percentage of 
total fatty 
acids <bi 

3.3 

5.6 
0.2 

0.8 

10.0 

o.2<e) 

15.7 

0.7 

36.3 

3.3 

3.8 

0.8 

60.9 

0.7 

2.3 

0.7 

12.5 

0.5 

7.8 
0.8 

24.5 

2.2 

0.2 

0.3 

0.5 

3.2 

0.7 

1.0 

1.7 

29.2 

Percentage of 
total fatty 
alcohols 

10.7 

45.7 

0.6 

3.8 

0.4 

61.5 

6.3(d) 

10.6 

9.3 

10.0 

2.3 

38.5 

(b) Fatty acids in total comprise 65.6 g per 100 g oil. Hence, 100 g of 
the oil would provide 6.6 g saturated fatty acids, 40.0 g mono­
unsacurates. I 6.1 g omega-3 and 2.1 g omega-6 poiyunsarur:ues. 

(c) Structural specifications of mono-unsaturated fatty acids: 14:I 
comprised only omega-5 cis; 16:1 comprised omega-7 cis 15.5 
and omega-5 cis 0.2; 17:1, omega-8 cis; 18:1, omega-9 cis 30.9, 
omega-7 cis 4.8, and omega-5 cis 0.6; 20: I, omega-9 cis 2.6, and 
undetermined (but not omega-7 cis) 0.7; 22:1, omega-I I cis 2.9, 
and omega-I I trans 0.9; 24: I, double bond positions not 
determined. 

( d) Structural specifications of mono-unsaturated fatty alcohols: i 6: 1, 
double bond position undetermined.; 18:1, omega-9 cis 5.4, 
omega-7 cis 3.8, and not determined 1.4; 20:1, omega-9 cis 8.6, 
omega-7 cis 0.5, and undetermined 0.2; 22:1, omega-I I cis 6.5, 
omega-9 cis 3.1, omega-7 cis 0.4; 24:1, double bond position not 
determined. 
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perhaps administered in capsule form. We estimate that 
l g of the oil would provide about 100 mg of 
eicosapentaenoate (EPA, C20:5, omega-3) and 60 mg 
docosahexaenoate (DHA, C22:6). This compares quite fa­
vourably with currently-used fish oil supplements, e.g. 
Bioglan Maxepa 1000 mg capsules (Rhone-Poulenc), 
which have 180 mg EPA and 120 mg DHA (26). 

However, much of the oil comprises wax esters, which 
may not be hydrolysed fully in the gut of mammals such 
as humans (27). The bioavailability of wax fatty acids may 
therefore be less than 100%. Theoretically, the wax esters 
might produce mild steatorrhoea, with wax being excreted 
unchanged: however, this is unlikely to cause obvious 
symptoms at a l g dose. 

The oil also has potential rron-clinical usefulness in the 
mariculture industry, because of its high content of poly­
unsaturated fatty acids and wax esters, and because its 
rich red colour suggests a high content of valuable asta­
xanthin or related pigments. 

Adequacy of the supply 

In recent years, around 200 OOO to 300 OOO mutton bird 
chicks have been harvested per annum in the Bass Strait 
islands (27.28). This yield would allow consumption of one 
bird per week {approx 100 g flesh) by several thousand 
people. The annual yield of around 3000 L oil (27), if used 
therapeutically at a dose of 1 g per day, would allow ther­
apy for several thousand patients for a year. 

However, these are minimum estimates, because it 
would appear feasible substantially to increase current 
yield, given increased demand (27,28). Is increased har­
vesting of the birds consistent with sustainable yield? The 
industry is already subject to conservation and public 
health control by the state government. Within the frame­
work of these controls, a three-fold increase in the current 
level of mutton bird harvesting would not threaten the 
long-term survival of the species (28). Increased harvest­
ing could improve the economic outlook for the 
Tasmanian Aboriginal community, for whom the industry 
is a major employment opportunity. 

Acknowledgments 

The authors thank the Tasmanian Aboriginal Centre for funding 
the analyses. P.D.N. and D.S.N. acknowledge support from 
Fisheries Research and Development Corporation (FRDC). 
M.D.R. acknowledges a research fellowship from the Public 
Health Research and Development Committee (PHRDC). We 
thank Trevor Beard (Menzies Centre for Population Health 
Research), and Irynej Skira (Department of Parks Wildlife and 
Heritage, Hobart) for helpful advice on various points, and two 
anonymous Journal referees for several very constructive 
comments. 

References 

l. Brand JC, James KW, Maggiore PMA. Tables of composition of 
Australian Aboriginal foods. Canberra: Aboriginal Studies Press, 
1993. 

2. Skira I. Human exploitation of the short-tailed shearwater (Pu.ffinus 
tenuirostris}. Papers Proc Roy Soc Tas !990;124:77-90. 

3. Woodward DR, Macphail MK. King H. A history of the diet and 
health of Tasmanian Aborigines. In: King H, ed. Epidemiology in 
Tasmania. Canberra: Brolga Press, 1987: 233-58. 

4. Plomley NJB. A wordlist of the Tasmanian Aboriginal languages. 
Launceston: the author, 1977. 



5. 

6. 

7. 

Warham J. The im::idence. fonctions and "'""'"""'"' sigrn,hcauc:e of 
petrel stomach oils. Proc N Z Eco! Soc 

Greenfield H, Southgate DAT. Food composition daca--prodw> 
tion, management and use. London: Elsevier, ! 992:56-65. 

English R, Lewis J. Nutritional values of Australian foods. Can­
berra: Ausrralian Government Publishing Service, l99L 

3. Association of Official 
Analysis, 14th edition. 

Chernists. 0 fficiai ~v{ethods of 
AOAC. !984. 

9. 

lL 

12. 

National Food Authorir.y. Ausrra!ian food Standards Code. Can­
berra: Australian Governrnent Publishing Service'/ l 992~ 

Wimalasiri P, Wills RBH. Simulrar.eous analysis of thiamin and 
riboflavin in foods hy performance liquid chromatography. J 
Cirromatog !985;3 

EG, Dyer WJ. A rapid method of tora! 
ourmc;,;,arn1. Can J .Biochem Physic! 1959;37:9! 

ex.traction and 

phy ... flarne Ionizarion to the of 
po!lw:ams in marine :u,d environmental sampies. J Planar 
tog-,'v!odem TLC 199!;4:!9-26. · 

13. Nichols DS, Nichols PD, McMeekin TA. Anaerobic production of 
polyunsaturated fatty acids by Shewanella. purrefacien.s ACAM 
342. FEMS Microbio! Lett 1992;98:l 17-22. 

14. Ulbricht TLV, Southgate DAT. Coronary heart disease: seven die­
tary factors. Lancet !99!;338:985-92. 

!5. National Health and Medical Research Council. Recommended 
diera.ry intakes for use in Ausmiiia. Canberra: Austraiian Govern­
ment Pubtishing Service, l 99 ! . 

16. Stam!er J, Rose G, Stamler R, Elliott P, Dyer A, Marmot M. 
fNTERSALT srudy findings: public health and medical care impli­
cations. Hypertension !989;14:570-i. 

17. Truswe!IAS. Poras~iur::i (K). J Food Nutr !982;39:186-93. 

18. Sinclair AJ, Dunstan GA, Naughton JM, Sanigorski AJ, O'Dea K. 
The lipid cement and fatty acid composition of commercial marine 
and freshwarer fish and molluscs from temperare Australian waters. 
Aust J Nutt Diet 1992;49:77-33. 

Processed foods 

Tasrnanian mutton. bircls 

19. KinseHa JE, Lokesh po!yu.nsaturat:ed fatty 
possible mecha~ acids and amelioration of cardiovascular 

nisms. Am J Ciin Nutt ! 990;52: l-23. 

20. National Health and Medical Research Council. The role 
saturated fars in the Australian diet Canberra: Australian 
Government Service~ ! 99 l. 

2L Sinclair Al OjDea K1 Johnson Ld Estimation of the n-3 PUFA 
status in a group of urban Australians by the analysis of plasma 
phospholipid fatty acids. Aust J Nutr Diet 1994;5 :53-<i. 

22< w~s! Calvert DG, Nest.et PJf TrusweH Diet and ctH"c.,, 
disease. :Vied J l 992: ! 56(Suppl):9··· l 6. 

Engiish R, Cashel K_ Let·.vis J. Bennett S. Berzins J., \Vaters r\M? et 
al. National dietary survey ofaduh:s t983. No 3~ Nurrienr intakes by 

city. Ca.nben-a: Australian Government Publishing Service, 

24. Wans P~ Warham J. Strucrure of some inract iipids of pe:rd stom­
acl: oils. Lipids l976;i 1:423-9. 

25. Bishop DG, Ritz DA, Hosie GW, Kenrick JR. Farry acid·'"'"'"'""'-
tion of the lipids of (Tenm1im;k:) m 
irs diet. J Exp Mar Bio 

26. 1993 MIMS Annual: 17th Australian edition. Crows Nest, NSW: 
MIMS Australia, 1993. 

27. Place AR. Comparative 
physiological -:orreiares 
1992:263 :R464-R 71. 

of lipid digesriorr and absorption: 
wax ester digestion. Am J ?hysio! 

28. Skin L Commercia! harvesting of short-tailed shear..,,ater:;; (Tasma­
nian mutton-birds). In: Meek PD, O'Brien PH, eds. Wildlife use 
and management: report of a workshop for Aboriginal and Torres 
Strait fsiander people. Canberra: Australian Government Publishing 
Service, !992:7-!8. 

29. Wilson G, McNee A, Platts P. Wild animal resources: their use by 
Aboriginal communi1ies. Canberra: Australian Government Pub­
lishing Service. 1992:28: 80-l. 

30. Paul ,-\A.. Somhgare DAT. The composirion of foods. 4th edition. 
London: Her Majescy's Stationery Office, [ 973. 

The ten pages of Processed Foods, produced by the Food frl.fonnation Service, 65 Berry Street, North Sydney, NSW 
2060, contain information on processing, controls on ingredient and labelling of processed foods, preservation tech­
niques used-including dehydration, chilling, freezing, canning, pasteurisation and stabilisation with additives-and 
on nutritional content This is a particularly useful summary of the topic, clearly presented. Copies are available, on 
request, from the above address, or Private Bag 938, North Sydney, NSW 2059. 

Australian Journal of Nutrition and Dietetics ( 1995) 52:2 91 



61 3 

diacylglycerol 
triacylglycerol '"'"'"''"',._._,_,..,.,. vu.,,...,,=,,.-.., oils are as lubricants, 
degreaser and hand cleaner products, cosmetics and nutraceuticals. Our research involves 
characterisation of marine oils from Australian species, search.mg for new sources for 
comm.erciaUy u,:;;.;,u-,,..,_L • ..,,. development of new or refinement of existing processes suitable 
for Australian oils, and transfer of !rti, .... n,._,...,,n to industry. Strong links exist industry, giving 
an increased return for both the fishermen oil processors, without increasing catch effort. 

INTRODUCTION 
Over the last ten years, facilities have been established for production of oil and high grade 
meal from south-eastern Australian fisheries, including orange roughy, which in the early 1990s 
was one of Australia's larger and economically more important catches. Through Fisheries 
Research and Development Corporation support, CSIRO expanded the knowledge-base and 
technical capability on these and other marine oils. Research also draws on the expertise of 
industry with the objective of exploiting the by-catch and by-products of Australia's south-eastern 
:fisheries, for example, orange roughy, jack mackerel, tuna, deep-sea shark and other species. Oil 
products with potential for development include: (i) oils rich in wax esters, (ii) squalene and other 
components from livers of deep-sea sharks and (iii) oils enriched in omega-3 [or (n-3)] 
polyunsaturated fatty acids (PUFA). 

Research centres on characterization of marine oils from a range of species, searching for 
sources of various sought after oils, development of new or refinement of existing processing 
conditions suitable for use with Australian oils and transfer of know-how and technology to 
industry. Specific objectives include: 
1. Development of new marine oil-based and other value added products from the by-catch and 
waste generated by the fishing and related industries. 
2. Determine the nutritional composition of commercial and non-commercial fishes, with an 
emphasis on oils. 
3. Undertake strategic studies in an environmental and ecological context of the oil composition 
of key species, including microbial, from Antarctic lakes and southern ocean waters. These data 
will also be used in trophodynamic and other studies. 
4. Assist Government, industry and the community with advice and research on issues relevant to 
the development and use of marine living resources. 



It is estimated that 100 catch goes to waste. ""·""'""r fish 
contain a diverse array of oils, which vary rrIB,r't:.fir,.,, between species. We are iw,..,-~,u..,.,.., 

for dietary supplements, pharmaceuticals, :industrial and cosmetic uses. 
the Australian ]Vfarine ;.u,.,..,.,.,u include: 1. "' .... "'""-'.,'-«U,'llA.L raw material (some 

countries show resources in decline), 2. a clean and image of the local resource, 3. 
closeness to Asian markets, 4. uniqueness composition of several marine oils, 5. an increasing 
knowledge of marine oils and 6. development of appropriate technologies. Opportunities based 
on these strengths exist and the Marine Oils industry has taken several products into the 
international market place. Together these features provide the Australian fishing industry with 
the capacity to better utilise existing resources. 

Wax ester oils 
Research has provided biochemical data on orange roughy and the waste obtained from 
processing, thereby assisting industry to better utilise the orange roughy resource. Major fatt<; 
acids are: 18: l(n-9)c, 20: l(n-9)c and 22: l(n-11) in the swim bladder (a main organ for oil 
storage), with major fatty alcohols being: 20:l(n-9)c, 16:0, 22:l(n-ll)c and 18:l(n-9)c (Bakes et 
al. 1995). Oil from orange roughy caught in Australian, New Zealand and British waters has a 
similar profile. data on the oil composition of orange roughy and its properties, a range of 
wax ester-derived degreaser, hand cleaner and related industrial products have been manufactured 
in Australia by Beku Environmental Products Ltd. The oil from deep water oreos also contains 
high levels of wax esters and, it is feasible to use this oil in addition to that from orange roughy. 
Ongoing research examines the composition and physical properties of oil produced by indust1y, 
including further value-adding oils to a high purity wax ester; latter working with Beku on 
process refinement. 

Shark liver oils 
Deep sea sharks are a significant by-catch of the orange roughy and other fisheries. Shark livers 
are large (20% of the total shark's weight) and contain considerable quantities of oil which is often 
enriched in squalene (Fig. lA). Squalene is used as a health-food or is hydrogenated to squalane, 
which is used in the pharmaceutical and cosmetic industries as a lubricant and cosmetic base. We 
continue to evaluate the squalene content of deep-sea shark species landed in Australian (Bakes 
and Nichols 1995) and other waters, and assist industry in screening the squalene content of oils. 

