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SUMMARY' 

meal is used as a source of protein aquaculture feed which 

represents the major cost constituent in aquaculture Commercial fish 

meals used to aquaculture feeds in Australia are 

1.2 AIM OF 

Chile and other 

, in the case of 

meals produced 

possibly at a low·er 

are 

are a possible 

fisheries wastes 

presently available. 

imported from 

The overall aim seasonal variation and 

\Vestern Australia and 

as aquaculture feed 

of the study were to sources of fisheries 

detennine annual production and seasonal variability of the wastes in question and 

perform proximate analyses and fatty acid analyses on selected materials with the 

view of assessing their suitability for inclusion in aquaculture feeds. 

OF THE MAJOR OF FISHERIES 

Results 

The annual production and seasonal variability of waste materials were analysed for 

the following fisheries: western rock lobster, scallop, abalone, herring, 

pilchard, salmon and fish. The availability of waste materials resulting from 

aquaculture such as yabby trout farming was also determined. 

of rock lobster 

was shown to be source 

industry, which is 

aquaculture feed 



to recent in catch and also increasing amount heads exported 

in the of heads are generated as by-produc;: 
·;r-;re 

k ,300 tonnes prawn we::r_; 

available this 

Herring, puchards ana salmon were considerea survey 

because they are caught in similar locations and all are used as lobster bait More than. 

tonnes salrnor; are from when 

are caught. Research into their suitability as the ingredients 

recommended. 

aquaculture feed is 

By-products of other fisheries are generated less regularly and in lesser quantities 

may their potential aquaculture 

1.3.2 Annual production of the fisheries by-products 

As a result of the survey the following by-products have been identified as potential 

components of aquaculture feed: 

By-product 

Prawn heads 

Salmon wastes (heads & gut) 

gut 

W~hite fish heads, frames & offal 

Scallop lesions 

Abalone offal 

Trout offal 

Annual tonnage 

1800 

450-600 

700 

300-500 

20-200 

10 

data not available 



CHEMICAL ANAL 

for 

selectior; by-products 

Prawn 

frozen 

as 

of banana 

STUDIES 

nutritional was 

above. 

(Penaeus merguensis) western 

(Penaeus latisulcatus) were obtained from Nor-West Seafood Pty Ltd in 

on the 

prawn 

1994. 

The of scallGp whid' comprise muscle containing 

nematode parasite is estimated to from 20 to 200 tonnes per year 

depending on age of scallops when caught. This waste material has been already 

trialled fish meal substitution selection of by-product based on 

promm:ng results of preliminary The scallop 11ere obtained 

Nor-West Seafoods Pty in March 1 

Although abalone in Australia is relatively producing 

present more than tonnes by-product form the local 

processors of abalone expect much higher volumes of offal future. Considering 

an additional Victorian and Tasmanian product, the use of abalone waste materials for 

reduction to fish meal may become viable. The frozen off al from three different 

species abalone roei, laevigata and H.ruber) was obtained for 

study from Lonimar Australia in February-June 1994. 

The trout waste materials were used for chemical analysis to enable the comparison 

between by-products from and species. wastes were 

represented by offal bones with remaining filleting farmed trout. 

Proximate analysis results 

The Wciste material trout processing containing and bones the highest 

percentage of dry matter ( 42.0% ), twice as much as scallop waste , which had the 

lowest amount (20.7%). Scallop lesions had an extremely high protein content (80.6% 

of dry while content other by-products ranged 42.9% (trout 

flesh bones) to 63.5%(abalone Lipid levels \Vere highest trout 

(26.2% of dry matter) and trout flesh and bones (24.5% of dry matter) and lowest in 

4 



sea.Hop lesions 

(12.6-14.3% 

of dry The offal also contained high of 

dry dry matter). Ash was high in heads (29. 

The 

from 

Fatty 

i cnphasis 

uvaste 

analysis 

>resent 

ldthough 

14.9% natter). 

was on 

are man:, 

acid 

alternative 

non-seafood origin for aquaculture feeds, sources rarely provide full 

spectrum of fatty acids present in aquatic organisms. 

The 

C22:0, C22:1). 

acids 

abalone, 

Trout 

mainly 

were characterised by 

which for 

ooserved 

heads 

high level 

half of 

percentage of monounsaturated fatty acids was observed in 

wastes 1 

waste. 

contained 

19:0, C19: , 

fatty acids 

The lowest 

Trout had the percentages of poly;:insaturated (PUF and highly 

unsaturated (HUFA) acids. 'Naste had significantly higher percentages 

total PUF A, as well as HUF A, in its fatty acid profile compared to other products. 

