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1.0 Summary 

Orange Roughy and other Marine Oils: 

Characterization and Commercial Applications 

Research undertaken by the CSIRO Marine Products project drew together the combined 
expertise of CSIRO and industry with the objective of increasing the value of the bycatch 
and by-products of Australia's south-eastern fisheries, in particular the larger, and 
economically important catches of orange roughy, oreos and other species including deep
sea shark. 

Oil products which have been developed or have the potential for development in Australia 
include: (i) oils rich in wax esters from orange roughy, oreos and other species, (ii) squalene 
and other components from the livers of deep-sea sharks and (iii) oils enriched in omega-3 
polyunsaturated fatty acids (PUFA). Commercial products have been developed overseas 
from these three types of oils. The lipid composition offish can depend, however, on 
seasonal changes in reproductive status and feeding habits, changes in available food, 
regional differences in the basic foods and nutrients, and other factors. It is due to these 
possible variations that there was a need to characterize the oil derived from Australian fish. 

With the aid ofFRDC funding (grant 91/77), 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. This research has assisted a number of companies that 
have established facilities for the production of oil and high grade meal from the south-east 
Australian fisheries. 

The research has enhanced post harvest production of Australia's fisheries and assisted in 
converting what was waste material into value-added by-products. Such products include 
squalene from shark liver oil, omega-3 PUFA from conventional fish oils, and speciality 
products from wax ester rich oils. The economic yields of Australia's 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. The research effort is needed to enable the small businesses involved in this industry 
to continue to be viable. 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 bycatch 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. 

The principal benefactors of the research to date have been the individual companies 
attempting to exploit the marine oil resources associated with the by-products and bycatch 
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from the Australian fishlng industry. The fishlng industry itself will similarly develop as new 
markets are found for by-products and bycatch. The community at large will benefit through 
the more efficient usage of by-products and bycatch, and reduction in 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 materials imported into the country. 

Results have been communicated in the form of (i) specific biochemical data on individual 
species, oils, oil fractions and related samples, and (ii) processing technology or expertise 
developed. Various means were used to communicate results to the fishlng and related 
industries, including : 
• Reports on specific analyses carried out for industry. 
• Direct personal communication to industry. 
• Scientific presentations at conferences, workshops and seminars. 
• Manuscripts in Australian Fisheries and in other national and international journals. 

A list of publications, reports and conference presentations on marine oils during the period 
of project FRDC 91/77 is provided in the Appendix. 

During this FRDC funded project, strong ties have been established with several companies 
involved in fish processing or value-added fish by-products. These include for example: 
• BEKU Environmental Products Ltd who we have assisted with analytical data on their 

marine-oil based degreasers and cleaning products. 
• Trident Seafoods who we have provided new compositional data on the oils and flesh 

from potential commercial southern ocean species. 
Tas Crays who have produced a soil additive from orange roughy waste and we have 
assisted with various analytical data; Squalus. 
BEKU and Scales who we worked with on the development of shark liver oil and squalene 
products. The latter three companies were the primary contacts for shark liver oil products, 
however, results also have been made more widely available. As the fishlng industry became 
more aware of our research, we responded to many requests for information from fishermen, 
processors in Tasmania and mainland states and related industries. 

At the time of preparation ofthis report, discussions had been held with several companies 
on the potential to manufacture a value-added omega-3 PUFA product in Australia. 
Industry cannot afford to undertake the research on its own, nor does it have the technology 
or expertise to undertake the required research. Negotiations have been of a preliminary 
nature only and no decision or agreement has been made on extending the results to industry. 

Risks associated with the development of marine oil products are predominately beyond our 
control in that expansion of the Australian marine oil industry will be dependent upon 
continuity of fisheries, international market factors and other economic considerations. The 
results ofthis FRDC project will, however, ensure that Australian industry has the best 
possible scientific and technical information available to help overcome such risks. 

Achievements have included: 

• a large number of Australian companies have been provided with advice, assistance and 
analyses of oil and related samples. 

• surveys of the oil composition of orange roughy, oreo dory and other species. 
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• increased information of the oil composition of southern sharks. 
• expansion of the data base on the composition of marine oils derived from Australian 

fish. 
• development of a process to separate squalene from shark liver oil (Australian 

Provisional Patent PL6 103/92). 
• the transfer ofthis and other technologies, related advice and other information to 

industry. 
• the development ( and marketing) by industry of new value-added marine oil products 

deriving from Australian species. 
• development oflaboratory methods for enrichment of diacylglyceryl ethers from shark 

liver oil. 
. 

• study of the omega-3 PUFA composition of Australian species. 
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2.0 Rationale and background 

The discovery of the first orange roughy spawning aggregation in Australian waters in 1989 
resulted in theJargest commercial catches taken to date for this species. Combined catches 
from northeastern and southern Tasmania in 1 989-90 exceeded 34000 tonnes; just under half 
of the catch came from the sp awning aggregation off St. Helens. A further 1 6000 tonnes 
was taken from the sp awning aggregation in winter 1 990. A sp awning aggregation, from 
which 800 tonnes was caught, was located in the Great Australian Bight in July 1990. Of 
the orange roughy catch, approximately 30% is processed into fillets. The remainder of the 
fish was at that time largely discarded as waste. 

Until this study was commenced, only limited work had been undertaken within Australia on 
further processing of orange roughy waste. This was due to a lack of information on 
possible uses and a general lack of high quality biochemical data on orange roughy and the 
waste obtained from processing. A major aim of the FRDC-funded study (9 1/77) was to 
provide such data to assist industry in the further development and utilization of the orange 
roughy waste resource .  The intention was that the knowledge developed would be readily 
transferred to the utilisation of by-products and by-catches from other fisheries. 

Orange roughy waste contains two components of value: oil and pigment. First, orange 
roughy contain copious quantities of oil; approximately 18% of the whole fish consists of oil. 
About 80% of this oil is located in waste products - the head, swim bladder, frame and skin. 
Over 2,500 tonnes of crude oil were discarded with the waste material of the 1989  catch 
alone. In 1989, this oil was worth $2 . 5  M based on an estimate of$ 1 per kg; the refined oil 
is worth more. 

The second component of value in the waste is the pigment. A primary concern for the 
salmon aquaculture industry worldwide is the production of fish with the correct redness of 
flesh. Wild salmon have flesh with a characteristic redness, however farmed salmon require 
the addition of pigment ( carotenoids) to the feed. As a local source of the red pigment is not 
available, commercially produced synthetic pigment is added to the food used in the 
Australian aquaculture industry. The high cost and low quality of the pigment currently used 
indicates that alternate sources of the carotenoid pigments should be sought. The orange 
coloration of orange roughy may provide a source of carotenoids for the feed for salmon and 
other farmed animals which require the pigment. One aim of this study was to characterise 
the pigment and develop methods for its isolation. 

Orange roughy waste can be used as a plant growth medium Production of a soil additive 
following composting of orange roughy waste with eucalypt waste was commenced by Tas 
Crays, Margate. New Zealand industry had previously composted orange roughy with pine 
waste. The orange roughy waste is mixed with plant material and applied to soil in 
horticultural practices. Such processing is more desirable than dumping the waste, causing 
environmental problems as happened in 1989 in Tasmania. Analysis of waste oil obtained 
from this process was to be conducted, to assist in determining uses for this material. 

Even if the 1989 and 1990 catch levels of orange roughy are not sustained, all indications are 
that a major deepwater fishery will continue in Australia. Hence there will a resource of 
material for possible oil, pigment, meal and fertilizer production. By enhancing post 
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production of orange roughy and testing the likelihood that what is now waste material can 
be converted into value-added by-products, the proposed study will maximize economic 
yields of the fishery at whatever level of harvest is achieved. 

Deep sea sharks are an under-utilized by-catch of the orange roughy fishery. When orange 
roughy are not.abundant, up to 50% of the catch may be sharks.  The livers of these sharks 
are large (about 20% of the total shark's weight), and they contain considerable quantities of 
oil which is enriched in the C30 unsaturated isoprenoid hydrocarbon squalene. Squalene can 
be hydrogenated to squalane which is used in the pharmaceutical and cosmetic industries, 
particularly as a lubricant and cosmetic base. When the study was commenced, small 
quantities of shark liver oil were being sold unprocessed into the Japanese market for about 
$5/kg. There is scope to increase the amounts exported and to further refine the oil into 
value-added products. Shark liver oils also contain diacylglyceryl ethers (DAGE). The liver 
of Centroscymnus squamosus contained 79% DAGE, but contents around 20-40% are more 
common. These compounds are similar to triacylglycerols, but one of the ester bonds is 
replaced by an ether bond which makes the compounds more stable. Australian industry 
presently imports these compounds from overseas, so there is potential for import 
replacement and for the development of an export market. 

Full exploitation of this resource will depend on a better understanding of which species 
contain marketable quantities of squalene and diacylglyceryl ethers. Previous studies were 
restricted to 8 species commonly caught in waters to  the west and east of Tasmania. In 3 
cases, only a single specimen was studied. This data base needs to be expanded to include a 
statistically useful number of samples and extended to other species, including those caught 
in other Australian waters. 

Orange roughy oil and shark liver oils, together with oils derived from other deepwater 
species, have specialist applications because of their unusual compositions. Most marine 
oils, however, consist of triacylglycerols which are rich in polyunsaturated fatty acids. The 
markets for marine oils continue to expand, but too little is known about the oil content and 
comp osition of most Australian fish. For example, oreos are now caught commercially in the 
same areas as orange roughy, however limited information is available on the oil composition 
of these fish. We have conducted studies on species marketed in Tasmania, but these have 
been restricted to fish for human consumption rather than analyses of trash fish or of waste 
products. We believe that it is this latter area that offers scope for future commercial 
development. 

Polyunsaturated fatty acids have been shown to reduce the incidence of coronary heart 
disease and stroke in humans, which has considerably enhanced the image of fish as a healthy 
food amongst consumers. Capsules of fish oils containing high levels of essential 
polyunsaturated fatty acids are marketed overseas. The demand for fish oils by the 
mariculture industry will also increase. The economics of fish farming rely on the supply of 
inexpensive feeds of a suitable quantity and quality. Tasmania has fortunately had large 
catches of jack mackerel, but when this fishery failed in 1989 oils had to be imported at 
considerable cost. At that time, data were not available on possible local replacements. By 
building the data base now on marine oil compositions, we will be much better placed to 
identify alternative feedstocks and to take advantage of new market opportunities. 

7 



3.0 Objectives (as set out in original proposal) 

(1) To identify the red pigment material present in orange roughy, determine the yield of the 
pigment, and examine means to separate the pigment from orange roughy oil. 

(2) To characterise the chemical composition of orange roughy oil from Australian caught 
fish and compare the oil composition with that obtained for New Zealand and other regions. 
This will include characterisation of oil from various geographic regions and spawning and 
non-sp awning fish, oil from various organs, and fish sizes. Oil obtained from different 
processes will be analysed. 

(3) To use the methods developed for (2) to assist in monitoring breakdown of orange 
roughy oil during composting of orange roughy waste. 

( 4) Determination of the composition of other marine oils to determine their suitability as 
sources for polyunsaturated fatty acids and other speciality chemicals. 

( 5 )  Characterisation of the composition of shark liver oil collected from different fishing 
areas, and an examination of methods for further refining squalene and diacylglyceryl ethers. 

Pers o nnel involved in project 

Peter Nichols PhD Project leader 20% 
John Volkman PhD 5% 
Nick Elliott PhD 5% 
David Nichols BSc  (Hons) 1992 only 100% 
Michael B akes BSc  (Hons) 1993 only 100% 
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4.0 Results and discussion 

Value-added marine oil products can be manufactured from both the waste generated during 
sea-food processing and the bycatch of established and new fisheries. Such products have 
uses in the aquaculture, pharmaceutica� food and other industries. To date, most of the 
research on marine oils has focused on processing by-products of commercial species with 
little emphasis on the p ossible utilization of the bycatch from major fisheries that is usually 
dumped by industry. There is increasing government and public concern for minimizing 
waste generated by industry, including from aquaculture and seafood processing. This 
provides a stimulus for the production of further value-added marine oil products from 
underexploited species and from waste generated by the Australian fishing industry. 

Specialised analytical techniques have been developed for the characterization of marine oils. 
Details on methods commonly used during the project are provided in app ended scientific 
manuscripts and will not be  repeated here. The results described in this report summarize 
more detailed data sets presented in the attached manuscripts and other data available in 
many of reports prepared for industry (listed in Appendix). 

4 . 1 Orange roughy oil and pigments (objectives 1, 2 & 3) 

Our initial work showed for the first time that the oil present in orange roughy caught in 
Australian, New Zealand and British waters (the latter two data sets were from the 
literature) had a similar component distribution. The oil is rich in monounsaturated 
constituents and, comp ared with most fish oils, it contains very low levels of polyunsaturated 
fatty acids (PUF A). The major fatty acids in the commercially-produced oil in decreasing 
order of abundance are: 1 8 : 1 (n-9)c, 20: 1(n-9)c, 16 : 1 (n-7)c, 1 8 : 1 (n-7)c and 22 : 1(n- l l)c. 
The major alcohols are: 20: l (n-9)c, 16:0, 22: l(n- l l)c and 1 8: l(n-9)c (Table 1 ). These 
results were good news for Australian companies previously importing oil from New 
Zealand, in that there was a local source available. These results have been passed on to 
local processors. Our early work also highlighted variations in the minor comp onents of the 
oil with fish size and location; the latter may prove useful in defining discrete "aggregations" 
of orange roughy. 

A second set of analyses were carried out on the muscle and swim bladder of Hoplostethus 
atlanticus from both Australian and North Atlantic waters. Orange roughy collected from 
Australian waters were distinguished from their North Atlantic counterparts based on lipid 
and fatty alcohol profiles. Total lipid in flesh from North Atlantic fish was much higher than 
in Australian fish (27% versus 3 %  wet weight, respectively); this may be a sex factor, which 
is currently under investigation. In comparison, swim bladders show similar lipid content 
(Table 2). The ratio of22:  1 to 20 :  1 fatty alcohols in orange roughy from the two regions 
was 0 . 5  (Australian) and 1 . 4  (North Atlantic). The changes in the ratio of 22 : 1 alcohol to 
20 :  1 alcohol (Table 3 )  are most likely attributed to differences in diet; presumably calanoid 
(high wax ester, high 22:  1 )  in North Atlantic fish and smaller fish and squid (lower wax 
ester, lower 22 : 1) in Australian fish. These data are being prepared for publication in 
Australian Fisheries and the international literature. 
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Table 1. Comparison of the composition of the major fatty acids and fatty alcohols of commercially produced oil 

and oil from the swim bladder of orange roughy caught off Australia, New Zealand and Britain. The data are 

expressed as a percentage of total fatty acids or fatty alcohols. 

Constituent# Commercial oil Australia1 New Zealand2 Britain3 

alcohol acid alcohol acid alcohol acid alcohol 

14:0 2.0 0.1 3.8 1.8 1.7 1.7 2.3 

16:0 21.4 1.7 30.8 2.3 24.2 2 24 

16:1(n-7c*) 1.0 10.3 0.6 12.3 3.6 13 2.1 

18:0 6.3 0.5 7.6 0.9 7.3 0.8 4.6 

18: 1 (n-9c *) 13.8 47.8 15.7 46.2 17.4 54 17 

20: 1 (n-9c *) 26.0 14.3 23.5 17 26.7 17 .1 22 

22:1(n-11c*) 12.6 4.4 8.7 4.7 16 7.9 28 

Others 16.9 20.9 9.3 14.8 3.1 3.5 -

1. This study (mean of 5 fish, all 37 cm, 1.75 to 2.1 kg); 2. Ref. Grigor et al., 1983 

(mean of 6 fish, 0.5 to 1.9 kg); 3. Ref. Sargent et al., 1983 (20 cm, 0.3 kg). 

# - refer to footnote; * - cis geometry, this study only. 

acid 

0.8 

1.6 

10.9 

0.1 

50.8 

18.3 

14.6 

2.9 



Table 2. Wax ester content of Orange roughy samples. 

Sample Flesh Swim Bladder 

North Atlantic mg/g (wet) mg/g (wet) 

94 390 759 
95 272 721 

96 1 21 1427 

97 314 779 

98 352 772 

99 345 869 

100 117 945 

Mean 273 896 

Tasmanian 

1184 40 815 

1185 48 822 

1187 34 

1191 11 

Mean 33 819 



Table 3. Comparison of the major fat ty acids and fatty alcohols in wax esters 

from the swim bladder and muscle of orange roughy caught in North Atlantic 

water s and in water s off Australia. (The data are means for number of fish shown 

and are expressed as percentage of total fatty acids or alcohols ; -not detected). 

Constituent North Atlantic Australia 

swim bladder muscle swim bladder muscle 

Number of fish 7 7 2 4 

Fatty acids (%) 

14:0 1 . 1 1.6 1 .8 nd 

16:0 1.2 1. 6 1.9 2.8 

16:1 (n-7) 6.3 6.4 1 0.1 8.4 

18: 1 (n-9) 25.4 28.4 49.5 56.2 

18:1(n-7) 3.9 4.2 4.3 5.7 

20: 1 (n-9) 29.1 23 21.2 17.2 

22:1(n-11) 29.7 31 8.2 9.1 

22:1(n-9) 2.1 2.5 1. 7 

20:5(n-3) (EPA) 0.6 0.7 1.3 0.7 

22:6(n-3) (DHA) 0. 5 0.5 0.5 

Fatty alcohols (%) 

14:0 1 0.7 1.9 1 .4 

16:0 11. 6 9 23.6 24.2 

18:0 3.7 4 7.4 9 

18:1(n-9) 5.3 4 13.4 12.9 

20: 1 (n-9) 23.2 20.3 29.6 26.5 

22:1 (n-11) 47.2 52.7 15.6 17 .3 

22: 1 (n-9) 4.3 5.1 4.3 4.7 

24:1 3.6 4.2 4.3 4.1 
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Figure 1. Relationship between lipid (mg/g dry weight tissue) in the ovary of 
Orange Roug hy (Hoplostetbus atlanticus) and fecundity (total eggs per ovary). 
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Figure 2. Relationship between triacylglycerol (percentage of total lipid) in the 
ovary of Orange Roughy (Hoplostethus atlantjcus) and fecundity. 



Jn a separate study, the relationship between orange roughy fecundity and the lipid content 
and composition of muscle, liver and ovary was also investigated. Muscle lipid content 
ranged from 9 . 5 %  to 6 1  % dry weight with an average of 40% (n=9).  Liver lipid content 
averaged 4 1  % of the total lipid which ranged from 16% to 6 1  % (n=9). There was no 
significant correlation between the muscle and liver lipid levels with fecundity. Ovary lipid 
content significantly increased with increasing fecundity (p>0 . 0 1 )  from 1 5 %  to 27% dry 
weight (Figure 1 ), with an average value of 23 % (n=22). Wax ester was the major lipid class 
of muscle tissue comprising up to 99% of the total lipid. Triacylglycerol however was the 
major constituent of the liver which ranged from 3 8  to 79% of the total lipid with wax esters 
ranging from 7 to 20%. TriacylglyceroL the major lipid class in the ovary, increased 
significantly (p>0 . 0 5 )  with increasing fecundity (Figure 2) ranging from 40 to 5 8%. 
Conversely, p olar lipid decreased with increasing fecundity, with levels ranging from 41 to 
27%. Wax esters were a minor component of the ovary tissue with average levels of 7%. 
The saturated and monounsaturated fatty acids in the ovary averaged 3 3 %  and 54% of the 
total fatty acids respectively. The long chain polyunsaturated fatty acids;  eicosapentaenoic 
(EPA) and docosahexaenoic (DHA) averaged 2% and 5% respectively of the total fatty 
acids. 

Anecdotal reports by fisherman provided evidence of the solvating properties of orange roughy oil. 
Wet weather gear was rotted, and loose paint and greases were removed from metal surf aces by the 
oil. BEKU Environmental Products Ltd. , working in association with CSIRO, has developed 
biodegradable cleaning products using marine oils which are now being marketed. The products were 
successfully trialled at the Australian Antarctic bases Mawson and Davis during the summer of 
199 1/92 (Figure 3 ). The degreaser and hand-cleaner products compete with currently used 
petrochemical or organochlorine-based products. The latter are considered to be less biodegradable 
and more toxic than the marine oil-based products. 

The composition of orange roughy oil makes it a possible substitute for jojoba oil which has 
been used as a replacement for sperm whale oil. These oils are utilised by the cosmetic and 
pharmaceutical industries after being refined, decolorized and deodorized. At present, the oil 
is refined in Japan and sells for Aust $25 per kg. This is an area for future development and 
there is scope to produce the value-added high-quality oil in Australia. For example, 
overseas haircare products now exist based on Australian orange roughy oil; there is no 
obvious reason why such products cannot be manufactured in Australia. 

The waste oil that drains off during the composting of orange roughy waste with eucalypt waste has 
also been analysed (Table 4). The high wax ester content of the oil is maintained during composting 
as wax esters are considerably more stable than conventional (triacylglycerol-containing) :fish oils. 
After appropriate treatment, this oil may also be suitable for use by industry. 

The pigments from orange roughy oil were analysed by several procedures. The main component was 
found to be an astaxanthin ester. Attempts were made to purify the pigment from the orange roughy 
wax ester rich oil under standard laboratory conditions. These efforts produced product at extremely 
low recovery; this is due largely to the similar physical properties of the carotenoid pigment and the 
wax exter present as the dominant constituent of the oil At the present time the unrefined pigment 
could be of use to the mariculture industry as natural sources are sought for the astaxanthin ester. 
Further research and development will be required to produce a purified pigment product. 
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Table 4. Lipid class composition of commercially produced orange roughy and oreo oils 

and waste oil produced during composting of orange roughy waste with eucalypt waste. 

Lipid Class Percentage composition 
Orange Waste orange Oreo 

roughy oil roughy oil oil 

Wax ester 97. 1 92.8 90.9 

Triacylglycerol 1. 9 9.1 

Free fatty acid Not detected 4. 1 

Fatty alcohol Not detected 2 

Sterols tr 

Polar lipid 1 . 1 tr 

tr: trace, <0.5% 

Figure 3 . Antarctic field trials of orange roughy oil based degreaser. BEKU Environmental Products 
Ltd. , working in association with CSIRO, has developed biodegradable cleaning products using 
marine oils. The products were used at the Australian Antarctic bases Mawson and Davis during the 
summer of 1991/92 .  The degreaser and hand-cleaner products compete with currently used 
petrochemical or organochlorine-based products. The latter are considered to be less biodegradable 
and more toxic than the marine oil-based products. 



Even with the reduction in the catch levels of orange roughy, all indications are that a major 
deepwater fishery is likely to continue in Australia. Hence there will continue to be a 
resource of material for p ossible oil, pigment, meal and fertilizer production. 

4 .2 Oreo oil (objective 4) 

The lipid, fatty acid and fatty alcohol composition was determined for muscle samples from 
seven species of deep-sea oreo collected from Australian waters; namely Neocyttus 
rhomboidalis, Neocyttus sp . ,  Allocyttus verrucosus, Allocyttus niger, Pseudocyttus 
maculatus, and Oreosoma atlanticum. Neocyttus helgae, landed in North Atlantic waters, 
was also analysed. In the oreos, the mean lipid content ranged from 0 . 5  to 3 %  of wet weight; 
a mixed lipid composition including wax ester, triacylglycerol, sterol and p olar lipid was 
observed (Table 5) .  

The large degree of within species and between species variation in lipid content and 
composition is probably due to environmental and biological factors. All oreos contained 
elevated levels of the essential polyunsaturated fatty acids, EPA and DHA (Table 6); this will 
be a useful marketing feature for the oreos. There were no clear distinguishing features 
between species, however, the ratio of the monounsaturated fatty alcohols 22: 1 to 20: 1 did 
distinguish samples collected from the two geographical regions (greater than unity for N. 
Atlantic species and less than unity for Australian species; Table 7), substantiating previous 
dietary relationships related to the origin of these alcohols. The ratio of 22: 1 alcohol to 20: 1 
alcohol was not species sp ecific and is again most likely attributed to differences in diet; 
presumably calanoid (high wax ester, high 22: 1 )  in North Atlantic fish and smaller fish and 
squid (lower wax ester, lower 22 : 1 )  in Australian fish, as observed for orange roughy. 

The comp osition of oils produced commercially from oreos was also determined. The oil from oreos 
was found to be  rich in wax ester (Table 4); this oil, like orange roughy oil, is rich in monounsaturated 
comp onents (Figure 4). The fatty acid and alcohol distribution differs slightly from that found for 
orange roughy, however, it will be possible to substitute or at least blend the oil with that produced 
from orange roughy. 

4 . 3  Shark liver oil (objective 5) 

Previous analyses of shark liver oil had been conducted independently by the CSIRO Marine 
Laboratories. In association with Australian industry, a further survey of important 
commercial deep sea shark species was conducted during this FRDC study. 

The liver oils from the deep-sea sharks Somniosus paci.ficus, Centroscymnus plunketi, 
Centroscymnus crepidater, Etmopterus granulosus, Deania calcea and Centrophorus 
scalpratus were analysed to describe their lipid, fatty acid and squalene compositions. The 
major lipids in all species of shark were diacylglyceryl ethers and triacylglycerols and the 
major hydrocarbon was squalene. Only trace levels of polar lipids were detected. 
Monounsaturated fatty acids (C 16 : 1 , C 18 : 1 , C2o:i. C22: 1  and Cz4 : 1 ) comprised 62-84% of 
the fatty acids. Saturated fatty acids contributed 11-26% of the total fatty acids while 
polyunsaturated fatty acids were relatively minor components ( 1- 13%). All sharks had 
different lipid compositions, but similar fatty acid and alkyl diol profiles. The high squalene 
content ( 50-82% of oil; Figure 5 )  of all species except Centroscymnus plunketi and 

1 1  



Table 5. Comparison of the oil composition of muscle from six oreo species caught off 

Australia and one species from North Atlantic waters. The data are means and expressed 
,.,. 

as a percentage of total lipid. 

Lipid class AN AV NR Na OA PM NH 

(n=7) (n=5) (n=7) (n=2) (n=3) (n=3) (n=3) 

Wax ester mean 52 

range 22-100 

Triacylglycerol mean 4 

range 0-27 

Free fatty acid mean 1 1 

range 0-41 

Sterol mean 4 

range 0-7 

Polar lipid mean 30 

range 0-71 

Total lipid 

(mg/g wet) 

mean 29 

range 4-76 

Legend: 

AN-black oreo (Allocyttus niger) 

AV-warty oreo (Allocyttus verrucosus) 

NR-spiky oreo (Neocyttus rhomboidalis) 

Na-rough oreo (Neocyttus sp. A) 

10 

0-34 

3 

0-17 

1 

0-4 

5 

1-9 

81 

45-99 

10 

4-24 

O.A.-oxeye oreo (Oreosoma at/anticum) 

PM-smooth oreo (Pseudocyttus maculatus) 

NH- (Neocyttus helgae) 

25 

0-93 

7 

0-27 

12 

0-42 

6 

1-9 

67 

1-97 

19 

3-56 

11 9 62 30 

2-20 0-27 57-68 5-52 

7 30 7 26 

0-14 0-66 0-11 14-37 

11 37 19 

10-12 0-75 3-29 

5 7 <1 3 

4-6 5-9 0-1 1-4 

66 16 30 24 

52-80 7-25 27-33 7-52 

7 5 30 16 

5-8 4-7 28-31 5-38 



Table 6. Comparison of the composition of major fatty acids and fatty alcohols in lipids 

from the muscle g..f six oreos caught off Australia and from one oreo from North 

Atlantic waters. The data are expressed as a percentage of total fatty acids or fatty 

alcohols. -: not detected. 