Research was completed on processing of crude oils so that the opportunity existed to export 
refined squalene, rather than crude shark liver oil. Several processes for separating and purifying 
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Figure 1. Structure of (A) squalene, (B) diacylglyceryl ether, and (C) triacylglycerol. 

Omega-3 Polyunsaturated Fatty (PlJFA) oils 
Th.ere is increasing scientific evidence that inclusion of the fish-derived long-chain PUF A in the 
human diet reduces the incidence of coronary heart disease, stroke and other disorders (e.g. 
dyslexia, atherosclerosis, childhood asthma). Omega-3 PUFA oils are also thought to be 
beneficial for brain and retina development and function. Capsules of fish oils 'With high levels of 
the essential PUFA, eicosapentaenoic acid [EPA, 20:5(n-3)] docosahexaenoic acid [DHA, 
22:6(n-3)], are marketed overseas. Imported products (e.g. MaxEPA), 'With around 30% EPA 
and DHA, have captured a small market in Australia. More recently (n-3) oils have been 
incorporated in other food items; for example, in Scandinavia oils are added to bread. Further 
processing can produce (n-3) oils containing higher levels of EPA and DHA (approx. 70-80%). 

The level of EPA and DHA in oils from selected Australian fish is shown in Fig. 2. The demand 
for fish-derived or related (n-3) oils in Australian mariculture is in.creasing. By determining the oil 
composition of Australian species (e.g. tuna, jack mackerel) and examining ways to add value to 
the crude (n-3) oils, industry 'Will be better placed to identify alternative feedstocks and to take 
advantage of market opportunities. Other species examined include European carp and ling. 

Uses described above have encouraged establishment of technologies Australia for adding 
value to the omega-3 oils. To date a process has been developed the laboratory for potential 
use in the purification of triacylglycerol-containing oils (Fig. IC) and scale-up of the process is 
unde1Way in association 'With Nu-Mega Lipids, a joint venture between Clover Corporation and 
Heinz. The Nu-Mega Lipids initiative will utilise a resource that would othervvise be disposed of 
as waste and this material now will used to produce refined tuna oil products. Research on 
enrichment technologies is unde1Way with several products, containing in excess of 90% omega-3 
PUF A, prepared in laboratory trials. 

In addition to marine product research, an FRDC study was established to examine a vvider 
range of Australia's commercial and non-commercial fishes their nutritional composition, with 
an emphasis on oils. Th.is research is due for completion in late 1997. 
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2. EPA content 

the Southern have 
processes of the i\ntarctic ecosystem. Specific 

lipids are used in the taxonomy of new Antarctic bacteria, including those able to biosynthesise 
potentially products (e.g. orrLega-..J and omega-6 PUFA). have been used to 
elucidate krill, zooplankton and other food-chain interactions, including those of commercial 
interest. In pilot studies the effect of UV-B on micro algal has been examined. 
Methodologies also have been transferred to aquaculture and environmental studies. For 
example, chemical signatures for important dim.ethylsulphlde-produc:ing (Phaeocystis) and other 
microalgae have been developed and used to estimate the abundance of these species, and :in 
recent research we have demonstrated the enrichment of omega-3 PUFA into rotifers using 
Antarctic bacteria. Scope exists to transfer techniques and processes developed by the marine oils 
:industry to biotechnological applications of Southern Ocean species. 

The Australian Marine Oils industry has made rapid progress and opportunities are available for 
consolidation of developments to date and commencing new initiatives. Ongoing oil 
characterization and process oriented research will complement and strengthen existing :industry 
:initiatives and allow the Marine Oils :industry to maximise returns on the present fish catch. 
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2 

While u.u.:iJ.v.u of aquaculture ,.,v,.uu.,u"' :fishing remains a largely 
operation - is finding and catching fish in the wild. Recent projected global 
seafood production is shown in Table L 

Table L Global Seafood Production reference l ). 

:tvlilli.ons of metric tonnes of Seafood 
Year Aquaculture Wild 

1986 12 93 
1993 21 85 
2000 35 
2025 77 85 

The value of Australian fisheries is dominated by high priced crustaceans and molluscs, 
with some 97% of Australians eating seafood. The average capita consumption is 
more than 12 kilograms per year (Table 2). 

Table 2. Australian Fish Production and Consumption (from reference 1 ). 

Production (vvild and aquaculture) 
1992-93 $1.5B 
1993-94 $I.7B 
1994-95 $1.8B 

(rock lobster, other fish, prawns, abalone, pearls, tuna, scallops, oysters, other 
crustaceans and molluscs) 

Consumption (yearly, Australia) 
1977 10.1 kg/person 
1991 12. l kg/person 



are: 

Technology 

FRDC supports marine research on a project by nr1"\1P1:'.t basis. Representative 
FRDC projects have examined offish and related oils l.llv1uuv. 

@ Fish oil and coronary 
e Marine oils from Australian characterisation and value-added 
• Abalone aquaculture sub-program - optimisation of essential lipids in 

feeds for Australian abalone, 
~ Identification of red pigment in orange roughy, yield and separation, 
111 Nutritional composition of Australian seafood. 

Outcomes from this research have included the development and ongoing production 
of various wax ester products from orange roughy oil research, and (2) abalone dietary 
studies highlighting the effect on growth (including seasonal) of different oils (G. 
Dunstan et al, personal communication). As well an increasing knowledge of the 
nutritional composition of Australia's commercial and non-commercial (trash) fish and 
other seafood has been gained (P. Virtue et al., unpublished data) as evidenced by 
recent media coverage (e.g. Sydney Morning Herald, February 26). 

In possible future developments, the potential exists for a new Australian krill fishenJ 
based on Euphausia superba from the Southern Ocean. Potential krJl harvest 
estimates are up to five to tenfold greater than world-wide total landings of fin.fish (P. 
Virtue, personal communication). As krill can be rich in oil, including the essential 
poiyunsaturated fatty acids EPA and DHA, :further research would be beneficial on this 
species. 
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Summary 

The waste, by-catch and by-products generated by the fishing industry may be value-added through 
various procedures to yield a range of marine oil products. A 1930s CS1R.O report suggested that 
the oil and vitamin content of a range of shallow and mid water Australian fish had potential to be 
value-added. After the second world war, the availability of synthetically produced vitamins saw the 
use offish-derived oils diminish. By the 1980s, research also began to focus on oil from deep water 
fish and several companies commenced to produce marine oils for export and local use. 

Oils of current interest include: 1. wax esters derived from orange roughy, oreo dories and other 
species, 2. shark liver oils containing squalene (which also can be converted to squalane) and 
diacylglycerol ethers, and 3. triacylglycerol oils rich in the essential omega-3 fatty acids. Several 
uses for the oils exist including as lubricants, in degreaser and hand cleaner products, in health and 
nutritional products and in cosmetics. Research conducted within CS1RO currently centers on the 
detailed characterization of marine oils from a range of species, searching for new sources for the 
commercially sought-after oils, development of new or refinement of existing processing conditions 
suitable for use with the Australian oils, and transfer of know-how and technology to industry. The 
research has established strong ties with local industry, giving an increased return for both the 
fishermen and oil processors, without an increase in catching effort. 

Introduction 

The Australian Science and Technology Council (ASTEC), in a 1988 report on post-harvest 
technologies and opportunities in the fishing industry, stated "fish are big business in this country, 
but we could get a better return on the catch". It was also revealed that at the time the level of 
processing of by-products from Australia fisheries was low. Most of the by-product from :finfish 
was used in pet food, fishing bait or in the produ~ion of meal and unrefined oils. The potential 
existed for production and export of products of higher value from the oil and meal of Australian 
commercial fishes. Based on the nature of the fisheries resource, ASTEC indicated that better use of 
the by-catch (non-targeted species) was essential to avoid wasting the fishery resource. 

A number of companies established facilities for the production of oil and high grade meal from 
south-eastern Australian fisheries, including for orange roughy fishery, which at the time was one of 
Australia's larger and economically more important catches. Through the support of the Fisheries 
Research and Development Board, the CS1RO Marine Products Project has developed a 
considerable intellectual resource and technical capability on these and other marine oils. Much of 
the research conducted involves close collaboration between scientists from the Divisions of Marine 
Research and Chemicals and Polymers. In general all marine oils and related research currently is 
aligned to the Marine Products and Biotechnology Component of the CS1RO Marine Sector. 

Oils under research are supplied directly by industry or are obtained from fish and related samples by 
solvent extraction using standard procedures. The oil composition is determined using state-of-the-
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art methods. Research undertaken draws together the expertise of industry and CSIRO with the 
objective of exploiting the by-catch and by-products of Australia's south-eastern fisheries, for 
example, orange roughy, jack mackerel, tuna, deep-sea shark and other species. Oil products with 
potential for development include: (i) oils rich in wax esters from orange roughy and other species, 
(ii) squalene and other components from the livers of deep-sea sharks and (iii) oils enriched in 
omega-3 (or n-3) polyunsaturated fatty acids (PUFA). 

Research conducted by the project currently centers on the detailed characterization of marine oils 
from a range of species, searching for new sources for various commercially sought after oils, 
development of new or refinement of existing processing conditions suitable for use with the 
Australian oils and transfer of know-how and technology to industry. Specific objectives include: 
1. Assist Australian industry in the development of new marine oil-based and other value added 
products from the by-catch and waste generated by the fishing and related industries. 
2. Determine the nutritional, with an emphasis on oils, composition of Australia's commercial and 
non-commercial fishes. These data also will be used in wider trophodynamic and other studies. 
3. Undertake strategic studies of(i) the oil composition of key, including microbial, species from the 
southern ocean environment and (ii) microbial processes within Antarctic lakes and fjords in an 
environmental and ecological context. 
4. Assist Government, industry and the community with advice and research on issues relevant to the 
development of marine living resources. 

The research has established strong ties with local industry, resulting in an increased return for both 
the fishermen, oil processors and Australia's developing marine oils industry, without an increase in 
catching effort. In the Marine Products Project the intellectual property, technologies and know­
how developed through research and development on marine and related oils are also transferred to 
other scientific endeavours, including strategic trophodynamic, environmental and other studies. 

Materials and Analytical Methods 

Material analysed was from raw liver, other tissue or aliquots of crude oils prepared by local 
industry. Processing techniques used by industry in the preparation of shark liver oil vary, but 
involve mechanical maceration of liver, followed by heating at 50-60°C, standing to allow the solids 
to separate, and finally decantation ( or possible centrifugation and filtration). When raw livers or 
other materials (e.g. flesh, algae, bacteria) were analysed, a modification of the technique developed 
by Bligh and Dyer (1959) was used for extractions. Oils were then concentrated using rotary 
evaporation. Crude oils supplied by industry were directly diluted with chloroform. Diluted oils 
were then analysed for lipid composition using a MK V thin-layer chromatograph with flame 
ionization detection (TLC-FID, Iatron Laboratories, Japan); Iatroscan results with the MK ill 
analyser are generally reproducible to ±10% (Volkman and Nichols, 1991) and the MK V system is 
reproducible to ±3-5% (unpublished data). 

For laboratory analyses, non-saponifiable lipids such as glyceryl ether diols, derived from the 
diacylglyceryl ethers present in the shark liver oil, and hydrocarbons (predominantly squalene) were 
isolated following saponification. Glyceryl ether diols were converted to their corresponding 
trimethylsilyl ethers using N,0-bis-(trimethylsilyl)-trifluoroacetamide and made up to a known 
volume with an internal injection standard. Fatty acid methyl esters (from diacylglyceryl ethers and 
triacylglycerols present in the crude liver oil) were liberated by saponification and subsequent 
methylation or formed directly by transesterification. 
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was a 
characterization are 

Itis estllllate:a that around 100 000 tonnes per annum of the Australian fish catch would normally go 
to waste. However, fish contain a diverse of oils, which vary rr12.:r.i£'f~f' .. L between species. 
are isolating valuable components cos:meuc. dietary FA'"'-="'''"''"'' pharmaceuticals 
use. 

Strengths for the Australian Marine Oil industry include: 1. sustainability of the raw material (:in 
comparison, several competing countries show indications that raw resources are in decline), 2. in 
particular the clean and green image and nature of the local resource ( c.£ competitors), 3. closeness 
to Asian markets, 4. the uniqueness of the composition of several of Australia's marine oil resources, 
5. a good technical knowledge of the composition oflocal marine oils and 6. the now on-line 
development of appropriate technologies. Opportunities based on these strengths exist and the 
Australian Marine Oils industry has broken into or is well placed to break into the international 
market place for several products. Clear opportunities for developing further new products exist, 
based on the uniqueness of the raw resource and the clean and green nature of Australian southern 
ocean oils. Together these and other features will provide the Australian fishing industry with the 
opportunity to improve its image through better utilization of existing and other waste resources. In 
the following discussion, progress on the development of Australian products from the three main 
types of marine oils will be presented. 

Wax ester oils 

One aim of our research has been to provide high quality biochemical data on orange roughy and the 
waste obtained from processing, thereby assisting industry to better utilize the orange roughy 
resource. Our early research showed that oil in orange roughy caught in Australian, New Zealand 
and British waters has a broadly similar distribution of chemical components. Major fatty acids 
were: 18: l(n-9)c, 20: l(n-9)c and 22: l(n-11) in the swim bladder (a main organ for oil storage), 
with major fatty alcohols being: 20:l(n-9)c, 16:0, 22:l(n-ll)c and 18:l(n-9)c (Bakes et al. 1995a; 
Elliott et al. 1990). At the time, these results were good news for Australian companies previously 
importing oil from New Zealand, in that there was a local source available. From the early 
knowledge of the oil composition and its properties, over the past five years a range of wax ester­
derived degreaser, hand cleaner and related industrial products have been manufactured in Australia 
by Beku Environmental Products Ltd. based in Hobart. 



The oil composition of deep water oreos was examined. The oil from many oreo species also 
contains high levels of wax esters and based on these results, it was feasible to use this oil in addition 
to that derived from orange roughy. Ongoing work determines the composition and physical 
properties of oil derived from the variety of processes used by industry, including the :further value­
adding of the oil to high purity wax ester. Research on the latter involves working closely with 
Beku on process refinement. 