The n-3/n-6 was observed lipids scallop waste followed 

by prawn heads (2.18). lowest was obtained trout waste (0.75), which 

may reflect the fact that these wastes were obtained from cultured fish which probably 

were fed diets containing low levels of n-3 fatty acid sources. 

For the purposes of diet formulations, absolute of fatty especially 

EPA and DHA, in the fish meal, rather than the fatty acid profile its lipids, is the 

indicative parameter. The analysis of absolute amounts 

following: 

amount total saturated acids 

high as other waste 

fatty acids shows the 

waste was about twice as 

b) There were significant differences in total monounsaturated fatty acids, with 

the highest level being observed in trout wastes and the lowest in scallop waste. 

was the in trout • 1 matena1s. absolute arnount of total 

The amount of HUFA \;vas similar in waste materials, only in trout and bones 

and in batches 1 & 3 of abalone offal it was less than the scallop lesions. 
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UCTS 

waster as a 

as a source of The limiting to this application be the percentage 

may 

(and hence the financial return to fish processors), 

seaso vana''.on. 

am' the products 

wastes and scallop However. seasor al 

salmon wastes application aquaculture 

mos potential 

in 

production. 

annual 

producdon 

In terms of the chemical composition of the wastes analysed scallop waste was found 

to be superior to other waste products as it had the highest protein content and the 

ratio. 

In terms of recovery after drying trout offal offers the best return, containing 42% dry 

rnatter cornpared to 7-31.6% other wastes. The total PUFA was higher lTout 

wastes than in other wastes and high levels of DHA were also present. However, the 

volumes of production of this waste suggest it would not economical to 

manufacture aquaculture feeds using these products, unless wastes were 

incorporated into practical feeds on-farm. Such an application could be developed 

commercial marron farms located in the West VVestem Australia where 

the trout offal is also produced. Care would have to be taken in formulating the 

practical feeds to ensure that overall levels of lipid are not excessive. 

Three waste sources identified in the annual production survey with potential 

application in aquaculture feeds, salmon wastes, scallop gut and white fish wastes, 

were not analysed as of this study due to limited time frame of the project. 

dtudies on these wastes are recommended. Fatty acid analysis of these wastes 

should be carried out assess levels of present in these wastes to 

determine other important compositional criteria(% dry matter, protein, lipid and ash 

components). However, investigation into use of scallop gut in fish meal production 

heavy metals accumulation in addition to other 

chemical analyses. 

recomniendations include further investigations into salmon wastes utilisation 

which may involve the use of solar drying technology developed in the Argyle catfish 

6 
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l 

salmon and 

the incorporation 

trials. Also., 

could be 

as broodstock maturation 

may be used in 

feed additives in 

products. ofHUFA the 

7 

into an 

further investigat 1cL~.: 

=.iderably 

specialized such 

to boost the levels 
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1. 
Sl~~i;r1dings 

::us w?s to dete"'.!nine the 

that might be 
meal produc ion of ture 

page 
ion 
;vi th list 

pote.11t:.ial components of the meal 

scallop gut 
seal es ions 
prawn hE<Stds I she 
abal gut 

'nual 

comoonents 
.~ 

Australian salmon gut 

.. t:i.on 
and 

in 
fied 

te fish heads, frames, and of 
trout 

An ional purpose to ify f 

fish 

tonnages of by-catch waste, by-product or under utilised 
species which might be the subject of further 
investigation of value adding opportunities. 

The 
the 
Data 

or tonnage of dis by-catch derive from both 
Western Australian and Commonwealth prawn fisheries. 

would need to be collected by a team approach 
between fishermen, 
accurately measure 
constituents 
developed. 

researchers 
the total 

usage 

and processors to 
catch it s 

rategy could be 

There is no large volume by-catch waste from any other WA 
fishery. 

Austral 
salmon are 

herr and a lesser extent Australian 
under utilised as food fish and could be 

studies for improving the quality and 
of under utilised species in general. 

included in 
acceptability 
Note 
need 

the case of 
exceed it 1 s worth as 

it's 
lobster 

improved 
t. 

value woul 

Prawn heads are available in sufficient quantity to 
justify experimentation in the extraction of flavourings 
and the growing yabby industry the tial 
support R & D to value adding f the 35% weight 
unsaleable as live product. 
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~~"'tern Roc:.k_J.obs te~t;:__i:2Juml.i.ru£_Cygnus l 

Western Rock ter, with annual catch callv 
10, O t:onnes v~l close $300 

illy 
l\ustralia, 

most 'shery Weste 

I also provides 
di ff 
by 
lobs ce:r head 
sale. 