Component AN AV 

(n=7 ) (n=5) 

Fatty acids 

14:0 2 .1 0 .8 

16:0 19.5 31 .1 

18:0 3.9 6.4 

16:1(n-7) 3.6 3 

18: 1 (n-9) 21.4 19.9 

20: 1 (n-9) 1 5.4 5.9 

22: 1 (n-11) 4.4 0 .8 

20:4(n-6) 2.1 3.1 

20:5(n-3)(EPA) 5.1 5.9 

22:6(n-3)(DHA) 11. 7 14.8 

Others 10.8 8.3 

Fatty alcohols 

16:0 7.9 9.1 

18:0 4 . 4 6.7 

18: 1 (n-9) 15.8 13.6 

18:1(n-7) 4.2 10.9 

20:1 (n-9) 38 44.9 

22:1 (n-11) 21.8 12.2 

22: 1 (n-9) 4.3 1.2 

24:1 2.2 0.4 

22:6(n-3)(DHA) 1 .4 0.9 

Legend: 

AN-black oreo (Al/ocyttus niger) 

AV-warty oreo (Allocyttus verrucosus) 

NR-spiky oreo (Neocyttus rhomboidalis) 

Na-rough oreo (Neocyttus sp. A) 

OA-oxeye oreo (Oreosoma atlanticum) 

PM-smooth oreo (Pseudocyttus maculatus) 

NH- (Neocyttus helgae) 

NR 

(n=7) 

1 .2 

29.5 

8.3 

2.1 

18.4 

5.1 

1.3 

4.3 

4 .5 

16.1 

9.2 

43.7 

3.8 

6.9 

1. 7 

24.3 

16.3 

1. 7 

0.9 

0.7 

Na OA PM 

(n=2) (n=3) (n=3) 

1.2 0.2 4.2 

28.3 26.8 12.2 

5.8 8.2 2.4 

1.7 1 .6 4.5 

13.2 16.5 22.8 

14 3.7 19.5 

4.2 0.4 7.2 

2.4 3.9 1 .9 

6.4 6.2 4.1 

15.6 23.4 9. 5 

7.2 9.1 11. 7 

1. 7 46.6 7.1 

0.7 0.5 3.6 

1.6 9.4 10.7 

0.7 0.5 2.9 

57.3 22.9 40.2 

34.7 19.3 27.8 

2.7 0.7 5.2 

0.9 1. 5 

0.9 

NH 

(n=3 ) 

2.8 

24.4 

5.7 

3.3 

13.9 

8.7 

5.5 

3.3 

9.7 

15.7 

7 

4 

4.8 

1.3 

0.9 

28 .8 

56.5 

2.5 

1 . 1 



Table 7. Comparison between ratio of 22: 1 fatty alcohol to 20: 1 alcohol in 

oreo_§. from Australia and North atlantic waters. 

Species/location 

Australia 
Allocyttus niger 

Allocyttus verrucosus 

Neocyttus rhomboidalis 

Neocyttus sp. A 

Oreosoma atlanticum 

Pseudocyttus macu/atus 

North Atlantic 
Neocyttus helgae 

Ratio 22: 1 /20: 1 

0. 57 

0.27 

0. 67 

0.61 

0.84 

0.69 

1.96 



18:1(n-9) 20:1 Ale 22:6(n-3) 

16:0 

Internal standard 

20:1 
22:1 Ale Cholesterol 

20:5(n-3) 

18:0 

16:0 Ale 

\ 
22:1 

24:1 

I 
20 30 40 50 60 

Retention Time (minutes) 

Figure 4. Capillary gas cl1romatogram of fatty acids (as methyl esters) and alcohols in muscle from Allocyttus niger. 



Somniosus pacificus suggests that the oil from these deep-sea sharks collected in southern 
Australian waters will be suitable for industrial uses. 

A process to separate squalene from shark liver oils was developed in collaboration with 
CSIRO Chemicals and Polymers. The process will be used by industry (Squalus and I1L 
Australia) for the production of squalene for export. The purified export-grade squalene is 
currently worth approximately $25 per kilogram It is proposed that Australia can initially 
export 20-50 tonnes annually (worth $0.5- l.25M); this amount is predicted to increase to 
100-200 tonnes (worth $2 .5-5M) within several years. At whatever level is achievable, the 
opportunity exists for the Australian fishing industry to gain a significant p ortion of the 
international squalene market. 

Laboratory methods were developed to separate the diacylglyceryl ether fraction from shark 
liver oil. In addition the analytical methods established during the project to routinely 
characterize shark liver oils were used further to assist Australian companies attempting to 
purify this fraction for commercial purposes. 

4 .4  Omega-3 PUFA rich oils (objective 4) 

Although omega-3 polyunsaturated fatty acids (PUFA) are abundant in most fish oils, no 
value-added omega-3 PUFA products have been manufactured in Australia. Rather, such 
products are still imported and crude fish oil is at times exported for value-adding. 
Unfortunately there have been also episodes where crude Australian fish oil was used as 
boiler fuel. 

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 PUFA 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 
(Table 8). Using omega-3 PUF A rich oils derived from Australian species, the potential 
exists for both import replacement and export of value added products. Representative oil 
and fatty acid compositional data for capsule products based on imported fish oil are shown 
in Table 8 .  

More recently omega -3 oils [also termed (n-3) oils] have been incorporated in other food 
items; for example, the oils are now added to bread in Scandanavia. The next generation of 
omega-3 oils contain considerably higher levels of EPA and DHA (approaching 70-80%) and 
processing of the raw oils is required to achieve these higher levels. The addition of vitamins 
and other components also may be required to increase product marketability. To date, 
however, no Australian company has produced and marketed an omega-3 polyunsaturated 
fatty acid, value-added product. It is our belief that the potential exists, the expertise is 
available and the timing is right for this to change .  

As with the shark liver-derived squalene, initial sales and export of 100-200 tonnes are 
anticipated if suitable products can be developed; this amount also is predicted to increase 
within several years. The value of any product will depend on its quality, fishery availability 
and sustainability and other factors. 
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Figure 5. Comparison between squalene content in oils from Australian deep-sea sharks 



Table 8. Listing of commercial encapsulated omega-3 and omega-6 polyunsaturated fatty acid oils. 

Brand Name No. capsules Price Oil mass per Price per Price EPA value EPA 

per jar capsule (mg) capsule kg oil capsule per kg oil 

Cenovis Evening Primose oil 50 $5.49 550 $0.11 $60.39 

Cenovis Cod-liver oil 90 $2.98 275 $0.03 $9.11 9% $0.82 

Efamol (Vitaglow) Fish oil capsules 40 $11.80 1000 $0.30 $295.00 18% $53.10 

Nature's Own MaxEPA Marine lipid concentrate 50 $11.75 1000 $0.24 $235.00 18% $42.30 

Blackmores Fish Oil 1 OOO 50 $12.95 1000 $0.26 $259.00 18% $46.62 

Vitaglow MaxEPA PLUS 40 $13.50 800 $0.34 $270.00 14.4% $38.88 

Nature's Way OMEGA 3 60 $17.90 1000 $0.30 $298.33 18% $53.70 



The demand for fish oils by the mariculture industry (both in Australia and overseas) also 
will continue to increase. The economics of fish farming relies on the supply of inexpensive 
feeds of a suitable quantity and quality, including appropriate oil comp osition. In particular, 
EPA and DHA are considered essential for most species reared by the mariculture industry. 
The quality o�any oil required for use in mariculture will be lower than required for health 
and related products. However, the possible requirement of larger quantities of fish oil by 
the expanding Australian mariculture industry may be in direct competition to other 
industries needing sources of omega-3 polyunsaturated fatty acid-rich oils. 

Tasmania fortunately has had large catches of jack mackerel; the oil produced commercially 
from this species contains 25-30% EPA plus DHA (Table 9, Figure 6). When the jack 
mackerel fishery failed in 1989, oils had to be imported into Australia at considerable cost. 
At that time, data was not available on possible local replacements. By building the data 
base on the oil composition of Australian species, industry will be placed better to identify 
alternative feedstocks and to take advantage of new market opportunities. 

4 .4 . 1 Fish oils 

In this study, we determined the omega-3 polyunsaturated fatty acid composition for flesh 
and oils from Australian fish and related samples (Table 9, Figures 4 and 6). The availability 
of such data is an important prerequisite for the possible production and marketing of 
omega-3 polyunsaturated fatty acid products by Australian industry. 

Many of the fish show p otential for use by industries seeking oils rich in EPA and DHA. For 
example, flesh from the oreos (see also above), and in particular the southern ocean species, 
Patagonian toothfish (Dissostichus eleginoides) and spiny icefish (Chaenodraco wilsoni), 
contain appreciable levels of EPA and DHA (Table 9). Large amounts of the southern ocean 
species were processed in Hobart during the 199 1/ 1 992 summer and, based on lipid 
compositional data, oil from the flesh of these species would be suitable for use by industry. 
The commercially-rendered oil obtained from the waste frame, skin and subcutaneous layer 
of the Patagonian toothfish contained only low levels of omega-3 polyunsaturated fatty acids 
(Table 9). 

Other fish and related oils analysed which contain high levels of EPA and DHA include: (i) 
oil produced from waste from the salmonid industry, (ii) oil from certain species of 
zooplankton grown in sewage-treatment ponds, (iii) red bait (Emmelichthys nitidus) which is 
a by-catch associated with the jack mackerel fishery, (iv) mutton bird oil, and (v) oil derived 
from the southern ocean krill Euphausia superba and the local krill Nyctiphanes australis 
(this krill species forms a major part of the diet of jack mackerel and other important 
commercial species). The major component of the oils is generally triacylgyceroi although 
the mutton bird (native dialect, Y olla) and oreo oils can contain elevated levels of wax esters 
(e .g .  mutton bird oil contains approximately 60% wax ester). Several of these oils are deep
red in colour due to the presence of dietary-derived carotenoid pigments. This feature also 
might be of commercial value. 

The ratio ofEPA to DHA varies considerably between fish species and other samples 
analysed (Table 9). Similarly, the ratio may also vary based on changes in diet, environment 
and other factors. In recent times it has been recognized that EPA and DHA play different 
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Table 9 .  Major fatty acid composition of selected fish , zooplan kton , oils a n d  bacteria. 

Fatty acid Percentage composition 
\ 

FLESH I W H O L E  A N I MA L  O I L  BAC T ERIA 

Pata g o n i a n  B l a c k  S p i n ey L a g oon Euphausia  S a l m o n  farm Jack O r a n g e  Red Patagonian M uttonbird Stra in Stra in 

toothfish oreo i c efish zooplan kton superb a w a ste oi l  m a c k erel  roughy oi l  Bait toothfish oi l  N S B 3 1 JSP2W 

14 : 0  2.8 2.7 5.2 1 7.7 4.2 7.3 1.7 9.2 4.7 3.3 0. 5 7.5  

1 6 : 0  16.2 20 .4 15.8 11 .8 20 15.7 15.7 3.3 11 13. 5 5.6 7.5 23.3 

18 : 0  3 3.8 2.4 4. 5 1.2 4.2 3.1 0.7 2 3.2 0.8 tr 0.5 

1 6 :1(n-7 ) c  5.4 3 . 6 7.5 2.7 1 1  .4 5. 1 5.1 10.7 2 9.3 1 5. 5  48.4 36.9 
18 : 1 (n-9 ) c  1 7.7 20.9 8.9 1 0. 5  1 2 .8 1 6. 5  9.9 50 . 6  5 36.8 30.9 0.8 0.2 
1 8 : 1  (n-7 ) c  5.9 3.7 7 5.8 1 0.3 3. 5 2.9 5.1 2.3 6.3 4.8 5.6 1 .4 
20 : 1 (n-9 ) c  8.3 1 3.7 0.8 0.6 3.3 8.3 1 7.9 23. 6 9.2 2.6 

18 :2(n-6)  1 . 1 1 1.9 10. 5 2.3 6.6 1.7 1.6 1 .2 2.2 tr 
2 0 :5(n-3) EPA 8.4 5.9 20.6 17.2 19.4 7.1 10.9 - 6.9 13 6.3 
22 : 6 (n-3) DHA 20.3 13.4 24. 5 0.8 9.6 15.7 11. 5 0.1 9.6 0 . 9  7.8 - 2.3 

Others 10.9 10.9 5.4 34.6 5.3 18.1 23.6 9.9 26.8 14.9 13. 5 30. 9 27.9 

Ratio 0.4 1 0.44 0.84 21. 50 2.02 0.45 0.9 5 - 0.72 1.67 

EPA / D HA 



1 4 : 0  
1 6 : 0  

2 0 : 5 ( n - 3 )  

1 8 : J ( n - 9 )  \ 
20 : 1  

1 6 : 1 ( n- 7 )  

1 8 :4 (n -3 )  1 8 : 0  

"" I 
1 5 : 0  

2 0  3 0  

Retent ion Ti m e  ( m i nutes)  

2 2 : 6 ( n - 3 )  

2 2 : 1  

4 0  

I nterna l  

sta ndard 

I 

5 0  

F i g u re 6 .  C a p i l l a ry g a s  c h ro m a t o g ra m  o f  fat ty  a c i d s  ( a s  m e t h y l  e s t e rs )  i n  j a c k  m a c k e r e l  o i l .  



roles in human nutrition. Therefore precise knowledge of the relative levels of these two 
essential fatty acids may be  of use both when targeting oils for further development and as a 
marketing feature of any Australian products. 

To produce marketable Australian omega-3 polyunsaturated fatty acid products, several key 
issues need to ·be examined, in p articular the sources (reliability, quantity and quality) of the 
raw oil and processing required to produce competitive products. Such processing could 
include: deodorizing, separation of lipid classes, enrichment of omega-3 p olyunsaturated 
fatty acids using "winterizing" techniques or through treatment with lipases and resynthesis 
of triacylglycerols, addition of other components, encapsulation, etc. Several of these steps 
may be required to produce a higher value-added product. As noted previously, no 
Australian company has produced and marketed an omega-3 polyunsaturated fatty acid 
product .  The development of any new approaches to the above processes may be  
patentable, thereby affording p artial product protection. 

Of the oils described in this report, large quantities of j ack mackerel oil are already being 
produced by Seafish Tasmania at Triabunna on a seasonal basis. The Tasmanian Aborigine 
Centre (TAC) is in the process of networking the various small operators producing 
muttonbird oil. The business arm of the Tasmanian aborigine community, Yolla Promotions, 
has recently successfully launched Yolla as a native food product exclusive to Tasmania, so 
the potential also exists to commercially produce the mutton bird oil. The precise quantity 
produced, or the potential to produce many of the other oils described is not presently 
known. This information will be required if any of the oils are to be used singly or in 
combination by industry. 

4 .4 .2  Single cell oils (SCOs) 

Similar technologies to those needed to produce fish oils can be exploited to isolate and add 
value to oils from algal and bacterial sources (termed single cell oils, SCOs). Currently a 
number of groups in Australia are growing the green alga Dunaliella for the commercial 
production of natural carotene. The development of appropriate technology and facilities for 
the production of value-added marine oils may be transferred to production of fine 
chemicals, including SCOs, from microalgae and possibly bacteria. Several microalgal 
species from the brown algal-line produce high levels of (n-3 )  polyunsaturated fatty acids 
and others produce arachidonic acid [20 :4(n- 6)] . For example, diatoms produce EPA 
(range 5-20%) with only low levels ofDHA present, and ce1tain prymnesiophtye species 
produce large amounts of both EPA and DHA. Such algae are being used already by the 
mariculture industry as sources of these fatty acids which are considered essential for the 
growth and survival of the larval stages of many animal species. 

In associated studies, the fatty acid composition of Antarctic bacteria have been examined. 
Although a limited number of bacteria had been shown to produce PUFA, it was generally 
thought that most bacteria did not produce EPA and DHA. The knowledge that other 
organisms produce higher quantities of EPA and DHA at low temperature led to the 
examination of new strains of bacteria isolated from Antarctic waters. Early results indicate 
that the proportion of Antarctic strains that produce EPA is considerably higher than found 
for temperate marine bacteria; EPA levels up to nearly 20% of the total fatty acids have been 
found (David Nichols, unpublished data). Similarly, a number of strains that produce DHA 
(up to 3 %) also have been isolated (Table 9). 

14 



In addition to the presence of EPA in the bacteria, the level of monounsaturated fatty acids 
was considerably higher than observed for many fish species; the level of saturated fatty 
acids was lower than in fish. Further research is required to improve the yield of the SCOs. 
In time, coumpounds made by microalgae and bacteria, such as essential fatty acids, could be  
obtained and pUrified using technology developed for the production of value-added 
products from fish oils. 

Further research and development is required on optimizing methods for refining , omega-3 
PUF A containing oils, thereby increasing product value. The Australian marine oils industry 
is still young and fragmented, with many individual players. As such, strong interest for this 
project has been provided to date by individual companies, however industry funding for the 
type ofresearch conducted during the FRDC study described in this report has not been 
available. Funding from FRDC has played a pivotal role in ensuring that the strategic 
research needed was performed and communicated to Australian industry. 
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5.0 Recommendations and future research 

Research undertaken with FRDC grant 9 1/77 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 required on other species, particularly those containing 
omega-3 PUFA, as is more refined work on existing species. The research effort is needed 
to enable the small businesses involved in this industry to continue to be viable. For 
Australian industry to achieve an economically sustainable level of value-added products, 
there is therefore a need to strengthen our knowledge of the oil composition of new 
commercial and bycatch sp ecies 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 also is increasing government and public concern for minimizing waste generated by 
industry, 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. 

The composition of orange roughy oil makes it a possible substitute for jojoba oil . These oils are 
utilised by the cosmetic and pharmaceutical industries after being refined, decolorized and deodorized. 
This is an area for future development and there is scope to produce value-added high-quality oils in 
Australia. 

Future research is required to meet the needs of Australian industry and the primary 
objective should be :  

• to assist Australian industry develop new marine oil based, value-added products from 
existing or new fisheries including the bycatch and waste generated by the fishing and 
related industries. Specific tasks should include: 

• Evaluation of new deep-sea and other shark species for squalene content and oil 
composition. 

• Determination of the composition of marine oils from underexploited pelagic and 
other species, with particular reference to : 
(i) identifying optimum sources of omega-3 polyunsaturated fatty acids and other 
specialty chemicals (e .g .  diacylglyceryl ethers from deep-sea and other sharks), and 
(ii) further assisting industry to develop products from these oils and specific oil 
fractions. 

• Examination and optimization of methods for further refining squalene-containing 
and omega-3 containing marine oils, thereby increasing product value. The 
techniques developed should be broad-based and transferable between fish species 
and the developing field of single cell oils (SCO) derived from microorganisms. 
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Nichols, P. D . ,  Dunstan, G. A and Watson, M. ( 1 990) Lipid and fatty acid composition of 
Huwamol Royal Red and Golden King Fish oils. Report 90-SHWl.  Report prepared for S .  
H. Wellington Pty. Ltd. 

Nichols, P. D. and Elliott, N. ( 1 990) Lipid, fatty acid and fatty alcohol composition ofWini 
orange roughy oil. Report 90-WINil.  Report prepared for Wini Pty. Ltd. 

Nichols, P. D. ( 199 1 )  Lipid, fatty acid and fatty alcohol composition of Trident Dory oil. 
Report 9 1-Trident l .  Report prepared for Trident Seafoods Pty Ltd. 

Nichols, P. D. ( 199 1)  Analysis of a transmethylated fatty acid and fatty alcohol product 
derived from orange roughy oil during laboratory trials. Report 9 1-Iveyl .  Report prepared 
for John Ivey. 

Nichols, P. D. ( 199 1 )  Oil composition of products under consideration for use in the BEKU 
degreaser. I. New Zealand orange roughy oil and II.Tas Crays Pty. Ltd. compost by-product 
oil. Report 9 1-BEKUl .  Report prepared for BEKU Ltd. 

Nichols, P. D. ( 1 99 1) Oil composition and market potential of Trident shark liver oil. 
Report 9 1-Trident2. Report prepared for Trident Seafoods Pty Ltd. 

Nichols, P. D. ( 1 99 1 )  Oil composition of products under consideration for use in the BEKU 
degreaser. III. Deodorized Tas Crays by-product oil. Report 9 1-BEKU2. Report prepared 
for BEKU Ltd. 

Nichols, P. D. ( 199 1)  The composition of new Trident oils produced from: I whole shark 
and II Salmon farm waste. Report 9 1-Trident3 . Report prepared for Trident Seafoods Pty 
Ltd. 
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Nichols, P. D .  ( 199 1 )  Comp osition of marine oils under consideration for use in the BEKU 
degreaser and other products. I. Hopolos oil and II. Doro/as oil. Report 9 1- BEKU3 . 
Report prepared for BEKU Ltd. 

Nichols, P. D.  ( 1 99 1 )  Composition of marine oils under consideration for use in the BEKU 
degreaser and �other products. I. Deodorised Trident orange roughy oil and II. Deodorised 
Tas Crays Pty Ltd compost by-product oil. Report 9 1-BEKU4. Report prepared for BE.KU 
Ltd. 

Nichols, P. D. ( 1 992) Report on the use ofBEKU environmental products during 199 1/92 
Antarctic field season. Report 92-BEKUl .  Report prepared for BEKU Ltd. 

Nichols, D.  S . ,  Nichols, P. D.  and Volkman, J. K ( 1992) Squalene content and lipid class 
composition of Endeavour shark liver oil. Report 92-SWS l .  Report prepared for Sydney 
Wide Seafood. 

Nichols, D. S .  and Nichols, P. D. ( 1992) Lipid, fatty acid and fatty alcohol composition of 
deodorized orange roughy and orange roughy/dory oils. Report 92-BEKU2. Report 
prepared for BEKU Environmental Products Ltd. 

Nichols, D. S .  and Nichols, P. D. ( 1 992) Composition of a mixed oil sample produced during 
fishing trials conducted by a Russian vessel in the Southern Ocean. Report 92-BEKU3 . 
Report prepared for BEKU Environmental Products Ltd. 

Dunstan, G. A and Nichols, P. D. ( 1 992) Lipid class composition of soft-gel capsules. 
Report 92-DSIR2 .  Report prepared for DSIR, Seafood Research Laboratory. 

Nichols, D. S . ,  Dunstan, G. A and Nichols, P. D. ( 1992) Oil, fatty acid content and 
composition and proximate composition of daphnids and mixed zooplankton obtained using 
the Frish polyculture harvester. Report 92-Frishl .  Report prepared for Frish Pty Ltd. 

Nichols, D. S .  and Nichols, P. D. ( 1 992) Composition of a mixed oil sample produced from 
fishing trials conducted by a Russian vessel in the Southern Ocean during March and April 
1992. Report 92-BEKU4. Report prepared for BEKU Environmental Products Ltd. 

Nichols, D. S . ,  Nichols, P. D. and Volkman, J. K ( 1992) Squalene content, lipid class and 
fatty acid composition of Deer Hom of Australia shark liver oil. Report 92- DHAl .  Report 
prepared for Deerhom of Australia. 

Nichols, D. S .  and Nichols, P. D. ( 1992) Composition of an orange roughy oil sample 
produced from fishing trials conducted by a Russian vessel in the Southern Ocean during 
April and May 1992.  Report 92-BEKUS . Report prepared for BEKU Environmental 
Products Ltd. 

Nichols, D. S . ,  Nichols, P. D. and Volkman, J. K ( 1 992) Lipid class and fatty acid 
composition of Merluza negra oil. Report 92-TRil .  Report prepared for Trident Seafoods. 

Nichols, D. S . ,  Nichols, P. D. and Volkman, J. K ( 1992) Lipid class and fatty acid 
composition of commercially rendered Merluza negra oil. Report 92-TRI2. Report 
prepared for Trident Seafoods. 
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Nichols, D.  S . ,  Nichols, P. D .  and Volkman, J. K ( 1 992) Lipid class and fatty acid 
composition of AGAL oils A and B .  Report 92-AGAl .  Report prepared for Australian 
Government Analytical Laboratories. 

Nichols, D. s:: Nichols, P. D.  and Volkman, J. K ( 1992) Lipid class and fatty acid 
composition of jack mackerel oil. Report 92-IND l .  Report prepared for Industrial Fish. 

Nichols, D. S .  and Nichols, P. D.  ( 1 992) Squalene content of a "super-squalene" commercial 
capsule purchased and supplied by Deer Horn of Australia. Report 92- DHA2. Report 
prepared for Deerhorn of Australia. 

Nichols, D. S .  and Nichols, P. D. ( 1992) Wax ester content of deodorized orange roughy oil. 
Report 92-BEKU6. Report prepared for BEKU Environmental Products Ltd. 

Nichols, D. S . ,  Nichols, P. D. and Volkman, J. K ( 1992) Lipid class and fatty acid 
composition of j ack mackerel oil. Report 92-IND2. Report prepared for Industrial Fish. 

Nichols, D. S . ,  Nichols, P. D . ,  Volkman, J. K ( 1992) Oil, proximate and fatty acid 
composition of freshwater copepods and dapbnids obtained using the Frish polyculture 
harvester. Report 92-Frish2 . Report prepared for Frish Pty Ltd. 

Nichols, D. S. and Nichols, P. D. ( 1992) Lipid class, fatty acid and alcohol composition of 
Mutton Bird oil. Report 92-TAB 1. Report prepared for the Tasmanian Aborigine Centre. 

Nichols, P. D. and Nichols, D. S .  ( 1 992) Squalene content ofDeerhorn of Australia shark 
liver oil. Report 92-DHA3 . Report prepared for Deerhorn of Australia. 

Nichols, D. S .  and Nichols, P. D. ( 1 992) Squalene content ofDeerhorn of Australia shark 
liver oil and lipid and fatty acid composition of gem fish liver. Report 92-DHA4. Report 
prepared for Deerhorn of Australia. 

Virtue, P and Nichols, P. D. ( 1992) A chemical investigation of Nyctiphanes australis 
(Euphausiacea): lipids, pigments and fluoride. Report 92CSDF 1 .  Report prepared for 
CSIRO Division of Fisheries. 

Nichols, D. S . ,  Nichols, P. D.  and Volkman, J. K ( 1992) Squalene content ofDeerhorn of 
Australia shark liver oil saponified and distilled by various processess. Report 92-DHA5 . 
Report prepared for Deerhorn of Australia. 

Virtue, P. , Nichols, D. and Nichols, P. D. ( 1992) Relationship between fecundity and the 
lipid content and composition of orange roughy liver muscle and ovary. Report 92CSDF2. 
Report prepared for CSIRO Division of Fisheries. 

Nichols, P. D. and Nichols, D. S. ( 1 992) Production, purification and analysis of high quality 
squalene from shark liver oil. Report 92-DHA6. Report prepared for Deerhorn of Australia. 

Nichols, D.  S .  and Nichols, P. D. ( 1 992) Squalene content ofBEKU shark liver oil. Report 
92-BEKU7. Report prepared for BEKU Environmental Products Ltd. 
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Nichols, D. S .  and Nichols, P. D. ( 1 992) Lipid class composition ofBEKU high quality 
deodorized orange roughy oil. Report 92-BEKU8. Report prepared for BEKU 
Environmental Products Ltd. 

Nichols, D. S .  and Nichols, P. D. ( 1 992) Lipid class composition ofBEKU treated orange 
roughy oil. R�port 92-BEKU9. Report prepared for BEKU Environmental Products Ltd. 

Nichols, D. S .  and Nichols, P. D. ( 1 993)  Comparative squalene content ofBEKU shark 
liver oil fractions. Report 93-BEKUl.  Report prepared for BEKU E;a.vironmental Products 
Ltd. 

Nichols, P. D. and Nichols, D. S. ( 1 993)  Production and purification ofhigh quality squalene 
from shark liver oil. Report 93-I1LDHA1 .  Report prepared for Innovative Technology and 
Licensing of Australia and Deer Hom of Australia. 

Nichols, D. S. and Nichols, P. D. ( 1 993)  Lipid classcomposition of fractions obtained from 
BEKU shark liver oil. Report 93-BEKU2. Report prepared for BEKU Environmental 
Products Ltd. 

Nichols, D. S., Nichols, P. D . ,  Volkman, J. K ( 1 993) Oil, proximate and fatty acid 
composition of copepods and daphnids obtained from the Werribee Treatment Complex 
using the Frish polyculture harvester. Report 93-Frishl .  Report prepared for Frish Pty Ltd. 

Nichols, P. D. and Nichols, D. S .  ( 1 993)  Production and purification of high quality squalene 
from shark liver oil. II. Report 93-I1LDHA2. Report prepared for Innovative Technology 
and Licensing of Australia and Deer Hom of Australia. 

Nichols, D. S .  and Nichols, P. D. ( 1 993)  Lipid class and fatty acid composition ofblue 
whale blubber. Report 93-ICIPAl.  Report prepared for ICI Probe Analytical Australia. 

Nichols, P. D. ( 1 993)  Analysis of the nonsaponifiable lipids from Sea.fish Tasmania oil. 
Report 93-All2. Report prepared for Allisons Laboratories. 

Nichols, P. D.  ( 1 993)  Fatty acid composition of Sea.fish Tasmania jack mackerel oil. Report 
93-All3 . Report prepared for Allisons Laboratories. 

Nichols, P. D. and Green, G. ( 1 993)  Composition of shark liver oil prepared by Scales. 
Report 93-SC l .  Report prepared for Scales. 

Nichols, P. D., Green, G. and Dragar, C. ( 1 993)  BEKU degreaser trials. I. Valvoline X-ALL 
grease. Report 93-BEKU3 . Report prepared for BEKU Environmental Products Ltd. 