Shark liver oils 

Deep sea sharks are a significant by-catch of the orange roughy and other fisheries. The livers of 
these sharks are large (about 20% of the total shark's weight), and they contain considerable 
quantities of oil which is often enriched in the hydrocarbon squalene (Figure 1 ). Squalene is used in 
Asian countries as a health-food or can be converted by hydrogenation to squalane, which has a 
variety of uses in the pharmaceutical and cosmetic industries, particularly as a lubricant and cosmetic 
base. Research is also underway examining the poSSI'ble use of shark liver oil fractions in vetinerary 
animal health. There is scope to increase the amount of oil exported from Australia and in particular 
to refine the oil into value-added products. We are continuing to evaluate the squalene content of 
deep-sea shark species landed in Australian and other waters ( e.g. Figure 2, see also Bakes and 
Nichols 1995, Bakes etal. 1995b ), and to assist Australian industry in the use of appropriate 
instrumentation for rapid screening of squalene content of oils. 
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Figure 1. Structure of squalene (A), diacylglyceryl ether (B), and triacylglycerol (C). 

Research has been completed on the processing of the crude oil so that the opportunity exists to 
export the value-added refined squalene, rather than crude shark liver oil. Several processes for the 
separation and purification of squalene have been established over the past 5 years and at present 
Beku is the sole Australian manufacturer of squalene for the local and export market. Beku. has very 
recently further developed their operation to manufacture a diacylglyceryl ether (DAGE, Figure 1) 
fraction from shark liver oil. This new product is also for use in nutraceuticals. High levels of 
DAGE have recently been discovered in a lower member of the southern ocean food-chain (Phleger 
et al., unpublished data). Further research is required to determine whether the potential exists to 
culture such an organism as an alternate and possi'bly renewable source of DAGE. 
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together towards the development of technology for preparation and pur.Jication squalane 
within Australia (Figure 3). As for the squalene process, options for uses of by-products from 
squalane purification currently are be:ing examined. 

Squalene 

-DAGE -
\ 

Raw Shark Liver Oil 

Squalane 

+ 

l 

TAG 

DAGE 

SqualJ, ~l 
Squalane Fraction Residue Fraction 

Figure 3. TLC-FID traces illustrating lipid class composition of raw shark liver oil and separated 
products after process:ing to produce squalane. Abbreviations: TAG, triacylglycerol; DAGE, 
diacylglyceryl ether. 
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Omega-3 Polyunsaturated Fatty Acid (PUFA) oils 

There is increasing scientific evidence that inclusion of the long-chain fish-derived PUF A in the 
human diet can reduce the incidence of coronary heart disease, stroke and other disorders (e.g. 
dyslexia, atherosclerosis, childhood asthma). The omega-3 PUF A oils are also thought to be 
beneficial for brain and retina development and :function. Capsules of fish oils containing high levels 
of the essential PUFA, eicosapentaenoic acid [EPA, 20:S(n-3)] and docosahexaenoic acid [DHA, 
22:6(n-3)], are aggressively marketed overseas, and imported products (e.g. MaxEPA), containing 
around 30% EPA and DHA, have captured a small market in Australia. More recently (n-3) oils 
have been incorporated in other food items; for example, in Scandinavia the oils are now added to 
bread. The second generation of(n-3) oils contain considerably higher levels of EPA and DHA 
(approaching 70-80%) and processing of the raw oils is required to achieve these high levels. 

The demand for fish-derived or related (n-3) oils by the Australian mariculture industry will also 
increase. The economics of fish farming relies on the supply of inexpensive feeds of a suitable 
quantity and quality. Tasmania fortunately has had large catches of jack mackerel, which contains 
25-30% EPA plus DHA. The fishery failed in 1989, and oils were imported at considerable cost; 
data were not available on possible local replacements. By determining the oil composition of 
Australian species (e.g. tuna, jack mackerel, see Figure 4) and examining ways to add value to the 
crude (n-3) oils, we will be better placed to identify ahemative feedstocks and to take advantage of 
new market opportunities in other industries. Other species being examined include European carp 
and ling. 

lil'J 
"O 40 .... 
u 
OS 

,e. 30 .... 
jt1EPA ODHAj 

~ - 20 OS .... 
~ - 10 c::, 
~ 
~ 

!i 0 = i )1 ~ 
u 

~ 

Figure 4. EPA and DHA composition ( determined by capillary GC) of oils from Australian species 
and imported fish oil capsules. 

The potential uses descnbed above have resulted in the establishment of commercial interest and 
technologies in Australia for adding value to the omega-3 oils. To date a process has been 
developed in the laboratory for potential use in the purifying of these oils (Figure 5) and work is 
underway to scale-up the process in association with Nu-Mega Lipids, a recently established joint 
venture between Clover Corporation and Heinz. The Nu-Mega Lipids initiative will utilize a 
product that would be otherwise disposed of as waste and is expected to be a leading producer of 
refined tuna oil. 
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Crude Fish Oil (before) Purified Fish Oil (after) 

Figure 5. TLC-FID traces illustrating lipid class composition of crude tuna oil and purified product. 

Furthe:r research and development on enrichment technologies is presently undervvay vvith several 
potential products, containing in excess of90% omega-3 PUFA, having been prepared laboratory 
trials. It is foreseen that these technologies also will be transfe:rable to microbial-derived oils, 
including oils derived from algae, bacteria and other microorganisms. 

In addition to research directed to adding value to marine oils derived from the waste and by-catch, 
a new proposal was funded by the FRDC to examine a vvider range of Australia's commercial and 
non-commercial fishes for their nutritiona~ vvith an emphasis on oils, composition. The emerging 
national Marine Oils industry also has expressed interest in the outcomes of this research which is 
due to be completed in late 1997. 

Antarctic A1icrobes 

In related strategic studies in the Southern Ocean Environment, the broader approaches of the 
Marine Products Project are applied to understanding the biochemistry and role of key Antarctic 
species and microbial processes. Antarctic lakes are model systems for the complex interactions 
found in coastal and open ocean waters. Chemical signatures for important dimethylsulphide­
producing (Phaeocystis) and other microalgae have been developed and used to estimate the 
abundance of these algae in Southern Ocean waters. Specific lipids are used to aid the taxonomy of 
new Antarctic bacteria, including those of commercial interest based on their ability to biosynthesise 
potentially useful natural products ( e.g. omega-3 and omega-6 PUF A), and to elucidate krill­
zooplankton food-chains. Pilot studies on the effect ofUV-B on algal lipids also have been 
performed. 
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37 overseas 
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41 new sources oils are 

42 
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47 

shark currently 

worth in excess $15 million to the fishermen 

an 

excess of $50 

of 3 500 t and is 

(Campbell 

et msome of referred to as "flake", is marketed human 

consUi'Tiption is mainly taken from gummy (Mustelus antarcticus 1870) and school 

(Galeorhinus galeus Linnaeus 1758) sharks and Stevens 1994). The production of fillets 

48 usually results in a large quantity of by-product and waste, both of which currently have little 

49 commercial value. Value adding of by-products has been successful in Australia for other shark 

50 species ( eg. deep-sea dogfish as a source of purified squalene and diacylglyceryl ethers) (Nichols et 

51 al. 1994; Bakes and Nichols 1995). 

52 

53 Although M antarcticus (guw.my shark) and G. galeus (school shark) are the targeted species in 

54 southern Australia for their flesh, Dalatias licha (black shark) and other species such as SquahLS 

55 acanthias (white-Spotted Spurdog) are occasionally substituted. The sharks of interest are 

56 generaily between 0.8 ai,d 1.6 m in length and weigh between 2 and 25 kg (John Stevens, personal 

57 communication). The waste generated by this fishery is in excess of 1650 t per annum and 

58 includes skin, guts, head and liver, representing between 45 to 50% of the total body weig.tit. The 

59 liver of these species usually accmmts for 10% of the total body weight and based on a 50% yield 
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60 150 to 200 t the current 

61 
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68 

69 

70 

71 

ch,:ITT11otheni,py rather than as a 

or three times per 

supplement two 

benefits with respect to parameters ,,,,,,,,uu,,,._ .... in CHD 

it appears that eating 

studies. There is also growing ix1terest in addition to aquaculture (Nichols et al. 1996). 

72 The literature available on the lipids and fatty acids of the common shark species Mustelus 

73 antarcticus and Galeorhinus galeus is restricted to one study (Craig 1978) that presents lipid 

74 composition data. We present the lipid content arid composition and the fatty acid profiles of the 

75 liver oils from Mustelus antarcticus a..,d Galeorhinus galeus and Squalus acanthias which is 

76 currently supplemented for i'vl. antarcticus and G. galeus. 

77 

78 

79 MATERIALS AND METHODS 

80 Sample collection. Three specimens of Mustelus antarcticus and Galeorhinus galeus were 

81 collected for their Ii vers. M antarcticus (gummy shark) specimens were from South Australian 

82 waters (total length, TL #288, 1020 mm and #285, 1200 mm; January 1994) and New S01..'l!i 

83 Wales (TL #165, 580 mm; June 1993), were all female and were caught at ea. 90 m depth. For G. 
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84 , 805 mm mm; 

85 1 

86 ,vas not 

87 AJ1 were at and in. the 

88 

89 A processor gummy and 

90 

91 2 to 4 oil. 

92 

93 extraction. Aliquots of liver (1 to 3g) were homogenised in a pre-rinsed mortar and pestle 

94 and were quantitatively transferred to a separating funnel using chloroform, methanol and water 

95 (ratio 1:2:0.8 v/v/v) (Bligh and Dyer 1959). Samples were mixed and left to extract overnight. 

96 Phases were separated by adding chloroform and water so that the final ratio of solvents was 

97 1:1:0.9 v/v/v. Following isolation and concentration of the lower chloroform layer, samples were 

98 transferred to vials and the excess solvent removed under nitrogen prior to determining the oil 

99 content of the liver. 

100 

101 Lipid analyses. An aliquot of the oil ( either obtained by extraction or as the crude product) was 

102 diluted and analysed for lipid classes using an Iatroscan :MK. V TLC-FID analyser (Iatron 

103 Laboratories, Japan). Two solvent systems were used to identify lipids: hexane/diethyl ether/acetic 

104 acid (60: 17:0.2 v/v/v) and hexane/diethyl ether (96:4) provided resolution bet,veen most common 

105 lipid classes (Volkman and Nichols 1991) and reproducibility was found to be ±5% (unpublished 

106 data). Data were acquired using DAP A software (Kalamunda, Australia) on a,.11 IBM-compatible 

107 personal computer. 
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108 

109 extract was a 

110 

111 esters 

112 

113 to 

114 

116 

117 

118 

119 

and an 5890Agas 

cross-linked 

carrier gas. The oven 

30°C/min, then to 250°C at 2°C/min and 

usmgan 

an 

(50m x 0.32 mm id.). Hydrogen was 

to 150°C at 

to 300°C at 5°C/min. Peaks were quantified 

120 DAP A chromatography software. Individual components were identified by comparing retention 

121 time data and mass spectral data (Fisons ~ID~800 system configured similar to above) with data 

122 obtained for authentic and laboratory standards. 

123 

124 Vitamin A and E analyses. Representative aliquots of the oils were sent to the Australia.., 

125 Government Analytical Laboratories (AGAL, South Australia) for vitawin assay. Standard 

126 analytical techniques were used for determination of vitamin A and E (Brubacker et al. 1985; De 

127 Leenheer et al. 1985) 

128 

129 

130 

1 .., 1 
L.) 1-
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132 

133 

136 was 

138 was 

139 than total lipid) fatty were 

140 

141 levels of free fatty acid (up to 5% free fatty 

142 han.dling and/or processing conditions. 

143 

144 Triacylglycerols are the preferred form for storage and delivery of PUF A in health and 

145 pharmaceutical products due to their thermal and oxidative stability. The high levels of 

146 triacylglycerol in t.11e livers from the species examined in this study is a feature of the oil that may 

14i allow rapid and efficient processing compared to oils derived from other species. fo contrast, other 

148 oils currently available in Australia (eg. jack mackerel and tuna) may contain high levels of polar 

149 lipid, free fatty acid, cholesterol and other unwanted compounds (unpublished data). 

150 

151 Gummy shark livers showed the greatest variation in lipid content with levels ranging between 30 

152 and 64% lipid (wet mass basis). The lipid content of the school shark livers was considerably more 

153 constant at 50 to 53%. The variation in liver oil content observed for gummy shark may be due to 

154 a range of factors such as season, sex, size and location as well as other factors. 

155 
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156 1S 

157 
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159 

160 

161 

162 it 

163 could be economically'-'"""·""""' to extract foe 

164 

165 

166 

167 

168 

a deep-sea 

(liver contains approximately 50% 

169 Vitamins 

oil a range of to 

gummy and 

oil being 

sharks 

the triacylglycerol-containing liver oil would be 

170 Vitamin A (retinal) was assayed in gummy and school sharks at 6.9 and 14 mg/lOOg oil while 

171 vitamin E (alpha-tocopheroI) was assayed to be 18 and 8.3 mg/lOOg respectively (Table 1). 

to 

172 Literature available on the vitamin content and composition of these Australian species is limited, 

173 however, the vitamin content recorded for gummy and school sharks are low compared to other 

174 species sourced for vitamins. For example, t.1-ie white-spotted spurdog contained 25 mg/lOOg of 

175 vitaminE (Sunarya et al. 1996). 

176 

177 Fatty acid composition 

178 The major liver oil fatty acids for both gummy and school sharks included 16:0, 22:6(n-3), 18:l(n-

179 9)cand 20:5(n-3)whileminorcomponentswere 16:1(n-7)c, 20:4(n-6), 18:0 and 18:1(n-7)c 
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180 2 6 

181 8 to l was 

182 mgun:1rny 111 

183 

184 m 

185 

186 

187 

188 

189 

the 

may 

for oil content. 

to other as 

acid composition relative to gummy 

190 

191 

and school sharks. Tne from species contained higher levels of monounsaturated fatty 

acids (50% of total fatty acids), comprising 1, 20:l a..nd 22:1, with 16:0 and also major 

192 components (Table 2). Total PUF A was lower in the white-spotted spurdog species compared to 

193 the gummy and school sharks, with only slightly lower levels of the two essential PlJFA observed 

194 (EPA 2-4%, DHA 11-15%; Tables 2 and 3). This species currently supplements t.l-ie flake market, 

195 the quantities of liver available to fish waste processors may not be as high as gummy and school 

196 shark. However, based on the similar levels of the two essential PUFA, EPA and DHA, liver oil 

197 from the white-spotted spurdog may be blended with liver oil from gummy and school sharks for 

198 applications in the preparation of feeds for PUFA enrichment. 