The foll>wing 

Rock Lobster 
Tail Exports 85/86 

Tonnes Tails 2273 
% of Total 
Export 56 

* Estimate ba,sed on 

86/87 

2287 

41 

ye;ocr tc 

a very interesting example of the 
p::·oduct uti1 

lob is 
when lobster s are 

istics relevan , 

87/88 88/89 89/90 90/91 91/92 92/93 93/94* 

2983 1940 1746 1063 1277 1370 400 

42 23 2S 15 15 6 

date figures 

As the head comprises 60% of weight, eight years ago 
2, 000-3, 000 tonnes of lobster heads annually were being 
dumped at sea or in 1 -fill very few used for 
soups, stocks or exported as whole 

A number of projects were developed to ut ise the head, 
including preparing a rock lobster paste, extracting the 
red colour, astaxanthin, for fish feed and a fully costed 
plant for extracting chit and subsequent chitosan 
from the shell. One flavour still has an 
interest in extracting lobster flavour and, as lobster 
prices increased, it became cost effective to cook the 
heads and remove horn and leg meat for secondary sale. 

As the statisti s show, the tonnages and percentage of 
catch have dropped dramatically, to the point where this 
year to the end of January only 208 tonnes of tails had 
been produced. In addition, 1986 and 1987 less than 
10% f heads were exported, but 1991 and 1992 the 
figure was 40% and this export ces for heads 
been as high as $3-4 per 

Although the major cause of the decline is the relative 
sell price for whole cooked and live compared with tails, 
now that land-fil is di icult and expensive processors 
are more prepared to pack a.nd f ree.ze heads, even during 
the heavy catches in December and January. 



rock lobster season is November 15 - ,June 30th, 

Small (less than 10 t of ·will be 
available, but with erratic Future pre di 

reductions, are for 
bet t<:~r handl 
tail :cc:C<3 prepa 

tonnage 
, thus" 
it 

catch through 
ess nec::d 
. kely 

head as a saleable item will be included 

Where 
the 

the costing. 

It would be an unreliable source for aquaculture feed, 
but d stil used tocks f lavou.::cs where 

is for other s as 
dedicated lobster facility would be a high 

There is very little by-catch from the rock lobster 
f i 

Southern Rock Lobster (Jasus edwardsiil 

A relative small fishery for W.A. of ess 50 tonnes 
annually exports are growing with processors 
introducing recirculating tank systems. 

King crabs (pseudocarcinus gigas) are also targeted by 
the fishermen. 
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fu,:;a_llops {Am:!lJJium. b..aJ.lot.il 

cone 
west 

bvlk of tf'e seal 
::::.,1e She. 

2, W .A. 

ca ch, 

·cated 
N'l if 

f :i research (No. 

A 

was 
1 coveri:ng by-

Seal 
with 

catche have vari 
00 tm:::n:::: recorJed 

the ltppendix . 

cons 
for 

in 

for 91/92; and 10,000 ton:i:1es fo:.c 92/93. 
season runs from April to October. 

In tc:rn Aus ia stu., is :;:·ied O\.:. on 
with only the meat fer further 
Apart 1::-om th;;:-:· above there is lit e 

ton::H2 
scallop 

information and by-catch is not signif according to 
the processors. 

Of er st are by s, of ch 
are gut and 1 esions· The les on 
piece of scallop meat removed during processing to remove 
the nematode worm which infests scallops from the second 
year of age onwards. 

If assume a 10,000 tonne catch, then the 
breakdown will be . 

Shell 
Gut 
Meat 
Lesion 

7,000 tonnes 
700 tonnes 
2, 000 t.onnes 
20-200 tonnes 

The shell may become a valuable by-product if the 
Queensland cal carbonate extraction plant comes 
stream. 

Gut is a considerable tonnage and worth investigating 
further. One cautionary note was the suggestion that 
the gut may concentrate heavy metals, particularly 
cadmium. The literature search revealed only one 
reference to pecten spec s from Phil1 Bay, but 
this did show a mean level of 7.7mg/kg and a range of 3.7 

15 .1. I contacted Heloise Mariath at BRS, who is 
currently testing other seafood products for cadmium, and 
she cted a llingne s to a few es ts 
scall gut if the samples are supplied. 



The tonnage of lesion material is dependent on 
cal when c::.ught . Th'' l 

1:::.h % l of as le, c:ns, 
to find uses for the material, 

returns will be sought 
s a ; to proces 

.c.oncJ.11sion 

age of 
aso, 

of 

frOFi 
included there 

scall in Vic 
is a considerable tonnage 

la1 .d is 
available on a 

consistent basis further utilisation. 