Green, G. and Nichols, P. D. ( 1 993) Composition of Platypus shark liver oil. Report 93-
CSSQ 1 .  Report prepared for CSIRO Division of Chemicals and Polymers and Squalus. 

Nichols, P. D. ( 1 993)  Composition of shark liver oil prepared by Scales. II. Report 93-SC2. 
Report prepared for Scales. 

Bakes, M. and Nichols, P. D.  ( 1 993) Fatty acid composition of jack mackerel oil. Report 
93-Al14. Report prepared for Allisons Laboratories. 
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Green, G. and Nichols, P. D. ( 1 993)  Squalene content of fractions produced by ITL using 
the CSIRO separation scheme. Report 93-CSITL l .  Report prepared for CSIRO Division of 
Chemicals and Polymers and Innovative Technology and Licensing of Australia. 

Green, G. anUNichols, P. D. ( 1993)  Composition of shark liver oil in "Natural Nutrition" 
capsules. Report 93-CSSQ2.  Report prepared for CSIRO Division of Chemicals and 
Polymers and Squalus. 

Green, G. and Nichols, P. D. ( 1 993)  Squalene content of fractions produced by ITL using 
the CSIRO separation scheme. II. Report 93-CSITL2. Report prepared for CSIRO 
Division of Chemicals and Polymers and Innovative Technology and Licensing of Australia. 

Green, G. and Nichols, P. D.  ( 1 993)  Composition of shark liver oil in "Natural Nutrition" 
capsules. Report 93-SC3 . Report prepared for Scales. 

Nichols, P. D. and Green, G. ( 1 993)  Squalene content of fractions produced by ITL using 
the CSIRO separation scheme. ill. Report 93-CSITL3 . Report prepared for CSIRO 
Division of Chemicals and Polymers and Innovative Technology and Licensing of Australia. 

B akes, M. J. and Nichols, P. D. ( 1 993)  Lipid, fatty acid and proximate composition of 
zooplankton harvested from the Werribee Treatment Complex and processed using different 
methods. Report 93-Zootech3 . Report prepared for Zootech. 

Green, G. and Nichols, P. D. ( 1 993)  Composition of shark liver oil prepared by Scales. IV. 
Report 93-SC4.  Report prepared for Scales. 

Bakes, M. J. , Green, G. and Nichols, P. D. ( 1993)  Lipid, hydrocarbon and fatty acid 
composition of commercially available waterproofing agents. Report 93-BEKU4. Report 
prepared for BEKU Environmental Products Ltd. 

Green, G. , B akes, M. J. and Nichols, P. D. ( 1 993)  Comparison of the lipid, Fatty acid and 
fatty alcohol content and composition of orange roughy and oreo dory from Tasmanian and 
North Atlantic waters. Report 93-CSDF2 . Report prepared for CSIRO Division of 
Fisheries. 

Bakes, M. J. , Green, G. and Nichols, P. D. ( 1993) Lipid, hydrocarbon and fatty acid 
composition of commercial furniture and wood polishes. Report 93-BEKU5 .  Report 
prepared for BEKU Environmental Products Ltd. 

Nichols, . P. D. ( 1 993)  Squalene content of fractions produced by BEKU. II. Report 93-
BEKU6. Report prepared for BEKU Environmental Products Ltd. 

Nichols, P. D. ( 1 993)  Squalene content of fractions produced by BEKU. ill. Report 93-
BEKU7. Report prepared for BEKU Environmental Products Ltd. 

Nichols, P. D. and Bakes, M. J. ( 1 993)  Composition of shark liver oil prepared by Scales. 
V. Report 93-SC5 .  Report prepared for Scales. 
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Bakes, M. J. , and Nichols, P. D.  ( 1 993)  Biochemical composition of suspension airdried 
zooplankton harvested from Wenibee Treatment Complex. Report 93- Zootech4. Report 
prepared for Zootech. 

Bakes, M. J. , and Nichols, P. D. ( 1 993)  Fatty acid composition of Platypus shark liver oil. 
Report 93-SQJ .  Report prepared for Squalus. 

B akes, M. J. , and Nichols, P. D. ( 1 993)  Lipid, fatty acid and fatty alcohol composition of 
Jojoba oil. Report 93-CSCPI .  Report prepared for CSIRO Division of Chemicals and 
Polymers. 

Dunstan, G. A ,  Volkman, J. K ,  Nichols, P. D. and Bakes, M. J. ( 1993 )  Total lipid and fatty 
acid composition of steam pelleted fish feed. Report 93-salt4. Report prepared for Saltas. 

B akes, M. J. and Nichols, P. D. ( 1 993) Lipid class composition of shark liver oil. Report 93-
C&FRI.  Report prepared for Crop and Food Research. 

Nichols, P. D. and Bakes, M. J. ( 1 993)  Omega-3 polyunsaturated fatty acid composition of 
Australian marine oils. Report 93-BEKU8. Report prepared for BEKU Environmental 
Products Ltd. 

Nichols, P. D. and Bakes, M. J. ( 1 993) Fatty acid, glyceryl ether diol and methoxy 
substituted glyceryl ether diol composition of New Zealand shark liver oil. Report 93-
C&FR2. Report prepared for Crop and Food Research. 

Bakes, M. J. and Nichols, P. D. ( 1 993)  Lipid composition ofliver oils from spurdog, 
Portuguese dogfish and "Platypus-like" sharks. Report 93-SC6.  Report prepared for 
Scales. 

B akes, M. J. and Nichols, P. D. ( 1 993)  Lipid composition of purified diacylglyceryl ether 
isolated from Etmopterus granulosus liver oil. Report 93-BEKU9.  Report prepared for 
BEKU Environmental Products Ltd. 

Bakes, M. J. and Nichols, P. D.  ( 1 993)  Lipid and fatty acid composition of commercial 
omega-3 capsules. Report 93-CS 1 .  Internal report CSIRO Division of Oceanography. 

Bakes, M. J. and Nichols, P. D. ( 1 993)  Fatty acid composition oftriacylglycerol and wax 
ester lipid fractions isolated from mutton bird oil. Report 93-CS2.  Internal report CSIRO 
Division of Oceanography. 

Bakes, M. J. and Nichols, P. D. ( 1 993) Lipid class composition of shark liver oils and 
"Natural Gold" squalene capsules. Report 93-Harmexl .  Report prepared for Harmex Pty 
Ltd. 

B akes, M. J. and Nichols, P. D. ( 1 993) Fatty acid composition of unknown oil supplied by 
AGAL . Report 93-AGALI.  Report prepared for AGAL. 

Bakes, M. J. and Nichols, P. D. ( 1993) Lipid class composition of dory oil. Report 93-
BEKU9. Report prepared for BEKU Environmental ProductsLtd. 
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Nichols, P. D.  and Bakes, M. J. ( 1993)  Lipid composition of commercial squalene capsules 
produced by Deer Hom of Australia . Report 93-CS3 . CSIRO Internal report. 

Bakes, M. J. , and Nichols, P. D. ( 1 993)  Proximate, lipid class and fatty acid composition of 
zooplankton-based products harvested and processed by Zootech. Report 93- Zootech5 . · 
Report prepared for Zootech. 

Bakes, M. J. , and Nichols, P. D. ( 1 993)  Fatty acid composition of Pronovo EPAX 3000 TG 
omega-3 oil. Report 93-ABL&MORl .  Report prepared for ABL & MOR 

Marine oil Conference Presentations 

Nichols, P. D . ,  Skerratt, J. H. and Elliott, N. ( 1 99 1 )  Orange roughy oil. Characterization 
and applications. Australian Organic Geochemistry Conference, Melbourn�. 

Skerratt, J. H. , Nichols, P. D. and Elliott, N. ( 199 1 )  Orange roughy oil: identification and 
uses. Eleventh Australian Analytical Chemistry Conference. Hobart. 

Nichols, D. ,  Nichols, P. and Sullivan, C.  W. ( 199 1 )  Antarctic sea ice algae - a further source 
of polyunsaturated fatty acids. Eleventh Australian Analytical Chemistry Conference. 
Hobart. 

Nichols, P. D . ,  Skerratt, J. H. and Elliott, N. ( 199 1)  Orange roughy oil. Characterization 
and applications. The Australian Institute ofFood Science and Technology, Hobart. 

Daintith, M. and Nichols, P. ( 1 991 )  Artificial diets for the mass culture of the rotifer 
Brachionus plicatilis. Australian Aquaculture conference. 

Nichols, D. S . ,  Nichols, P. D. and Volkman, J. K ( 1992) Marine oils - chemistry and 
commercial applications. AMSA, Perth. 

Nichols, P. D . ,  Volkman, J. K and Nichols, D. S. ( 1 993) Progress in the development of 
marine oil products in Australia. Amercian Oil Chemists Society, Annual Meeting, April, 
Anaheim 

Nichols, P. D ( 1 993)  Antarctic science downunder. Invited lecture, University of South em 
California, April, Los Angeles. 

Nichols, P. D . ,  Nichols, D.  S . ,  Bakes, M. and Volkman, J. K ( 1 993) Progress in the 
development of marine oil products in Australia. Australian Marine Science Association, . 
July, Melbourne. 

Bakes, M. J. , McWilliam, D., Nichols, D. S . ,  Quin, B .  and Nichols, P. D. ( 1 993)  Fatty acid 
composition of zooplankton cultured on natural and controlled diets: a view to 
commercialisation. Australian Marine Science Association, July, Melbourne. 
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ORANGE 
ROUGHY 

OIL PROVES ITS WORTH 
CSIRO scien tists Nick Ellio tt, Jenny Skerratt and 
Peter Nich o ls report that waste fro m the p rocessing 
of orange ro ughy co uld be creating dollars rather 
than environmental  problems. 

three p e r  c e n t  as phospholipids an d  ?0.5 
per cent as triacylglycerols .  This value is 
co mparab le to that re ported for speci
mens caugh t off New Zealand (95 per 
cent) and Britain (90 per cent).  Likewise 
the composition of the major fatty acids 
and fatty alcoho ls is  similar for the three 
regions (Tab le 1 ) . 

There was a p u blic o utcry in Tasmania 
in 1 989 at the local e n viro nmental p rob
lems caused by the dumping of waste 
from the processing of o range ro ughy. 
Yet this waste represents a cons ider- .  
able resource o f  material for o i l and 
meal production if th e fis h e ry  continues 
to harvest at its curre n t  high levels . 

While good qual i ty m eals can find a 
ready use in animal feed s ,  in both dom
estic and export mark e t s ,  local fish oi l  
prod uction is not  yet  large and com
panies curren tly import f ish oils from New 
Zealand . Recent work by CSIRO , how
ever, indicates that the Australian orange 
roughy catch is  a p o t e n tial local source of 
fis h  oil. 

Orange roughy oil 
A s ign ifican t attribute of  orange roughy i s  
tha t many parts o f  i ts body con tain copi
ous quan tities of oil ,  which im proves 
buoyancy and/or act s  as an energy 
reserve (Body, 1 982). Approx ima te ly 1 8  
per cen t o f  the whole fish cons is ts o f  oi l  
(Buisson e t  al., 1 982). Unlike the oil of  
most other commercial fish, orange 
roughy oil is composed almost en t ire ly of 
wax esters, making it a possible substi
ti.;te for sperm whale and jojoba oils 
(Buisson e t  al.,  1 982). About 80 per cen t 
of this oil  is located in the waste products 
from fille t ing - the head , swim b ladder , 
frame and skin. 

I t  is estima ted that processed fil lets 
constitute approximately 30 per cen t  of 
the Australian catch (Thrower and 
Bremner, 1 987), with the remainder being 
waste material . This means that of a 
catch of 1 0  OOO tonnes, over 1 800 tonnes 
o f  oil  would b e  discarded.  Based on an 
es t imate o f  $1 .00 per ki logram of o il , that 
represents a poten tial $1 .8 million turned 
instead into an environmen tal headache.  

CSIRO's study 
CSIRO compared the composition of oi l  
from Aus tralian-caug h t  specimens of 
orange roughy with re ported data on 
soecimens caugh t off New Zealand and 
Britain. 

� ?  .i , ,.,...n / l n n  Fl�h,>n�s. Auausc 1990 

The oil was extracted from the swim 
b ladders of 1 0  specimens and the 
muscles (fi l lets)  of two. Th e  swim bladder 
was selected as it is reported to contain 
over 60 per cent l ipid with a composition 
represen tative of other t issues ( G rigor et 
al . ,  1 983) .  The swim b ladders were from 
fish caugh t  d u ring the 1 988 CSIRO trawl 
surveys of the sou theastern wa ters of 
Aus tralia (Elliott and Bulman, 1 989) and 
the muscle samples were from s pecimens 
caught off the east coas t of  Tasmania 
d uring the 1 989 CSIRO trawl survey. All 
sam ples were fro zen at  sea. 

The composit ion of  the wax e s ters,  
fa tty alcohols an d  fat ty acids in the 
samp les were analysed at  the CSIRO Div
ision of Oceanography laboratories ,  using 
fac i l i ties established s peciiically for 
s tudies of marine l ip ids.  

The results 
· Around 97 per cent  of the swim b ladder 

oil  in the Australian-caugh t orang e  roughy 
was presen t as wa:x es ter, with about 

Table l 

Variations in the proportion s  of the 
individual fatty acids and fatty alcohols , 
with the s ize of the fish or the place of  
cap ture , may p rove significan t with ana ly
sis of more sam p les and further statis tical 
analysis . For example ,  the proportions of 
the fatty acids EPA (eicosape n taenoic 
acid , 20:5 [n-3 ]) and DHA 
(docosahexaenoic ac id , 22:6 [n-3]) were 
4.6 and 4.8 per cent respect ively in the 
oi l  from the swim b ladders of 21 cm f ish ,  
b u t  b o t h  were o n l y  1 .4 p e r  c e n t  in  the oi l  
from the swim bladders o f  37 cm fish .  
S imilar d ifferences were observed in the 
fatty acid composi t ion o f  the oil  derived 
from the muscle of 21 cm and 37 cm 
specimens (Table  2). 

Oil from the muscle an d swim bladder 
of New Zealand-caugh t  specimens (Grigor 
e t  al., 1 983) had less EPA and DHA fatty 
acids than the Aus tralian-caugh t  speci
mens. While only two muscle sam p ies 
from d ifferent-sized specimens were ana· 
lysed in  this CSIRO s tudy, the res u l ts 
indicate the need for furthe r  investigation 
of size- (and there fore age-) related d iffer· 

C�mparison of  the composition of major fatty acids a nd fatty alcohols in wax esters from 
swim bladder oil of orange roughy caught  ott Australia, New Zealand and Britain. 

The data are expressed as a percen tage of total fatty acids or fatty alcohols. 

Constituent•• Australia 1 New ZealancF Britain3 
alcohol acid alcohol acid alcohol acid 

1 4.0 3.8 1 .8 1 .7 1 . 7 2 .3 0.8 
1 6 .0 30.8 2.3 24.2 2.0 24.0 1 .6 
1 6: 1 (n-7c") 0.6 1 2.3 3.6 1 3 .0 2 . 1  1 0.9 

1 8:0 7.6 0.9 7.3 0.8 4.6 0. 1 
18 : 1 (n-9c") 1 5 . 7  46.2 1 7. 4  54.0 1 7 .0 �0 8 
20:1 (n-9c') 23.S 1 7 .0 26.7 1 7. 1  22.0 1 8.3 
22:1 (n· 1 1 c") 8.7 4.7 1 6.0 7.9 28.0 1 4.6 

Others 9.3 1 4.8 3. 1  3 .5  2.9 

I .  This study (mean ol liv'O lisll. a.ii 37 cm. 1 .75 to 2.1 kg); 
2.. Rei. Griqo< ec at. 198:3 (mean ol six fish. 0.5 to 1 .9 kg); 
1 Rei. Sargent et al . •  198:3 (20 cm. O.:J kg). 
• � geomeuy. tnis study only. 
-Fttty 1ci<l 1nd !1tty 1lconol nom.nd-acure: Fatty acids and tatty aiconols aie oesiqrt4ted a.s total numoet cl C3lt>OO atoms: num
ber ol aoocl&-llonds lollowed riy the poSllion ol tlte oO<JOle-bond trom tne aiip/\atic end ol tne mo<ecule; e.g. 20:S(n-J) means tnat 
trlent .re 20 camon atoms in ltle aJXyi cnain compnSUlg trta mofect.Jle. 'Nitn tive doooJ� (unsaturacea) bonds in me n..J sene.s. ti'ie 
ficsl dool:lte OOnd beong tn<.., cat00n atoms from tne aJip/1auc (metnyl) ena ol the moiec-.Jie. The suffixes ·c· and ·r indicate � 
and � qeomeuy respecwely. 

.. 
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Ta ble 2 
C o m p a ri s o n  of f a tty  acid a nd fatty a l c o h o l  c o m p o s ition of the w a x  ester extracted from 
tt1e muscle of a 21 cm and a 37 cm orange roughy caught o ff the east coast of Tasmania.  
lne data are expressed as a percentage of total fa tty acids or fa tty alcohols. 
Conscituent .. 21  cm specimen 

alcohol 

1 4.0 3.5 
1 6 .0 36.7 
1 6 : 1 (n-7c) 0 2  
1 8:0 8.9 
1 8: 1 (n-9c) 1 4. 4  
20:1 (n-9c) 1 7. 1  
20:5(n-3) nd 
22:1 (n- 1 1 c) 9.9 
22:6(n-3) nd 
Others 9.3 

nd, no< detected 
-..,., note to Tahle 1 

ences , as we l l as geographic differences 
in the amount of individ ual fatty ac id s and 
iatty alcohols.  

The reason for such differences is not 
known, but it may reflect the composition 
of the diet and/or the physiological s tate 
o f  the fish at t ime of cap ture . One origin 
of the components of the oil may b e  via 
the iood cha in , and the diet of the orange 
roughy changes as the animal grows 
(Rosecchi et al . ,  1 988; Bulman. C .  per
sonal communication).  

The re lative abundance of the 
(nutri tionally) essential fatty acids in the 
muscle of a commercial-size specimen 
(37 cm) was very low (EPA = 0.6  per 
cent; OHA = 2.8 per cent) com pared 
with va lues reported ior o ther commercial 
Aus tralian fish (for example trevalla. EPA 

= 4.7 per cent, DHA = 30 per cent ;  
Bremner et al . ,  1 989). Orange roughy 
fi l lets are therefore not a good source of 
these 'bene ficial oils ' .  Th e  high wax ester 
con tent is also of  concern, as wax esters 
are no t easily digested . However, results 
from con trolled feeding trials on rats and 
pigs in New Zealand suggest that 'nor
mal' consump tion of orange roughy by 
humans should not lead to any health 
problems (James and Treloar, 1 984; 
James et al., 1 986). 

The re was a further outcome from this 
study. Because the monounsaturated 
alkyl chains - which are very abundant 
in orange roughy oil - were fully ide n t
ified , the distinctive profile ob tained will 
make it possible to identify the oil from 
orange roughy waste in environmental 
studies (Nichols et al , 1 989). 

Nick Bliott is a scientist with the CSIRO Div
ision of Fisheries and Jenny Skerratt.and 
Peter N ichols are scientists with the CSIRO 
Divisioo o f  Oceanography, GPO Box 1 538, 
Hobart. Tasmania 7001 . 

Editor's note: Methods of handling and pro
c e ssing oil and fish meal from orange roughy 
·.-;aste  were reviewed by S tephen Thrower and 
Alan Bremner in  their artide 'Orange roughy -

37 cm specimen 

acid alcohol acid 

1 .3 1 .9 0.8 
6.3 28.3 2.9 

1 1 .5 0.3 8.8 
0.8 92 0.9 

40.3 14.4 5 1 .9 
1 0.3 22.5 1 7.9 
4.5 nd 0.6 
3.0 1 2.6 5.0 

1 1 .3 nd 2.8 
1 0.7 1 0 .8 8.4 

a guide to handling, chilling and processing' in  
the November 1 987 issue of Australian Fisheries. 
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Brachionus plica tilis 

b y M art i n  D a i n ti th and Peter  Nicho ls·  

AQUACULTURE Tasm a n i a n  S t a te Inst i tute  o f  Techno logy,  P . O .  B o x  1 21 4, Lau ncesto n ,  

Tas m a n i a ,  Aus tra l i a  72 5 0 .Te l :  (003)  2 6 0  2 2 9 ,  Fa x :  (003)  263 664 

The rot i fer  Brachionus plica tilis i s  
w i d ely u s e d  as a l i v e  feed f o r  rear·  
i n g f i s h  a n d  c r u s t a c e a n  l a rv a e ,  
e s p e c i a l l y  i n  m a r i n e  o r  bracki s h  
w a te r  c u l ture. I t  i s  a s u i t a b l e  s ize,  i s  
acceptable a n d  d i g est ib le ,  a n d  mass 
prod u c t i o n  i s  p o ss i b l e  ( B a tta g l e n e  
and  Ta l b o t, 1 989) .  

The n utri t i o n a l  va lue o f  the rot i fer  to 
the target  org a n is m  i n c l u des l i p i d s ,  
a m i n o  a c i d s ,  c a r b o h y d rates, vita
m i n s  a n d  m i n e ra l s .  Of s p e c i a l  
i m p o rta nce to m a r i n e  l a rvae i s  the 
c o n tent  of w3 ess e n t i a l  fatty acids 
( E FA) i n  t h e  rot ifer.  

This rep o rt  looks at some aspects 
of incorporati o n  of  EFA in  the rot ifer 
a nd i s  based o n  joint  research under
taken b y  the C S I R O  D i v i s i o n  o f  
O c ean o g r a p h y  ( H o b a rt) a n d  t h e  
N a t i o n a l  K e y  Ceci tre for Aq uacul
t u r e ,  Lau nceston (see N i c h o l s  e t  
a l . ,  1 989). 

Rotifers are co m mo n ly raised i n  hatch· 
eries us ing a co mbination o f  yeast and 
m icroalgae , and the l ipid profi le  of  th is  
food is ref lected in  th e rotifer. Th e w3. 
E FA are virtual ly  abs e n t  in  yeast re
s u lt ing in un favourably low l evels o f  

E FA i n  ro t ifers f e d  yeast only .  

Some m icroalga d o  co ntain s ign if icant 
levels o f  E FA but the small amounts 
used in these combin ation diets may 
again result in low levels of E FA in the 
rot ifer. Several techniques are used to 
raise the level of E FA i n  the rotifer pr io r 
to fe ed ing to the target org anism i n
cluding feed ing with a m icroalga rich i n  
E FA, enriching with microencapsulated 

· feeds or co m m ercial ly avai lab le ma
r ine l ip id mixtures. 

TIMING IS C R U CI A L  

This study was u ndertaken t o  assess 
how qu ickly E FA are incorporated i n  
t h e  ro t ifer whe n f e d  the m icroalga 
Pav/ova lutheri. Th is alg a has been 
used by overseas wo rkers and is now 
wid e ly  used in  Austral ian mariculture 
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• CS I R O ,  G.P.O.  Box 1 53 8 ,  Hobart,  Tasm a n i a ,  700 1 

o perat ions  because o f  its h i g h  E FA 
content .  The t ime requ i red for incor

porat io n  of the E FA and other  ess e n 
t ial co m po n e n ts is  an i m po rtant aspect  
o f  hatchery manag e m e nt . Longer  t i m e  
i n te rvals req u i re more m icroa lg ae t o  
feed t h e  rot i fers a n d  t h i s  means g reater 
expense.  Too short a t i m e ,  however 
m ay resu lt i n  u ndes i rably low levels o f  
E FA. 

Rotifers previo u s ly fed yeast fo r two 
weeks were resuspe nded i n  fi l tered 
sea water and fed P. lutheri. Samples 
o f  the ro t i fer were taken at 0 ,  3 ,  6 ,  1 2 , 
24 and 48 hours ,  and o n e  add i t io nal  
sam p le was taken after starving for  a 
further  48 hours.  Th ese samples were 
fi ltered , rinsed and sto red frozen i n  dry 
ice prior to de l ivery to the CS I R O  Mari n e  
Laborator ies.  

At CS I R O  the  rotifers were dissolved 
i n  a m ixture o f  chloroform and metha
n o l  to extract the l i p ids then analysed , 
us i ng Th i n  Layer C h ro m atog raph y  -
Fla m e  Ion isati o n  Detecti o n ,  Gas C h ro
matography (GC) and GC - Mass Spec
tro m e try. These e xac t i ng techn iqu es 
can be used to pr.ovide qual itative and 
q u an titative analysis of the  com p l e te 
l ip id p ro fi le  o f  organisms. 

Resu lts indic.ated that the l i pid con ten t 
o f  ro t i fe rs (per an i m al bas is )  increased 
when fed P. lutheri and reach ed a peak 
after 1 2  to  24 hours.  Rotifers starved 

2 0  
1 8  

"' 1 6  � 
"' 1 4  :?:-.!§ 1 2  

0 1 0  � 
=· 
"' 8 c � 6 ;;; 0... 4 

2 
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for 48 hours s howed a fo u r-fo ld de
crease i n  l i p id co ntent .  

The perce n tage com posi t ion of  the 
E FA 20 :5  w3 (e icosap e n taenoic acid , 
E P A) and 22:6  w3 (docosahexae n o ic 
acid , D HA) is shown i n  F igu re 1 .  E P A  
and D H A  have been shown t o  b e  o f  
crucia l  importance i n  g rowth and s u r
vival of mari n e  larvae . We observed a 
s ign if icant i ncorporat io n  of these E FA 
b y  the  rotifer after 3 h o u rs feeding with 
P. lutheri and a s teadi ly  ris i ng i ncorpo
rati o n  to the term in at i o n  o f  t h e  t r ia l  at 
48 hours .  

H atchery management  decis ions can 
be made o n  the basis o f  s tudies l ike 
these.  As d e m o n s trated he re , feedi n g  
B. plicatilis with P.  lutheri f o r  1 2-24 
h o u rs wi l l  result  i n  s ign ifica n t  i nco rpo 

rat io n  of E FA and total l ip id .  Starved 
ro t i fers show a marked decrease in 
total l ip id and percen tage E FA. Starved 
ro t i fers can result  from overfeed i ng in 
larval rear i ng tanks ,  with u neaten rot i 
fers s tarv i ng b e fo re they are subse
q u e n tly cons u m e d .  

Future studies w i l l  l o o k  at alternat ive 
di ets to rep lace m i croa lgae and the 
cost  of  thes e  d ie ts and m icroalgae . I n  
add i t ion , we.wi l l  exam i n e  the efficiency 

o f  the transfer o f  E FA from either a lg ae 
or other prepared diets th ro ugh th e 
food chain (ro tifers and zooplankton )  
t o  the larvae o f  mari n e  fish.  

Ei5!! 20 :5 
� 2 2 : 6  

3h 6 h  1 2h 2 4 h  4 8 h  S T  P a v  

T i m e  o f  sampling 

Figure 1 .  Relative amounts or 20 :5w3 and 22:6w3 in the ro tifer Brachionus plicatilis 
fed o n the microalga Pav/o va lutheri. Samp l ing times are as shown. 

ST, Pav/ova-fed then s tarved ; Pav, P. lutheri. 
Pu blished with the permission of CSIRQ Div ision of Oceanography.  
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L I P I D  A N A L  Y S l S  FO R 
A Q U A C U LTU R E  

Th e C S I R O  M ar in e Lab o rator ies i n  
Hobart offer a l i p id an a lys is service for 
aq u acu ltu re .  De tai ls may b e  obta i ned 
fro m John Volkman or P e te r  N i c h o l s ,  
C S I R O  D iv i s i o n  o f  Oce a n o g ra p h y ,  
C S I RO ,  G . P . O .  B o x  1 53 8 ,  H o b a rt ,  
Tas m an ia , 700 1 , Austral ia .  

A C K N O W L E D G E M E NTS 

W e  t h a n k  J . K .  V o l k m a n , D . G .  
H o l d swo rth and S .  Al l anso n for valu
ab le  co mm e n ts and labo rato ry ass i s 
tance . 

R E FER E N C E S : 

Battag len e , S .  and Ta lbot , B . ,  ( 1 989)  
Mass p rod uct io n of  rotifers ,  Austas i a  
Aquaculture M ag azine 3 ( 1 1 ) : 6-7 .  

N i c h o l s ,  P . O . ,  H o ldswo rth , D . G . , Volk� 
m a n ,  J . K. , Da i n t i th , M. and A l l ans o n ,  
S . , ( 1 989 ) ,  H i g h  inco rporatio n  o f  es 
s e n t ial  fatty ac ids b y  t h e  ro t i fer Bra
chionus plicatilis fed o n  the Prymne
s iophyte Alga Pav/ova lutheri, Aus tra 

l ian  J o u rna l  o f  Marine  and Freshwater 
R esearch , 40 : 645-55 . 