199 

200 Commercial considerations 

201 The increased demand for oils rich EPA and DHA has led to an expansion of the biotechnology 

202 industry, particularly the mass culture of yeasts, microalgae and bacteria. The microorganisms can 

203 be grown heterotrophically to produce PUF A-containing oils; this feature is advantageous when 
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204 some 

205 

206 

208 

209 

210 be 

211 better exploited respect to omega-3 PUF A-containing oils. 

212 are imported an 

213 approximately 1.5. In contrast the Australian oils, such as observed this study, show a ratio 

214 EPA:DHA ofless than 1, typically around 0.6 (Table 3, and unpublished data). increased 

215 nutraitional and medical interest in DHA containing relative to oils where EPA > DHA may 

216 see an increase in potmtial and ultimately demand for DHA-containing fish oils. 

217 

218 The levels of DHA found in gumn1y, school a11d white-spotted spurdog shark liver oils are as high 

219 as some of the oils currently marketed as sources of this fatty acid (Table 3). Because the oil from 

220 the gummy and school sharks is currently discarded through the disposal of the livers, the 

221 opportunity exists to better exploit the waste from the fishery. Even if the current catch levels of 

222 gummy and school sharks are not sustained, the fishery is likely to continue in some form in 

223 southern Australia. By mhancing conversion of the waste material into value-added products, it 

224 may be possible to help maximise economic yields to the fishery. 

225 
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Table l. Lipid class composition and vitamin content of selected liver oils isolated from school and gummy sharks. -- lliiMl!W ,_a.!!iJl 

Percentage Composition 

SAMPLE Sex/Catch location WE TAG FFA ST 

G11mmyshark 

GS #165 FI N.S.W. tr 95 tr 1 
GS #285 F I S. Aust. 2 97 - tr 
GS #288 F I S. Aust. l 96 - tr 
Commercial unknown / Tas. 3 97 - tr 

School shark 

Sch #27 F I New Zealand tr 98 - tr 
Sch #127 F I Tas. tr 99 - tr 
Sch #128 F / Tas. 2 96 tr tr 
Commercial unknown/ 'fas. 3 97 - tr 

F, Female; WE= Wax ester, TAG= Triacylglycerol, FFA = Free fatty acid, ST""' 
tr = less than 1 %; - not detected. 
Commercial refers to the bulk oil produced by local Tasmanian processors. 

- r o; ~ w 'l!Wtt lllltW m ~ allil ~ ~~~-~,w,,,:--,.__,~ 

OH recovery Retino& 

PL TOTAL from liver - - - -~----'<'.¼tl:-®~>,-'l'~W----~ 
4 100 30 
l 100 64 60 ':, 8 
3 100 47 
tr 100 

2 100 50 
l 100 52 8.3 
2 100 53 
tr 100 

a,, ::1.....--=rlil Jiill, ~----~~-~--'<;! 
PL = Polar 

S&GMANUl.XLS 
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Table 2. Fatty acid compc&'tioos cf gummy ;md sc'..i.ooi slurrk live: oils (boi:h com:mercia.! ,md ext.,acted) 
a'ic.d =erci!!l oils from v,hlt~cttoo spurdog and black shark livers. 

Fv.Ity add ~""erceniage composiiion. 

Whiu,..sp<,tioo 
Spurdcg --·"'""""' __ ,-v_~--~----·'··-....,,._--,.,..,-"~--·-----""~~"""'~""""--------

14:0 L6 2.8 2.4 2.1 3.1 3.2 2.5 3.8 3.4 
i5:0 0.8 0.7 l 0.5 0.6 0.7 0.8 0.5 0.6 
16:0 18.5 20 20.6 HU 16.7 19.1 17.9 14 .. 7 16.3 
17:0 1.7 L5 1.7 0.9 0.6 0.9 1 0.5 
18:0 8 8.4 7.9 4.9 5 ~ . ., 5.7 6.1 3.9 3.2 
20:0 0.3 tr 0.2 0.1 tr 0.2 0.2 0.1 tr 
22:0 tr tr tr tr tr tr tr 

Sum Sai:urntes 31 33.6 33.9 26.7 26.6 29,.8 28.4 2.:ts 23.5 

il:5:0 0.2 tr 0.2 0.1 0.2 0.:2 0.2 0.2 0.2 
al5:0 tr tr tr tr tr tr tr tr 
il6:0 0.2 tr 0.2 0.1 0.2 0.2 0.3 0.1 
br 17:l 0.3 0.4 0.7 0.4 0.3 0.4 0.6 0.3 0.5 
i17:0 0.8 0.5 0.8 0.5 0.5 0.6 0.6 0.3 0.3 
al7:0 1 0.9 0.9 0.7 1.1 l 0.6 0.6 

Sum Brnncl!ed 2.5 2 2.9 2 1.8 2.4 2.7 1.5 1.6 

14:l 0.1 tr 0.1 
16:l(n-9)c 0.3 0.5 0.5 0.5 0.3 0.5 0.3 0.3 0.2 
16:l(n-7)c 4.7 4.7 4.3 6.6 4.8 6.9 5.2 4.5 3.7 
16:1 0.3 0.3 0.2 0.1 0.2 0.4 0.2 0.2 0.2 
16:l 0.2 tr 0.2 0.2 0.2 0.2 

18:l(n-9)c 12.l 13.9 12.4 17 17.2 18.1 12.1 18.9 20.8 
i8:l(n-7)c 6.6 5.3 6.1 3.9 5.4 5.1 5.2 3.5 4.3 
18:l(n-5)c 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 
20:l 3.1 3.5 2.4 5 4.5 2.7 3 6.8 14 
22:1 tr 0.4 tr l.l 0.5 0.9 2 6.2 

Sum Monou:nsat:urntes 1.7.9 28.9 26.5 34.5 33.9 34.7 27.6 36.6 49.7 

C16PUFA tr tr 0.2 0.4 tr tr 0.5 0.2 
18:2(:a.-6) 1.4 1.2 1.8 0.9 1.7 1.4 1.3 1.6 1.4 
18:3(n-3) tr tr 0.3 0.3 0.4 0.4 0.2 0.2 0.4 
18:4(n-3) 0.4 0.3 0.7 0.5 1.5 0.3 0.6 1.7 
18:3(n-6) tr tr tr tr tr tr 
20:2(n-6) 1.3 0.9 1 0.4 0.4 0.4 0.3 
20:3(n-6) 0.2 tr 0.2 tr 0.2 0.3 0.1 

20:4(n-3) 0.5 0.4 0.5 0.6 1.3 0.5 0.6 1.5 2.2 
20:4(n-6) 4 4.6 3.4 3.3 1.3 4 3.3 0.4 
20:5(n-3) 13.9 6.1 8 7.4 10 8.2 11.4 10.1 3.9 

22:4(n-3) 0.3 0.3 0.3 0.4 0.3 0.3 0.4 0.3 

22:4(n-6) 0.9 1.3 0.9 0.9 0.3 l 0.3 0.4 

22:.'i(n-3) 2.3 2.4 1.9 2.3 3.1 2.5 2.8 2.9 
,,_ 
b,/ 

22:6(n-3) 13.2 17.7 17.7 16.5 16.8 13.6 18.8 16.5 11.3 

Su.m.P'CFA 38.7 35.5 36.8 33.3 37.6 33.1 41.2 35.6 24.3 

Total 100 100 100 96.5 100 100 100 97.2 99.1 

Cholesterol (mg/g) 0.3 0.1 0.3 ND 0 0.1 0.1 ND ND 

tr, trace (<0.1%) 
Note: Values 2re for a single analysis and have been previously found to be reproduc:i.ble to+/- 5% 
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Table 3. Proportion of major PUFA, sum of major PUFA (% of total fatty acids) component ea 

-------------------------------------------------------------~,,,--...,,,--,---,~-
Fatty Acid 

Gummy shark 

20:4(n-6) AA 4 

20:5(n-3) 9.3 

22:S(n-3) DPA 2.2 

22:6(n-3) DHA 16.2 

SumofPUFA 37 

ratio ofEPA:DHA 0.57 

ratio of omega 3: omega 6 4.19 

Percentage 

White-spotted School shark -----------------~·~,,:c,h<(,.y.~~-
9.9 

2.8 

16.4 11.3 1 9 

37.3 1.2 

0.60 5 

8.85 7. ---------------------------------------------------~'la "--o<l%~,-1~'<#--~~ 
arnchidonic acid; EPA, eicosapentaenoic acid; docosapentaenoic acid; 
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Abstract Nyctiphanes australis contained, on a dry 
weight basis, an average of 527c crude protein and 5.0 to 
9.5% lipid. The fatty acid profile of N. australis was mark­
edly unsaturated, with a mean total w3 fatty acid content 
of 48.6±2.4% of total fatty acids. N. australis contained 
high levels of the essential long-chain polyunsaturated 
fatty acids eicosapentaenoic (EPA, 20:5w3) and docosa­
hexaenoic (DHA, 22:6w3), ranging from 16.6 to 36.5% and 
11. l to 24.8%, respectively. The concentration of total ca­
rotenoids ranged from 137 to 302 µg g-l dry wt, with no 
significant differences in concentrations found with sea­
son or life stage. The carotenoids were comprised of 79.5% 
astaxanthin and 20.5% canthaxanthin. The lipid and pig­
ment compositions of N. australis suggest that the species 
could serve as a suitable feed source for cultured salmon­
ids. Like other euphausiids, N. australis contained high 
levels of fluoride. with a seasonal ran!le between 277 and 
3507 µg g-t dry wt. The high fluoride levels found in 
N. australis would not detract from its potential as a feed 
source for salmonids because ingested fluoride is largely 
absorbed by the skeleton. 

introduction 

Nyctiphanes australis is the principal euphausiid in conti­
nental shelf waters off south eastern Australia (Ritz and 
Hosie 1982), and is the most important single food item 
for a variety of abundant fishes in Tasmanian waters 
(O'Brien 1988). It was found, for example, to constitute 
99.9% of the stomach contents of jack mackerel, Trach-
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urns deciivis. seined during a 19 mo study 1976). 
These fish, in tum, suppon a commercial fishery of sev­
ero.l tens of thousands of tonnes per year (Williams et al. 
1987), Simple calculations suggest that this predator alone 
must therefore consume several tens of thousands of tonnes 
of krill per year. 

Nyctiphanes australis is also the principal food of a 
number of seabird species, including the shon-tailed shear­
water Puffinus tenuirostris, whose population numbers ap­
proximately 19 million adults plus immature individuals 
(Skira 1986). Taken together, these observations suggest 
that the annual production of this euphausiid may exceed 
100 OOO tonnes in these waters. 

Krill have been shown to be of high nutritional value as 
components of aquaculture feed (Storebakken 1988, Shi­
mizu et al. 1990), and are used extensively in feed for· 
farmed salmonids and other fishes in Japan (Odate 1979) 
and Canada (Sloan and Fulton 1987). An important bio­
chemical characteristic in this connection is the typical 
high concentration of the polyunsaturated fatty acids 
(PUFAs) in krill. PUFAs are essential nutritional require­
ments of various commercially raised fish and shelifish, 
including salmonids (Lall 1991 ); however, quantitative 
levels required by fish are nor known. The fatty acid com­
position of fish is largely a reflection of that of their diet 
(Cowey and Sargent 1972). High PUFA content in fish is 
commercially desirable. as these fatty acids, in particular 
eicosapentaenoic acid (EPA, 20:5w3) and docosahexae­
noic acid (DHA. :22:6w3), have been implicated in the pre­
vention of human circulatory disorders (Bremner et al. 
1989) 

The carotenoid pigment astaxanthin is also typically 
present in high concentrations in krill (Funk and Hobson 
199 i). Astaxanthin and canthaxanthin are responsible for 
imparting the red colour to the flesh of salmonids and many 
other marine fish and shellfish species. Fish and other an­
imals are unable to perform de novo symhesis of caroten­
oids. hence commercially farmed marine animals must ob­
tain astaxanthin from their diets. 

Tasmania supports a substantial salmonid farming in­
dustry which constitutes 2% of the world production (A. 



Salmonid Growers personal corn-
Due to the high local abundance of 
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Fluoride 

the of this 

of austraiis was also 
since other krill are known to have 

high concentrations of fluoride in their exoskeletons 
and Stolp l which makes them for direct 
human consumption. This has raised the issue of their ap­
propriateness as food for animals reared for human con-
sumption 1981 ). 

Materials and methods 

Sample collection 

Between November 1989 and January 1991, Nycriphanes austra!is 
was sampied monthly with a 500 µm-mesh plankton net at various 
locations along the 80 m contour in Riedle Bav, east of Maria Island 
off the Tasma;ian east coast. Additional san~pling details are pro­
vided in Young et al. (1993). Individual krill for chemical analyses 
were picked from the krill haul immediately after emptying the net. 
About 2 to I O mz (drv weizht) of krill were used for each analvsis 
(water content o(kriil ~anged between 75 and 83%. 11= 12: and a m'ean 
of799'c was used to convert wet weights to dry weights). Within min­
utes of capture, krill samples were placed in vials and stored in liq­
uid nitro2:en. On return to the laboratorv the samples were transferred 
to a storage dewar containing liquid nitrogen, an·d remained there un­
til analvsis. 

Individual net hauls were invariably dominated by Nyctiphanes 
ausrralis within a narrow size range. However. mean krill size var­
ied considerably between net hauls. and has been classified as adults 
> l O mm. subadults 5 to JO mm: and juveniles < 5 mm. These size 
classes correspond approximately to adult. post-larval and adoles­
cent. calyptopis and furcilia stages (Sheard 1953; Young et a!. 1993). 
Measurements were based on Mauchline·s (1980) Standard l. 

Lipid extraction and analysis 

Nvctiphanes australis were ground in chloroform and extracted 
quantitatively by the one-phase chloroform/methanol/water method 
of Bligh and Dyer { 1959). as modified by White et al. ( 1979). After 
phase-separation. the lipids were recovered in the lower chloroform 
layer (solvents were removed in vacuo) and stored at -20°( in !.5 
ml vials fitted with teflon-lined caps. Fatty acid methyl esters 
!FAME) and free alcohols and sterols were formed by direct transes­
terification of an aliquot of the total lipids with methanol/chloro­
form/hydrochloric acid ( l 0: l: 1: 100 °C: 60 min). After coolin2. 1 ml 
mi!li-Q-water was added and the products were extracted int-o hex­
ane/chloroform ( 4: l ). Solvents were removed under a stream of ni­
trogen and the alcohols and sterols were convened to their corre­
sponding 0-trirnethylsilylethers by treatment with N.Obis(trimeth­
ylsilyl)tnfluoroacetamide. 