In the context of this ect it 1 s nutritional adequacy 
and feed potential should be investigated, with some 

te s for heavy For W. the 
would need to cover collection, freez landing 

and transport costs. 

Thf:! les matErial been p:ceviously tried 2.s a 
feed supplement with some success and work on this option 
should be completed. It's continued availability is 
likely to be 1 ted volume and valueo 



Western 
Comrno:: c,'al th 
conc·:::n 1ted 

A crude average 
tonnes for 
rel a;:. volun:e: 

By-C.at:ch 

are involvsd. th t'he 

the 

of ,0 O tonnes Northern Prawn 2,000 
State fishery gives an cation of the 

The nature of the trawl 
banana prawns ar:d the 

(perhaps 
ze of 
of by-

with the exception of 
net has inevi tat 

resuJ ed in tonnage Ruello' 

report or the NSC. details much knowI: ormat 
and a number of the papers referred to are compiled in 
the CSIRO publication, The Effects of Fishing, Edited by 
w. J. Gl ter and I. Poiner. 

Addi cornrnents below come discus wi 

fisheries researchers and processors and relate mostly to 
the State fishery. 

There is a wide diversity of opinion regarding meri s 
or otherwise of tempt to util se by-catch limit 
catch, or obtain ongoing statistics relating to retained 
and discarded fish. Opinions are diverse and strongly 
held. At one extreme I am told to ignore by-catch, it 
is not an issue, many of the fish are poisonous, sorting 
operat would be too costly, the sh scarded are 
returned nutrients, juveniles would be collected, large 
catches of by-catch would be targeted in addition to 
prawns, etc. On the other hand, some are keen to pursue 
utilisation catch, understand the impacts 
careful study volumes, weights sizes ensure 
that --catch 1 a managed fishery ongside the targ-et 
species. 

limited. Catch and effort statistics 
retained catch and consist primarily 
-fish, tuna and blue swimmer Much 

Statistics are 
only relate to 
squid, some f 
of the fish is caught by line from the boat when not 
trawling. 



/l.ne by ~::atcl.l cons 
of srnall fish, 

has tl:".·(': dis 
such as grinner, small whiting and goat 

f sh. Tb::: re ~ a 1 tha 
jmreniles. fish :rathe:t 

Report No. 
W''~ tern 

also covered the impact of trawling for 
.·ns cat ·-

area concerned is not the major fisher:{ (See Appendix 

The by-product of prawn processing is prawn heads, 
removed when packing headless prawns and the remaining 
shell :Lus 1, remos.;-ed when pc~awn rr\eat J.S 

of h.ead as in the case of :::ibst:er, .i 

dependent upon market demand for the different pack 
styles and will, therefore, vary considerably. However, 
some prawns e. are usual 
was advised that this year probably 
prawn catch will go to Japan headless 

sol headles . 
70% of the banana 

Based on a 4,000 
tonne catch and a 34% head weight, this alone equates to 
over 1,300 tonnes. Estimates from processors of heads 
available from the W.A. fishery totalled OOt p.a. th a 
further 100t of waste from peeling . 

.C.Unclus ion 

By·- Catch: a detailed analysis of the opportunities s 
beyond the scope of this report. I understand a 
Northern Territory Fish Co-op is looking to prepare fish 
paste for human consumption us by-catch and is 11 
to pay up to $1. 50/kg. for the raw material. Another 
W .:tL company is investigating viability of fish ball 
manufacture for the Asian market. In the first instance 
more facts and less hearsay are required. 

By-Product: prawn heads and total shell should be 
included in the pilot study on fish meal production. 

Small quantities of heads are being exported and there is 
further potent for their utilisation in the 
preparation of stocks and flavours. 



fishery Australia :is 
:h other Sta' ling some 300 
we greenl ar 

abalone, the srna.11 's abalone is also 
collected to a total of about 120 tonnes r year. 

Much of the 
collected off 
only ~h2 meat 

.he roe's 
t as whole we 

brownlip and sorne roe 1 s abalone 
coast is shucked on board with 

is bas2d on me:Jt 

frcrn the west 
t.l'.H::n canned. 

s 

By-product is shell and gut. 
shell is sold and some of the gut 
sauce, but the bulk is discarded. 

1~ percentage of the 
has been made into fish 

Conclusion 

Better tilisation of 
t With 

available in W .A. 
tional Victorian 

gut are 
a than 10 tonnes 

any project would 
Tasmanian product. 