B ATTLI N G  B A R RAM U N D I  
FAR M ERS 

Australian barram u n d i  farme rs may 
b e  forgiven for bel ieving that the i r  new ly  

fou n d  ind us try is  s uffe r i ng more than 
i ts fair sh are o f  g rowing pai ns . 

P rob lems with the q ual i ty o f  b o th lar
vae and feed , a g e n e ra l lack o f  co
o rd inati o n  between i n d ustry and gov
ernment ,  coupled with d iseas e  out· 
b reaks, have m ad e  it d ifficu lt to main
ta in  f i n a n c i a l l y  v i a b l e  o p e ra t i o n s .  
However , i nd icati o n s  s u g g est  that  the 
ea r ly years o f  th is decade wi l l  see the 
farmers starti ng to reap the b e n e fits o f  
the late 1 980's  research a n d  develop
m e n t. 

Several  hatcher ies are now s u pply ing 
b a rram u nd i f i n g e rl i n g s .  I n creas ed 
com pet i t ion wi l l  undoubtedly lead to 
i m p roved fingerl i n g  q u al i ty  and co m 

pet i t ive p r ic ing . Most  hatcher ies have 
rel ied h eav i ly on ferti l ised eggs ,  h and 
str ipped fro m wi ld Weipa barram u n d i .  
However , prog ress w i t h  t h e  us e o f  
s p awn i n g i n d uct ion  tech n i q u es b y  
govern m e n t  h atch e ries i n  the N o rth
ern Terri tory and Queens land theo
retical ly means· that ferti l ised eggs and 
f i ng e r l i n gs can now be prod uced to 
o rder fro m captive barramu ndi brood- · 

s tock throughout  the  b reeding sea
son. 

Whi ls t  hatc h e ry f i n g e r l i n g capacity 
n e eds to be s tead i ly expanded over 
the next few years , it is the n u mber of 
po nds and cages devo ted to barra
m u ndi  g ro w-out that must i ncrease if 
barram u n d i prod uct io n is to reach an 
est imated 1 , 000 ton n es per a n n u m  by 
1 994-95,  as predic ted by Dos i n  h is  
sta tus report o n  Au stral ian aquacul

ture (see Feb ruary's issue o f  AAM ,  Vo! 
4 ,  No 7,  p ages 2 - 1 2) .  
N ew feed m i l ls opening u p  in Australia 
wil l hopefu l ly  increase the q u al ity of 
feed avai lab le  to g row- out farm ers ,  
and d ecrease t h e  cost. Many farm ers 
are now ins ist ing on g e tting feed d eliv
ered in  freezer or  ch i l led containers to 
m in i m ise vitamin  losses and are sto r

i n g  feed on s ite i n  freeze r faci l it ies . 

Feed m i l ls are l is ten ing to farm e rs and 
efforts are bei ng made to produce feeds 

that d o n 't  s i n k rapid ly ,  wh ich i s  espe
c ial ly i m p o rta n t  for cag e culture opera
t ions . 

B arram u ndi  farm e rs are go ing to face 
compet i t ion f ro m  Th ai land,  Taiwan , 
Vietnam and p ro bably other  As ian 
nations export ing barramundi  prod ucts 
to Austral ia.  As an i ndus try i n  Aus tra

l i a ,  barra m u n d i  aq uacu ltu re must  aim 
fo r the h i g h est q u a l ity o f  prod uct,  con
t i n u ity o f  s u pply and exami n e  al l  ave
n u es of p rod uc t h and l ing and p rocess
ing ava i l able to f ind new markets and 
expand exist ing ones.  

· I f  you are i n vo lved with the barram u nd i 
farm ing b u s i n ess as a farm er ,  h atch
ery o p e rator, scien t ist  o r  i nves to r then 
the new q uarterly news letter B arra
m u n d i  A q u a c u lture is  for you . The 

f i rs t copy was due out l ate Feb ruary , 
early M a rch 1 99 0 ,  so if you have n o t  

rece ived y o u r  copy p lease co n tact m e  

o n  ( 0 8 9 )  89-43 2 1  o r  fax ( 0 8 9 )  8 1 - 1 475 
o r  write to the ad dress at the h ead of  
th is co l u m n . 

Next m o n t h : 

I n  next m o n th 's issue Col in  wi l l  cover 
the h ea t i ng opt ions for th e  tropical and 
su b-tro pical win te r . Any requ ests for 
articles to be inc l ud ed i n  th is co lumn 
can be sen t to Col in .  

B U L K  BOOKS 

C laud e Bo yd 's "� Qua l ity i n  
Warm wate r Fish Ponds" A$25 (p&p)  

FAO "Manual on Br ine Shrimo 
Culture" A$80 (p&p) 

FACT "Fresh water Crayfish 

Newsletter" A$60 (p&p) 

Uni  o f  Was h i ng to n ''Triploidy manual 
for oysters" A$30 (p&p) 

For airmai l  add A$5 i n  Austral ia ,  
A$ 1 5 o verseas 

Ful l  payment  must be sent with the 
o rd er . N EW STOCKS NOW IN. 
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A p p l i cat i o ns of  T h i n  Laye r C h ro m atog raphy- F l a m e  I o n izat i o n  

Detect i o n  to t h e  A n a l ys i s  o f  L i p i d s  a n d  P o l l utants i n  M a ri n e  
--

and Envi ro n m e ntal  S a m p l es 

J o h n  K. V o lkman · and  P eter D .  N i c h o l s  

Key Word s : 
M a r i n e  l i p i d s  

P o l l utan t s  

M ic ro a lga e 

TLC-FID 

Hyd roca r b o n s  

S e w a g e  

M a r i c u lt u re 

S u m mary 
A p p lica t i o ns o f  t h in l a y e r  chroma tography-f lame io n izat i o n d e 

tect ion (TLC- FID)  t o  t h e  a na lys is of n a t u r a l  l i p i d s  and po l l uta n t  

c o m po u nd s i n  seawater ,  sediments, m ic ro a lga e a n d  ma r i n e  a n 

i m a ls a re p rese n te d . T h e  me tho d  c o m b i n e s  g o o d  sensit ivity, 

ease o f  use, and the a b i l ity to resolve most o f  the c o m p o u n d  

c l asses o f  i n terest i n  m a r i n e  sa m p les . T h e re a r e ,  h o wever,  s t i l l  

s o m e  difficu lt ies w i th q u a n t itat io n , p a rt i c u larly i n  the c h o ice of 

in ternal standard and ca l ibrat io n o f  t h e  FID for differe n t  l i p i d  

c l asses . N e w  a ppl icat ions where the TLC- F I D  t e c h n i q u e  o ffe rs 

a d v a n tages o ve r , or c o m p l e me n ts , existi n g  a n a lytical  tech

niques i nc l u de : the q u a n t i t a t i o n  o f  petro l e u m- d e rived hyd ro

carbons i n  environmental  sam p l es ;  t h e  a n alysis o f  ma ri ne o i l s ;  

screening l i p id extra c t s  f o r  new c o m p o u n d  c lasses ; de term i na

t i o n  of the abundance o f  l i p i d  c la sses in n a t u ra l  a n d  po l l uted 

sed i m e n ts and seawate r ;  the a na lys is of l i p id s in mariculture 

feedstocks ; t racing t h e  u p ta k e  o f  l i pid s by f ish,  m o l l uscs a n d  

c rustaceans raised i n  hatc h e ries ; and d e terminat ion of  5/3-
stanols in sewage-derived materials.  

1 I ntro d u ct i o n  
T h e  comb inat ion o f  t h i n  layer chromatography with a s e n s i

t ive f lame ion izat ion d etector (TLC-FIO) had its genes is  i n  t h e  

l a te  1 960s and ear ly  1 9 70s with t he  p ioneer ing work of 

Padley [ 1 ] and Szakasits et al .  [2] ; see the book by Ranny [3]  

for  a review.  These ideas were then developed further by 

Okumura and Kadano i n  J apan [4 ,  5 ]  who p rod uced 

reusable TLC rods with a s in te red s i l ic a  gel  l ayer wh ich are 

now c o m m e rcia l ly  avai lab le as Chro marods.  Although t h e  

f i rs t  TLC-F IO s y s t e m  was developed by U n i l ever , i t  was the  

independe n �  w o r k  o f  t h e  l a tron Laborator ies i n  Tokyo and the  
S h ionogi  Company o f  Osaka that  led to the  f i rs t  com m e rc ia l ly  

J .  K. Volkman and P .  D .  Nichols.  CSIRO Division of  Oceanography, G P O  Box 
1 538,  Hobart. Tasmania 700 1 ,  Australia. 
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avai lab le  i nstrumen t ,  now known as the l at roscan TLC-FID 
analyzer [6 ,  7] .  Separat ions are carr ied out  us i ng  conven

t iona l  TLC techn iq ues on rods o f  q uartz coated with a l ayer of  
s i l i ca ge l  or  a lum ina .  After deve lopmen t , the  rods are d ried 

and scan n e d  th roug h the FID of  the  la troscan analyzer.  

This  new tec h n iq u e  has fou nd w i d e s p read appl icat ion i n  a 

var iety of f ie lds .  I t  is particular ly s u ited to the analysis o f  
samp les  w h e re t h e  amoun ts may be s m a l l  (subm i l l igram),  

where high samp le  t h roughput is des i red (1  O rods can be 

used s i m u ltan eous ly) , or  where samples are too involat i le or  
polar for cap i l l ary g as chromatographic analys is .  TLC-FID 

h as p roved to b e  i nvaluab le  for use i n  i ndus t ry ,  for t h e  an

alysis of fats and oi ls i n  t he  medica l ,  b iochemica l  and phar
maceutical f ie lds ,  and for the an alys i s  of mari ne l ip ids  i n  
organ isms,  sed imen ts and seawate r .  A textbook on TLC-FID 

pr inc ip les and appl ications is ava i lab le  [3 ] .  

I n  th is paper ,  we descr ibe some exam ples o f  the use o f  TLC
F ID  in  o u r  laboratories to s tudy t h e  l i p ids and other  o rganic 

const i tue n ts of a variety of mar ine samples. Our exper ience 

is based on  t h e  use of a Mark 1 1 1  l atroscan over a period o f  a l 

most 1 0  years . Most o f  these  app l icat ions can be d i rect ly 
transferred to the  more recen t  M ark I V  and V instru men ts ,  al

though it s h o u l d  be n oted that  s o m e  aspects of  q u antitat ion 

are less of a prob lem with the newer mode ls .  

2 E x p e r i m e n t a l  
Lip ids were extracted from sam p l es u s i ng a mod i f icat ion o r  
t he  Bligh and Oyer [ 8 ]  so lvent system des igned fo r  extract ion 
of  f ish l i p ids. The extracts were analyzed for l ip id c lass com

posi t ion by TLC- FI D ,  wh i l e  data on i nd iv idua l  components 

were obta ined by capi l lary gas c h ro m a togra p h y  with F ID  and 

mass s p e ctro m e tric d e tecto rs . Typical ope rati ng condi t ions 

for the la t roscan M ark I l l  TH- 1 0 TLC- F I D  analyzer were de-
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scr ibed by Volkman e t  al. [9 ] . The F I D  was operated with a 

hydroge n  f low rate o f  t60 m l  m i n  - 1 and an a i r  f low rate of 

2000 m l  m i n  - 1 • The h yd rogen was i n s tru m e n t  g rade supp l i ed 

from cyl i nders ,  but t he  a i r  was ob ta ined  from a s imp le  aqua

r iu m p u m p .  The rods were scan n e d  at se t t i ng  4, wh ich cor
responds to a speed o f  0 .42 cm s - 1 .  

3 Resu lts a n d  D i sc u ss i o n  
3 . 1  P ractical  Conside rati o n s  

3. 1 .  1 Application of Extract to  the Rods 

Extracts are app l ied ( "spotted ") at the  or ig in  o f  the rod us ing 
e i ther  a m icrol i ter syr inge or  m i c ro p i p e t ,  depend ing o n  t h e  

preference o f  the  operator. Mic ro p ipe ts ( D r u mmond M i

crocaps o r  e q u ival e n t) o f  0 . 5  or 1 . 0 µ.I capacity are s i m p l e  to 

use and g ive reproduc ib le  res u lts  after  s o m e  pract ice.  The 
syri nge  is  more prac t ical  when the  vol u m e  to be  appl ied is 
5 µ.I o r  more,  a l though  care must b e  taken n o t  to scratch the 
s i l ica s u rface and to ensure that  s m al l  volu m es are s potted 
with s uffic ien t  ti me  b etween app l icat ions to m in im ize band 
spread ing .  Another  approach is to d eve lop the  rods br ie fly  in  

a solve n t  system more polar than that  to b e  used for  the s u b

sequen t  ana lysis in order  to focus t h e  compou nds at the 
or ig i n  before d evelopmen t [ 1 1 ] .  I m proved mechan ical appl i

cators h ave been developed [ 1 0 ] ,  and commercial appl i
cators are also avai lab le .  

A set  o f  1 0  C h ro marods is  held i n  a m e ta l  frame so that  1 O 
samples may be developed s i m u ltaneous ly and scanned se

quen tia l ly .  In p ractice ,  however, it is com m o n  to have 
authen tic standards o n  1 or  more rods and to analyze each 
samp le  in d upl icate or tr ip l icate s o  that a nalysis of  3 - 4 

sam p l es at t h e  o n e  t ime is more common.  After samp l e ap
p l ication ,  t h e  rods are al lowed to d ry in  air for a few m i n utes 

and they are then p laced in a g l ass tank,  l ined with preex
tracted f i l ter paper ,  conta in ing the d esired solven t system.  As 

i n  convent ional. TLC , it is very i m portant to ensure that the  at
mos p h ere in the tank is eq u i l i b rated with t h e  solvents. 

3. 1 .  2 Solvent Systems 

A variety of solven t  systems can be used , depend ing  on the 
s pecif ic app l icat ion , b u t  we have fou n d  that  hexane-d iethy l  

ether-acet ic  acid (60 + 1 7  + 0 . 2 ;  v/v) is a good general
p u rpose system for resolvi ng h yd rocarbo n s ,  tr iacylg lycero ls ,  
free fa t ty  ac ids , a lcoho ls  and stero ls from more polar l i p ids 
(9 ] . Since th is  s ystem does no t  separate hydrocarbons f rom 

alkyl  (wax) and  s tero l  esters, we a lso use h exane-d ie thyl  
e ther  (96 + 4;  v/v) when the latter compou nds are though t  to 

be p resent. A use fu l system for  separati n g  polar l i p ids is 
ch loro form-methanol-water (80 + 1 5  + 2 ;  v/v). More com

p l icated develo p m e n t  schemes h ave  been descr ibed by 

Parrish ( 1 2] ,and Nichols et  al. [ 1 3 ] .  T h e s e  use m u l t ip le  de
ve lop m e n ts and partia l  scann i n g  of the  rods through the F ID  
us ing  the  stop-scan fac i l ity of  the la trosca n .  Differen t  solven t  
systems o f  i nc reas ing  po lar i ty were  u s e d  sequent ia l ly  to ob

tain 3 - 4 chromatograms per rod . In the scheme used by 
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Parrish [ 1 2 ] , hyd rocarbons , wax esters ,  methyl  esters and 
ketones were separated by d o u b l e  development  wi th  hex
ane-d ie thyl e ther-formic acid (99 + 1 + 0.05 ; v/v) ; tr iacylg ly

cero l s ,  f ree fatty acids ,  fatty a lcoho ls ,  s te ro ls and d ig ly

cer ides were separated us ing hexane-d ie thy l  e ther-formic 
acid (80 + 20 + 0. 1  ; v/v) , and var io u s  po lar  l ip ids were sep
arated us ing  two doub le  deve l o p m e n ts ,  f i rs t  wi th acetone 
and then with methyl e n e  ch lor ide-methano l-water  (5 + 4 + 1 ; 
v/v) . Th is  tech n iq u e  is labor i n te n s ive and probably b est 
su i ted for  speci f ic appl icat ions ra t h e r  than rout ine analyses. 
After deve lopment ,  the C h ro m arods are oven-dr ied for 5 m i n  
a t  80 - 1 00 ° C  a n d  then i m m e d iately analyzed u s i n g  t h e  l at

roscan .  Each scan takes on ly 30 seconds ,  so there is con
s iderab le  potent ia l  for analyzing l arge n u mbers o f  sam p les in 
a day.  Several sets o f  rods can be d eveloped at the same 
t ime and scanned with i n  a few m i nutes o f  each other .  A 
s ing le  l atroscan analyser can thus  u s ua l ly  sat isfy the n eeds 
o f  most analytical  research laborator ies . 

One advantage of the C h romarod system is the abi l i ty  to alter 

the form o f  the s i l ica for spec i fi c  app l icat ions ,  for example by 
i mpregnat ing  the  rods wi th  oxal ic  a c i d  f o r  phospho l i p ids ( 1 4] ,  

or with bor ic  acid o r  s i lver  n it rate to  resolve isomer ic  [ 1 5 ]  o r  
unsatu rated components [ 1 6 ] ,  respect ively .  T h e  q ua l i ty  o f  the 

rods and t h e  way that  they are handled g reatly affects the re

solut ion obta ined . I t  is importan t to  m i n i m ize the poss ib i l i ty of 
the rod s  adsorb i n g  atmosp h e ric c o n tam inan ts .  I m m ediately 
p r ior  to use, the rods are act ivated and cleaned o f  con tami
n a n ts by sca n n ing them in the F I D .  They may b e  used for 
more than 1 00 analyses , p rovided that res idues remain i ng  
after scan n in g  are b u rned o ff  o r  removed by soaking i n  
s tron g  acid (e. g. 3 5  % n itr ic acid o r  chromic acid) fo l lowed b y  
d is t i l l ed  water r inses .  I t  i s  preferab le  t o  store rods i n  a desic
cator when no t  i n  use.  

3. 1 .  3 Detection and Calibration 

TLC- F I D  is 2 - 3 orders of mag n it u d e  l ess sensi t ive than GC
F I D .  It compares favorably, however, with most H P LC de
tectors commonly  used for l ip id ana lys is ,  such as U V ,  refrac

t ive i ndex, or the evaporative l i g h t  scatter ing mass detector 
( 1 7] .  L ipid amou n ts less than 0.2 µ.g are difficult  to m easure 
accurate ly by  TLC-FI D .  O n  the M a rk I l l  i ns t rument ,  the FID 
response is approxim ately l i near up to several  tens o f  µ.g [9 , 
1 2] ,  but at low load ings ( < 2 µ.g) , a cu rved response m ay be 
observe d ,  o ften wi th  a non-zero abscissa. Th u s ,  the response 
of the FID has to be  ca l ibrated using e xternal standards 
which cover t h e  range o f  concen trat ions fou n d  in  t h e  sam ple .  

We prefer to work i n  t he  range 2 - 5 µ.g for each compound 
c lass . Differe n t  l ip id  c lasses h ave d i fferen t  F ID  responses,  
and hence d ifferent  cal i b rat ion c u rves [9 ,  1 2] .  Hydrogenat ion 
o f  the l i p i d  extract is reported to give h igher  responses for  
commonly occurr ing l i p id c lasses [ 1 8 ] .  

Quan t itat ive aspects o f  the latroscan TLC-F ID  have been the  
su bject o f  m u ch discuss ion  (9 ,  1 2 , 1 9 , 20] .  Resu lts may be  re

p rod u c i b l e  to ± 8 % ( 9 ] ,  a l thou g h  accu racy d epends on the  
cho ice  o f  s tandards.  Natural  l i p i d  c lasses contain a g reat 

n u mber  o f  d iffe re n t  com pound s  varying i n  chain- l e n gth and 

degree o f  u nsatu rat i on .  These wi l l  have s l ig h t ly  d i fferent  re-
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sponses , a n d  t h u s  a s i n g l e  stand ard can o n l y  ever g ive a n  

appro x i m ate valu e .  Th.ls factor i s  p a rt i c u l a rly s i g n i f ica n t  when 

polar  c o m p o u n d s  are measu red , s i n c e  t h e i r  responses vary 
g reatly . 

A n o t h e r  a p p roach to q u a n ti tat i o n  is to i n c l u d e  i n ternal  stan

dard s .  W h i l e  this overcomes vari a t i o n s  i n d uc e d  by errors i n  

s a m p l e  a p p l i ca t io n ,  i t  c a n  lead to errors at l o w  load i n g s  

w h e r e  t h e  d e tector  response i s  n o n - l i n ea r .  For m o s t  complex 

l i p i d  m ixtures , i n terna l  standards are n o t  feas i b l e  s ince the i r  

i s  l i t t le  s p ac e  i n  t h e  c h ro m atogram for a n  addi t iona l  com

po u n d .  S o m e  authors have used a l o n g-chain  keto n e ,  w h i c h  

e l utes b e t w e e n  tr iacylglycerols and w a x  esters , a s  an i n ter

na l  s t a n d a rd [21 ] .  Long-cha i n  ketones also occ u r  natu ral ly i n  

. som e  s a m p l e s ,  however,  (e. g. c e rta in  s p ec i e s  o f  m icroal g ae 

from t h e  c lass Prym n esioph yceae [22]) ,  a n d  tai l i n g  of the wax 

ester peak m ay in terfere with the m eas u re m e n t  of the ketone 

[ 1 2J .  O u r  exper ience s hows t h a t  there i s  o ft e n  more space 

betwe e n  free fatty acids and sterols , s o  a n  i n terna l  standard 

w h i c h  e l utes in th is reg i o n  may be of  m o re w i d e s p read use.  

3. 1 . 4  Data Handling 

I n  o u r  ear l ier  studies,  the F ID  output  was recorded on a Y EW 

3056 2-pe n  record e r  and an e l ec t ro n ic record i n g  i n teg rator 

(Chromato pac) . More recen t ly we h ave used a commercia l  

data acq u is i t ion system (DAPA Scien tif ic Pty Ltd , Kala

m u n d a ,  Western Au s tral ia) ru n n i n g  on an I B M-co m pat i b l e  

perso n a l  com p uter.  Exam ples o f  b o t h  o u t p uts a r e  shown i n  

t h i s  p a p e r .  S everal i n tegrat i n g  a n d  data report i n g  packages 

are now ava i l a b l e ,  a l though some are not well  s u i ted for t h i s  

appl icat ion .  T h e  T L C  s i g n a l  fro m t h e  l atroscan d rops below 

zero between each sca n ,  which can make it  d i ff icult  for the i n

teg rator t o  establ ish t h e  true basel i n e .  A system which al lows 

postru n m a n u a l  sett i n g  of bas e l i n e  and i n teg rat ion p o i n ts is 

d e s i rab l e .  

3 .2  Appl icat ions 
3. 2. 1 Lipids in Seawater 

Th e i d e n t i t i e s  a n d  concen trat ions of the major  l i p i d  c l asses i n  

seawater a r e  read i ly  determ i n e d  by TLC-F ID .  Appl icat i o n s  

are d es c r i b e d  i n  a n u m b e r  of  papers [ 9 ,  1 2 , 21 , 23 - 27] .  A 
usefu l  solvent s ys t e m  for l i p i d  separat ion on s i l ica S-1 1 1  

rods i s  hexan e-diethyl  eth er-acet ic  acid (60 + 1 7  + 0 . 2 ;  v/v) . 

Th is  resolves hyd rocarbo n s ,  t r iacyl g lycero l s ,  free fatty acids ,  

a n d  sterols from m o re polar l i p i d s  [ 9 J .  P o l a r  l ip ids  general ly 

c o m p ri s e  i n  excess o f  8 0  % o f  t h e  solv e n t extractable l i p i d s  

f r o m  s e awate r ,  b u t  l i t t le  is  k n o w n  o f  t h e i r  c o m posit ion o t h e r  

t h a n  that  t h e  m ixtu res a r e  c o m p l e x ,  w h i c h  m akes cal i b rat ion  

u n certain  [ 9 ] .  P i g m e n ts and deg radat i o n  p ro d u cts are of ten 

in  h i g h  a b u n d a n c e ,  and i t  is  rare ly p os s i b l e  to i d e n t ify a n d  

q u a n t i fy i n d ivid u a l  p h osphol i p ids o r  g lyco l i p ids [ 9 ,  1 2! .  u n l ess 

the sam p l e  i s  d o m i n ated by re lat ively u nd e g raded organ i c  

matter  s u c h  a s  occu rs d u ri n g  p h yt o p l a n kton b l o o m s .  

3 . 2 . 2  Application to Environmental  Studies 
I 

Measurement of Hydrocarbons 

Hyd rocarb o n  d is t r ib ut ions in e n v i ro n m e n tal  samples are 

u s u a l ly v e ry c o m p l e x ,  so t h e i r  analys is  and q ua n t itat ion is 
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g e n eral ly p e rformed by capi l l ary gas c h ro m atog raphy (GC) 

wi t h F I D  a n d /or  mass s p ectro m e t r i c  detect ion [28 ] .  These 

techn i q u es e n a b l e  iden t i f icat ion a n d  q u a n t i f icat i o n  of  i n d i

v i d u a l  c o m p o u n d s  ch aracter ist ic  of petro l e u m  con tam i n a

t ion .  It i s ,  h owever,  o u r  experience that  t h e  total  concentra

t ion of hydrocarbons i n  p o l l uted s a m p l es is o ft e n  d i ff icu lt to 

q u a n t ify by GC s i n ce on ly  a few p e rce n t  of the h y d rocarbons 

are pres e n t  as i d e n tif iab l e ,  d iscrete p eaks. Th is  is  particu l ar ly 

PL 

P L  

0 

Figure 1 

(a) Sedim ent  from 
King River mouth 

H C  

FFA 

(b)  Sediment  irom 
Gordon River 

ALC HC 

1 .0 

la troscan TLC- FID chromatograms of sedimentary l i p ids from two sites in 

Macquarie Harbour,  Tasmania (Australia).  (a) mouth ol King River, (b) 
Gordon River, Solvent syste m :  hexane-diethyl eth e r-acetic acid (60 + 
1 7  + 0 . 2 ;  vlv). Refer to Table 1 for peak iden tifica t ions. 

Table 1 

Abbrev i a ti o ns used for l i p i d  c l asses i n  f ig u res and text 

Lipid c lass Abbreviation Lipid class Abbreviat ion 

Hydrocarbon HC 4-Me thyl sterol 4-MS 

Squalene so Alcohol ALC 

Wax ester WE 5,6-Stanol 5,6-ST 

Sterol ester SE 4-0esmethyl sterol ST 

Diacylg lycerol ether DAGE Dihydroxy sterol OHS 

Triacylglycerol TG Diacylglycerol DG 

Ketone KET Polar  l ip id PL 

Free fatty acid FFA U n iden tif ied UN 
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so w h e n  l arg e amou n ts o f  u n resolved c o m p l e x  mater ia l  
(UCM) f rom b i o d e g raded' petro l e u m  res i d u es are p rese n t .  In  
such cas e s ,  TLC- F I D  p rovides a q u ick  and d i rect  measure o f  
total  h yd rocarbon s  i n  c o m p l e x  e n v i ro n m e n tal  m ixt u res . 

An exam p l e  of t h e  use of TLC- F I D  fo r m easu r i n g  hyd ro
carbons in es tuar i n e  s e d i m e n t s  c o l lected on t h e  west coast o f  
Tas m a n i a  (A ustra l ia) i s  i l l u s trated i n  Fig ure  1 .  The two 
sam p l e s ,  when a nalyzed b y capi l l ary G C ,  b o t h  c o n tained a si
m i lar  a b u n d ance and d i s tr i b u t i o n  of  l o n g  c h a i n  n-a lkanes . 
S ed i m e n t  fro m t h e  p o l l u ted K i n g  River  s i t e ,  however, con
ta ined a h i g h e r  p ro p o rt i o n  o f  s h o rt  chain a l kanes with low 
carbon p reference index t og e t h e r  wi th  a l arge amo u n t  of  
UCM. Th e  TLC- F I O  analysis c lear ly reveals the h i g h  l evel of  
p e t ro l e u m-derived h yd rocarbon s  in the King R iver  sedi m e n t ;  
the concentrat ion o f  hydrocarbons i n  t h e  two samples d e
t e r m i n e d  by TLC- F I O  was 70 µg g - 1  (Ki n g  R iver) and 6 µg 
g - 1  (Go rd o n  R iver) .  