A portion of the rotal lipid extract was analysed for lipid compo­
sition with an Iatroscan MK III TH l O thin-layer chromatography/ 
flame ionization detection (TLC/FID) analyser (Iatron Laboratories, 
Japan) (Volkman et ai. 1986: Volkman and Nichols 1991 ). Gas chro­
matographic analysis of fatty acid methyl esters and sterols were per­
formed on a Hewlett Packard 5890 GC equipped with a methyl sil­
icone fused-silica capillary column and a flame-ionization detector. 
Operating; instruction have been described in detail bv Nichols et al. 
( 1988). Fatty acids and sterols were identified by c~mparing mass 

and retention-time data with that obtained for authentic and 
standards (see Nichols et al. ! 989). Gas chromatography-

<ne•rttn,,-orw (GC-MS) of selected 

Protein analysis 

A sample of mixed krill (0.6 l c wet wt) usin2 individuals of differ-
ent sta£es coI!ected at various ... times of the ;ear 1.vas for 

- Total was ' the method 
of 

ed to dry weight 

Pigment analysis 

Total carotenoid content was estimated spectrophotometrically; a 
portion of the total lipid extract in 90% acetone was analysed for pig­
ment composition using a Shimadzu UV-240 spectrophotometer (300 
to 700 nm) (Ookubo and Matsuno 1985). 

A representative sample of mixed krill using individuals of dif­
ferent stages collected at various times of the year was analysed 
using high-performance liquid chromatography. HPLC (Wright et al. 
199 l ). Two peaks were resolved and identified by co-chromatogra­
phy. One peak matched both the maximum wavelength (473 nm) and 
retention time ( l 2 min) of the astaxanthin standard. The other peak 
co-chromatographed with known canthaxanthin from the blue green 
algae Anabaenaflos-aquae with a maximum wave length of 467 nm 
and a retention time of 8 min (Wright et al. 199 l). High-resolution 
MS data of the astaxanthin standard was acauired using; a Kratos 
Concept ISQ with a direct probe inlet. Accurate mass d.rta was ac­
quired at 10 OOO resolution at a scan speed of l s per decade using 
perfluorokerosene as an internal reference. The standard was deter­
mined to contain pure astaxanthin. 

Fluoride analysis 

Fluoride was liberated from freeze-dried krill samples in a petri dish 
by acid digestion using perchloric acid saturated with Ag2S04 (Lew­
is et al. 1987). The fluoride from this digest diffused into the petri 
dish lid which was coated with ethanolic sodium hydroxide solution 
(49'c wt/vol. NaOH in 90% EtOH) while being heated at 50°C for 
16 h. The alkaline mixture was dissolved in a l: ! solution of water 
and TISAB II buffer consisting of NaCl and CDTA (cyc!ohexylene­
dinitrilo tetraacetic acid) in ;rlacial acetic acid and water. The pH was 
adjusted to between 5.0 and-5.5 with 20% NaOH (Lewis et a( J 987). 
Fluoride concentration was measured with an Orion Model 96-09 
combination fluoride electrode and a Radiometer Ion 85 pH/rn V me­
ter (resolution O. l mM). 

Statistical analyses were performed by analysis of variance 
(ANO VA) using the "statisrical analysis system·· (Version 6.03, SAS 
Institute Inc 1988). Arcsine-transformation was done on all percent­
age data used for statistical analysis. Data are expressed as means 
:!: standard deviation. 

Results 

The average crude protein content of i\'yctiphanes austra­
lis was 52% of the total dry weight. The lipid content of 
N. australis ranged from 5.1 to 9.6% of the total dry weight, 
and no statistical difference was found between season or 
life stage. The lipid composition was dominated by polar 
lipids (including phospholipids and glycolipids) ranging 
from 68 to 86%. Triacylglycerols and sterols ranged be­
tween 5 to 21 and 5 to 8%, respectively (Table l). No sig-



'fohlc I Nyctiplu111e.1· wtstrnlis. Dry weight, lipid class, total lipid, lipid-cl,tss ra!ius, cholesterol, carntenoid and nuoride levels as a function of :;e,1son and iik stage(;\ aJull; SA suh,1d­
ull; J juvenile) 

1989 1990 Mean (SD) 
---

Nov Dec Feb Mar June Nov 

A J A A J j SA A A A SA A A A 
-~,--..,--------

Krill sample (g dry wt) (l.05 0.11 0.02 0.02 0.05 0.02 0.03 0.02 0.02 0.01 0.01 0.02 (l.0! ().()! 0.04 0.04 (0 03) 

Lipid class (mg g·· 1 dry wl) 
triacylglycerol 12.2 5.3 9.8 4.8 6.2 9.9 8.8 I ,1.9 l l .4 14.0 10.9 16.1 4.1 !4.0 l4.6 l .2(4.l) 
free ratty acid 0.0 2.2 2.7 2.4 4.3 2.8 2.6 3.7 2.1 0.0 2.7 4.0 3.4 2.3 3.1 2.8 (0.8) 
polar lipid 39.5 39.5 66.2 58.1 52.6 52. i 48.4 69.9 58.0 70.1 55.8 61.1 60.8 63.2 48.0 l ( lO.Cl) 
sterul 4.5 4.0 4.3 3.9 5.0 4.7 4.4 6.1 5.2 5.8 5.4 5.6 4.1 5.9 4.7 5.5 (0.7) 

Total lipid (mg g- 1 dry wt) 56.2 50.9 83.0 69.3 68.1 69.6 64.1 94.6 76.7 89.9 74.8 86.8 82.4 85.4 70.4 84.7 (l l .4} 

Cholesterol (mg g- 1 dry wt) I.I 0.4 3.9 2.0 I. I 0.3 1.9 2.4 2.4 2.4 2.4 2.4 0.8 2.6 1.9 1.9 ( 10) 

Percentage lipid composition 
triacylglycerol 15.7 10.3 11.8 7.0 9.1 14.3 13.7 15.8 14.9 15.6 14.5 18.5 5.0 i 6.4 20.7 14.7 (4.3) 
free fatly acid 0.0 4.3 3.3 3.5 6.4 4.1 4.0 3.9 2.7 0.0 3.6 4.6 l 2.7 3.8(l.l) 
polar lipid 78.5 77.6 79.7 83.9 77.3 74.8 75.4 73.9 75.7 77.9 74.5 70.4 86.0 74.0 68. l 87. 
slcrol 5.8 7.8 5.2 5.6 7.3 6.8 6.9 6.4 6.8 6.5 7.3 6.5 5.0 6.R 6.7 7 .5 (().8) 

Tow! lipid(% dry wt) 7.8 5.1 8.3 6.9 6.8 7.0 6.4 9.5 7.7 9.0 7.5 8.7 8.2 8.5 7.0 8.5 l.l) 

Triacylglyccrol:polar lipid 0.2 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.1 0.2 0.3 (0. i) 

Free rally acid:polar li1,id 0.0 0. I () () 0.0 O.! 0.1 0.1 0.1 0.0 0.0 0.0 0. l 0.0 0.0 0.1 0.5 (0 ! ) 

Tola! caro1e11oid" 
pg g I dry Wl 161 l 51 196 169 178 174 !37 303 186 !40 26:l 252 206 200 14(, 215 (4(1) 
pg g I lipid dry wt 2080 2959 2361 2432 2616 2500 2130 3202 2420 1555 3517 2904 2494 2342 2068 2895 (489) 

Fluoride (jtg g- 1 dry wt) 531 548 1079 1084 684 3506.5 277 1198 665 252 I .3 3212 1077 3500 !9]0 883 1556(1129) 
--------·--------------·--·-----·-·----~----

" <,::arntenoid included both astaxanthin anu canthaxanlhin al ""79.5 and 20.5%, respectively 

,,, 
w 
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nificant seasonal differences were detected in the 
class of the 

Cholesterol was the sterol with an average con-
centration over season and life stage of 1.9±1.0 mg 
wt. traces of desmosterol 24-dien-3 
and brnssicastero! 

acid 16:0 and the 
unsaturated acids eicosapentaenoic 

.1. Table 
acid indi-

and docosahexaenoic (DHA, dominated the 
acid composition of australis (Table The 
two major polyenoic EPA and DHA, ranged from 
16.6 to 36.5 and 11. l to 24.8% of the tornl fatty re­
spectively. The fatty acid profile was markedly unsatu­
rated, with the mean total m3 fatty acid being 48.6±2.4%. 
Significant differences were found in the levels of EPA and 
DHA between life stages. Both adult and subadult life 
stages differed significantly from juvenile krill in levels of 
these two PUFAs. Juveniles were found to have a higher 
mean percent EPA (23.6%) than the adults (17. 7%) and 
subadults ( 19.5% ). Juveniles had lower mean percent DHA 
(18. l compared with adults (22.3%) and subadults 
(23.7%). These differences were probably due to the in­
fluence of one sample (September 1990) which was 
significantly different from the total data set. No signifi­
cant differences were found however in the total co3 fatty 
acids between season and life stages. 

Both astaxanthin and canthaxanthin were detected in 
Nyctiphanes austra!is, with total carotenoid levels ranging 
from 137 to 303 µg g- 1 dry wt. Levels of astaxanthin and 
canthaxanthin were 79.5 and 20.5%, respectively. Fluoride 
concentrations ranged between 277 and 3507µg g- 1 dry wt. 
No significant differences in either carotenoid or fluoride 
levels were evident between season or life stage (Table 1 ). 

Discussion 

Marine zooplankton tend to have lower lipid concentra­
tions at lower latitudes (Sheard 1953), and Nyctiphanes 
australis is no exception. The total lipid in N. australis 
(8.5% dry wt) was less than values which characterize 
high-latitude krill species. Meganyctiphanes norvegica, 
Thysanoessa raschii and T. inermis, for example. all of 
which are found in northern polar regions, attain seasonal 
peak lipid contents of about 40, 40 and 50% dry wt, re­
spectively (Falk-Petersen et al. 1981). and concentrations 
vary seasonally by roughly threefold, fourfold, and four­
fold respectively (Saether et al. 1986). Lipid levels of the 
Antarctic euphausiid Euphausia crystallorophias range 
between 10% dry weight in November and 35% dry weight 
in May (Littlepage l 964 ). All these polar species depend 
on lipid stores to survive periods of low plankton produc-

tion in the winter. levels of the Antarctic krill 
collected between 

variable. and range from 3 
1 and Mohr 

1988: Virtue et aL 

:md autumn are also 
to 369c 
1981: Saez.her et aL 

raschii 
and Euphausia (Sargent and Falk-

Petersen 198 I; Virtue et al. 1993). The majority of 
N. ausrralis was in the form of structural 
Phospholipids and cholesterol are structural elements of 
the plasma membrane, whereas storage lipids such as tri­
acylglycerols and wax esters are used as energy stores (Lee 
et al. 1970; Sargent 1976). 

The similarity in cement and composition of these 
samples would imply a relatively constant available food 
supply throughout our sampling period. Harris et al. 
( 1987), however. reported season fluctuations in phyto­
plankton in this region, with bloom conditions during 
spring. Nyctiphanes australis is omnivorous (Mauchiine 
1980), and Ritz et al. (1990) concluded from a study of 
stomach contents analysed quantitatively throughout the 
year, that N. austral is was an opportunistic omnivore/det­
ritivore. Young et al. (1993) reported no significant rela­
tionship between length and weight of N. ausrralis with 
season. using samples collected from the same stations as 
those of the present study. Due to their ability to exploit a 
variety of food sources. N. australis is able to maintain 
physiologicai status in terms of lipid content and compo­
sition under conditions of reduced phytoplankton. 

Although physiological condition appears to be main­
tained in Nyctiphanes australis throughout the year, a re­
sponse to environmental conditions may be evident in a 
more dynamic sense. Young et al. ( 1993) reported signif­
icant variation both seasonally and interannually in den­
sity, biomass and population structure of N. ausrralis. This 
variation was attributed to regional oceanographic condi­
tions driving phytoplankton production. Biomass esti­
mates may also be influenced by both seasonal predation 
upon N. australis and the fact that this species may live at 
depths out of plankton-tow range during the winter months 
(Young et al. 1993). 

In terms of mariculture feed. the total lipid level of Nyc­
tiphanes ausrraiis is near the optimum range used for sal­
monids. Fish and crustaceans fed diets high in total lipid 
accumulated excess lipid which was deposited as visceral 
fat. This excess is discarded as waste during processing. 
The weight of the mesenteric adipose tissue in saimonid 
fish has been found to increase with increasing dietary lipid 
(Lin et al. 1977; Takeuchi et al. 1978). 