These three fi 
s 

lobster bait. 

as a 

lar locat 

there is a 
least 10,000 tonnes 
has to be 

for about $1 
incentive for 1 tonnage fishing 

have a common 

res 
for at 

and 
sell to the 
provides 

This is 99% ut ised as bait. Tonnage catch varies from 
400 - 2,000 tonnes, typically 1,500 tonnes, wi a value 
of 0.70 to $1/kg as bait. Herring is generally 
preferred by lobster fishermen over salmon heads, the 
only problem being that the herring season peaks towards 
the end of the lobster season, thus incurring storage 
costs and quality deterioration prior to use in the next 
season. 

Since it 
but the 
recorded. 
product. 

is a trap fishery there must be some 
tonnages and types of fish discarded 

The fish are frozen whole, so there 

by-catch, 
were not 
is no by-

Little work has been done recently on human food/higher 
value uses. The Hunts cannery at Albany packed herring 
fillets at one time in a similar way to mackerel, but 
there was little interest in the product. 



Breme:c 
oast cent 

f 

catch is 7,50 tonnes per year with a 
winter months. 

Pilchard is sold for a number of uses 
prices :-

th a range of 

IQF bait 
Block pi 
Tuna feed 
Pet food 
Lobster 

130c/kg 
lOOc/kg 
70c/kg 
55c/kg 
soc/kg 

Prices vary th quality and demand, but are indicative 
of the relative values. Thus recreat fishermen's 
bait as IQF or ock provides best return but 
petfood, tuna feed and lobster bait take up the tonnage. 

catch is quota with le 
and no by-produc product is eo 

t ilchards are of ten 

Mendol 1 s Fremantle S 
suppliers of chards to 
they are sold as sardines. 

are prepared 
crumbed for 

to as 'mulies' . 

Company 
the human 

are l 

food market where 

whole, headed and gutted, 
wholesalers, restaurants and 

The sardines 
filleted and 
retail stores. Some are prepared in the tradition of 

es and sold as ' 
s total less than 

es". Human food 
total catch. 

es f 



ll 
A~~~lmon (A:t::r~pis tu,.1,tta esper) 

'"'."CI' is 
where 

as lobst 
salmon head and f 1 
catch. 

Aust 

the who1 
are 

form, 
for 

t 

a reJ 
E. State:>:: 

KahavJC ace 

whereas the 
t from the WA 

c.h se c:tlong 
south 
total 

an Sa1mc are 
and lower west 
catch typical 

coasts from F'ebruary 
1,500 - 2,000 tonnes. 

to May th a 

A to s usage and val s below 

ComporPnt 

Heads 
Gut 

Flaps 
Backf 
Scale 
Body 

il 

Bait 
Petfood/Silage 

Bait 
Pet food 
Dump 
Canning 

20 
10 

6 

3 
2 
59 

Valne 

lOOc/kg 
15c/kg to -7c/kg 

Oc/kg 
Sc/kg 

-7c/kg 
90c/kg 

The beach price for salmon is typi ly $4 O 450 

tonne. Each quota holder has a maximum t which 
can be used purely for bait (30t), the rest must be 
caught for human consumption. Most is canned as cutlets 
in hrine, with a small amount precooked, as tuna, and 
canned th sauce using the f 1 ·p, significant 
tonnage is used for fish t.e by Peck 1 s, whi st a small 
tonnage is al so smoked. The canned product has a 
limited market and low value. Thus the heads are worth 
more than the body and cut correspondingly large. 

Because of the 1 returns from 
gone into by-product utilisation. 
the scales, only the gut has 
return. The petfood value 

some fort 
With the exception of 

a very low or negative 
includes freezing and 

packaging and 
One company 
using the 
fertiliser. 

has a value by avoiding dumpin9 costs. 
ensiles salmon gut, removing the oil and 
resulting product a fish emuls 



s mackerel is 
been 

west 
also been 
of 500 tonnes 

Salmon 

to Indonesia as a 
annum be 

in pilot s 
200 tonnes a year are e, most of which is 
S age and pet use simply prevent costs. 

Herring, salmon and pilchards are all under 
species from a human food perspective. 
on beach is poor, but the pricing does not 
improvements. If a higher return human food 
be found handling might be improved to match. 
should include herring. 

ut ised 
handling 

encourage 
use could 
Any study 



is r::onceDt rated fi 
ld anc 1 

c 
O - 1,000 tonnes 

o:t :he catc;1 is 
yea-.c. 

and thus retained -eaten. 

'The ht.Lk m: te f sh catch s 

Shark (hand 
cat 

are that ffver 

tc: Perch f 

process 
the re 

four major seafood processors, with 
acros various reta ers. 