A furt h e r  exam p l e  of t h e  use of TLC- F I O  i n h yd rocarbon as

says i s  fo r the  q uant i ta t ion  of  alg a l -de r ive d  /3-carotene w h i c h  
c a n n o t  b e  measu red b y  capi l l a ry G C .  /3-C a ro t e n e  is a m aj o r  
h yd rocarbon i n  m a n y  a l g a e  a n d  i t  is  a s i g n i f icant  const i t u e n t  
ot  hydrocarbon fract ions iso lated f r o m  s e d i m en ts r i c h  i n  
a lgal-d e r ived o rg a n i c  m a tter.  T h e  m i s m a t c h  i n  h yd rocarb o n  
conce n t rat ions d e te r m i n ed b y  TLC- F I D  a n d  G C - F I O  i n  such 
samples can o ft e n  ar ise from t h e  p rese n c e  o f  /3-carote n e .  

TLC- F I D  i s  a v e ry  u s e f u l  tech n i q u e  fo r d e term i n i n g  ab

u n d ances o f  a l i p h at ic  and aromat ic  h yd rocarbons i n  tar 
sam p l es o r  h e avy c r u d e  o i l s .  C o n c e n tratio n s  o f  th ese hyd ro
carbon c l asses in l i g h t  oils a n d  c o n d ensates can ,  however,  
b e  u n d e rest imated d u e  to l osses of the more volat i le  l i q u i d  
n-al kanes and s m a l l e r  aro m a t i c  m ol e c u l e s  s u c h  a s  a l ky l 
benzenes a n d  n a p h tha lenes .  Th i s  appears to b e  a res u l t  o f 
volat i l izat ion ot th e compo u n d s  from t h e  rod b e fore t h e y  
reach t h e  col lector d u e  t o  t h e  heat fro m the F ID f l a m e .  
Losses f r o m  th e  r o d s  d u r i n g  so lve n t  d evelo p m e n t  can a l s o  be 

sign if ican t .  

Detection of Sewage-Derived Organic Matter in Marine 

Samples 

A rece n t  appl icati o n  of t h e  TLC- F I O  tec h n iq u e in o u r  l a b o ra
tory h as b e e n  the analysis of organic  const i tu e n ts of  sewage 
and the d eterm i n at i o n  of their  fate in the m a r i n e  env i ro n m e n t .  
TLC- F I D  has proven particularly u s e f u l  fo r q u an t i tat i n g  t h e  
" g reas e "  com p o n e n ts o f sewage w h i c h  i n c l u d e  hyd ro
carbon s ,  t r iacylg lycerols,  free fatty aci d s ,  sterols ,  and p o l a r  
l i p i d s .  Th e typical TLC- F I D  c h ro m a tog ram shown i n  F igure 2 
i l l u st rates t h e  h i g h  concen trat i o n s  of free fatty acids that  are 
c o m m o n ly fo u n d  i n  sewag e .  

T h e r e  h as b e e n  c o n s i d e ra b l e  rece n t  i n te rest i n  the use o f  
copro st a n o l  (5/3-c h o l estano l) a s  a trac e r  o f  sewage i n  the m a

r i ne env i ronment  [29] .  5/3-S tan o ls are separa ted from 4-d es
m e t h y l  s te ro ls  u n d e r  the co n d it ions used to separate t h e  

sewage m ixtu re (Figu re 2),  so TLC- F I O  c a n  b e  u s e d  as a 
q u ick scree n i n g  techn ique for e n v i ro n m e n tal s a m ples . T h e  

5 8 - s t a n o l  p e a k  i nc l u d es cop ros tan o l a n d  any 24- eth y l -5/3-

c h o l estanol  that  m i g h t be pres e n t .  T h e  l a tter c o m p o n e n t  can 
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l a troscan TLC- F I D  chroma togram of sewage s l u d ge l ip ids.  Solvent 
s y s t e m :  h e x a n e-diethyl  ether-ace t ic  ac id  (60 + 17 + 0.2; vlv). Refer  t o  
Table 1 for  peak ident i f ications. 

be d i ff icu lt to se parate from 24-m ethy lcho les terol u s i n g  GC 
tech n iq u es,  so TLC- F I D  o ffers an alternate m e thod to q u an
t i fy total 5/3-stano ls i n  fi e ld s a m p l e s .  Where terres tr ia l ly-d e
r ived l o n g-ch a i n  alcohols or  algal-der ived 4-methyl s terols 
are pres e n t  i n  a sam p l e ,  care n eeds to be taken since t h ese 
are n o t  separated f rom 5/3-stanols b y  many so lvent sys t e m s .  

3. 2 . 3  Applications to Mariculture and Nutrition 

Th e nutr i t ional i m portance of l i p id s  a n d  esse n tial  p o l y u nsa
t u rated fatty acids (EFA) in the d i e ts provided to f ish and 
s h e l lfish , particu larly at the l arval  stages , i n  mar icu l t ure 
o p e rat ions is  now well  recog n ized [30 - 32] . TLC- F I D  can 

read ily be used to g a i n  further knowledge o n  the nutr i t ional  
req u i re m e n ts an d q u al i ty of c o m m e rcia l  species and i n ter
mediate· feed organisms s u c h  as r o t i fers and b ri n e  sh r i m ps . 

As rot i fe rs g e neral l y  syn thesize o n ly s m a l l  amou nts of w3 
EFA, the E FA must  b e  provided to the rot i fe rs i n  their food to 
meet  the poss i b l e  d e m a n d  o f  the c o m m ercia l  speci e s .  For 
example ,  rot ifers are usu al ly reared on yeast and su bse
q u e n t l y  g iven a d iet r ich i n  E FA ( e i t h e r  u s i n g  algae or a 

d ietary supplement) b e fore b e i n g  g iven to f ish or o t h e r  ma
r i n e  an imals .  

I n  o u r  l a b oratory, we h ave app l i ed TLC- F I D  i n  rot i fer n u tr i t ion 
stud ies to q uan tify the l i p id co m pos it i o n o f  ro t i fers u n d e r  d i f
fere n t  fee d i n g  reg i m es [33 J .  Po lar  l i p ids  p redo m i nat e  i n  yeast
fed rot i fers . Fo l lowing feed i n g  w i t h  the prym nesiop h yt e  alga 

Pav/ova lutheri, which is  co m mo n ly used i n  mari c u lt u re in  
Austral i a  [34] , the triacylg lyce ro l  c o n tent  o f  the rot ife rs i n
c reased s teadi ly (F igure 3) .  Th e  tr iacylg lycerol  fatty acid 

compos i t i o n  of  oyster spat  re f l ects the an i m al ' s diet,  w h e reas 

the composit ion o f  fa tty acids in t h e  polar  l i p id s  is  l es s  d i e tary 
d e p e n d e n t  [32J .  It is l i kely that  a h i g her  t r iacy lg lycerol c o n te n t  
i n  rot ife rs m a y  be nutr i t iona l ly  b e n e fic ia l  to m ar i n e a n i m als 

fed on them . 
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la troscan TLC-FIO chromatograms of rot i fer l i p ids. (a) ro tlfers fed on the 
m i c roalga Pav/ova /utheri, (b) rotife rs fed o n  y e ast.  Solvent syste m :  hex· 

ane-diethyl ether-acetic acid (60 + 1 7 + 0.2; v/v). Refer to Ta ble 1 for peak 

ident i f ications. 

3. 2. 4  Analysis of Marine Oils 

Th e use a n d  p rod uct ion  of mar i n e- d erived oi ls is increas i n g  

i n  Aus t ral ia and overseas. I n  many cases, f u rt h e r  ut i l izati o n  

of  f ish by-catch a n d  b y-prod ucts h a s  t h e  potential  t o  a d d  con-

(a )  Mariculture feed # 1  (c) Orange Roughy oil  WE 

TG 

PL 

FFA TG 

ST HG 

HG 

(b) Mariculture feed #2 (d) S hark l iver oil 

PL 

DAGE 

) 
TG 

HG 
TG 

0 1 .0 0 R t  
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s i derab l e  val u e  to f is h e r i es w h i c h  are al ready at maxi m u m  

catch leve ls . TLC- F I D  c a n  provi d e  a rapid and q u an t itat ive 

analys is o f  t h e  l i p i d  composi t ion o f  these f ish oi ls and val u e

added p rod u c ts . R e p resen tat ive c h romatograms o f  a range 

o f  mar i n e  o i ls  are p rese n ted i n  Figure 4 a - d .  

Fish Oils 

The g rowth o f  the m aricu l t u re i n d u s try both  in A u stral ia and 

overseas has i n c reased t h e  need for h i g h  qual ity o i l s  for feed

ing both to the  co m m ercial  species and to i n termediate 

organ isms such as brine s h r i m p ,  ro tifers ·and copepods.  The 

req u i reme n t  for a h i g h  content  of  E FA is wel l  recognized by _ 

the  maricu lture ind ustry, b u t  t h e  q u al ity of oi ls avai lable var

ies consid erab ly .  TLC- F I D  an alysis of a var iety o f  feedstocks 

shows that there can be s i g n i fican t  differences between oi ls  

i n  the proportion o f  tr iacylglycerol ,  f ree fatty acid and polar  

l i p id (e .  g. Fig u re 4 a,  b) ; th is  affects the  n utr it i on a l val u e  of  

t h e  prod u c t . 
Orange roughy o i l  d i ffe rs from most f.ish o i ls  in that it cons ists 

al mosl exclu sively o f  wax ester. (Fig ure 4 c). Oils r ich i n  wax 

esters have uses i n  t h e  pharm aceutical ,  tanning and steel

man ufactu r i n g  i n d ustr ies [35] . The p roport i o n  of free fatty ac

ids is often a key para m e te r  in d e term i n i n g  oil  q u al ity ; TLC
FID analysis e nables not o n l y  d irect q uan t i tat ion of the wax 
ester content ,  but also the d e term i nat ion o f  the free fatty acid 

content .  

Squalene from Shark Liver Oils 

The C30 isoprenoid hydrocarb o n  sq u alen e h as many uses i n  

the ph arm aceutical a n d  c h e m ical ind ustries a s  a l u br ica n t  

a n d  cosmet ic  base. Th e l ivers of d e e p  w a t e r  sharks can con-

1 .0 

Figure 4 

la troscan TLC-FIO chroma tog rams ol marine o i l s .  (a) m a ri

culture f e ed # 1 ,  (b) maricu lture feed # 2, (c) orange rou g h y  
o il ,  ( d )  shark l i v e r  oil .  Solvent system for samples a ,  b ,  a n d  
c :  hexane-diethyl  e th e r-acetic ac id (60 + 1 7  + 0 . 2 ;  v/v). Sol
vent system for samp le d :  hexa ne-diethyl  esther  (96 + 4 ;  

vlv). R e i e r  t o  Table 1 for peak ident i f icat ions 
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tain up to 70 % by  we ig h t o f  s q u a l e n e  and t h u s  h ave excel l e n t  

p o t e n t i a l  a s  n a t u ra l  sott rces o f  t h i s  co m po u n d .  We rece n t l y  

c o n d ucted a s u rvey o f  t h e  l i p i d  com posit ion of  l ivers fro m 

s h a rks c a u g h t  to t h e  south of Austra l ia  (36] .  TLC- F I D  

p rov i d e d  a rapid scree n i n g  of  the  o i l  fo r s q u a l e n e  conte n t  a s  

w e l l  a s  q u a n titat ive d ata f o r  t h e  o t h e r  m aj o r  n e u tral  l i p id c o n

st i tuents ,  t r iacylg lycero l s  (TG) a n d  d i acylg lyceryl e t h e rs 
(DAG E) (Fig u re 4 d) .  Th e hexane-d i e thyl  ether (96 + 4 , v/v) 

s o lven t  system p rovided excel l e n t  separat ions o f  th e 3 major  

l i p i d  c l asses . T h e  l i p i d  c o m posi t ions of  t h e  shark  l i v e r  o i l s 

were fou n d  to vary s ign if icant ly between spec i e s . Wax esters 
were g e n eral ly very minor  c o m p o n e n ts ,  even though orange 

ro u g h y  was a s i g n if icant part o f  the diet  o f  some species.  

Capi l lary GC analysis conf i rm e d  t h at s q u a l e n e  comprised 

over 99 % o f  the to ta l hydrocarbons. The a m o u n ts o f  pr istane 
were very smal l ,  and s o  the concentrat ion o f  to tal hyd ro

carbo n s  d etermined by TLC- F I D  p rovided a good meas u re of 

t h e  s q u a l e n e  conte n t  in t h e  oi ls .  

Fa ts and Oils from Microa/gae 

R ecog n i t i on t h a t  certain s p ecies o f  mari n e  algae can c o n tain 

su bsta n t i a l  q u an t it ies o f  l ip id  w h e n  g rown u nd e r  s u itab le con

dit i ons,  has p ro m p ted i nvest igat ions o f  t h e i r  pote n t i a l  as 

sou rces of w3 polyu nsatu rated fatty acids for use by t h e  p h ar

maceutical and health i n dustr ies [37j .  TLC- F I D  prov ides a 

conve n i e n t  mon ito r ing tool to assess how t he  oi l  content  of  

m i c roalgae var ies when g rown u nd e r  d ifferent  env iro n m e n ta l  

condi t ions a n d  permits rap id o p t i m ization o f o i l  y ield . A m aj o r  

advantag e o f  t h e  u s e  of t h e  TLC- F I D  system i n  th is  c a s e  i s  
. .  t h at o n ly 200 m l  or l ess o f  a lgal  c u lt u r e  needs to be g r o w n  to 

provide suffic i ent mater ial  for analysis,  thus p roviding s i g n i fi

cant  savings in t ime and c h e m ical  u s ag e .  T h i s  becomes very 

i m portant  i n  m u lti factor ial  experi m e n ts i n  w h i c h  n u tr i e n t ,  l i g h t  

and tem peratu re are vari e d  i n  order  to m o dify the bioc h e m 

i ca l  c o m posit i o n  o f  t h e  m icroalgae for t h e  p rod uct ion  o f  

spec i fi c  che m ica l s  or  to obtai n a h i g h  l i p id content. 

Over th e  past few years w e  h ave u n d ertaken a s u rvey o f  t h e  

l i p id abundances i n  s p e cies fro m the m aj o r  c lasses o f  m i

croalgae g rown i n  laboratory c u lt u re (38,  39]  which h as m ad e  

considerab le  u s e  o f  TLC- F I D .  Polar  l i p id s u s ual ly predomi

nate  i n  c u ltu res g rown u nd e r  favourable n u tr ient  and l i g h t  

l evels a n d  h arvested d u r i n g  expo n en t i a l g rowth.  T h e  

a b u n d ances o f  stero l s ,  free fa tty acids and tr iacyfg lycerols 

are also read i ly measu red , but  very few s p ecies have b e e n  

fou n d  t h at conta in  s ig n ificant concen trat ions of hyd ro

carbons or wax esters. 

The TLC- F I D  system is  also very usefu l as a scree n i n g  tech

n i q u e  for i d e n ti fyi ng s p ec ies that  con tai n u n u s u al l i p i d s .  Fig

u r e  5 shows TLC- F I D  chro m atograms fo r t h e  l i p i d  extracts o f  

the m a r i n e  d iatom Chaetoceros gracilis and t h e  p rym n e

s i o p h yt e  a l g a  Pa v/ova lutheri. T h e  c h r o m atog ram fo r  C. gra

cilis is typical  o f  t h e  l i p i d s  fo u n d  i n  m a n y  m ic roalg ae,  al

t h o u g h  the relative a b u n d ance of  free fatty acids i s  somewhat  

h ig h e r  than i1n most alg a e .  Th is  con tras ts with  the c h ro m a
tog ram o b t a i n e d  for P. lutheri w h i c h  shows several  add i t ional  

peaks.  S u bsequen t  iso lat ion o f  the  c o m po u n d s ,  fo l lowed by 
GC a n d  GC-MS analysis showed that  this a lga contains u n-
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u s u al 4- m e t h y l sterols ( p eak labeled 4-MS) and a p revio u s l y  

u n known c lass of d i hyd roxylated stero ls  (peak l abeled O H S) 

w h i c h  was the most a b u n d a n t  n e utral  l i p id p rese n t  (40 ] .  N o t e  
t h a t  w i th  t h is solve n t  sys t e m  n- alco h o l s  coel ute with  4-methyl  

sterols .  P ig m e n ts or diacylg lyce rols (DG) w h i ch g ive r ise t o  a 

s m a l l  peak in the sam e reg i o n  as t h e  d i h y d ro xy l ated sterols 

(as i n  C. gracilis) can also b e  p res e n t  i n  t h e  extract. I n  such 
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latroscan TLC-FJO chromatograms ot  l lp ids o f  marine a lgae.  ( a )  Chaeto
ce ros gracilis (diatom),  (b) Pav/ova /utheri (prymnesiophyte). Solven t 

syste m :  hexane-diethyl e t h e r-acetic acid (60 + 1 7  + 0 . 2 ;  v/v). Reier to 
Table 1 tor peak ident i f ications. In C. gracills, DG a lso con tained uniden
tified pigment material. 

cases , o n e  wou ld t h e n  need to use more p o l a r  solve n t  

system s  t o  confirm t h at u n usual  l i p ids a r e  i ndeed p rese n t : 

1 , 3-d ig lycer ides,  1 , 2-d ig lycer ides and sterols are , for ex

a m p l e ,  c o m pletely resolved by h exane-d i e thyl  e t h e r-acet ic 
acid 60 + 40 + 0 . 2  (vlv). 

TLC- F I D  is also a very usefu l techn ique for m o n i t o r i n g  

c h a n g e s  i n  t h e  l i p id com posit ion o f  samples of  p h yt o p l ankton 

i n  the fi e l d .  An exam p l e  o f  the ana lysis of  the l i p i d  com posi
t ion of a f i e l d  popu lat ion o f  sea-ice d iatoms co l l e c ted from 

M c M u rd o  Sou n d ,  Antarctica over a 6 week per iod i s  shown in 

Fig u re 6. S ig n if ican t changes in l i p i d  composit i o n  were o b

served which could  be re l ated to changes i n  the physio logy o f  

t h e  algal  com m u n ity d u ri n g  the  b loom per iod (41  ] .  These 

changes m i m ic s i m i l a r  responses fou n d  in  m i c roalgae 

c u ltu red i n  t h e  laboratory.  

4 Co n c l u s i o n  
TLC- F I D  h a s  secu red a p l ace i n  t h e  an alyt ical  labo ratory as 

an adj u nct to more tradit ional  analyt ical  systems s u c h  as gas 
c h romatog rap h y  and h i g h  perform ance l i qu id chromatog

raphy.  I t  h as u n i q u e  advan tages and its own specia l  features .  

I n  l i t t le  m o re than a d ecade i t  h as advanced from proto types 

to a wel l  developed c o m m erc ia l ly  ava i lab le system.  The in-
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l a t roscan TLC-FID chromatograms ot l ipids from f ie ld populat ions a l  
sea-ice diatoms c o llected in McMurdo Sound,  Antarctica dur ing the 
austral summer .  Collection da tes as shown.  So lvent  system : hexa ne
diethyl  ether-acetic acid (60 + 17 + 0 .2 ;  vlv). Reier to Table 1 for peak iden
tifica tions. 

t roduct ion of better sample app l icat ion systems ,  detector i m

provements and advances in data handl ing com b i n ed with 
new d etec to rs such as the f lame thermion ic  ion ization d e

tector (FTID) [42, 43] wi l l  ensu re t h e  con t i n u ed use o f  th is 
techn ique .  

Other tech n i q u es wi l l  u nd o u b tedly r ise t o  compete with TLC
F I D  for s o m e  appl ications.  TLC fo l lowed by scan n i n g  dens ito
m e tric d e tection of d erivatized l ip ids may offer a more sensi
t ive alte rnative to l atroscan TLC- F I D ,  particularly i f  f l uores

cent d erivatives can b e  emp loyed . Cont inued progress i n  the 

deve lopmen t of  a u n ive rsa l , non-destructive H P LC detector 

for l i p i d s  [ 1 7] m ay also p rovid e al ternat ive analytica l 

s trateg i es .  
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Recent Developments with Marine Oil Products 
in A ustralia 
Peter D. 1Vich'!ls (FRACIJ, David S. Nichols and John K. Volkman (MRA.CI) 
CSIRO, Division of Oceanography, GPO Box 1538, Hobart, Tasmania 7001 

The Australian Science and Technology Council (ASTEC) ,  in a 1 98 8  
report on the fishing industry , stated " fish ar e  b i g  business i n  this 
country, but we could get an even better return from our catch' ' .  Most 
of the by-product from finfish is p rocessed to low value pet food, fishing 
bait , fish meal or unrefined fish oils . The potential exists for production 
and export of higher value-added p roducts from fish oil and meal . 
ASTEC indicated that better use of the by-catch (no n-targeted species) 
was also essential if we are to avoid wasting our limited fishery 
resource .  The Marine Products Project of the CSIRO Division of 
Oceanography has developed a considerable intellectual resource on 
marine oils and has also assembled state of the art facilities for the 
chemical characterization of these oils . Research undertaken by the 
group draws together the combined expertise of industry and CSIRO 
with the objective of exploiting the by-ca tch and by-produc ts of 
Australia's  south-eastern fisheries , in particular orange roughy , j ack 
mackerel ,  blue grenadier, deep-sea shark and other species . 

Oil p roducts 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 
e nriched in omega-3 polyunsaturated fatty acids (PUFA) from 
Austral ian species . Recent progress on the characterization of such oils 
and the manufacture of value-added p roduc ts from the oils is reported 
here . 

Oil Analyses 
Sample extraction: Oils were extracted quantitatively by the 

modified one-phase CHCI3 -MeOH B ligh and Dyer method1 and stored 
u nder nitrogen at -20 °C until analysi s .  

Lipid composition was determined with a n  Iatroscan MK III THlO 
TLC-FID analyzer (Iatron Laboratories , Japan)2 on silica gel SIII 
chromarods (5 µm particle size) developed in (i) hexane/diethyl 
ether/acetic acid (60/ 1 7/0 . 5 ; v/v/v) or  (ii) hexane/d iethyl ether (96/4 ; 
v/v) . Solvent (i) resolved hydrocarbons , triacylglycerols and free fatty 
acids as well as other common neutral lipid classes while polar lipids 
remained at the origin . Solvent (ii) (but not (i)) separated hydrocarbons 
from wax esters and diacylglyceryl ethers from triacylglycerols . After 
development, the chromarods were oven-dried for 10 rnin at 1 00  °C 
and analyzed immediately to minimize adsorption of atmospheric 
contaminants. The FID was calibrated for each compound class (0. 1 -5 
µg range) . Peak areas were quantified using chromatography software 
(OAP A Scientific Software , Kalamunda, WA) on IBM-compatible PCs . 

Sample fractionation: Sterol and fatty acid fractions were saponified 
in 5 %  KOH in MeOH/water, 80/20, v/v (80 ° C ,  3 hr) . S terols and 
other non-saponifiab le lip ids were extracted into hexane/CHCl3 ( 41 1 ,  
v/v) and converted to trirnethylsilyl ethers (TMSi  ethers) by treatment 
with BSTFA (60 ° C ,  60 min) . The remaining aqueous layer was 
acidified, the fatty acids extracted with hexane/CHC!3 ( 41 1 ,  v/v) and 
were converted to fatty acid methyl esters (FAME) by treatment with 
methanol/CHC13/HC1 ( 1 0/ 1 / 1 ; v/v/v ;  100 ° C ,  60 rnin) . The same 
procedure was also used for direct transesterification of fatty acids from 
the total extract . Products were extracted into hexane/CHCl3 ( 4/ l ;  v/v) 
and sto red at -20 ° C .  

G as  chromatography analyses: Gas chromatographic (GC) analyses 
were performed with a Hewlett Packard 5 890 GC equipped with a 
50 m x 0 . 32 nun i . d .  cross-linked methyl silicone (HP ! )  fused-silica 
capillary column and a flame ionization detector .  i .J Methylnona
decanoate or methyltricosanoate were used as the internal injection 
standard . Hydrogen was used as the carrier gas . Selected fatty acid 
samples were also analyzed using a 50 m x 0 .25 mm i . d . polar BP20 
capillary column . S hark liver oils were add itionally analyzed with a 
3 m x 0 .25 mm i . d .  B PX5 fused-silica capillary column (S GE) . • Peak 
areas were quantified as before. Identification of individual components 
was based on comparison of retention time data with those obtained 
for authentic and labo rato ry  standards . 

GC-mass spectrometry analyses (GC-MS) :  GC-MS analyses of  
selected samples were performed on a HP 5890 GC and 5970 Mass 
Selective Detector fitted with a direct capillary inlet and an on-column 
injector . Data were acquired and p rocessed on an HP 59970C 
Workstation operated in scan aquisition mode . i .J The nonpolar 
column was s imilar to that described above. 

Nomenclature: Fatty acids are designated as number of carbon 
atoms : number of double bonds. The number (x) of carbon atoms of 
the closest double bond from the methyl end (n) of the molecule is 
given by (n-x) . For example, eicosapentaenoic acid (EPA) is designated 
2 0 : 5 (n-3 ) .  All subsequent double bonds in PUFA are methylene 
interrupted . The p refixes i and a indicate iso and anteiso branching , 
and the suffixes c and t ind icate cis and trans geome try respectively. 

Wax Ester Rich Oils 
The discovery of the first orange roughy (Hoplostethus atlanticus) 
spawning aggregation in Australian waters in 1 989 resulted in the largest 
commercial catches taken to date for this species . s Combined catches 
from northeastern and southern Tasmania in 1 9 89-90 exceeded 34,000 
tonnes ; j ust under � li.alf of the catch came from the spawning 
aggregation off St .  Helens.  6 A furthe r 16,000 tonnes was taken from the 
spawning aggregation in winter 1 990. A spawning aggregation , from 
which 800 tonnes was catch ,  was located in the Great Australian B ight 
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Table 1 :  Lipid class compositiori of commercially produced 
orange roughy oil and waste oil produced during composting 
of orange roughy waste with eucalypt waste. 

Lipid class 

Wax ester 
Triacylglycerol 
Free fatty acid 
Fatty alcohol 
Polar lipid 

Percentage composition 
Orange Waste oil 

roughy oil 

97 . 1  
1 . 9 

Not detected 
Not detected 

1 

92 . 4  
0 . 9  
4 . 7  
1 . 6 
0 . 4  

i n  July 1 990 . 7 Of the orange roughy caught, approximately 3 0 %  i s  
p rocessed into fillets . 8 The remainder of th e  fish until recently was 
largely discarded as waste . Methods of handling and processing orange 
roughy oil and fish meal have been reviewed . 8 Prior to the late eiahties 
however, limited work had been undertaken within Australia on furme; 
processing of orange roughy waste. This was due in part to a general 
lack of knowledge of the composition of the waste and its possible uses . 
A major aim of our research has been to p rovide high quality 
biochemical data on orange roughy and the waste obta ined from 
processing . We expect that this knowledge will be readily transferable 
to the utilization of  other fish and crustacean by-products and 
by-catches . 

Orange roughy waste contains one major and one minor component 
that have substantial market value:  oil and p igment. Approximately 
1 8  % of the whole fish consists of oil.  9 About 80 % of this oil is in waste 
products - the head , swim bladder, frame and skin. Over 2 ,500 tonnes 
of crude oil were discarded with the waste material of the 1 989 catch 
alone . In 1 9 8 9 ,  this oil was worth $2 .5 m based on an estimate of S 1 
per kg; the refined oil is worth considerably more . Orange roughy o il ,  
unlike th e  oil from most other commercial fish , i s  composed almost 
entirely of wax esters (Table 1 ,  see also to. 1 1 ) .  To date much of the 
oil produced in Australia has been exported to Japan for use as a 
lub ricant for steel manufacturing . Compared with conventional 
triacylglycerol-rich fish oils the high stability of the wax ester oil at 
elevated temperature makes it ideally suited for such uses . Orange 
roughy oil is a possible substitute for j ojoba oil which has been used 
as a replacement for sperm whale oil .  9 These oils are used in the 
pharmaceutical and cosmetic industries after being refined , decolorized 
and deodorized . At present, the oil is refined in Japan and sells for 
S25 per kg. This is an area for future development and there is ample 
scope to p roduce the value-added high-quality oil in Australia. 