A number of samples analysed which were not included 
in this data set contained wax esters that ranged from 2 to 
7% of the total lipid. All these samples consisted of very 



Tublt! 2 Nyctiplumes amlrnlis. Percentage folly acid composition as a function of season and life st.1ge (A adult; SA sub,u.lull; .I juvenile; other includes all categories(< 0.5%) 

Fatty acid 1989 1990 Mean (SD) 

Nov Dec Feb Mar Apr May June Sep Nov 

A J A A J J SA A A A SA A A J A 

14:0 5.5 4.9 5.3 4.2 4.4 6.1 5.6 5.9 5.4 5.8 5.8 6.2 3.5 3.5 6.0 5.2 (0.9) 
15: lro8 0.1 0.1 0.2 0.0 0.2 0.2 0.3 0.0 0.3 0.4 0.0 0.0 0.7 0.0 0.0 0.2 (0.2) 
15:0 I. I 1.2 0.9 0.5 1.3 1.2 1.0 1.0 1.0 1.7 1.0 1.5 1.2 0.3 0.9 I.I (0.3) 
l6:4rol 0.6 0.4 0.6 0.5 0.4 0.5 0.3 0.4 0.3 0.5 0.5 0.8 0.5 1.3 0.4 0.5 (0.2) 
16:3ro4 0.2 0.2 0.1 0.1 0.2 0.2 0.1 0.1 0.1 0.4 0.0 (l.l 0.2 0.6 0.1 0.2( 0.1) 
16: lro7 2.6 4.3 2.7 2.6 2.6 2.9 1.6 1.7 1.7 2.3 2.2 2.2 2.1 7.0 2.5 2.7 ( 1.4) 
16: lro5 0.7 0.4 0.7 0.3 0.4 0.4 0.3 0.3 0.2 0.6 0.3 0.1 0.4 0.5 1.0 0.4 (0.2) 
16:0 25.2 24.8 22.5 21.3 23.0 23.1 21.6 21.2 20.9 23.4 21.4 20.9 23.5 20.2 21.4 22.3 (1.5) 
17:0 0.9 0.9 0.8 0.5 1.0 1.0 0.9 0.9 0.9 1.2 0.8 I.I I. I 0.4 0.9 0.9 (0.2) 
l 8:4ro3 5.1 2.7 5.5 3.1 2.9 4.3 2.9 4.7 3.5 2.6 4.2 5.3 4.0 1.8 7.3 4.0 ( 1.4) 
18:2ro6 3.6 3.0 3.5 2.5 3.2 3.5 3.5 4.1 3.5 3.5 4.0 3.2 3.0 1.2 2.8 3.2 (0.7) 
I 8:3ro3 3.8 2.3 3.2 2.0 3.4 3.1 2.5 3.7 2.6 3.2 3.5 3.4 3.2 0.5 3.0 2.9 (0.8) 
18:lro9 6.5 6.2 6.8 6.8 7.9 7.0 8.6 8.2 8.2 7.9 8.5 7.3 7.8 5.3 5.6 7.2 (1.0) 
18:1Ctl7 3.2 3.9 3.3 3.8 3.2 3.3 2.6 2.8 2.7 3.8 3.1 3.6 3.3 5.8 2.9 3.4 (0.8) 
18:0 2.3 2.3 2.2 1.6 2.9 2.7 2.2 2.2 2.3 2.3 2.1 2.1 2.7 2.2 1.6 2.2 (0.4) 
20:4o.>6 0.0 0.0 0.0 2.5 0.0 0.0 0.0 1.8 2.3 1.9 1.8 0.0 1.9 (l.() 0.0 0.8 (0.3) 
20:5o.>3 17.1 20.9 17.7 21.3 19.3 18.8 20.6 16.6 18.4 16.6 17.1 17.5 16.7 36.5 17.9 19.5 (4.9) 
20:4Ctl3 0.5 0.4 0.5 0.3 0.5 0.3 0.2 0.4 0.2 0.4 0.3 0.3 0.4 0.5 0.6 0.4 (0.1) 
20:2ro6 0.3 0.2 0.2 0.1 0.3 0.2 0.2 0.6 0.1 0.3 0.0 0.2 0.0 0.0 0.2 0.2 (0.1) 
20:lo.>9 0.5 0.7 0.4 0.5 0.6 0.4 0.3 0.2 0.1 0.4 0.3 0.1 0.7 0.5 0.9 0.5 (0.2) 
22:6(1)3 18.9 19.2 21.8 24.8 21.3 20.6 24.4 22.4 24.4 20.5 22.9 23.0 22.0 I I.I 22.6 21.3 (3.3) 
22:5ui3 0.4 0.4 0.5 0.3 0.4 0.3 0.4 0.5 0.3 0.4 0.2 0.5 0.6 0.8 0.5 0.4 (0.1) 
other 0.5 0.4 0.3 0.0 0.5 0.0 0.0 0.2 0.0 0.0 0.0 0.3 0.2 0.0 0.4 0.2 (Cl.I) 

I 6: I u>7/l 6:0 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.3 0.1 0.1 (0.1) 
18:1{1)7/18:lui9 0.5 0.6 0.5 0.6 0.4 0.5 0.3 0.3 0.3 0.5 0.4 0.5 0.4 I.I 0.5 0.5 (0.2) 
lol,tl {1)7 5.8 8.3 5.9 6.4 5.8 6.1 4.2 4.5 4.3 6.1 5.2 5.7 5.4 12.8 5.4 6.1 (2.1) 
total (J)3 45.8 45.8 49.3 51.8 47.9 47.4 51.0 48.2 49.5 43.7 48.2 50.0 46.9 51.2 52.0 48.6 (2.4) 
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examination revealed 
numbers of 

which could 
be 

the fluoride concen-
tration in whole australis would be consid-

for both human and stock 
this V!Ould be suitable as mariculture feed. The 
United States Food and 
lowance for human 

et al. l 
is 100 µg 

In both vertebrates and in-

found tures. Grave ( 1981) rp,,.,r.,..,,.,.,.., that the elevated fluoride con­
none. centration in salmonids fed a pure krill diet was restricted 

Tora! co3 acids constituted almost half the total to skeletal tissue. Fluoride content of muscle tissue 
with the two es­

sential EPA and DHA dominating. These 
levels compared well with those found in digested 
krill from stomachs of slender tuna (Bishop et al. 1976). 
Levels of both EPA and DHA were 25 to 30% higher than 
those reported for polar species such as Meganyctiphanes 
norvegica, Thysanoessa raschii, T. inermis (Sargent and 
Falk-Petersen 1981), and Euphausia superba (Virtue et al. 
1993). The food source of N. australis may contain sub­
stantial quantities of both eicosapentaenoic and docosa­
hexaenoic acids. Alternatively/in addition, N. australis 
may possess some ability to elongate and desaturate die­
tary fatty acids. 

The superiority of long-chain over short-chain C 18 PU­
FAs in maintaining growth has been reporred in nutritional 
studies for marine fish (reviewed by Sargent and Whittle 
1981). It has been suggested that carnivorous marine fish. 
which have natural diets high in EPA and DHA, may not 
have evolved or may perhaps have lost the enzymatic path­
ways for the elongation and desaturation of shorter-chain 
PUFAs to these longer ones (Cowey and Sargent 1977: Sar­
gent and Whittle 1981 ). cu3 fatty acids are essential for sal­
monid development (Ashton et al. 1993). Species such as 
rainbow trout (Oncorhynchus mykiss) require w-3 rather 
than OJ-6 fatty acids (Castell et al. 1972). Dietary deficien­
cies in cv-3 fatty acids in salmonid fish cause physiologi­
cal dysfunction of developing fish and early embryonic 
mortality (Watanabe 1982; Leray et al. 1985). Because 
Nyctiphanes australis contains very high levels of long­
chain cu3 PUFAs. it would therefore be an attractive food 
source for mariculture species. 

The crude protein content of Nyctiphanes ausrra!is 
(52%) was typical of that found in euphausiids (reviewed 
by Mauchline 1980). Crude protein is not a measure of me­
tabolizable energy. Krill carapace, which is a nitrogenous 
polysaccharide, represents a portion of crude protein. 
Amino acid protein constitutes 78% of the crude protein 
in whole Euphausia superba (Pierce er al. I 969: Siebert et 
al. 1980). Amino acid content was not analysed in N. cws­
tralis in the present study: however. assuming levels sim­
ilar to those found in E. superba, protein in terms of 
metabolizable energy would be -40%. A survey of the 
quality of various fish meals available to the Tasmanian 
salmonid industry reported percentage protein in the range 
of 60 to 70% (Foster 1991 ). The protein content of N. aus­
rralis would be considered adequate in terms of a maricul­
ture feed, although supplemental protein might be re­
quired. 

increased but did not exceed concentrations re-
in various wild salmonid species and was < 2% of 

the USFDA limit for human 
and the fluoride content of 
Antarctic and found no differences in fish feeding on 
krill and fish feeding on other fish. They 
found fish muscle to contain 2 µg fluoride. which is 
similar to that of fishes in other waters; however. the flu­
oride level found in the bone tissue of these fish was in the 
order of 600 to 1200 µg g-1• The flesh of mariculture spe­
cies such as salmonid fed on a krill-based diet would not, 
therefore. be expected to contain high levels of fluoride. 
Rather, if accumulated. fluoride might be expected to be 
found in the skeletal material. 

A large variation in fluoride levels in Nyctiphanes aus­
tralis was found in this study. Adelung et al. (1987) re­
ported >99% of fluoride to be concentrated in the cuticle 
~f euphausiids (2600 µg g- 1 dry wt in Euphausia superba 
and 3300 µg g-1 in lvfeganyctiphanes norvegica). As fluo­
ride accumulates mainly in the chitinous exoskeleton of 
crustaceans and is found in verv low concentrations in the 
muscle and softtissue (50 to 100 µg g-1: Szewielow 1981 ). 
a substantial fluctuation within the moult cycle would be 
expected in N. australis. 

Astaxanthin is the major carotenoid in many crusta­
ceans and was found to be the dominant carotenoid in Nyc­
tiphanes australis in this study. N. australis is somewhat 
richer in this pigment than Euphausia superba, which was 
found to have a mean astaxanthin content of 94 µg g-1 dry 
wt (converted from wet weight using 77% tissue water con­
tent for this species; Clarke 1980). Carotenoids such as as­
taxanthin and camhaxanthin are used as pigmenting agents 
by the mariculture industry. Carotenoids cannot be synthe­
sised de novo by salmonids, and hence dietary supplements 
are required in net-pen reared fish (Storebakken and No 
1992). 

Euphausia superba. which is rich in carotenoids and 
contains mainly (3R.3 'R)-astaxanthin diester, was used 
successfully to enhance integument pigmentation of cul­
tured yellow tail and sea bream (Fujita et al. 1983; Maoka 
et aL 1985: Miki et a!. 1985). Shigeru et al. (l 987) fed oil 
extracted from Euphausia superba to 180 g coho salmon 
( Oncorhynchus kisutch) for 8 wk, and reported marked 
flesh pigmentation which was found to consist mainly of 
astaxanthin. 

Physiological conditions vary within and between spe­
cies. and the need for size- and sex-specific research is nec­
essary to determine the rate of deposition of carotenoids in 



-·,...::..,,. 

fish flesh. Based on our results, 
asraxcmthin source for use in culture. 

studies are warranted to confirm the commercial 
use of this species as a agent. Other factors 
relevant to the commercial value will be 

This rese:trch was 
and Development 

M. Sands of the 
of Tasmania~ for assistance with fiuoride 

the Antarctic Division is th,rnked for 
vidim, exoertise HPLC C. Bobbi and B. 
er of-CSIRO Division of with the fieldwork. M. 
Brown. G. Dunstan of CSIRO and two anonvmous rev\ewers oro-
vided helpful criticisms of the manuscript. · ' 
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of Ciione !imacina, a Southern Ocean 
contain 28'% 

r,,:,,rre;nr:,a<> of total whereas 
Umacina Thecosomata) iacks DAGE. The 

alkyl ether diols (1 GE) of Clione 
are dominated by 16:0 (60%) 

trast with de1eo-se,1 shark liver which is dominated 
18:1 GE. The fatty add profiles of Clione and Umacina are sim­
ilar {28-32% polyunsaturated, 26-34"/o monounsaturated) as 
are the sterols, which include 24-rnethyienecholesterol, trans­
dehydrocho!estero!, cholesterol, and desmosterol. This finding 
probably reflects the :act that Umacina is the major food source 
for Clione. Spongiobranchaea australis, another Southern 
Ocean pteropoi:l (order Gyfrmcisomata), has 0.9...:1 .7% DAGE, 
but has less lipid (3.3-4.8 mg/g lipid, wet weight) than Clione 
(50.8 mg/g lipid, wet weight). We propose a buoyancy role for 
DAGE in Clione since Limacina has bubbles for flotation which 
C!ione lack; DAGE provides 23% more uplift than triacyiglyc-
erol at a concentration of 1 .025 g/ml seawater.· ·· - --·· 
Lipids 32, 1093-1100 (1997). 

Marine zooplankton maintain buoyancy by diverse strategies 
including hypotonicity, increased surface area, swimming, 
gas hubbies, and storage of low-density materials such as 
lipid (0.86--0.93 g/mL). The most important storage lipids in 
marine zooplankton are wax esters (WE) and triacy!glycerol 
(TAG) (1). WE may be concentrated in polar and deep ocean 
copepods, where they are utilized primarily as long-term en­
ergy reserves (2). TAG, however, are major short-term energy 
reserve molecules in most zooplankton. WE have a lower 
metabolic turnover rate than TAG, 31!9 thus may have a more 
important function in buoy_ajlcy-than TAG {3). The density of 
WE (0.86 g/mj:., at-21°C) is less than TAG (0.93 g/mL at 
21 °C).-Diacylglyceryl ether (DAGE), although not a major 
lipid in zooplankton, also has a lower metabolic turnover rate 
than TAG and a lower density (0.89 g/mL at 2 l °C). DAGE 
also generates 23% more upthrust than TAG (0.127 g 

*To whom correspondence should be addressed. 
E-mail: phleger@sunstroke.sdsu.edu. 

Abbreviations: DAGE. diacylglycerji ether; FFA, free fatty acids; FID, 
flame-ionization detector; GC, gas chromatography; GE, l-0-alky! glyc­
erols; MS, mass spectrometric; PL. phospholipid; PUFA, polyunsaturated 
fotry acids; ST, sterols; TAG. triacy!glycerols; TLC, thin-layer chromatogra­
phy; TMS, trimethy!siiyl; WE, wa;'l esters. 

in seawater of 

is also used to understand and 
food web interactions has a com­
plex food web induding ~"";'_,,,.,',ci,'111".L'"'"'""' herbivores fed 
upon squid, seals, and ba1een whales (7). 
Sterols (ST) and fatty acids are excellent biomarkers for food 
chain studies (8). The herbivorous Thecosome 1"!/P·Tnv,.-.tl Li­
macina helicina is very common in the South.em 
other oceans (9). It is fed upon 
some pteropod, Clione ,,,.,n,..m~ another abundant holo­
p~an_~to11i_c Opisthobranch mollusk. Spongiobranchaea aus­
tralis is another highly predaceous Gymnoson1e pte-r~po<l, - . 
which also feeds exclusively on a Thecosome pteropod { Clio 
pyramidata). 

Limited lipid compositional data are available for these 
Southern Ocean pteropods.The purpose oft.his study is to re­
port the use of DAGE as a possible buoyancy iipid in the 
pteropod C. limacina, and to ciarify and further understand 
food web interactions by examining pteropod ST and fatty 
acids as key biochemical factors. 