By-product available is, therefore, estimated at 3 00 
50 tonnes of tot.al offal compri Lng tH?;ad, gut 
and frames. Some heads are used for bait and some are 
sold for preparat of fish stock but this probab1y 
amounts to no more than 10% of che total. Rende:::ing 
meat plants and silage production (as for salmon) are the 

other uses for the waste 'l':'here fish-mea: .. 
production. 

A separate white fish catch continues to be operational 
off the south coast in the Commonwealth Great Australian 
Bight fishery. Tonnage catches of orange roughy, dory 
and some gemfish have been inconsistent, but up to 500 
tonnes of roughy and dory heads were quoted as available. 
Some has been used as lobster t. 

Estuarine fisheries along the coastl contribute a 
further 1,000 tonnes to the total WA catch, but this is 
spread over a large number of boats and locations and 
could not be considered as availabl by-product. 

Conclusiilll 

Setting up a fish meal plant with the ability to extract 
oil (particularly orange roughy is the obvious option 
for the available by-product. It 1 s viability is 
questionable and would. depend upon guaranteeing supply 
from the major processors and from the Big-ht fishery. 

If discarded by-catch from other fisheries was retained 
this could provide another source of raw material, but at 
what cost? 



The total fi 

catch 15%- scarded 
area fished. 

generally only out for one 
return by-catch. On 

fi Western 
about 1,500 tonnes. 

The 

southern 
1 

On the 

coast ( 

('lf' 1,000 

coast 

boats can be out for a week or ten relying on brine 
th target shark, storage. If the tanks can be filled 

then excess scale fish will be discarded. 

Heads and guts are discarded, skin occasionally for 
leather, fins retained and trunks kept for f lets where 
mercury levels allow. Only the Port Jackson sharks is 
discarded in total apart from the fins. The spur dog 
shark from deep water is targeted for it is liver oil. 

Conclusjon 

If other shark utilisation projects across the Country 
become viable they may find application in WA. 

Southern Bluefin Tuna 

The local fishery is now small 
license holders. Whole sashimi 
market. One processor prepares 
and export sale. 

in size with few quota 
for Japan is the target 

smoked tuna for domestic 



ture WA consists of 
, marron, trout 

an:':! 

ar 
in farm dams is 
cottage 

150 tonnes 

slowly the 
otherwise it is an all year indust 
product goes to th northern hemi 

s 

from a 

erstate) 

of the 
summer 

demand providing the peak when stocks are lowest. 

One collector and packer handles two thirds of the total 
cat.ch. He currently sells 1 the product Europe, 
as a "manufacturing product!!, where it is sorted and 
'culled' with the unsaleable yabbies converted into meat, 
lobster stock and sauces. The cull is 30 - 35% of the 
total; mainly yabbies with marked shells, missing claws 
or too small for the restaurants. There is an 
opportunity to cull in Australia and value add the culled 
by-product. 

Trout farming is relevant to the fish meal project since 
the trout has a high oil content and particularly high 
levels of the 20:5 and 22:6 unsaturated fatty acids. 
Anecdotal evidence has it that aquaculture snapper "go 
mad for trout 11 • Mike Hoxey, an aqua cul tu re feed 
consultant, is deteiLnining tonnages available in WA. 
Although these will be small in WA nationally there will 
be significant tonnages of gut available. 



L:::dce a ld tf ish (Argv r) 
fishery of about 100 tonnes f resn weight 
an additional 60 tonnes by-catch. 

cut a~. L::ike 

Some 

pltlS 

Filleting i 

t· t,es 
ed 

a barramundi aquaculture project 
which ~o-existc in the lake Funds are currently being 

er a ecc conv~:' all 
product to a dry feed us low cost technology. 

The use of by-product into aquaculture feeds is well 
in abovto: c:::xamplc:~s. 

Culled yabbies may have a higher value potent than 
will be realised from fish meal. Reformed products, 
f avourings and soups have been suggested as 
products. 

sible end 



1 - WA No l.00 

"The l 
on the coas 

off south--western Austral " 

L.J-.B. Laurenson, P. , J.W. Penn, R.C.,J. 
Lenanton. 