Our work has shown that the oil p resent  in orange roughy caught 
in Australian , New Zealand and British waters has a similar 
cornpositio n . 10. 1 1  The major fatty acids in the commercially-produced 
oil in decreasing order of abundance are : 1 8 : l (n-9) c ,  20: 1 (n-9)c,  
16 :  l (n-7)c ,  1 8 :  l (n-7)c and 22 : l (n- 1 l ) c .  The major alcohols : 

20:  l (n-9)c ,  1 6 : 0 ,  22 : 1 (n- l l )c and 1 8 :  l (n-9)c (Figure 1 ) .  The oil is 
rich in monounsaturated constituents and , compared with most fish 
oils , it contains very low levels of polyunsanirated fatty acids (PUF A) . 
These results have been passed on to local processors who previously 
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Figure 1 :  Partial gas chromatogram showing fatty acid and fatty 
alcohol composition of orange roughy oil. HP 1 capillary column. The 
suffix Al denotes alcohol. 

imported oil from New Zealand. Further work is required to determine 
the composition and physical properties of oil derived from the variety 
of processes that will be used by industry . 

Anecdotal reports by fishermen are that wet weather gear rotted, 
and loose paint and greases were removed from metal surfaces by 
orange roughy oil. Beku Environmental Products Ltd. working with 
CSIRO has developed biodegradable cleaning p roducts using marine 
oils which are now marketed . The products were trialled on the 
Research Vessel Aurora Australis and at the Australian Antarctic bases 
Mawson and Davis during the summer of 1 99 1 192 (Figure 2) . The 
degreaser and hand-cleaner products compete with petrochemical or 
organochlo rine based products which are clearly less biodegradable 
and considerably more toxic than marine oil based products . As an 
additional spin-off, our work has also highlighted possible variations 
in the minor components of the oil with different sized fish and different 
catch sites . These results may prove useful in defining discrete stocks 
of orange roughy . 

The second component of potential value in the waste is the pigment. 
Wild salmon have flesh with a characteristic redness , however farmed 
salmon require the addition of pigment (carotenoids) to the feed . As 
a local source of the red pigment is not available ,  commercially 

Figure 2: Field trials in Antarctica of a degreaser product made from 
marine oil. 

Table 2 :  Major fatty acid composition of selected fish and algae 

Fatty acid 

1 4 : 0  
1 6 : 0  
1 8 : 0  

1 6 :  l (n-7)c 
1 8 :  l (n-9)c 
1 8 :  l (n-7)c 
20:  l (n-9) c  

1 8 :2 (n-6) 
20: 5 (n-3) 
22 : 6(n-3) 

Othe rs 

Spiney icefish 

5 . 2  
1 5 . 8  

2 . 4  

7 . 5  
8 . 9  

7 
0 . 8  

1 . 9 
20 . 6  
24.5 

5 . 4 

Patagonian 
tooth.fish 

2 . 8  
1 6 . 2  

3 

5 . 4  
1 7 . 7  

5 . 9  
8 . 3  

1 . 1  
8 . 4  

20.3  

1 0 . 9  

Percentage comp-0sition 
Fish Micro Algae 

Jack mackerel Field Salmon farm Diatoms Prymnesiophytes 
zooplankton waste (n = 4) (n = 4) 

7 . 3  2 . 4  4.2 1 5 . 2  1 7 . l 
1 5 . 7  1 5 . 7  1 5 . 7  1 5 .4 1 5 . 3  

3 . 1  3 . 3  4.2 1 . 6 0 . 4  

5 . 1 3 . 9  5 . 1  27 .5  9 .7  
9 . 9  1 . 9 1 6 . 5  2 . 1 0 . 7  
2 .9 3 . 9  3 .5 0 .5  0 . 4  
8 .3 0.3  3 . 3 < 0 . 1 % < 0 . 1 %  

1 .7 0 . 9  6 . 6  0 . 7 1 . 7 
1 0 . 9  22 .2  7 . 1 1 0 . 3  24. 1 
1 1 . 5 29 . 2  1 5 . 7  1 . 8  9 . 7  

23 . 6  1 6 . 3  1 8 .  l 24 . 9  20 . 9  



produced symhetic p igme nt is added to the food used by the Australian 
aquaculture i ndustry . The current product is a high cost synthetic and 
a natural source may also be a more attractive alternative. The orange 
coloration from orange roughy or other species may provide a source 
of  carotenoids for the feeds used for salmon and other farmed animals . 
Work is underway to characterize these pigments and develop methods 
for their isolation . 

A third use of the waste is as a plant growth med ium . Tas Crays 
p roduce a soil additive by composting of orange roughy waste with 
eucalypt waste . The product was initially sold in Tasmania as " OR-90" 
and more recently has been released in the mainland states as "Fish 
and Chips ' ' .  Ne w  Zealand industry had previously composted orange 
roughy with pine waste. This is more desirable than dumping the waste 
which had caused envirorunental problems in Tasmania during 1 989 . 
The waste oil that drains off during the composting procedure has (Table 
1 )  a high wax este r content as wax esters are cons iderably more stable 
than conventional (triacylglycerol-containing) fish oils . After 
appropriate treatment, this oil will also be suitable for industrial use . 

Even if the 1 989 and 1 990 catch levels of orange roughy are not 
sustained , all indications are that a major deepwater fishery is likely 
to continue in Aus tralia . Hence there will continue to be a resource 
of material for possible oil, pigment,  meal and fe rtilizer production.  
By enhancing post-harvest productio n of orange roughy and converting 
waste material into value-added by-products , the economic yields of 
the fishery can be maximized at whatever level. is achieved . 

Other wax ester rich oils are also being pursued .. For example ,  o reo 
dories are caught comme rcially in the same areas as orange roughy , 
and based on initial analyses , the oil from dories is also rich in wax 
esters . The fatty acid and alcohol distribution diffe rs from orange 
roughy , however it may be possible to substitute or at least blend the 
oil with o range ro ughy oil . 

Omega-3 Oils 
Polyunsaturated fatty acids reduce the incidence of coronary heart 
disease and stroke in humans . 12 , !3  This has considerably enhanced the 
image of fish as a healthy food amongst consumers . Capsules of fish 
o ils containing h igh levels of the essential po lyunsaturated fatty acids , 
e icosapentae noic acid [EPA, 20 : 5 (n-3)] and docosahexaenoic acid 
[DHA , 22 : 6(n-3) ] ,  are aggressive ly marketed overseas , and have 
captured a small market in Australia (e . g .  Maxepa and related products) . 
More recently (n-3) oils have been incorporated in other food items ; 
for e xample , in S candinavia the oils are no w added to bread . The next 
generatio n of (n-3) o ils contain considerably highe r levels of E PA and 
D HA (approaching 70-80 % )  and processing of the raw oils is required 
to ac hieve these high levels . 

The demand for fish o ils by the mariculture industry must also 
continue to increase . The economics of fish farming rely on the supply 
of inexpe nsive feeds of a suitable quantity and quality . Tasmania has 
fortunately had large catches of jack mackerel, which contains 25-30 % 
EPA plus DHA (Table 2) . When this fishery failed in 1 989, oils had 
to be imported at considerable cost. At that time, data was not available 
on possible local replacements . By building the data base on the oil 
composition of Australian species , we will be much better placed to 
identify alternative feedstocks and to take advantage of new market 
oppo rtunities . 

A range of oils from Australian species have now been analyzed and 
results indicate that they show potential for use in maric ulture feed 
and in other industries . For example , the southern ocean species , 
Patagonian toothfish (Dissostichus eleginoides) and spiny icefish 
( Chaenodraco wilsom) ,  bo th contain appreciable levels of  EPA and 
DHA (Table 2) . Large amounts o f  these species were processed in 
Hobart during the 1 99 1 /  1 992 summer and, based on lipid compositional 
data , the oil from these SJ?ec ies may be suitab le for use by the 
mariculture industry . Other oils analyzed which contain high levels 
of  EPA and DHA are (i) oil produced fro m waste from the salmonid 
industry , (ii) oil from certain species of zooplankton grown in sewage
treatment ponds (Tab le 2) ,  and (iii) red bait (Emmelichthys nitidus) 
w h ich is a by-catch associated with the jack mackerel fishery .  

S imilar technologies c a n  be exploited t o  isolate valuable oils from 
algal and bacterial sources . Currently a number of groups in Australia 
are growing the green alga Dunalieila fo r  the commercial production 
o f  natural /3-carotene.  The development of  approp riate technology and 
facili ties for the produc tio n of value-added marine oils will be readily 
transferred to p roduction of fine chemicals from microalgae and 

possibly bacteria . Several microalgal species p roduce high levels o f  
(n-3 , range 5-2.0 % )  polyunsaturated fatty acids an d  others p roduce 
arachadomc acid [20 : 4(n-6)] , which is highly sought after by the 
pharmaceutical industry . For example diatoms p roduce EPA (mean 
= 1 1  % ) with only low levels of DHA present , and certain prymnesio
phyte species p roduce large amounts of both EPA (24 % )  and DHA 
( 1 0 % )  (Tab le 2) . Such algae are being used in mariculture operations 
as sources of these fatty acids which are considered essential for the 
g rowth and survival of the larval stages of many animal spec ies . We 
also recently have examined the fatty acid composition of Antarctic 
bacte ria . It was generally thought that bacte ria do not produce EPA 
and DHA. The knowledge that other organisms produce higher 
quantities of EPA and DHA at low temperatures led us to examine 
new strains of bacteria isolated from Antarctic waters . Early results 
indicate several strains do produce EPA, albeit at low levels . In time 
chemicals made by microalgae , such as essential fatty acids, could be 
obtained and purified using technology developed for the production 
o f  value-added products from fish oils . 

Shark Liver Oil 
Deep sea sharks represent a significant , but very under-utilized by
catch of the orange roughy and other fisheries . When orange roughy 
is not abundant, up to 50 % of the catch may be sharks . 14 Livers make 
up about 20 % of the shark's weight and contain considerable quantities 
of oil often enriched in the C30 unsaturated isoprenoid hydrocarbon 
squalene . Squalene has been used in Asia as a health food or can be 
hydrogenated to squalane for use in the pharmaceutical and cosmetic 
industries as a lubricant and cosmetic base . At present, small quantities 
of unprocessed shark liver oil are sold to Japan for up to $5/kg .  There 
is scope to increase exports or refine the o il to value-added purified 
products . Squalene accounts for up to 80 % of shark liver oil in some 
commercial Australian oils (Figure 3).  The CSIRO Division of Oceano
graphy and D ivision of Chemicals and Polymers have developed a 
process to isolate squalene at > 99 % purity from the raw o il .  

Shark liver oils al s o  contain significant amounts of diacylglyceryl 
ethers . The liver of one sample of Centroscynmus squamosus contained 
79 % diacylglyceryl ethers (DAGE) , but contents around 20-30 % are 
more common in laborato ry scale p rocessing of individual species 1 5  
and 1 0-50 % has been found in commerc ial production .  D AGE have 

UAlil! 

Hi 

, -, 
' ' ll;  

IM( ii�  

r--o 
Kr ' 

lll\lili 

1------c-i 
Kr 

. 

Figure 3: latroscan TLC-FID chromacograms of three commercially
produced shark liver oils. Solvent: hexane/diethyl ether (9614, vlv). 
Abbreviations: DA GE, diacylglycerol ether; TG, triacylglycerol. 
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Figure 4: High temperature gas chromatogram of shark liver oil (BPX5 
capillary column) .  Temperature ramp: 50-400 ° C.  Abbreviations: 
DAGE, diacylgiyceryl ether; TG, 1riacylglycerol. 
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structures s imilar to triacylglycerols , with one of the esters replaced 
by an ether which makes them much more stable. S pecial ist techniques 
based on TLC-FID have now been developed which allow us to quantify 
these compounds in any type of marine oil (Figure 3 ) .  More recently 
we have been able to use high temperature (400 °C) capillary gas 
chromatography to analyze shark liver oil d irectly (Figure 4) . Several 
impo rted health products co ntaining DAGE derived from deep-sea 
sharks are available in Aus,ralia.  The products are said to be high in 
alkylglycerols which exist in our bcx:iy in the bone marrow, liver, spleen 
and in mothers milk. Again the potential exists in the first round to 
at least replace an imported product with local goods . If the opportunity 
arises , an export market could then be targeted . Full exploitation of 
this  resource wil l depend on a better understanding of which species 
contain marketable quantities of squalene and diacylglyceryl ethers . 
A preliminary survey t4. I S was restricted to 8 shark species commonly 
caught in waters to the west and east o f  Tasmania.  The data base needs 
to be expanded to include other species , including those caught in other 
Australian waters . 

Conclusions 
Orange roughy oil and shark liver oils , together with oils derived from 
other deepwater species , have specialist applications because of their 
unusual compositions . Most marine oils , however, consist mainly o f  
triacylglycerols which are ri c h  in polyunsaturated fatty acids . The 
markets for marine oils continue to expand , but we know far too little 
about the oil content and composition of most Australian fish. We have 
conducted limited studies on species marketed in Tasmania, 12  but these 
have been restricted to fish for human consumption rather than analyses 
of the by-catch (trash fish) or of waste products. Both areas offer scope 
for future commercial developments . 

In summary, value-added marine oil products can be manufactured 
from both the by-catch of established fisheries and from waste generated 
during seafood processing . The products have uses in the aquaculture , 
pharmaceutical , food and other industries . Increasing government and 
public concern is being directed at minimizing waste generated by 
industry, including aquaculture and seafood processing . This provides 
a further stimulus for the production of value-added marine oil p roducts 

from these wastes . 
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Collaboratio n an d co-operati o n  b etwe e n  B e ku 
Environmental Products Ltd, and the CSIRO Division 
of Oceanography in Hobart Tasmania has led to the 
national and international marketing of a unique range 
of value-added marine oils in the form of degreasers, 
hand cleansers, rust preventatives and lubricants . 

Beku Environmental Products Ltd, is most grateful for 
the continued support and enthusiasm given by the 
CSIRO. This support has allowed our company to 
rapidly become one of the leading specialist marine oil 
processors in Australia . 

If you think Beku Environmental Products Ltd can be 
of assistance to you in the areas of processing, value
adding or marketing, or you would just like to know 
more, please contact us on the telephone number below. 

B E K U  E NVIRO N M ENTAL PRODUCTS LTD. 
445 Macquar ie Street. South Hobart. Tas m a n i a  7004 
Telephone:  (002) 24 2 1 60 Facsi m i l e :  (002) 24 2 1 75 
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I n  rece nt  yeaF-s-a n u mbe r o f  co m pan i es h ave establ is h ed faci l it ies fo r the p roductio n o t  o il and 
h i g h g rade m eat fro m the south- east Austral ian fish e ri es .  The Mari n e  P roducts Project of the  
CS !RO D ivision o f  Oceano g rap h y  has developed a co nside rable i n tel l ectual resource on 
Austral i an mari n e  o i ls  and h as assembled state o f  t h e  a rt  facil ities fo r the c h emical 
ch aracte risatio n o f  these oi ls . Research u nd e rtake n  b y  t h e  g roup draws tog ether  the 

co mbi n ed expe rtise o f  i ndustry and CS IRO wit h  the objective o f  e xplo it ing  the b y-catch and by
p roducts of  A ustralia's south -easte rn fisheries, i n  particu!ar the  large r, and. economically 
important catches of o rang e  ro u g h y, jack macke rel and blue g renadie r and other species 

i ncluding deep-sea shark. 

OU p roducts which h ave been o r  have t h e  pote ntial fo r development  i n  Australi a  include : ( i )  o i ls 

rich in wax esters fro m  o range roug h y  and othe r species , ( i i ) squal e n e and other  co mpo n e n ts 

from the  l ivers o f  deep-sea sharks and ( i i i )  o ils en riched i n  o m ega-3 po lyu nsatu rated fatty acids 

( P U FA) fro m Australian species . Co m me rcial p roducts have bee n p revio usly dev e lo ped 

overseas fro m t hese th ree types o f  oi ls . Th e l i p id co m positio n  of  fish  can depend,  howev e r, o n  

s easo n al changes i n  feeding h abits,  chan g es i n  avai l able food, reg io nal differences i n  the 

basic foods and nutrients, and o ther  facto rs . P rog ress o n  the  characte risatio n  o f  o i ls derived 

fro m  co mme rdally-fanded Austral ian species and related samples together  with t h e  

man ufacture o t  value-added p roducts from th ese o i ls are repo rted. 

Oil analyses 

Sample extraction 

Oils w e re eit h e r  su pp l ied directly by i ndustry o r  were o btai ned by extractio n ot fish and related 
us ing the modified o n e-phase CHCl3-MeOH- H20 BHgh and Dye r m ethod . Antarctic b acte rial 

isol ates were obtai n ed cou rtesy o t  the Australian Col l ection o f  Antarctic Micro o rganis ms 

(ACAM) , Hobart, Tas man ia. Afte r phase separati o n ,  the  l i pids were recovered i n  the  lo we r 

CHCl3 laye r  (so lve n ts we re re mo ved i n  vacua)  a n d  were made u p  t o  a known vo l u m e  and 

sto red seal ed u nder n it ro g e n  at -20°C u n til analysis .  
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Lipid composition 

The abu ndance o f  majo r l ip id classes p res e n t  i n  t h e  a l ls  was dete rmi n e d  us ing an latroscan 

MK I l l  TH 1 O TLC - F I D  analyser  ( l atro n  Labo rato ri es ,  Japan ) 1 •  Samples were applied to �ll ica 

g el S i i i  chro marods (5 µm particle size ) ,  which we re develo ped in e ither  (i) h exan e/diethyl 

ether/acetic acid (60/1 7/0 .2 ;  v/v/v) o r  (i i )  h e xan e/dieth yl ether  (96/4 ; v/v) .  S o lvent mixtu re (i) 
resolv es h yd rocarbo ns,  triacylg !yce ro!s and fre e  fatty acids as well as o ther  n e ut ral l i p id  

classes . P o lar l ip ids re mai n ed at  the o rig i n  and were not separated . S o lv e n t  mix ( i i )  was used 

to separate h yd ro carbo ns fro m  wax este rs and dlacyl g tyce ryl ethers fro m triacylg !yce ro!s. 

Thes e  classes are not separated wit h so lvent  mix ( i ) .  Afte r deve lopme nt ,  the ch ro m arods we re 

d ri ed fo r 1 0  mi n at 1 00°C and analysed . The fl a m e  i o n izat ion detecto r (F fD)  was cal ib rated fo r 

each co m pou nd class (0 . 1 - 1 0 µg ran g e ) .  Peak areas were quan tified using c h ro m atog rap h y  

so ftware (DAPA Sci e n tific So ftware, Kalamu nda, Western Australi a) o pe rated us ing a n  I B M
co m p ati b ! e  perso nal co m p ut e r. 

Sample fractionation 

S t e rn!  and fatty acid fractio ns were o btai n ed fo l lowing alkali n e  sapo n ificat io n of  an aliquot of  

the total l i p ids (3 m l ,  5% KOH i n  MeO H/wate r, 80/20 , v/v; 80 °C,  3 h r) .  Afte r the addit ion of  

water, n o n-sapon ifiab!e l ip ids includi n g  stero !s we re extracted i nto h exane/C HCl3 (4/1 , v/v) and 

co n v e rted to the ir  co rresponding tri meth ylsi lyl e t h e rs (TMSi  ethers)  by t reat m e n t  wi th N , 0-
bis(tri m e thylsi !yl)-trif luo roacetamide (50 µI , 60°C ,  60 m i n ) .  Th e rem ai n i ng aqueous layer  was 

acidified and t h e  fatty adds e xt racted with hexane/C HC!3  (4/1 , v/v) .  The l i b e rated fatty adds 

were co nve rted to fatty add methyl esters by treatm e nt with 2 ml methano!/C H C (jHCI  ( 1  0/1 /1 ; 
v/v/v ; 1 00°C ,  60 m i n ) .  The sam e methyl atio n p rocedu re was a!so used fo r direct 

transeste ri ficatio n  of  fatty acids fro m the total extract . P roducts were extracted i nto 

hexan e/C HC!3 ( 4/1 , v/v) and sto red at -20°C.  

Gas chromatography analyses 

Gas chro matog rap h i c  (GC) analyses w e re p e rfo rmed with a H ewl e tt  Packard 5890 GC 
equi p p ed with a 50 m x 0 . 32 m m  i .d .  cross- l i nked methy l  s i l ico ne (HP I ) fused-si l ica cap1 l ! ary 

co t u m n  a n d  an FfD 2. Wh e re used , e it h e r  m e t hyl no n adecanoate o r  methyltricosano ate was 

the i nte rnal injection  standard .  Hyd rogen was used as t h e  carrie r gas .  S e lected fatty add 
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sam p l es we re an alysed us i n g  a 50 m x 0 . 32  m m  i . d . po lar B P20 cap i l lary co lumn .  Shark l iver 
oi ls were also-analyse d  directly using a 3 m x 0 .32 mm i . d .  B P XS iused si l ica capi l lary co l u m n  

( S G E  Australia) . Fo r at! GC an alyses , peak areas were qu antified us ing  D APA 

ch ro m atog raph y  software as p reviously described.  Ide ntificatio n o f  i ndividual co mpone n ts was 
based o n  co m pariso n o f  rete nt io n t i me data with t h at obtained fo r authe ntic and labo rato ry 

standards . 

GC-mass spectrometry analyses (GC�MS) 

G C- MS a n alyses o f  s e l ected sam p l es were p e rfo rm e d  o n  a H P  5890 GC and 5970 Mass 

Select ive D etecto r fitted with a di rect cap i l lary i n l e t  and e ith e r  an o n-co lu m n  o r JADE valve 

i nje cto r (SGE Australia) . D ata were acqui red and p rocessed o n  an HP 59970C Wo rkstati o n 

o p e rated i n  scan aquisit io n mode2. The no np o l ar co l u m n  was simi lar  to that d escribed above. 

Nomenclature 

Fatty add s  are d es ig nated as n u m b e r  o f  carbo n  ato ms : n u m b e r  of  do u b l e  bo nds . The n u m ber 

(x) of  carbo n  ato ms o f  the closest double b o nd fro m the m eth yl- end (n)  of the  molecule is giv e n  

by (n-x) .  Fo r e xamp le , e icosap e ntaenoic acid ( E PA) i s  designated 20 :5(n-3 ) .  Al l  subsequent 

double b o nds i n  P U FA are methyl e n e  i nterru pted.  Th e p re fixes i and a i ndicate iso and 

ante iso b ranch i n g ,  and t h e  suffixes c and t indicate .Q§. and 1.ra.D§. geometry respectively. 

Wax este r r ich o i ls  

The discovery o f  the fi rst orange rou g h y  (Hoplostethus atlanticus) spawn i n g  agg regation  i n  
Australian waters i n  1 989 resulted i n  t h e  l argest co m mercial catches take n t o  date fo r th is 

species . Combi ned catches fro m Tasmanian waters i n  1 989-90 e xceeded 34,000 to n n es . 

N early half the  catch cam e fro m  t h e  spawn i n g  agg regatio n  o ff  St. Helens  ( no rt h east 

Tasmania) . A fu rt h e r  1 6 , 000 to n n es were taken fro m t h e  spaw n i ng agg regation i n  wi nter  1 99 0 .  
A small er  spawn i n g  agg regatio n , fro m  which 800  t o n n es we re caught, was located i n  t h e  G re at 

Austral ian Bight  j n  J u ly 1 99 0 .  Of th e  orange ro ug h y  catch , appro ximately 30'% is processed 

i nto fi l lets 3 .  U nti l  recently t h e  remainder o f  th e fis h  was l argely discarded as waste .  
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Methods of  h andl ing and p rocessi ng o rang e ro u g h y  oi l  and fis h  meal have been reviewed 3 .  

P ri o r  to  t h e  l ate 1 980s , howev e r, l i m ited wo rk had b e e n  u nd e rtake n wit h i n  Austral ia o n  further 

p rocessing o f  waste derived fro m o range rou g h y. I n  part, th is was du e  to a g e n eral lack o f  

i n fo rmat io n o n  t h e  co m positio n o f  t h e  waste and its possible uses . A m ajo r o bjective of  o u r  

wo rk has be e n  t o  p ro vide h i g h  quality bioche mical data o n  o range ro u gh y  and t h e  waste I 
o b tai n ed fro m p rocessing,  t h e re b y  assisti ng Austral ian i ndustry to better util ize the o range 

rou g h y  reso u rce . Th e kn owledg e  derived wi l l  b e  trans fe rab le to t h e  ut i l isation  of  other  fis h and 

crustacean by-products and b y-catch es . 

O rang e  ro u g h y  waste co nta i ns o n e  majo r and o n e  m i n o r  com po n e n t  that hav e  substantial 

m arke t val u e : o i l  and p ig m e n t. Th e fis h contai ns cop i o us quan tit ies o f  o i l ; appro xi m ate ly 1 8% 

o f  t h e  w h o l e  fish consists o f  o i l  4. About 80% o f  t h is o i l  is  l ocated i n  t h e  waste p roducts - t h e  

h ead , swi m b ladder, frame and ski n.  Ove r  2 ,500 to n n es o f  c rude o i l  we re discarded with t h e  

waste m at e rial o f  t h e  Austral i a n  1 989 catch alo n e .  I n  1 98 9 ,  t h is o i l  was wo rth $2 .5  m based o n  

a n  estim at e  o f  Aust $ 1  p e r  kg ; t h e  refi ned o i l  i s  wo rth co nside rably more.  

O rang e  rou g h y  o i l ,  u n li ke. t h e  oi l  from m ost other  co mmercial fis h ,  is co mposed al m ost� 

e xclusiv ely of wax este rs (Table 1 •. see also 5•6) . Much of the o i l  produced in Australia  to d ate 

h as b e e n  expo rted to J apan for use as a l u b ricant  in th e ste el manufactu r ing i ndustry. 

C o mpared with co nven t io na l triacylg lycero!- rich fish oi ls ,  t h e  high stabi l ity o f  t h e  wax ester  o il at 

e levated t e m p e ratu re makes it ideal ly s u ited fo r use by industry. It is t h e  sam e  stabil ity of  t h e  

wax este r- rich o i l  (compared to triacylg lyce ro l  o i ls) that caused early re ports o f  adverse 

g astro i ntesti nal effects afte r eati n g  o range roug h y  . .  It was subsequen tly d e mo nst rated that 

n o rmal co nsu m p ti o n  o f  or:ange ro ughy b y  man does not  l ead to dletary p robl ems as a resu lt o f  

co nsu m i n g  w ax  este rs. 

The co m positio n of o range rou g h y  o i l  makes it a possibl e s u bstitute fo r jojcba oi l  w h ich has 

been used as a rep lace ment  fo r s p e rm whale oi l  4 .  These o i l s  are uti l ised by t h e  cosmetic and 

p h armaceutical i ndustries afte r  being refi ned , deco ! o rized and deodorized . At p rese nt , t h e  oi l  

is refi ned in Japan and sel ls fo r Aust $25 per  kg . This is an are a  fo r futu re dev e l o p m ent and 

t h e re is sco pe to p roduce the value-added h i g h-quality o i l in Australia. 
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Prev ious wo rk has shown that the  o i l  p resent i n  o range roughy caught i n  Australian ,  New 

Zealand and Brit is h  waters has a simi lar distributio n o f  chemical components 5 •  The o i l  is rich 
in mo nou nsatu rated co nstituents and , com pared with most fish oi ls ,  it co ntains very low l evels 

of polyu nsaturated fatty acids ( P U FA) . The major fatty acids in the commerciatly-produced o i l  

i n  decreasing o rde r o f  abu ndance are : 1 8 : 1  (n -9)c ,  20 : 1  (n-9)c ,  1 6 : 1  ( n-7)c ,  1 8 : 1  ( n-7)c and 

22 :1  ( n- 1 1 )c. The major alco ho ls are : 20 : 1  (n-9)c, 1 6 :0 ,  22 : 1  ( n- 1 1 )c and 1 8 : 1  (n-9)c (Table 2) . 

These resu lts were good news fo r Austral ian co m panies p reviously importing o i l  from New 

Zealand ,  in  that the re was a local source available . These resu lts have been passed on to 

local p rocesso rs. Ongoing wo rk is required to determine  the composition and. physical 

p roperties of o i l  de rived fro m the variety of processes that wi l l  be used by i ndustry. 

The composit io n of  wax este r- rich  o i ls derived fro m  other  commercial ly- landed species is also 

be ing pursued.  Fo r e xampl e ,  o reo dories c:-re caug ht i n  the same areas as o range roug hy, and 

based on i n itial analyses , the o i l  fro m several o f  the dories can also be r ich i n  wax este r (Table 

1 ) ; th is o i l ,  l i ke o range roug h y  o i l ,  is rich i n  monounsatu rated components (Figure 1 ) .  The fatty 

acid and alcohol  distributio n diffe rs s l ight ly fro m that fou nd for o range roughy, however, it may 

be possib le to substitute o r  at least b lend t he  o i l  with that produced fro m  o range roughy. 