MATERIALS AND METHODS 

Sample description. The pteropods C limacina and L. helic­
ina were collected by Isaacs-Kidd midwater trawl from the 
R/V Yuzhmorgeologia on January 23 and 22, 1996, respec­
tively. These samples were obtained as part of the Antarctic 
Marine Life Research Field Study conducted annually in the 
Elephant Island region of the Antarctic peninsula (10, 11). 
Clione limacina was trawled from station A-04 (off Admi­
ralty Bay, King George Island) at 62°14.4' Sand 57°58.5' W. 
Limacina helicina was trawled from station AB-03 (within 
Admiralty Bay). In both cases the net was towed to 170 m 
depth for about 30 min. Pteropods were frozen at -10°C as 
soon as possible after sorting and counting on board ship. 
They were then transported frozen by air to the CSIRO Divi­
sion of Marine Research where thev were maintained at 
-60°C prior to analysis. Spongiobranchaea australis was col­
lected by rectangular midwater trawl (to 195 m) from the RN 
Aurora Australis on Expedition Broke on March 12, 1996, 
.from the Adelie coast (within Wilkes land) region of East 
Antarctica (63°26.27' S and 138°59.2 l' W). They were 

Copyright © 199 7 by AOCS Press 1093 Lipids, Vol. 32, no. 1 O (i 997) 
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h) to convert ST to their corre­
ethers. 

acids \vere per­
Hewiett-Packard 5890A GC 

moved in using rotary . ",.,.~._ .. ,vu at 30°C class were in 
analyses were conducted immediately; for other purposes less mode at an oven of 50"C. After l min, the 
samples ,vere stored for no more than 3 din a known volume oven rPrnnf'rn was raised to 150°C at 30°C/min, then to 
of chlorofomi, 250°C at 2°C/min, and to 300"C at 5"C/min. Peaks 

Lipids. An aliquot of the total solvent extract was were quantified with DAPA Scientific Software. Individual 
using an Iatroscan MK V TH!O chromatography- components were identified using mass data and 
flame-ionization detector (TLC-FID) (Tokyo, comparing retention time data with those obtained for authen-
Japan) to determine the abundances of individual classes tic and laboratory standards. GC results are subject to an error 
(13). Samples were applied in duplicate or triplicate to silica of ±5%. 
gel SIU Chromarods (5-µm particle size) using l µL dispos- GC-mass spectrometric (GC-MS) analyses were per­
able micropipets. Chromarods were developed in a glass tank formed on a Fisons MD 800 GC-mass spectrometer (Man­
lined with pre-extracted filter paper. The solvent system used chester, United Kingdom) fitted with an on-column injector. 
for the lipid separation was hexane/diethyl ether/acetic acid The GC was fitted with a capillary column similar to that de­
(60: 17:0.2, by vol), a mobile phase resolving nonpolar com- scribed above. 
pounds such as WE, TAG, free fatty acids (FFA), and ST .. \ The Iatroscan (TLC-FID) analyzer provides a rapid means 
second nonpolar solvent system of hexane/diethyl ether (96:4, of detecting DAGE without any sample treatment and deriva­
vol/vol) was also used to separate hydrocarbons from WE and tization prior to analysis. To further confirm and elucidate the 
TAG from diacylgiyceroL After development, the chromar- · composition of the DAGE fraction, the process of saponifica­
ods were oven-dried and analyzed immediately to minimize tion was used in this study to convert the DAGE to the corre­
adsorption of atmospheric contaminants. The FID was cali- sponding GE. The GE are then extracted with other 
brated for each compound class (phosphatidylcholine, cho- nonsaponifiable neutral lipid material and converted to di-0-
lesterol, cholesteryl ester, oleic acid, squa!ene, trio!ein, and TMS ether derivatives prior to analysis by GC. GC-MS 
DAGE purified from shark liver oil; 0.1-10 µgrange). A lab- analysis of the samples readily identified the GE components 
oratory standard of WE was used for peak identification, and from their base peak at m/z = 205. 
steryl ester was used for quantification of WE. Based on the Determination of double-bond configuration in fatty acids. 
TLC-FID analyses and subsequent analysis of component Dimethyl disulfide adducts of monounsaturated fatty acids 
fatty acids and aicohols by gas chromatography (GC), steryl were formed by treating the total fatty acid methyl esters with 
esters were either absent or only present as trace components. dimethyl disulfide ( 14, 15). Adducts were then extracted using 
WE and steryl esters coelute in the systems used, but results hexane/chloroform (4:1, vol/vol) and treated with N,0-bis­
for combined TLC-FID and GC assays indicated they were (trimethy!silyi)-trifluoroacetamide to form TMS derivatives 
either absent or only present as trace components. Peaks were prior to GC-MS analysis. 
quantified on an IBM-compatible computer using DAPA soft-
ware (Kalamunda, Western Australia). Iatroscan results are 
generally reproducible to ±10% (13). 

Fatty acids and 1-0-alkyl glycerols (GE). An aliquot of 
the total soivent extract was treated with potassium hydrox­
ide in methanol (5% wt/vol) and saponified under nitrogen 
for 3 hat 80°C. Nonsaponifiable neutral lipids (e.g., glyceryl 
ether dio!s and hydrocarbons) were then extracted into 
hexane/chloroform (4:1 vol/vol, 3 x 1.5 mL) and transferred 
to sample vials. Following acidification of the remaining 

lipids, Vol. 32, no. 1 O (1997) 

RESULTS 

Lipid composition. Clione limacina (order Gymnosomata) 
has 27.8% DAGE, S. australis (order Gymnosomata) has 
0.9-1.7% DAGE, and L. helicina (order Thecosomata) has 
only trace amounts of DAGE (Table ! ). Clione limacina also 
has over 10 times as much lipid as the other two pteropods 
(50.8 mg/g, wet weight) (Table !). The other major lipid 
classes in C. limacina include TAG (22.6%), FFA (23.9%), 
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TA.!ll.E 

WE 

Cfione /imacina o.e 

Lirnacina helicina trace 

australis 

0.2 

0.2 
0.2 

TAG 

22.6 

66.7 
39.5 

FFA ST 

23.9 2.5 

54.9 57.7 
59.1 6.3 
57.1 6.7 

0.8 0.7 
0.4 0.9 

PL 

22.1 

36.0 

30.0 
58.1 

UN 

OeJ 

GE 

27.8 

trace 
trace 
trace 

'7 t., 

0.Y 

Total 

1(,'0.0 so.a 

100.0 2.4 
6.9 

100.0 41 

00.0 3.3 
iOO.O 4.8 ·----·----·-·--- . -----------

"Abbreviations; WE, wax ester; TAG, triacylglycl'.'rot; ff A, free fatty acid; ST, sterol; PL. phospholipid; UN, unidentified; 
a1a,::vi~:ivcerv1 e1her. 

0.4--0.8% 
30.0-58. 1 % PL. ST are in all pteropods 
along with minor amounts of WE (trace--0.8%) (Table I). 

more 
more brassicastero! (!9.0-20.5%), less 

less cholesterol (7. 
slightly more 24-nordehydrocho!esterol 

ST. The ST in C. limacina include 24-methyl- 2). Five minor ST were also detected: '-"'J''-·""-" 
(cis-dehydrocholesterol, 1.3-3.2%), 24-ethyl­cholesta-5 ,24(28)E··dien-3j3-ol (24-methylenecholesterol, 

cholesta-5,22E-dien-3j3-ol (trans-dehydrocholes-
19 .0% ), 24-rnethylcholesta-5,22E-dien-3f3-ol (brassi­

casterol, 17%), cholesta-5,24£-dien-3~-ol. (desmosterol, 
15.6%), cholest-5-en-3f3-ol (choiesterol, l l.6%), and 24-
norcholesta-5,22E-dien-3f3-ol (24-nordehydrocholesterol, 
6.5%) {Table 2). The major ST in L. helicina are similar to 
those in C. !imacina and include 24-methyienecholesterol 
(22.8-24.1 % ), trans-dehydrocholesterol ( 14-l 6.4% ), brassi­
casterol (15.8-16.8%), desmosterol (17.4-19.7%), choles­
terol (9.1-9.8%), and 24-nordehydrocholesterol (7-9.1%). 
The sterol composition of S. australis differs from both C. li­
macina and L. helicina in that S. australis has less 24-methyl-

TABU: 2 
Sterol Composition of Southern Ocean Pteropods 

Peak Clione 
Sterol no:' /imacina 

24-Nordehydrocho!esterol 6.52 
24-Nordehydrocholestano! 2 0.07 
cis-Dehydrocholesterol 3 1.73 
trans-Dehydrocholesterol 4 19.05 
Dehydrocholestano! 5 0.11 
Cholesterol . -· .. 6 1 l.64 
Cholestano!__ .......... ---- 7 0.15 
Desmoster;l 8 15.59 .. 
Brassicasterol 10 17.00 
Brassicastanol 11 
24-Methy!enecholesterol 12 21.54 
24-Methylenecholestanol 13 0.79 
Stigmasterol 14 0.48 
24-Ethylcholesterol 16 2.20 
lsofucosterol 18 1.91 
C30, two double bonds 20 1.01 
Other 0.22 

(stigmasterol, 0.4--l.4% ), 24-eth­
yicholest-5-en-3!3-ol (24-ethylcholesterol, 0.2-3.2% ), 24-eth­
ylcl:miesta-5,24(28)Z-dien-3j3-o! (isofucosterol, 0.9-2.9% ), 
and an unidentified C30 ST, containing two double bonds 
( l.0-2.1 % ) (Table 2f Five stanols were found in minor 
amounts in the Southern Ocean pteropods. These include Sa-
24-norcholest • 22£-en-3 P-ol (24-nordehydrocholestanol, 
0.1-0.6% ), 5a-cholest-22£-en-3j3-ol (dehydrocholestano!, 
0.1--0. 7% ), Sa-cholestan-3~-ol (cholestanol, 0.2-2.2% ), 24-
methyi-5a-cholest-22£-en-3~-oi (brassicastanol, 0.2--0.7%), 
and 24-methyl-Sa-cholest-24(28)£-en-3~-o! (24-methylene­
cholestanol, 0.8--0.9%) (Table 2). 

Percentage composition 

Limacina Spongiobranchaea 
he!icina australis 

6.96 9.07 8.58 9.73 9.81 
0.55 0.58 

1.65 1.28 1.37 3.19 2.82 
13.97 16.36 14.90 34.02 30.93 

0.65 0.65 
9.09 9.79 9.08 8.56 7.72 
0.15 n.d.0 2.16 

19.68 17.42 19.28 4.37 4.49 
15.82 16.80 15.76 19.03 20.48 

0.15 0.68 0.44 
23.61 22.83 24.12 12.93 12.72 

0.88 0.75 0.83 
1.43 0.44 0.44 0.53 0.36 
1.39 1.22 0.20 3.13 3.22 
2.94 2.54 2.86 0.97 0.87 
2.97 1.52 1.75 0.96 1.28 
0.22 0.83 0.73 1.4 

Total 100.00 100.00 100.00 100.00 100.00 100.00 

- 'Peak number on gas chromatogram. 
bn.d., not determined. 

lipids, Vo!. 32, no. i O (1997) 

~, __________________ _ 



1096 C.F. PHLEGER ET Al. 

GE. The electron ionization-mass spectra of 
GE showed the 

and46% 
ether ( is sec-

""'""'"''""''" in C. lim.acina whereas hexadec-9-
ether l) is the second-most abundant GE in 

4% 15:0 GE. Clione li­
macina has less high moiecular GE (il 8:0--20: l GE 
summed are 7%), whereas in S. australis these GE (i l 8:0-
20: 1) are 18% and in L. helicfna 22% of the total 
The GE e1cos2,-'i-·effv1 ether (20: l) is 8% and 10% in 
S. australis and L. helicina, respectively; however in C. li­
macina it is 3% of the total. Also, the GE octadecylglycerJl 
ether (18:0) is 4% in S. australis and L helicina whereas in 
C. limacina it is 1 % of the total (Table 3). 

Fatty acids. Ciione limacina and L. helicina both differ 
substantially from S. australis because they have less eicos­
apentaenoic acid 20:5n-3 (7.2-1 i.7%) than S. australis 
(21.5-23.3%) 20:5n-3 (Table 4). The sum of the polyunsatu­
rated fatty acids (PUFA) is therefore greater for S. australis 
(46-48%) than for C. limacina (26.7%) and L. helicina 
(32.2-42.8%). Docosahexaenoic acid 22:6n-3 is the second­
most common PUFA in S. australis (18.7-19.1%) and the 
major PUFA in both C. limacina (15.8%) and L. helicina 
(16.3-2I.9%). Although levels of22:5n-3 are generally low, 
this PUFA is twice as abundant in L. helicina (2.6-2.7%) than 
in C. limacina (LI%) and S. australis (U-l.4%). The PUFA 
20:2n-6 is also more important in L. helicina (3.3-3.8%) than 

TABLE 3 
1 -0.Alky! Glycerol Composition of Southern Ocean Pteropods 

Percentage composition 

Ether alkyl Clione Umacina Spongiobranchaea 
chain limacina helicina austra!is 

14:0 8 3 
15:0 21 4 4 
16:1 3 9 19 
16:1 4 
16:0 60 46 55 
i17:0 2 
al 7:0 3 4 
17:0 5 3 2 
i16:0 <1 <: 
i8:1 1 5 6 
i 8:0 4 4 
il 9:0 
20:1 tracea 3 
20:1 3 10 8 

"Trace: less than 0.5%. 
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S. australis (U-l and was not detected in 

Clione limacina and L. helicina also differ 
from S. australis because 
20:1n-7c (! % for C. 
than S. australis 
20: ln-9c 7% for C. limacina and 3.5-4.6% for l. rie,Hnnn 

than S. austral is ( l. sum of the monounsaturated 
acids is therefore greater for C limacina and l. 

than S. crnstralis (I 9 .2- l 
S. austraiis has more I 6: l n-7 c 

than C. limacina and 

and 5.5--{i.4% for S. uu.ur,UH,>. 

The acids in C. limacina and L. 
helicina are acid ( l and stearic acid ( l (Table 

In C. limacina, there is l l .8% of l 6:0 and 6.6% of l 8:0, 
whereas in L. helicina there is 9.8-l6.l% of 16:0 and 
5.4-16.8% of !8:0. In S. australis, the saturated 
fatty adds are 16:0 (17.8-l 18:0 (3.4-3.8%), and 14:0 
(3.7-3.8%). In C. llo/1,,u·,nn the saturated fatty acids l7:0 
(4.8%) and al7:0 (coeluting with !7:ln-8c) (8.9%) are also 
important Levels of l 7:0 and a 17:0 in the other pteropods are 
uniformly low (0.3-2.2% ). 