Whilst this two study 
grounds in ch the bulk of 
caught Western Australia, 
tonnages of total by-catch ( 

not cover the f i 
l and 

it does 
and dis 

relative to . target species. 

western 
waters 

on the 

Quot from the abstract "During a year of intensive 
commercial catch sampling (1990/91) an estimated 354 
tonnes of marine fauna were taken by the trawlers, 
comprising 109 tonnes of the target species, 21 tonnes 
of retained by-catch and 224 tonnes of discards of which 
approximately 67 percent were unlikely to 
survive ..... Comparisons of fish communities present in 
surveys of commercially trawled and untrawled grounds 
indicated that commercial trawling had no significant 
impact on the benthic communities of existing commercial 
trawl grounds. 11 

Typical species of by-catch were whiting, rays, angel 
sharks, sand trevally and blue manna crabs. 
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Western Australian fisheries 

990-91 1991-92 i 992-93 ps 
------------

$'000 $'000 $'000 

Crustaceans 
Lobster 9 262 194 722 12 202 252 150 2 036 216 492 
Prawns 3 i52 25 719 3 085 25 158 1 718 13 329 
Crabs 315 1 738 191 167 
Other 8 47 49 .5 

Total 12 738 222 225 547 13 925 230 

Molluscs 
Abalone 302 7 359 199 192 ·1 

Scallops 6 264 17 164 510 10000 000 
Mussels 158 304 i2L; 263 19 40 

73 261 62 240 33 126 
9 10 11 18 16 26 

Total 6 807 25 099 21 046 66 229 10 260 33003 

Fish 
Tuna 262 410 168 244 36 57 
Shark 1 923 4 433 2 136 4 998 i 321 2 973 
Australian salmon 2 119 774 1 306 483 2000 900 
Snapper 1 284 3 815 ! 92 3 848 567 1 752 
Cobbler 187 49!) 207 945 134 
West Austr:J.iian 219 1 493 183 1 174 103 664 
Spanish rn11c.<ercJ 265 1 (,41) 389 1 422 220 804 
Sea mullet 427 515 492 716 362 526 
Yelloweye mullet 229 229 121 97 
Pilchards 9 106 4 185 7 327 3 945 7 500 4 500 
Australian herring 1 518 608 j 298 519 530 239 
Whiting 207 63( 196 750 113 431 
Other 2 662 5 75'~ 'l r,49 9 862 ':: 519 '3 160 

Total 20 179 24 158 18 774 29 088 15 825 21 713 

Aquaculture 
Pearls • 126 187 79 000 79 000 
Other 210 1 149 401 2 157 401 2 157 

Total 210 127 336 401 81 157 401 81 157 

Total 39 934 398 818 55 786 455 021 40 411 366 472 

a tnctudes an estimate of pcari production in Western Australia and the Northern Territory. p PrehminJ:ry. s ABARE estimates. 
Sources:. V1!es1em Australian Fis!1cries Department: ABARE. 

8 Austrattan Fisheries Stali::iliCs 1993 



ucti 

1 rnmonVl'~2 . l fishe; :es 1 ;;ci;•ction /,~ ;.-unued) ,, 

--·----· 
1990-91 • -92. 992-93 PS 

$'000 $'000 $'000 

Great .. usi·"ilian 
Orange g~s i 99 627 . 762 458 l 017 

flathead 365 514 62.1 785 508 642 
Gemfish 172 162 274 468 132 226 
Bight 'i2 131 172 44 58 
Jackass r:.c.wong 03 81 96 68 80 
King dory 'i2 21 63 90 27 39 
Blue grenadier 32 63 50 45 74 
Spiky oreo 23 45 46 58 21 24 
Ling 23 33 30 17 15 
Squid 27 61 32 69 5 i 1 
Other 433 661 i78 317 173 256 
Total 2 144 2 914 2 136 3 929 1 499 2 442 

Southern shark 
Schoo' and gummy 2 361 12 S88 2 134 'j 529 2 003 1 876 
Other 368 105 613 1 236 583 ! 245 
Other 638 2 550 638 2 617 664 2 791 

Total 2 801 16 643 3 385 17 383 3 250 15 912 

East coast tuna 
Yellowfin 569 4 500 628 998 626 4 977 
Southern bluefin 8 300 
Albacore 86 200 177 407 174 399 
Bigeye 14 150 26 247 26 248 
Billfish 36 150 62 312 60 300 
Skipjack 208 '125 212 128 
Other fish 283 464 143 768 149 000 

Total 997 6 764 1 244 6 857 1 246 7 052 

East coast purse seine 
Yellowfin 40 150 
Skipjack 6 000 3 600 6 633 3 980 6 630 3 978 
Albacore 1 3 1 3 
Big eye 

Total 6 040 3 750 6 634 3 983 6 631 3 981 

Southern bluefin tuna 
Domestic 3059 -14 100 2 142 1 049 1 741 9 962 
Joint venture 941 30 110 2 073 37 936 2 450 66 934 
Other 344 11 344 800 14 640 650 17 758 

Total 4 343 55 554 5 015 63 625 4 841 94 654 

Total production 82 285 294 484 66 283 277 769 59 009 309 297 

a !ndud.es north west slope and Kirnberty coast prawn fisheries. na Not available. p Preliminary. ;\BARE estime.tes. 
Sources: Department of Primary Industries and Energy; Australian Fisheries Management Authority; ABARE. 