Anecdotal repo rts by fishe rman p rovided evidence o f  the solvat ing properties o f  o range roughy 

o i l .  Wet w eather gear was rotted, and loose paint and g reases were removed from metal 

surfaces by the o i l . B e ku Envi ro n mental Products Ltd working in associatio n  with CSIRO has 

developed biodeg radable cleani ng  p roducts using marine oi ls wh ich are now being marketed. 

The products were successfu l ly t rial led at the Austral ian Antarctic bases Mawso n and D avis 

during  t h e  su m mer  of 1 99 1 /92 (Figu re 2). The deg reaser and hand-cleaner products co mpete 

with cu rrently used petrochemical o r  o rganochlor ine-based p roducts . The latter are 

co nsidered to be less b iodegradable and more toxic than the mari ne o i l-based p roducts . 

Anothe r  use of waste from the o range roughy fishery is i n  p lant  g rowth p roducts . New Zealand 

i ndustry had previously composted orange roughy with pine waste . In Australia  a simi lar 

process is used,. on ly eucalypt waste rep laces the pi ne  waste . The o range roughy waste is 

mixed with p lant material and applied to soi l  in h orticultural practices. Such p rocessi ng o f the 

o i l  and other material is more des irable than dump ing the waste wh ich had caused 
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e nvi ro n m e n tal p ro b l e ms i n  Tas mania dur ing 1 989 . Th e w aste o i l  that d rai ns o tt  duri n g  the 
co mposti n g  procedu re has also been analysed (Tabl e  1 ) .  Th e high wax ester co ntent o f the o il 
is m ai ntai n ed d u ring co m posti n g  as wax este rs are consid e rably m o re stab le  t h an co nventi o n al 
(triacylg !yce ro !-co n t ai n i ng )  fi s h  o i ls .  Afte r appro p riate t reat m e nt ,  t h is o i l  may also be suitable 
fo r use by i ndustry. 

Eve n  if the 1 989 a n d  1 990 catch l eve ls o f  o range rou g h y  are not s ustai n ed ,  a! !  i ndicatio ns are 

t h at a m aj o r  deepwate r  fis h e ry- is l i kely to co nti n u e  i n  Australia.  H ence t h e re wi l l  conti nue to b e  

a reso u rce o f  mat e ri al fo r possible o i l , p igme n t ,  m eal and fe rtil ize r p roductio n .  B y  e n h anci n g  

post- h arvest p roducti o n  o f  o range rou g h y  a n d  conve rti ng waste mat e rial i n to value-added b y

p rod u cts ; t h e  e co n o mic yi elds o f  the  fish e ry  can b e  maxi m ized at whatev e r  the leve l  o f  fis h i n g: 

that can b e  sustai n e d .  

Shark l iver  o i l  

D ee p  s e a  s harks rep rese n t  a s i g n ificant ,  b u t  v e ry  under-ut l ! ized by-catch of  t h e  o range ro ug h y  

and oth e r  d e e p-wate r fis h e ri es .  Wh e n  o range rou g h y  is n o t  abundant ,  u p  to 50% of  the  catch 

m ay be sh arks 7. The l ivers of t h ese sharks are very l arge (about 20% o f  t h e  to tal shark's  

weight) , and they con tai n co nsiderabl e  quant it ies o f  o i l  w hich is often e n riched i n  the C30 H52 
u nsatu rated iso p re no i d  h yd rocarb o n  squal e n e .  Squ al e n e  has bee n  used in Asian cou n t ries as 

a health-food and lo tio n o r  can b e  co nve rted by hydro g e natio n  to squalane which has a. vari ety 

o f  uses i n  t h e  pharmaceutical and cosmetic i n dustri es ,  particul arly as a l u b ricant and cos metic 

b ase o il .  At p res e n t ,  s hark l iv e r  oil is sold u n p rocessed i n to t h e  J apan ese market. The re is 

sco p e  to i ncre ase t h e  amo u n ts e xported and to fu rt h e r  refi n e  the o i l i n to value-added p u rified 

p roducts. 

Squale n e  accou nts fo r up to 80% o f  shark l iv e r  o i l i n  s o m e  com m e rcial ly p roduced Austral ian 

o i ls (Figu re 3 ) .  Th e C S ! R O  D ivisio n of  Oceano g rap h y  and D iv is ion o f  C h em icals and 

Po !yme rs have jo i n t ly developed a process to isolate squale n e  at g reate r t han 99% pu rity fro m 

the  raw o i l .  Th e o p p o rtu n ity now e xists fo r Australian i nd ustry to e xpo rt t h e  value-added 

refi n ed squ al e n e ,  rat h er than the crude shark l iver o i l .  

S h ark l iver  o i l s  can also co n tai n  sig n ificant  amounts o f  dlacylg lyce ryl e th e rs (Fig u re 3 ) .  D A G E  
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h av e  c h e m ical structu res s i m i l ar to t riacyl g lyce rols , but o n e  o f  the ester  b o nds is rep laced by 

an e t h e r  b o mtwhich m akes t h e  co m po u nds much m o re stab l e .  Th e l iver  o f  o n e  sam ple of  

Centroscymnus squamosus co ntai n ed 79% dl acylg lyce ryl eth e rs (DAGE) ,  but conte nts o f  

aro u n d  20-30% are fo u n d  i n  l abo ratory analyses o f  i n dividual species .  S hark l iver  o i l  from 

co m m e rcial p roductio n h as b e e n  fo u nd to co n tai n  betwee n  I 0-50% D A G E. Australian i ndustry 

p res e n t ly  impo rts these co m p o u nds from overseas, so t h e re is potent ial- fo r i m p o rt  replacem e nt 

and possibly fo r t h e  develo p me n t  of an expo rt market. Tec h n iques based o n  TLC-FID h ave 

b e e n  devel oped 1 , wh ich al l o w  us to quant i fy t h ese co m p o u nds in  a n y  type o f  marine o H  (Figu re 

3) .  M o re rece ntly we also h ave b e e n  able to use h ig h te m p e ratu re (400 °C) cap i l lary g as 

c h ro m atog rap h y  to  analyse shark l iver  o i l  di rect ly. 

The D AG E - rich o i ls also may hav e  co m m e rcial uses . S e v e ra! i m ported health products 

co n tai n i n g  D A G E  de rived fro m  deep-sea sharks are avai lab le  i n  Austral ia .  The p roducts are 

said to be high  i n  alkylg lyce ro ls w h ich e xist i n  t h e  bo n e  marrow, l ive r,  s p l e e n  and in moth e rs 

milk. Agai n  t h e  p o t e n t ial ex ists to rep lace an i m po rted p roduct with Austral ian goods . If t h e  

o ppo rtunity arises , a wide r  expo rt market cou ld t h e n  be targeted .  

Fu!!  e x p l o itati o n  o f  the d e e p-sea shark resou rce wi ! f  depe nd o n  a better u nderstandin g· o f  which 

species co ntai n  m arketab l e  quantities of squa! e n e  and dlacylg lyceryl eth e rs .  A prel i mi nary 

s u rv e y  7 was restricted to 8 species co mmo n ly cau g h t  in waters to t h e  w est and east o f  

Tasm an ia. Th e data bas e  n e eds t o  be  expanded t o  i nclude other speci es , including those 

cau g h t  i n  oth e r  Australian waters .  

Omega-3 o i l s  

I t  i s  generally believed that polyunsaturated fatty acids reduce t h e  i ncide nce o f  co ro nary heart 

dis e as e  and stro ke i n  h um ans . Th is fi ndi n g  h as e n hanced t h e  imag e  o f  fish as a healt h y  food 

to r co nsumers .  C apsules of fish o ils co n tain ing  high levels o f  the esse ntial p o lyu nsatu rated 

fatty acids, e icosape ntae n o ic acid [EPA, 20 :5(n-3) ]  and docosahexaeno ic acid [ D HA,  22 :6 (n-

3 )] ,  are m arketed agg ressively i n te rnational ly, and h ave captu red a smal l  market i n  Australia 

( e . g .  M ax e p a  and related p roducts ) .  Mo re rece n t ly (n-3 )  o i ls h ave b e e n  i nco rp o rated in o t h e r  

food ite m s ; fo r e xam p l e ,  t h e  o i ls  are now added to b read i n  Scandan av ia .  Th e next g e ne ratio n  

o f  (n-3)  o i ls co n tai n co nsiderably h ig h e r  l evels o f  EPA and D HA (app roaching 70-80%) and 
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p rocess i n g  o f  t h e  raw o i ls is requ i re d  to  ac hi eve th ese h i g h  l eve ls .  

The d e mand fo r fish o i ls  b y  the maricu lture i ndustry (both i n  Australia  and ove rseas ) wil l  also 
co n ti n u e  to i ncrease . The eco nomics of fish farmi n g  reli es o n  the supply of inexpensive feeds 
o f  a s u itab l e  quan t ity and quality. Tasmania fo rtu n ately has h ad l arg e catches o f  jack 
mackere l ,  th e oi l  o f  which co n tai ns 25-30% E PA p l us D HA (Table 2) . Th ese two fatty adds are 
co nside red to be esse nt ial fo r most s pecies reared by the m aricultu re i ndustry. When the jack 

mackerel fis h e ry fa i led in 1 989 , o ils h ad to be impo rted i nto Australia at co ns ide rab le cost. At 

that t i m e ,  data was not  availab le  on possib l e  local re p lace ments .  By bui ldl n g  the data base o n  

t h e  o i l  co m pos itio n o f  Austral ian s pecies ,  w e  wi l l  be much bette r p laced t o  identify alte rnative 
fe edstocks and to take advantag e of n e w  market opportu n it ies .  

A range of  fl esh sam p l es and o i l s  fro m Austral ian fis h  species and rel ated samp l es have been 

analysed and resu lts i ndicate that they do show potential fo r use i n  maricu lture feed and in  
o t h e r  i ndust ries.  Fo r e xam p l e ,  f lesh fro m  the a rea dories , t h e  sout h ern ocean s p ecies , 

P atag o n ian tooth fish ( Dissostichus eleginoides, d ata n o t  shown) and s p iny icefish 

( Chaenodraco wilsom) ,  con tai n app reciab le leve ls  o f  E PA and D H A  (Tabl e  2) . Large amou nts 

of  the s o uthe rm ocean species were p rocessed i n  Hobart d u ri ng the 1 99 1 /1 992 summer and, 

bas ed o n  l i p id co mpositional data, the oil  fro m  t h ese species may be suitabl e  fo r use by 

industry. Ot h e r  o ils analysed which co ntai n h igh  l evels of E PA and D HA are ( i )  o i l  produced 

fro m  waste fro m the sal mo nid i ndustry, (i i) oil fro m ce rtai n spedes of zoo p lankto n g rown i n  

sewage-treatment  po nds and ( i i i )  red bait ( Emmelichthys nitidus) which i s  a by-catch 

associated with the jack mackerel  fishery (Tab l e  2) . 

S imi lar  tech n o log ies can be explo ited to iso late valuable o ils fro m algal and bacterial sources. 

Cu rrent ly a n u mber of g ro ups in Austral ia are g rowing t h e  g reen alga Dunaliella fo r the 
co mm e rcial p roductio n ot  natu ral �-caro te ne . Th e devel o p m e n t  of app ro p riate technology and 

faci l it i es fo r  t h e p roductio n  of  value-added m a ri n e  oi ls m ay be t ransfe rred to p roductio n of fi ne 

ch e m icals fro m m icro algae and possib ly b acte ri a . Seve ral microalgal speci es p roduce h ig h 

l evels o f  ( n-3)  p o lyu nsatu rated fatty acids ( ran g e  5-20%) and others p roduce arachido nic acid 

[20 :4 ( n-6 ) ] .  Fo r examp le diato ms pro duce E PA with o nly l ow l evels of D HA p rese nt ,  and 

ce rta1n p rym n esiophtye sp ecies produce large amo u nts of both E PA and D HA Such algae 

are b e i n g  used in maricultu re operatio ns as sou rces of t h ese fatty acids wh ich are co nside red 
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essential fo r t h e  g rowth and su rvival o f  the l arval stages of  man y ani mal species . 

We recently h ave examined the fatty acid co mposition o f  Antarctic bacte ria. Althoug h  a !i mited 

number  of b acteria have  been shown to produce P U FA, it has been genera!ly thought that 

most b acteria do no t  p roduce E PA and D HA. Th e knowl edg e thatother o rganisms p roduce 

h igher  quantities of E PA and D HA at low temperatu re l ead us to examine new strains of 

b acteria iso lated fro m Antarctic wate rs .  Early resu lts i ndicate that the p roportion of  Antarctic 

strains that p roduce EPA is considerably h igher  than fou nd fo r temperate marine bacteria ; we 

have found EPA levels up to nearly 20% of th e  total fatty acids. Simi lar1y, a number of strains 

that produce D HA (up to 3%) have also been iso lated . Representat ive fatty acid co mposit io nal 

resu lts fo r two strai ns of  Antarctic bacteria are shown i n  Table  2 .  I n  addltion to the p resence o f  

EPA (6 .3% o f  to tal fatty acids) i n  strain N S 83 1 , the l evel  o f  monounsatu rates was co nsiderably 

h ig h e r  than observed fo r many  fish species ; t h e  level of satu rated fatty acids was lower than i n  
fish .  I n  t i m e ,  che micals made b y  micraalgae and bacteria, such as essential fatty acids , could 

be obtai n ed and pu rified usi n g  techno logy deve loped fo r the production of  value-added 

p roducts fro m  fish o i ls .  

Orange ro u g h y  oi l  and shark l iver  o ils ,  toget h e r  with o ils derived from other deepwater species, 

h ave s p ecialist appl icat ions· because of the i r  u nusual co m positions. Most marine oi ls , 

howeve r, co nsist main ly of  triacylg lycerols which are rich i n  po lyunsatu rated fatty acids . The 

markets fo r marine  oi ls cont inue to expand , but we kno w  far too l ittle about the oi l  content and 

co mpositi o n  of most Australian fish .  Limited studies have been conducted on species 

marketed i n  Tasmania 8 ,  but these h ave been restricted to  fish fo r h u man consumption rathe r 

than analyses o f  the b y-catch 't rash fis h )  o r  o t  waste products . Both areas o ffe r scope fo r 

future commercial develop m e n ts.  

I n  summary, value-added mari ne  o i l p roducts can b e  manufactu red fro m both t h e  by-catch of 
estab l ished fisheries and from waste gene rated du ring sea-food p rocess ing . Th e p roducts 

have uses i n  th e aquacu ltu re ,  pharmaceutical , food and other  i ndustries.  I ncreasing 

government  and pub lic concern is being di rected at min i mizing waste generated by i ndustry, 

i ncluding fro m aquacultu re and seafood p rocessin g .  Th is p rovides a further  stimu lus to 

Australian i ndustry fo r t h e  p roduction of value-added mari n e  o i l  p roducts fro m these wastes . 
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Fig u re legend 

Fig u re 1 .  Partial gas c h ro m atog ram s h o wi n g  fatty acid and fatty alco hol  co mposit ion o f  do ry 

·; o i l . H P 1 capl l !ary co l u m n .  Th e suffix Ale d e n otes alcoho l .  

Fig u re 2.  Field t rials i n  Antarctica o f  a degreas e r  p roduct mad e  fro m mari n e  o i l .  

Fig u re 3 .  latroscan TLC- FID chromatog rams o f two com m e rcially-produced shark l iver o i ls. 

Solv e nt :  h e xane/diethyl ether (96/4, v/v) .  Abbreviatio ns :  HYC,  hydrocarbo n (p redominate ly 

squalene) ; D A G E, diacy!glycery! ether ;  TG , triacy! glycero ! ;  FFA, free fatty acid . 

Tab les 

Table  1 .  Lip id class co m positi o n  o f  com m e rcial ly p roduced orange ro ug h y  and do ry o ils and 

waste o i l  p roduced d u ring com posting o f  o ran g e  rou g h y  waste with eucalypt waste. 

Table  2. Major fatty acid co mpositi o n  of  selected fish and bacte ria. 
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Tab le 1 :  L i p i d  c l ass composition of commerci ally p roduced 

o ran ge roughy and dory o ils an d  waste o il  p roduced d u ri n g  

com posting of  o ran ge roughy waste wi th eucalyp t waste. 

Lip id  Class 

Wax ester 

Triacylglycerol  

Free fatty acid 

Fatty alcohol 

Sterols 
Polar lip id 

tr: trace, <0 . 5 %  

Percentage com position 

Orange Waste orange Dory 
roughy oil  roughy od oil 

97. l  92 . 8  90 .9 
1 .9  9 . 1 

Not detected 4. 1 
Not detected 2 

tr 
1 . 1  tr 
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_,. Tab le 2: Major fatty aci d  composition of selected fish and b acteria 

Fatty acid Percentage comp osition 

Fis h Bacteria 
S p ikey Black S p iney Jack Lagoon S almo n fa rm O ra nge Strain Strain 

dory do ry icefis h Mackerel zoop lankton waste oi l  ro ughy oil NSB3 1 JSOP2 W 

1 4:0 l . 4 2.7 5 .2 7 . 3 4.2 1 . 7  0 .5 7.5 
l 6 :0 3 5  20.4 1 5 . 8  1 5 . 7  l 1 . 8 1 5 . 7  3 .3 7.5 23 .3 
1 8 :0 8 .6  3 . 8  2.4 3 . 1  4 .5  4.2 0.7 tr 0.5  

1 6 : l (n-7)c 2 .4 3 . 6  7.5 5 . 1  2 .7 5 . 1  1 0 . 7 4 8 .4 3 6 . 9  
l 3 : l (n-9 )c 22.4 20. 9 8 . 9  9 . 9 1 0 . 5  1 6 . 5  50 .6  0.8  0 .2 
1 3 : l (n-7)c 2.8  3 .7 7 2 . 9  5 . 8  3 .5 5 . 1 5 . 6  1 .4 

20 : l (n-9 )c 4 1 3 . 7 0 . 8  8 . 3  0 . 6  3 .3 1 7. 9  
22:l (n- l  l )c 4. 1 
24 : 1  1 .2 

1 1 3:2(n-6) 0 . 5  1 . 9 1 .7 10 .5  6 . 6  tr ' - o "( - ) 3 .7 5 . 9  20 . 6  1 0 . 9 1 7.2 7. 1 6 . 3  :L. :.) n-_> 
22:6(n-3 ) 12. 7 1 3 .4 24.5 1 1 .5 0 .8  1 5 .7 0 . 1 2 .3  

Others 6 . 5  1 0 . 9  5 . 4  2 3 . 6  34. 6 1 8 . l 4.6 3 0 . 9  27. 9 
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Abstract- 1 .  The liver oils from the deep-sea sharks Somniosus pacificus, Centroscymnus 

plunketi, Centroscymnus crepidater, Etmopterus granulosus, Deania calcea and 

Centrophorus scalpratus were analysed to descnoe their lipid, fatty acid and squalene 

comp ositions. 

2 .  The major lipids in all species of shark were diacylglyceryl ethers and triacylglycerols and 

the major hydrocarbon was squalene.  Only trace levels of p olar lipids were detected. 

3 .  Monounsaturated fatty acids (C 16 : 1' C 1 8 : 1 ' C2o: 1 '  C22: 1 and C24: 1)  comprised 62-84% of 

the fatty acids. Saturated fatty acids contnouted 1 1-26% of the total fatty acids while 

p olyunsaturated fatty acids were relatively minor components ( 1- 1 3 %). 

4. All sharks had different lipid compositions, but similar fatty acid and dial profiles. 

5. The 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. 
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INTRODUCTION 

The p roportion of sharks caught in the southern Australian deep-sea fishing industry during 

fishing trawls can be  significant ( average research trawl contains 26% shark; can be  up to  5 0 %  

or greater). The amount of shark landed varies due to factors such as seasonal variation 

(migration etc . )  and reproductive status of fishes (Davenport and Deprez, 1 989). In the past 
when sharks were only a minor bycatch, they were either discarded or used as fishmeal (King 

and Clark, 1 987). Apart from fillets, some of the current 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-Rajadura� 1 9 8 6 ;  

Gopakumar and Thankapp an, 1 986). 

An international market for shark liver oil has existed for some time. The literature to date has 

suggested that it would be difficult to sustain a commercial shark liver oil industry in Australia 

and New Zealand due to such factors as their low reproductive rate and slow growth (e.g. 
King and Clark, 1987). More efficient utilisation of shark waste should therefore be 

considered. 

The oil derived from deep-sea shark livers usually contains high levels of squalene, 

diacylglyceryl ethers and triacylglycerols and minor levels of free fatty acid, steroL pristane, 
wax ester and sterol ester (Deprez et al. , 1 990). The lipids found as major components, 

diacylglyceryl ethers and triacylglycerols, and the hydrocarbon squalene, are believed to assist 

in the function of the liver as a hydrostatic orga:Il (Crruk 1 978 ;  Deprez et al. 1 990 ;  Malins and 

B arone 1 970;  Sargent et al. 1 973 ). 

Although a number of Australian operations have been exp orting crude shark liver oil for 

several years, the value of the purified oils and lipids available from the processing of the shark 



bycatch has not been fully realised. This resource has been recognised by many countries and 
_,.. 

as a result, purification and marketing techniques for shark liver oil products have been 

established (King and Clark, 1 9 87;  Gop akumar and Thankappan, 1986). 

The oil comp osition of livers from several sp ecies of deep-sea shark landed in south-east 

Australia has been reported (Davenport and Deprez, 1 989 ;  Deprez et al. , 1 990). In this study, 

further results ate reported for Australian sp ecies, several of which form significant 
commercial resources and for which no published data are available (e .g. Somniosus pacificus, 

Etmopterus granulosus and Centroscymnus plunketi). 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 comparison between the lipid and fatty acid 

compositions of these southern Australian sharks will provide further insight into the 

abundance 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 regarded by some as 

waste. 



MATERIALS AND METHOD 

Samples and Lipid Extra ction 

Somniosus pacificus (Pacific sleeper shark) was caught south of Maatsuyker Island (southern 

Tasmania, Australia) on 29 January 1 993 at approximately 1 000 m depth. The shark was an 

immature female, 429 cm in total length. A section of the liver was removed and stored at -

20°C until analysis. Shark liver oil samples from Centroscymnus plunketi (plunket shark), 

Centroscymnus crepidater (deep-sea dogfish), Etmopterus granulosus (lantern shark), Deania 

calcea (platypus shark) and Centrophorus scalpratus (Endeavour dogfish) were supplied by 

local fishermen. The processed oils were obtained by maceration of the livers, followed by 

separation and decantation of the oil; conditions were as used by industry for commercial 

production of shark liver oil For D. calcea and C. scalpratus, the number of livers was not 

determined. The oils for the remaining species were composite samples derived from between 

1 and 6 livers . The catch location and water depth for each species were not recorded . 

A p ortion of the liver from Somniosus pacificus was homogenised using a mortar and pestle 

and a known mass was quantitatively extracted using a modified Bligh and Dyer ( 1 959)  one

phase methanol: chloroform: water extraction (2 : 1 : 0 . 8  v/v/v); the sample was extracted 

overnight and the phases were separated the follo\Ving 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 3 0°C .  All samples 

were made up to a known volume in chloroform and stored at -20°C. 



Lipids 

An aliquot of the total solvent extract (TSE) or the diluted crude liver oil was analysed usln.g 

an Iatroscan l\1K III TIII O TLC-FID analyser t o  determine the abundances of individual lipid 

classes (Volkman and Nichols, 1 99 1 ). S amples were applied in triplicate to silica gel Sill 

chromarods (5 µm p article size) using 1 µL disposable micropip ettes. Chromarods were 

develop ed in a glass tank lined with pre-extracted filter p ap er. The solvent system used for the 

lipid sep aration was hexane-diethyl ether- acetic acid ( 60: 1 7 : 0 .2  v/v), a mobile phase resolving 

non-p olar compounds such as wax esters, triacylglycerols and free fatty acids. A second non

polar solvent system of hexane-diethyl ether ( 9 6 : 4  v/v) was also used to resolve hydrocarbon, 

triacylglycerol and diacylglyceryl ethers. After development, the chromarods were oven dried 

and analysed immediately to minimise adsorption of atmospheric contaminants. The flame 

ionisation detector (FID) was calibrated for each compound class (phosphatidylcholine, 

cholestero4 cholesteryl ester, oleic acid, squalene, triolein; 0 . 1 - 1 0  µg range). Peaks were 

quantified on an IBM comp atible computer using DAPA software (Kalamunda, Western 

Australia). Iatroscan results are generally reproducible t o  ± 1 0% (Volkman and Nichols, 199 1) .  

Fatty Acids, Glyceryl Ether Diols and Squalene 

An aliquot of the TSE was treated with p otassium hydro xide in methanol (5% w/v) and 

saponifi.ed under nitrogen for 3 hours at 80°C.  Neutral lip ids (e .g. glyceryl ether diols and 

hydrocarbons) were then extracted into hexane/chloroform (4: 1 v/v, 3 x l . 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 ( 1 0 : 1 : 1  v/v/v; 80°C, 2 hrs). 

Products were then extracted into hexane/chloroform ( 4: 1 v/v, 3 x l . 5  mL) and stored at -
20° C .  The neutral lipid fractions were treated with N, 0-bis-(trimethylsilyl)-trifluoroacetamide 



(B STFA 5 0  µL, 80°C, 1 hr) to convert sterols to their corresp onding 1MS (trimethylsilyl) 

ethers . 

Gas chromatographic (GC) analyses were p erformed with a Hewlett Packard 5 890A GC 

equipp ed with an HP- I cross-linked methyl silicone fused silica capillary column (5 0  m x 0 . 3 2  

mm i. d.), an FID and a split/splitless injector. Hydrogen was the carrier gas. Following 

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

an oven temp erature of 5 0°C .  After 1 minute, the oven temp erature was raised to 1 50°C at 

3 0°C/min, then to 250°C at 2°C/min and finally to 3 00°C at 3°C/min. Peaks were quantified 

with software from DAPA S cientific Software, Kalamunda. Individual comp onents were 

identified using mass spectral data and by comparing retention time data with those obtained 

for authentic and lab oratory standards. All GC results are subject to an error of ±5 %. 

Gas chromatographic-mass sp ectrometric (GC-MS) analyses were p erformed on a HP 5 89 0  

GC and ·a 5 970 Mass Selective Detector (MSD) fitted with a direct capillary inlet and JADE-

valve injector ( S GE, Australia). Data were acquired on a HP 5 9970C Workstation operated in 

scan acquisition mode. The GC was fitted with a capillary column similar to that descnoed 

above. 

D etermination of D ouble B ond Configuration in Fatty Acids and Glyceryl Ether Diols 

Dimethyl disulphide (D.MDS) adducts of monounsaturated fatty acids and glyceryl ether diols 

were formed by treating the total fatty acid and glyceryl ether diol fractions with D.MDS 

(Dunkelblum et  al. , 1985 ; Nichols et al. , 1986). Adducts were then extracted using 

hexane/chloroform (4: 1 v/v) and treated with B STFA to form TMS derivatives prior to GC

MS analysis . 
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RESULTS AND D IS CUSSION 

Lipid Comp osition 

The lipid comp osition of the oil extracted from livers of six sp ecies of deep-sea sharks found 

in southern. Australian waters was determined. The major lip ids included diacylglyceryl ethers 

(DAGE), triacylglycerols (TAG) and free fatty acids (Table 1 ). Hydrocarbon, predominantly 

the hexa-unsaturated isoprenoid squalene ( C3olf50), was also a major component in all of the 

sharks analysed ( 5 0-8 1 % of total lipid), except Somniosus pacificus and Centroscymnus 

plunketi ( 0  and 1 % resp ectively). DAGE and TAG were present in all shark species at levels 

between 1 0-77% and 5-49% respectively. Only Etmopterus granulosus (2) contained free 

fatty acids ( 8 %), p o ssibly resulting from degradation of p olar lipid or TAG and DAGE prior 

to analysis . The absence of free diols was suggestive of negligiole DAGE degradation, 

although little is known on 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 distnoution of lipids in the liver oil from Centrophorus scalpratus was dominated by 

hydrocarbon (predominantly squalene, 82%) with minor levels of DAGE ( 1 0%) and TAG 

(9%). Deania calcea and Centroscymnus crepidater liver oils also contained high levels of 

squalene ( 6 9  and 73 % respectively) and this is in good agreement with previous rep orts for 

these two sp ecies (Deprez et al. , 1 990;  S argent et al. , 1 973 ). The high levels of squalene are 

typical of liver oils from deep-water sharks inhabiting water depths between 6 0 0  and 1000 

metres (Buranudeen and Richards-Raj adurai, 1 9 8 6 ;  Deprez et  al. , 1990). 