DISCUSSION 

Occurrence of DAGE in Antarctic zooplankton. The high 
level of DAGE (28%) in the pteropod C. limacina from 
Antarctic waters (Bransfield Strait) is unusual in marine 
macrozooplankton (Table l ). Lee ( l 6) reported l 9% DAGE 
in C. limacina from Bute Inlet; British Columbia, but the slip~ 
portive data were unpublished. Published reports on lipid 
composition of Antarctic invertebrate zoop!ankton either con­
tain no reference to DAGE or report its presence as less than 
1.5%. Hagen (17) found 1.3% DAGE in C. limacina collected 
from the Antarctische Halbinse!, and DAGE was not reported 
in pooled samples of C. limacina collected from the Weddell 
Sea in 1985. Limacina helicina samples had 0-l .5% DAGE 
( 17). From the fatty acid data, it seemed that DAGE consti­
tuted 6% in Clione specimens W., personal commu­
nication). The Thecosome pteropod Clio pyramidata had 
0.3% DAGE (l 7). Reinhardt and Van Vleet (5) found TAG, 
WE, and PL as the major lipid classes in 16 species of Antarc­
tic invertebrate zooplankton, including amphipods, copepods, 
polychaetes, chaetognaths, cnidarians, tunicates, mysids, and 
euphausiids as well as mixed plankton. Clarke (18) found 
0.3-1.5% DAGE in the Antarctic isopods Serolis pagen­
stecheri and S. comuta. Fricke et al. (19) found 0.3-0.6% 
DAGE in Antarctic krill Euphausia su.perba. Hallgren and 
Stallberg (20) reported less than l.5% DAGE in benthic in­
vertebrates including marine crayfish, shrimp, and sea mus­
sels (species identifications not given). Some benthic mol­
lusks, such as Octopus dofleini, have 5% DAGE (21). The 
high DAGE percentage in C. limacina is accompanied by a 
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add iustra/is 

14:0 0.51 L43 .38 3~71 3.84 
1S:O 1.64 0.20 0.19 1.00 1.04 
16:0 1 .75 16.13 12S3 Hl.21 
17:0 4,76 0.76 037 1~ .,., ' 8 ! 

18:0 6.58 16.75 6.10 5.30 3.43 3.79 
19:0 0.44 0.18 O.Hi 0.06 0.07 
20:0 0.82 0.80 2.00 0.35 0.07 0.07 
22:0 0.05 0.03 0.03 
24:0 0.21 0.08 
Sum saturates 2:L6S 35J:l9 21.58 17.66 27.63 27.84 

i14:() 0.75 0.92 
ii5:0 0.13 0.08 0.08 0.08 
il6:0 0.16 0.08 0.11 0.11 
i17:0 0.49 0.50 0.52 0.39 0.49 0.47 
a17:0a 8.92 1.21 1.64 0.96 2.15 1.82 
Sum branched 9.41 L70 2.45 1.52 3.58 3.40 

16:in-9c' 0.14 0.11 
16:1n-7c 2.49 0.58 3.44 6.43 6.47 
16:1n-5c 0.11 O.I4 0.15 O.i3 
18:1 n-9c 3.11 1.92 1.14 6.81 1.57 1.72 
18:1n-7c 5.53 2.18 2.12 3.75 4.78 4.75 
18:1n-7t 0.04 . -- -· -·- - - ·---- -·-- - . - -- -18:1n-5c-- 0.55 0~25 0.28 0.40 0.36 
20:i n- 11 and n-3c 2.63 0.89 
20:1 n-9c 7.68 3.50 4.56 4.03 1.76 1.73 
20:1n-7c 10.98 17.75 23.07 19.94 3.68 3.77 
22:tn-9c 0.25 0.26 0.28 0.14 0.13 
22:in-7c 0.22 0.10 0.08 0.07 0.05 
24:1n-9c 0.04 0.05 0.03 O.Q2 
Sum monounsaturates 33.43 26.25 32.23 38.81 19.19 19.25 

18:2n-6c 1.08 1.45 0.51 10.06 1.60 1.61 
18:4n-3 0.35 0.41 0.61 0.78 0.66 
20:2n-6 3.29 3.80 3.36 1.13 1.26 
20:3n-6 0.25 0.30 
20:4n-3 1.24 1.21 1.66 1.37 0.64 0.65 
20:5n-3c 7.15 7.26 1i .74 11.18 21.45 23.29 
22:Sn-3 1.11 2.63 2.71 2.55 1.41 1.11 
22:6n-3 15.81 16.31 21.94 21.15 18.71 19.07 
Sum PUFA 26.74 32.15 42.77 41.30 45.98 47.95 

Other 4.74 4.00 0.98 0.71 3.62 1.55 
Total 100.00 100.00 100.00 100.00 100.00 100.00 

"Includes 17:ln:l\c.--
l>rhe sufftxen:and t denote cis and trans geometry, respectively, for monounsaturated fatty acids. 

__ Eiraceamounts of 18:3n-3 and 20:4n-6 were also present, coeluting with 18:2n-6 and 20:Sn-3, re-
spective!y. Abbreviation: PUf A, polyunsaturated fatty acids. 

high lipid content, 50.8 mg/g wet weight, an order of magni­
tude greater than in L. helicina and S. australis (Table 1). 

Distribution of DAGE in other marine organisms. DAGE 
is an abundant component of liver oii of certain shark species 
(22). Plunket shark ( Centroscymnus plunketi), Pacific sleeper 
shark (Somniosus pacificus) (23), and the leafscale gulper 
shark (Centrophorus squamosus) (24) have livers rich in 
DAGE. The liver of many of these sharks is over 50% oil; in 

some it is over 80% (25). The dogfish, Squalus acanthias, has 
38-45% DAGE in the liver oil, and the holocephalans Chi­
maera barbouri, C. ogilbye, and Hydrolagus colliei have 
more than 50% DAGE in the liver oil (3). Hydrolagus no­
vaezealandiae has 66% DAGE in its liver oil (26). Methoxy­
glyceryl ethers, first isolated from Greenland shark liver 
lipids, have antibiotic activity and inhibit the growth of tu­
mors in mice (27). DAGE is also an abundant component of 

Lipids, VoL 32, no. iO (1997) 
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much more than the level of ! 8: l GE in 
Table the "''°'r'"'"" C limacina has 21 % I -

ether (! 5 :0 which was not 
aet:o-,,ea sharks and is only present at !- l .4% lev­

els in cte,>.n-:,ea squids. At the present the reasons for the 
high relative proportion of the C 15 GE are not known. Two 
isomers of 20: l GE were also observed 3). This obser-
vation is similar to the acid where two isomers 
20: ! n-7 c and 20: l n-9 were also observed. The similarity in 
profiles is consistent with a common origin. In C. limacina in 
particular, the GE composition is dominated by lower molec­
ular weight GE than in the deep-sea sharks and squids. The 
GE of C. limacina are also different from L. helicina and S. 
austraiis which are characterized by somewhat higher hexa­
dec-7-enylglycery! ether ( l 6: l n-7c; 9-19%) levels than C. li­
macina (3% l6:in-7c) and higher levels of- i!S:0-20:l 
(summed) (22-18%, respectively) (Table 3). 

Two isomers of 20: I were also observed in the alkyl GE 
diol fraction of L. helicina. The double-bond position was not 
determined for the GE fractions; however, based on the fatty 
acid profiles, the two alkyl GE chains are presumed to be the · 
n-7 and n-9 isomers. In comparison, only one main isomer 
was present in Clione and Spongiobranchaea with trace lev­
els of a second isomer also present; based on retention time 
data, the main component was presumed to be the 20: l n-7 
isomer. This observation is in contrast to the fatty acid pro­
files where two isomers (20: I n-7c and 20: l n-9c) were pres­
ent in all three animals. In addition for Clione and Spongio­
branchaea, the n-7 /n-9 ratio for the fatty acids was generally 
between l-2. Although the n-7 20: I isomer was present at 
higher relative levels than the n-9 isomer in the fatty acid 
fraction, the ratio of n-7 /n-9 for GE was significantly greater 
than observed for the fatty acid fractions in both Clione and 
Spongiobranchaea. We presently can offer no explanation for 
these ratio differences between lipid classes (GE from DAGE 
vs. fatty acids from all lipids) in the proportion of isomers. 
Kang et al. (31) have noted similar ratio differences for 
DAGE GE and total lipid fatty acids from both shark: liver oil 
rich in DAGE fed to Atlantic salmon and for DAGE and total 
lipid recovered from the salmon feces. 

Comparative lipid compositional features. The PL and ST 
reported in Table l probably indude membrane structural PL 
and membrane ST. The relatively higher amounts of PL in L. 
helicina (34.2--39.4%) vs. C. limacina (22. l %) are consistent 
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The same 
iS nn•,PrvNl for S . . 

Also L. helicina and S. australis have trace or low DAGE 
). The FF1". in L helicina reflect 

the time necessary for 

breakdown of TAG 

tory aboard the Rf\/ Aurora Australis maintained at -1 ·c. 
n1.11.,;:,i:,cu more after capture 

and was in The presence of \VE to 
0.8%) in al! ..,,,,rn,.,,..,, (Table l) may mean that these WE 
were obtained from the food chain. cc,oeoo11s are rich sources 
of WE in polar waters ( 1) may be the dietary source of 
WE in pteropods. 

Tne similar ST composition of C. limacina and L helicina 
(Table 2) reflects the feeding selectivity of C. lim.acina, which 
is believed to feed exclusively on L. helicina (9). The ST of 
S. austrafis differ from L helicina and C. limacina (i.e., less 
24-methylenecholesteroi and more traru-·dehydrocholesterol, 
Table 2) because S. australis feeds exclusively on certain Clio 
species, such as C. pyramidata (l 7). Both Limar;ina and Clio 
are herbivorous Thecosome pteropods, and their ST are de­
rived from dietary phytoplankton. Desmosterol, for example, 
in L. helicina (17.42-19.68%, Table 3) is probably derived 
from dea!kylation of dietary phytosterols. Desrnosterol may 
also be of some importance iri providing·cnofosterol, since it 
is an intermediate in cholesterol synthesis. Gastropods can 
synthesize cholesterol de novo (32), but it is a very slow 
process, as evidenced by the low cholesterol levels in these 
pteropods ( 11.6% choiesterol in C. limacina, Table 2). Cho­
lesterol was present in only six of 14 diatom species studied 
by Barrett et al. (33). The ST 24-methylenecholesterol 
(21.5-24. I% in C. limacina and L. helicina) is the main ST 
in the diatom Chaetoceros (34). Brassicasterol is a major ST 
in some prymnesiophytes such as Phaeocystis, and it is im­
portant in L. helicina (15.8-16.8%, Table 2). The phytoplank­
ton composition of the Bransfield Strait waters where C. li­
"macina and L. helicin.a were collected was characterized by 
microplanktonic diatoms, such as Chaetoceros, Nitzschia, and 
Rhizaselenia, as we!! as 2-5-nm flagellates during 1990-1993 
(35). Rhizaselenia setigera was reported to have 94.2% 
desmosterol and Nitzschia closterium 1 OO%·desrnosterol (33). 
The area where S. australis was collected is characterized by 
a different phytoplankton assemblage, which may be reflected 
in its different ST composition compared to that in the other 
two pteropods (Table 2). 

The similar fatty acid composition of C. limacina and L. 
helicina bears out the feeding selectivity already discussed. 
Despite this, there are differences in the percentage composi-
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those C. limacina and L. helicina in that S. cmstralis hus 
over twice as much eic:osaoi~ntaerio acid 20:5n-3 
This may indicate of this n-3 PUFA in the 

ov1,a~mc1tm,:r. the food of S. aus- Clione from Canadian waters for 3 mon and observed a k,ss 
trafo. The 20:5n-3 PUFA is found in the diatoms Chaeto- of 85% of their :,1<,n,nr,,n1 structural dif-

rn,friJtr11n ~ Skeleumema costatum, and Thallassiosira 
acids 

the 
monoenes 20: l n-7 c and 20: l n-9c in contrast to australis. 
This also "'''""'"'''" different sources of food available 

ethers are useful as surfactants in cosmetics and 

""""'"''' and ratfish liver DAGE are intermediates in the 
synthesis of ,,,-.,•rrn·mnsor,ocnot a 

factor Methoxy-glyceryl ethers have been 
reported in shark liver oil (20) and have antibiotic and 
inhibit the of tumors in mice It has been stated 
that the g!yceryl including those of chimyl or al-
cohol (or their monounsaturated derivatives), have enormous 
economic potential because they possess this range of heal-

activity (40). Shark ether can become a good source 
of ether-linked lipids, which increasemembrane plasmalogen 
levels in patients suffering from the genetic Ze!lwegere cere­
brohepatorenal syndrome (41). It would be interesting to con· 
firm that the pteropod DAGE also have anticarcinogenic ac­
tivity, since pteropod culture could be a rapid and renewable 
source of DAGE. In contrast, the presently utilized deep~sea 
shark and ratfish may be showing signs of overfishing in se­
lected locations. Harvest of pteropods therefore might be an 
alternative source of DAGE. Clione limacina amounts to 80% 
of the total Gymnosome population in the north Atlantic 
Ocean and is so common that it i~ a food of the Greenland 
Right whale and some fishes (9). It reaches 50-70 mm in 
length in cold waters. Further analyses of C. limacina and 
other pteropods from a range of locations are recommended 
and will be pursued. The economics for harvesting Clione 
presently may appear unattractive. However, culture of this 
species, including as a possible direct source of DAGE or for 
use as a source of transgenic material for further application, 
may have better potential. . 

A possible buoyancy role for-DAGE. A convincing argu­
ment for buoyancy.regulation as a function for DAGE was 
made by Malins;nd Barone (42), who found the concentra­
tion ratios of DAGE to TAG to significantly increase in livers 
of weighted Squalus acanthias when compared to an un­
weighted control group. DAGE gives 23% more lift than TAG 
in 1.025 gicc sea water ( 4). The change was not due to selec­
tive rnobiiization of TAG but involved a net increase in 
DAGE. Malins and Barone (42) suggested that S. acanthias 
regulates buoyancy by the selective metabolism of DAGE and 
TAG during vertical migrations, and that this may substitute 
for the swimb!adder in teleost fishes that is not found in sharks. 

tm,nv,,nr·v function. Limac.ina is a Thecosome ml",·f"lr,<V'! with 
of the test is offset 

trast, both C. limacina and 5. t.mstralis are 
lack and have compact, hard bod-

Both Clione 
and 0.9-L re-

spectively, Table I), whereas Limacina has only trace 
amounts of DAGE. Clione is whereas Limacina is 
low in (l7) l). Since S. australis has both low 

and low it may use an alternative for 
buoyancy. The Gymnosome pteropods ,,,i ... r,,v .. iv feed on the 
herbivores Limacina and Clio, so it is certainly to their ad­

···· vantage to remain at the same level in the water column as 
their prey. DAGE may give the added uplift to accom-

the appropriate buoyancy for this selective feeding in· C. 
limacina. 
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