Centroscymnus plunketi (p lunket shark) liver oil was comprised of predominantly DAGE 

(77%) and TAG (23 %). The trace amount of squalene present in C. plunketi liver oil is similar 

i 
f 
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to  the level det:_rmined by Summers ( 1 987) for a sample of this sp ecies collected in New 

Zealand waters. 

The composition of liver oils from Somniosus pacificus and Etmopterus granulosus has not 

b een 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 E. granulosus (J) (commonly 

caught in deep-sea fishery trawls in southern Tasmanian waters), comprised squalene (60%) 

and DAGE (3 0%) with lower levels of TAG and polar lipids (7 and 1 % respectively). Liver oil 

from a second sample of E. granulosus (2) contained a slightly different lipid profile - lower 

levels of squalene (50%) and higher levels of DAGE (32%), TAG (9%) and free fatty acids 

(8%). The difference in lipid composition between the two samples, particularly 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 sp ecific lipids and hydrocarbons as buoyancy regulators in the liver of deep-sea 

sharks has b een documented (Malins and Barone, 1 970 ; Craik, 1978) 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, 198 1 ;  Kayama, 1 97 1 ). The absence of more precise 

literature on the role of these three lipid classes, 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 observed in the liver lipid compositions. Furthermore, 

examination of previous literature data (B atista and Nunes, 1 992 ; Deprez et al. , 1 990;  

Kayama et al. , 1 97 1 ;  Sargent et al. , 1 973 ) together with the results of this study, show that 

there are large within genus variations (Centroscymnus, Centrophorous and Etmopterus) in 

levels of hydrocarbon (squalene), DAGE and TAG. Further studies which examine the effect 

of depth and geographical distnoution on liver oil comp osition are warranted. 



S qualene a n d  O ther Hydro carbons 

Of the six different sp ecies analysed, the liver oil of four sp ecies contained greater than 50% 

squalene (ie.  >500 mg/g oil on a quantitative basis). Squalene concentrations were in the 

range of 500 and 820 mg/g oil in all sp ecies except Centroscymnus plunketi and Somniosus 

pacificus (Fig. l ) ;  the former contained n.o 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 ( 1 9 86)  may not hold for all species. This study along with previous 

reports, 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). This feature is 

believed to account for the lower levels of squalene in some sp ecies. 

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

than found by Deprez et al. ( 1 990) (73 % versus 6 1 %). On the other-hand, the level of 
squalene in C. scalpratus and D. calcea ( 82% and 70%), is in good agreement or greater than 

values determined in other studies where levels were in the order of 75 % (e .g. Gopakumar 

and Thankappan, 1986 ;  Deprez et al. , 1 990). 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 has previously been documented (Summers, 1 987). Alternately, 

differences in processing conditions may account for the variation observed. The higher 

squalene value obtained in the present study was for commercially produced oil, whereas the 

value measured by Deprez et al. ( 1 99 1 )  was for whole livers treated by solvent extraction. 

The latter technique may not be  representative of normal processing conditions. 

The oil from the liver of Etmopterus granulosus contained approximately 50-60% squalene. 

This sp ecies can be taken in Tasmanian waters in large quantities and it is believed that this 



level will b e  high enough to support isolation o f  the liver and extraction of the oil from this 
sp ecies on a commercial scale . 

Pristane, a hydrocarbon commonly found in shark oils, was found at trace levels in all of the 

sp ecies analysed in this study. Pristane is of dietary origin with zooplankton generally being 

the p redominant source. B ased on its origin, pristane levels in shark liver oils would b e  

exp ected t o  vary depending o n  dietary and seasonal factors, and within and between shark 

sp ecies. Although pristane and squalene have similar physical characteristics and chemical 

prop erties, the difference in the length of the carbon skeleton results in a significant difference 

in their physical properties. A distillation step may b e  required to remove the trace quantities 

o f  pristane present in shark liver oils if necessary. 

Fa tty Acid Conten t  and Composition 

The fatty acid composition and total fatty acid content o f  the six species of shark analysed is 

presented in Table 2.  The predominant fatty acids in all sp ecies were the monounsaturates (62-

84%), 1 8 : l (n-9)c, 20 : l (n-9)c and 22 : l (n- l l)c. Minor levels of 24: l (n-9)c, 22 : l(n-7)c 

and 16 :  l (n-7)c were also detected. Centroscymnus 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 between 1 1  and 2 6 %  of the total fatty acids while 

p olyunsaturated fatty acids were only minor components ( 1- 13 %) . The major saturated fatty 
acid was 1 6 :0 (9-2 1 %) while other saturates including 14:0 ,  1 5 :0 ,  17 :0, 1 8 : 0, 20 :0  and 22 : 0 

were p resent at much lower levels. Polyunsaturated fatty acids (PUF As) accounted for 

between 1 and 1 3 %  (mean=6. 3%) of the total fatty acids . PUFA detected included 

22: 6(n- 3 ), 1 8 :2(n- 6), 2 0 : 5 (n-3 ), 20 : 4(n-6), 1 8 : 3 (n-3 ), 2 2 : 5 (n- 3 ), 22 : 5 (n- 6) and 22 : 4(n-6) .  



Docosahexaenoic acid (DHA, 22: 6(n-3 )) was the most abundant of the PUFAs comprismg up 
_,. 

to 7% of the total fatty acids in S. pacificus. The role of 20 : 5 (n-3)  and 22 : 6(n-3)  in lipid 

fluidity has been previously documented (e .g. Cowey and Sargent, 1 977; Russell, 1 990) and 

the high levels ofDHA in S. pacificus may complement the high levels of DAGE and TAG in 

this sp ecies and play a role in mamtaining their fluidity. 

Total fatty acid content was between 95  and 575  mg/g (Table 2) with C. plunketi containing 

the highest amount of fatty acid and C. scalpratus the lowest. The sharks that contained the 

highest levels of squalene had the lowest total fatty acid contents. Total fatty acid content may 

also vary with catch depth, as observed for squalene based on the relationship between catch 

depth and squalene content reported by Buranudeen and Richards-Rajadurai ( 1 986). 

Glyceryl Ether Diols (derived from DAGE) 

The Iatroscan (TLC-FID) analyser provides a rapid means of detecting DAGE without any 

sample treatment and derivatisation prior to analysis. The process of saponification used in this 

study converted the DAGE to the corresponding 1-alkyl glyceryl ether dials. The diols are 

then extracted Mth other non-saponifiable neutral lipid material and converted to di-0-

trimethylsilyl (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 m the seven samples analysed in this study 

( 1 0  - 77% ). The major diols (as a percentage of the total diols) were: 1-hexadecylglyceryl 

ether ( 1 6 : 0 ;  14- 18%), hexadec-7-enylglyceryl ether ( 1 6 :  l (n-7)c; 3- 1 1  %), octadecylglyceryl 

ether ( 1 8 : 0 ;  3- 17%), octadec-7-enylglyceryl ether ( 1 8 : l (n-7)c; 5-6%), octadec-9-enylglyceryl 

ether ( 1 8 : l(n-9)c ;  42-62%) and eicosa-9-enylglyceryl ether (20: l (n-9)c; 1- 12%) (Fig. 2) .  A 

similar pro.file was observed for all shark liver oils, and this distnoution of alkyl chains is 

generally similar to the fatty acid profiles with the exception of lower levels of PUF A and 



Cz2 : l · For example, the cliol profile is dominated by monounsaturated side-chains ( 1 6 :  l (n-
� 

7)c, 1 8 : l (n-9)c, 1 8 : l (n-7)c and 20 : l (n- 9)c), with only minor levels of saturated cliols ( 14 : 0, 

1 6 : 0  and 1 8 : 0).  The cliol profile is similar to profiles reported by other workers (e .g. Deprez et 

al. , 1 9 9 0 ;  Kayama et al. , 1 97 1) .  

There has b een some suggestion that cliacylgylceryl ethers are important in the treatment of 

haematop oiesis and radiation sickness (Blomstrand and Ahrens, 1 9 5 9).  The abundance of 

these lipids from diverse sources including deep-sea sharks, many marine oils and various 

mammalian sp ecies may provide future stimulation for the pharmaceutical, health product and 

related industries to prep are a range of products (Blomstrand and Ahrens, 1 9 5 9 ;  Nichols et 

al. , 1 993 ). At this time, DAGEs are not widely used commercially, although there has been 

suggestion of their use as non-fattening lipids as a replacement for triacylglycerols (Man.gold, 

1 9 83 ). 



CONCLUS ION 

The large bycatch of shark (both relative and absolute amounts) in the deep-sea fishing 

industry in Australian waters provides a useful source for p o ssible additional income to  

fishermen. In addition, most sp ecies analysed in this study are p redominantly 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 sho\Vll that the sharks analysed here have 

markedly different proportions of individual lipids in their liver oil. As the final value of the oil 

is based on levels of individual components, it may b e  necessary to sep arate the different shark 

sp ecies at the point of harvest where p ossible in order to increase processing efficiency. 
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Table Headings and Legends 

Header 

Table 1. Lip i d  composition of l ive r  o ils fro m deep-sea sharks co llected in southern Australian waters. 

Footer 

HC, Hydrocarbon (predominantly squalene); DAGE, Diacylglyceryl ethers; TAG, Triacylglycerols; FF A, Free 

Fatty Acids; PL, Polar Lipids. 

Header 

Table 2. Total fatty acid compositio n  of live r oils fro m  southern Australian deep-sea sharks.A. 

Footer 

AA!l values arc expressed as a percei.tage of the total fatty acids uuless oche:rwise stated GC results are subject to an error or ±5%. 

- not detected in sample 



Ta ble  l .  Lip id com pos i t i o n  of l iver oils from deep-sea sharks col lec ted i n  sou thern Austral ian wa ters 

Shark spec ies Common Name Percen tage Compos i t ion 
l 

I-I C  DAG E TAG FFA PL OTHER TOTAL 

Som11 iosus pacificus Pacific  s leeper shark - 49 .5  4 9 . l - 1 .4 - 1 00 

Ce11trose ymmts plt t 1 1keti P l u nket  s h ark 0 . 9  7 6 . 6  22.5 - - - 1 00 
Etmo pterus gra 1 1ulosus (2) Lan tern shark 5 0 . 3  32 . l 9 .3  8 .3  - - 1 00 
Etnw ptents granu!osus ( I )  La n tern shark 60.5 29 .8 6 .8  - 0.7 2.2 1 00 
Dea1 1 ia ca!cea P la typ us shark 69. 6 1 9. 6  1 0.8  - - - 1 00 

Ce1 1 trosc ymmts ere pi dater Long-nose velvet shark  7 3 . 0  20.0 5 . 0  - 0.7 1 .3 1 00 
Centro plwni s  sea l pra tus Endeavour  shark 8 1 . 6  9 .9  8 .5  - - - 1 0 0  

I-I C = Hydrocarbon (pred o m i n a n tly squa lcne), DAG E = D i a cylglyceryl e thers, TAG = Triacylglycerols  
FFA = Free fa t ty ac ids ,  PL = Polar  l i p ids  

· ., ... -. .  - - - - - . ,, ....... .. ... .... . -----· 



able 2. Total fatty acid composition of liver oils from southern Australian deep-sea sharksA. 

Fatty Acid Percentage Comp osition 
S. pacificus C. plunketi E granulosis (2) E granulosus (1) D. calcea C. crepidater C. scalpratus 

1 4: 0  0 . 5  0 . 4  0 .9  0 . 9  0. 9 0 . 8 1 .5 
1 5 : 0  Q.. l 0 . 2  0 .3  0 .3  0.3 0 .2 0 . 4  

1 6 :2(n-7) 0 . 1 0 . 1 0 . 1 0 . 1 0.0 0.4 0 .0 
1 6 :  l (n-9)c 0 . 6 0 .2 0 .6  0 .5  0 .3  0 . 4  0.3 
1 6 :  l(n-7)c 3 . 6  2 . 8  2.2 2 . 0  3 .2 2.4 3 .9 
1 6 : 0  9 . 4  9. 1 1 1 .4  12 .3  2 1 .3 1 2 . 7  1 9 . 8  

i l  7 :  l 0 . 3  0 . 5  0 . 6  0 . 6  0 . 4  0.7 0 .5 

i l  7 : 0 0 . 3  0 . 3  0.3 0.3 0.3 0 .2 0 . 1 
al 7 : 0 0 . 7  0 . 7  0 . 6  0 .5 0 . 8  0 . 6  0 . 6  

1 7 : 0  0.2 0 . 1 0.2 0 .2 0 . 3  0 . 1  0.3 

l 8 : 3 (n-3 )  0 . 5  

1 8 : 2(n- 6) 1 . 4  0 . 8 0 . 4  0 . 4  0 . 8  0 . 7  1 . 0  

1 8 : l (n- 9)c 48 . .  8 3 6 . 8  23 . 6  22.9  3 0.3 3 0.2 3 7 . 6  

1 8 : l (n-7)c 7. 1 1 . 9  2 . 8  2 . 6  2 . 3  2 . 6  3 . 0  
1 8 : l (n-5)c 0 . 3  0 . 1 0. 1 0 . 1 0 . 1 0 . 1 0 . 1  

1 8 : 0  2 . 0  1 . 3 1 . 8  1 .  7 2 . 5 1 . 4 3 . 1  

i l 9: 0 0 . 3  0 .3  0.3 0.2 0.2 0 .2 0.2 

a l 9: 0  0 . 4  0 . 3  0 . 3  0 . 3  0.2 0.2 0.2 
1 9: 0  0 . 1 0 . 0  0. 1 0 . 1 0. 1 

20: 5(n-3) 0 . 7  0. 1 0 . 8  1 . 0 

20: 4(n-6) 0. 7 0 . 1  0 . 4  0 .5 
20: 2(n-6) 0 . 6  0 . 3  0.2 0 . 1 0.3  0 . 1 0 . 2  

20: l (n-9)t 2 . 8  1 . 9  4 . 0  1 . 4  1 .5 

20: l (n-9)c 2 . 0  2 1 . 0  1 8 . 6  1 6 . 8  10 . 1 1 6 .5 7 . 7 

20:  l(n-7)c 0 . 9  0 . 7  0 . 5  0 .4 0 . 5 0 . 4  0 . 4 
20: 0 0 . 1 0 . 2  0 .2  0 . 3  0 . 3  0 . 2  0 . 2  

2 1 : 1  0 . 2  0 . 1 0 . 2  0 . 1 0.2 

22: 5(n-6) 0 . 2  0 . 1 0.2 0.2 

22: 6(n-3) 7 . 0  1 .2 1 . 4  0 . 7  4.2 0 . 6  5 . 9  

22: 4(n-6) 0 . 5  0 . 1 0 . 0  0 . 1 0.2 

22 : 5(n-3) 2 .2 0.2 0.2 0.4 1 . 0  
22: l (n- l l)c 3 . 5  1 2 . 7  20 .2 22. 9  8 . 9  1 5 . 8  3 . 6  

22: l(n-7)c 2.3 2 . 9  2 .7  3 . 0  1 .5 3. 0 1 . 4  
22: 1 0.2 0 . 2  0.4 0.4 0 .2 0.3  0 .2 

22: 0  0 . 1  0 . 1 0.2 0 . 5  0.2 0.2 0 . 2 
24: 1 0 . 6  1 . 1  1 .5 1 . 9  0 . 6  2.3 0.4 

24: l(n-9)c 2.0 3 . 0  3 . 8  4.5 2.7 4. 8 2 . 1  

Other 0.2 0 . 1 0 .3  0 . 5  0 . 4  0 . 1  

Total 1 0 0  1 00 1 00 1 00 1 00 1 00 100 

.Z::: Saturates 12 .5 1 1 . 5  26. l 1 6 .2 26 . 1 1 5 . 7  25 . 6  

.Z::: Monounsaturates 72.0 83 . 6  64. 8 80. 1 64. 8 80 .2  62.2 

.Z::: Polyunsaturates 1 3 . 3  2 .6  7.2 1 . 3  7.2 1 .4 1 0 . 6  

Total Fatty Acid 340 5 75 365 250 23 5 1 7 0  95  

(mglg) 
.\ll values are expressed as a percentage of the total fatty acids unless otherwise stated. GC results are subject to an error of ±5%. 
o c  detected 



Figure Legends 

Figure 1. Absolute amounts of squalene ill the liver oil from six species of deep-sea sharks 

caught ill southern Australian waters. 

Figure 2. Capillary gas chromatogram of glyceryl ether diols ill neutral lipid fractions of liver 

oils from six sp ecies of deep-sea sharks caught ill southern Australian sharks. A, unidentified; 

B, 14: 0 diol; C,  unidentified; D, unidentified; E, 1 6 : l (n-7)c diol; F, 1 6 : 0  diol; G, 1 8 : l (n-9)c 

diol; H, 1 8 :  l(n-7)c; I, 1 8 : 0  diol; J, 20 :  l (n-9) diol; K, 20: l(n-7) dioL 
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General structure of glyceryl ether diols .  
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Abstract 

Objective: T6 investigate the chemical composition of the cooked skinless flesh and the 
p roventricular (stomach) oil of the mutton bird. 
Results: The flesh has high levels of vitamin A, iron, zinc, calcium, iodine and selenium. 
Its fat ( 18 .7% by weight) has a high proportion of omega-3 polyunsaturated fatty acids 
(9 .3 %  of total fatty acids) .  The oil is similarly rich in omega-3 fatty acids (24.9% of total 
fatty acids) .  
Conclusions: Regular consumption of the flesh may assist i n  management, and primary 
prevention, of atherogenic and thrombogenic conditions . The oil may have therapeutic 
usefulness for atherosclero tic and thrombotic conditions (and has definite potential in 
the mariculture industry) . 

Intro duction 

Over the last decade , there has been an upsurge in interest in the nutritional properties 
of traditional Aboriginal foods 1. However, most analyses relate to northern Australia 
species. Li ttle attention has been given to those of the southern region, including 
Tasmania. 

One species important for Tasmanian Aborigines before and after European contact is 
the mutton bird z,3, called 'yo lla' in the local languages 4 .  Aboriginal communities 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 s ,  is obtained from the 
proventriculus (stomach) by inverting and squeezing the bird ; the body, as sold for 
eating, does not contain any oil . ) .  

Materials and methods 

Analysis of flesh. 

Six skinless birds (without heads, wings, legs or entrails) ,  from the Aboriginal enterprise 
Y o lla Products were delivered frozen to the SA branch of the Australian Government 
Analytical Laboratories. 

For analysis, they were thawed, browned in the ir own fat and braised in tap water until 
the flesh was tender (about 2 h).  All edible parts, including flesh and visible fat, were 
homogenised to form a composite sample . S amples were refrigerated until analysis , 
with moisture and vitamin assays begun within 24 h to minimise losses 6. All me thods 
are used routinely in these laboratories for analysis of other Australian foods (e.g. ,  in ref 
7 ) .  
Energy and macronutrient analyses. Mo isture was determined b y  drying a t  102°C, ash by 
ignition at 5S0°C, fat by S oxhlet extraction, and total pro tein by a Kjeldahl procedure 8. 
Carbohydrate was calculated by difference, and energy using the factors fat 37 kJ / g, 
p rotein 17 kJ/g and carbohydrate 16 kJ/g 9•  

Minerals. Flame atomic absorption spectrophotometry was used to assay sodium and 
potassium (after  wet ashing in nitric acid) , calcium, magnesium and zinc (after dry 
ashing at 400°C), iron (after  wet ashing in nitric and perchloric acids) and selenium 
(ashed as for iron, and then converted to se lenium hydride). Iodine was analysed by 
inductively-coupled plasma mass spectrome try (MS), in the NSW Regional Laboratory 
of AGAL. 
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Vitamins. Thiarnin was extracted by acid and enzyme digestion, separated by high pressure 
liquid chromatography (HPLC), and ass ayed fluorometrically as thiochrome after p ost
column oxidation by potassium ferricyanide 10• Niacin was determined colourimetrically by 
the Konig reaction with cyanogen bromide after alkaline extractio n  - a procedure which 
detects both nicotinic acid and nicotinamide. Retinal and beta-carotene were extracted from 
the sample under subdued light using petroleum ether, after preliminary hydrolysis with 
alcoholic KOH. The extracts were taken to near dryness with nitrogen gas, re-dissolved in 
methanol and subj ected to reverse phase HPLC (C18 Nova Pak column, Waters 490 
u.v./visible detector) . For retinal, the mobile phase was methanol :  water (95 :5) ,  with the 
detector set at 325 nm; for beta-carotene, methanol:  tetrahydrofuran (90: 10) and 450 nm were 
used.  

Cholesterol. In the petroleum ether extract used for the retinal assay, cholesterol was 
derivatised using acetic anhydride, and determined by capillary gas chromatography ( GC) on 
a 12m non-polar bonded phase capillary column (SGE, 12QC2/BPI) . 

· 

Fatty acid profile. Lipids - including triglycerides, phospholipids, and possibly waxes - were 
extracted using chloroform: methanol ( 1 : 2) 11,  and trans-esterified to methyl esters using 
sodium methoxide in methanol .  After re-extraction into hexane, the methyl esters were 
determined on a 25m polar bonded phase capillary column (SGE, 25Q2/BPX-70) . Individual 
fatty acids were identified by comparing retention time data with data for a range of authentic 
standards. Identifications were independently confirmed by GC-MS .  

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 Iatroscan MK III 
THlO TLC-FID analysis 12• Fatty acid methyl esters, formed by trans-esterification of the 
lipids (HCl /chloroform / methanol; 1 : 1 : 10 v/v/v, 100°c, 2 hr) were analysed by GC, with a 
cross-linked methyl silicone capillary column, FID and a split/splitless inj ector, using 
hydrogen as carrier gas 13. 

Results 

The composition of  the cooked skinless flesh is presented in Table 1 ,  with the fatty acid 
profile of the flesh lipids in Table 2. 

The proventricular oil comprised 32% triglycerides and 64% waxes, with small amounts of  
free fatty acid, p olar lipid, sterol and alcohol. Table 3 lists the fatty acid profile of the oil. 
(The o il also contains various alcohols, derived from the waxes : 61 .5 % were saturated, mainly 
14:0 10.7% and 16 :0  45.7%; 38.5 % monounsaturated, mainly 20: 1 w9cis 8 .6% and 22: 1  wl lcis 
6.5 %.) 

Discussion 

Compared with similarly-prepared foods that it might replace in an Australian diet (e.g.,  lean 
beef, skinless chicken, or a steamed fish), mutton bird flesh is rich in vitamin A, iron, calcium 
and zinc 7. While 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 daily intake 
(RDI) for selenium, and 180% of his iodine RDI 14• A minor disadvantage is the Na:K 
(molar) ratio of 1 .3 ,  which is a little highe r  than the desirable 'value of < 1 .0  15 • 
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The fat content of the flesh is high ( 18.7% ) ,  but its fatty acid profile has excellent 
cardiovascular properties. Its PMS (polyunsaturated: monounsaturated: saturated) 
ratio is 0.47: 2 .3 1 :  1 .00, more favourable than most other flesh foods 1. The 
polyunsaturated fat is mainly of the omega-3 type (normally found only to any useful 
extent in seafood) which retards thrombogenesis, and lowers blood p ressure 16.  
Consumption of a mere lOOg per week of mutton bird flesh would double a typical 
Australian's intake of omega-3 fatty acids 11. Ulbricht & Southgate's 1s indices, which 
weight fatty acids according to cardiovascular effects, are : for atherogenicity, 0 .38 
(similar to polyunsaturated margarine or fish, and more favourable than beef or 
chicken), and for thrombogenicity, 0.33 (much more favourable than beef, chicken or 
polyunsaturated margarine, and approaching that of fish) . 

The oil, although it has a different anatomical origin, has a PMS ratio (2.92: 6 . 10 :  1 .00), 
atherogenicity index ( 0 .21 ) ,  and thrombogenicity index (0 .08) that are all substantially 
more favourable than the flesh itself. Consumption of 1 g oil per day would double a 
typical Australian's intake of omega-3 fatty acids 11. 

Thus, the lean flesh offers substantial nutritional benefits . In particular, because of its 
fat composition, regular consumption would make it a useful dietary adjunct for 
management of atherosclerotic or thrombotic conditions, and may contribute to primary 
prevention of these conditions. Arguments adduced for increased fish consumption 
apply equally for mutton bird 17• However, our nutritional analysis and discussion are 
based on skinless birds, cooked without added fat, and not soaked in brine. Different 
preparation procedures may significantly reduce nutritional desirability. 

The oil may be suitable as a dietary supplement for those with atherosclerotic or 
thrombotic conditions, �erhaps administered in capsule form. However, bioavailability 
needs further investigat10n: for triglyceride fatty acids it should be high, but for wax fatty 
acids it is uncertain. 

The o il also has potential non-clinical usefulness in the mariculture industry, because of 
its high content of polyunsaturated fatty acids and wax esters, and because its rich red 
colour suggests a high content of valuable astaxanthin or related pigments. 

Is increased harvesting of the birds consistent with sustainable yield? The industry is 
already subject to conservation and public health control by the state government. 
Within the framework of these controls, a substantial increase in mutton b ird harvesting 
would not threaten the long-term survival of the species 19• 20• Increased harvesting 
would improve the economic outlook for several remote Aboriginal communities . 
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Table 1 .  Composition (per 1 00 g edible portion) of cooked skinless mutton bird flesh . 
.... 

Energy 
kJ 1 120 

A1 aero nutrients 
prote in (g) 23 .9 
fat (g) 18.7 
carbohydrate (g) 1 . 1  

Vitamins 
retinal (mg) 0.45 
beta-carotene (mg) 0 
pre-formed niacin (mg) 3 .2 
thiamin (mg) 0. 14 

Minerals 
calcium (mg) 46 
iodine (mg) 0.27 
iron (mg) 4.5 
magnesium (mg) 33 
potassium (mg) 190 
selenium (mg) 0.078 
sodium (mg) 150 
zinc (mg) 2 .5 

Lipids 
' 

cholesterol (mg) 185 
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Table 2. Fatty acid profile of skinless mutton b ird flesh lipid (as % of to tal fatty acids) l 

S aturated _,. 

14 :0  2 .5 % 
15 : 0  0 .3 % 
1 6 : 0  18 . 1 % 
17 :0  0 .2% 
1 8 : 0  5 . 1 %  
20 : 0  0 .3 % 

Total 26.5 %  

Monounsaturated 

14 : 1 0.2% 

1 6 : 1 8 .0% 

1 8 : 1 36 .7% 
20: 1 8 .8% 

22 : 1  6 . 6 %  

24. 1 0 .6% 

Total 60 .9% 

Polyunsaturated 
o mega-3 

20:3 0.2% 
20:5 3 .3 %  
22:5 0.6 % 
22 : 6 5 .2% 

Total 9.3 % 

omega-6 

1 8 :2 2.3 % 
20:2 0 .2% 
20:4 0 . 8 %  

Total 3 .3 %  

1 Individual fatty acids comprising < 0.2% of total fatty acids not shown, but included in 
totals . In accordance with standard convention, fatty acids are denoted as X: Y, where X 
is the number of  carbo n  atoms and Y the number of  double bonds. 
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Table 3 .  Fatty acid profile of mutton bird oil (as % of total fatty acids) 1 

Saturated Monounsaturated2 Polyunsaturated 3 

14 :0  3 .3 %  
16 : 0  5 . 6% 
17 :0 . 0 .2% 
18 :0  0 . 8% 

Total 10 .0% 

1 See note 1 ,  Table 2 .  

14 : 1 0.2% 
16 : 1 15 .7% 
17: 1 0.7% 
18 : 1 36 .3 % 

20: 1 3 .3 %  

22: 1  3 . 8% 

24. 1 0 . 8% 

Total 60. 9% 

omega-3 

18 :3 0.7% 
18 :4 2.3 % 
20:4 0.7% 
20:5 12 .5 % 
22:5 0.5% 
22:6 7.8% 

Total 24.9% 

omega-6 

18 :2 2 .2% 

20:2 0.2% 
20:3 0.3 % 
20:4 0.5 % 

Total 2.7% 

2 14 : 1 ,  all w5cis ; 16 : 1 ,  w7cis 15 .5 %, w5cis 0.2%; 17: 1 ,  w&is; 18 : 1 ,  w9cis 30 .9%, w7cis 4.8 %, 
w5cis 0.6%;  20 : 1 ,  w9cis 2 .6%, undetermined (but not w7cis) 0.7%; 22 : 1 , w l lcis 2 .9%, w l ltrans 
0 .9%; 24: 1 ,  double bond position undetermined. 
3 Other polyunsaturated fatty acids : 16 :4 w l, 0.7%; 16 :3  w4, 1 .0%. 

. Note to editor: Throughout this Table , w represents Greek lower-case omega. 