Australian Fisheries Statistics 1993 13 
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,,1 INTRODUCTION 

By-products 

re~;;iJrce 

via land 

fish 

arH an 

coastal waters. 

environmental pollution. An alternative means utilisation is in 

as dourc::: of as eed 

The project was to investigate the suitability or various fish 

Westc::rn as 

ingredients studying their chemical composition, annual 

and variations. 

annual production variation waste 

Vvestern Australia are described in a separate report which was 

previously submitted the National Seafood Centre CNalsh, 1994). 

This report presents the findings on the chemical analysis study. 

1.2 AIM OF STUDY 

The aim of the study was to pertorm proximate analyses and fatty acid 

analyses on selected fisheries by-products with the view on assessing 

their suitability for inclusion in aquaculture ·reeds. 

1.3 BY PRODUCT 11:.NAL YSED 

Tr1e by-products analysed included abalone scaiiop lesions, 

prawn heads, trout offal and trout flesh and bones remaining after 

filleting. by-products were provided by North \Nest Seafoods Ply 
Ltd, Lonirnar Australia Pty Ltd and Clover Cottage Trout Farm. 

1.4 PROXIMATE ANALYSIS RESULTS 

Scallop lesions contained a higher protein content than any other by-

product (range 42.9% (trout ·flesh bone) 

{scallop lesions)). Lipid levels were highest 

80.6% dry matter 

the trout offal {26.2% 

dry rnatter) and flesh and tJone (24.5% dry rnatter) and lovvest in 

scallop lesions (7.9% dry matter). The abalone offal also contained 



1.5 

levels 

prawn 

14.9% 

bone 

(1 

was 

dry 

similar in 

Ash was high 

by-products (9.6-

(20, 

,6%) ar 

wa.s similar 

flesh a .. 

While were significant differences percentages total 

saturated fatty acids betvveen waste materials . %-33.7% fatty 

there marked in total saturak::d 

found in (range: OOg lesions! 

l .18g/1 OOg (trout offal)). 

There were significant differences in tote.I monounsatura.ted fatty acids 

the levels observed trout (10.43, 

72g/1 OOg), ·the lowest in lesions OOg). 

The total quantity of polyunsaturated fatty acids (PUFA) was in 

waste and OOg) lowest in heads 

(1.92g/1 OOg) the total of n-3 was in all 

products studied. The most abundant fatty acid in all waste materials, 

except trout waste, was palmitic acid C16:0 (14.3-21.4% total fatty 

. In lipids trout and trout and oleic 

1 , was abundant, representing up to total fatty 

acids. 

1.6 POTENTIAL USE IN FEEDS 

Ali wastes studied have potential use in aquaculture feeds both as a 

protein source and as a source of HUFA's. The limiting factor this 

application will be the percentage recovery after drying (and hence the 

financial return ·fish processors) and thE1 annual volume. 

Scallop waste was found to be superior to other waste products as 

they had the highest protein content and the highest n3/n6 lipid ration, 

the seasonal variation product 1994) 

its present use as a lobster probably precludes 

application aquaculture feed manufacture. 
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containing 4~!.0% matter compared 20. 7"31.6% in wastes. 

l(wels 

econorrncal 

tf8.S 

werr.0 also 
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the fOW 
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of 

manufacture aquaculture feeds usin~1 these produets, 

Such application could developed with commercial marron farrns 

the trout offal alsc 

produced. 

Two waste sources identified in the annual production survey with 

potential feeds, salrtmn fish 

heads and frames, were not analysed as part this study. Fatty acid 

analysis these be out to assess the lavels 

HUFAs present in these wastes and determine other important 

compositional 

components). 

(% dry matter, ash 
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IC.A_ 
VIASTES 

nasourcEL significant proprntion of the rssource currently disposed 

"fill or into coastal 

environmental pollution. 

disoosal ls 

One 

feeds. 

convert 

is 

aitemative approacr1 to land 

a 
use 

'former 

water 

Aquaculture accounted for i 2-14% of world's fisheries production in 

1987 and this figure is expected rise 20% by year 2000. In 

there oredicticns thaJ thG amount fish 

aquaculture could some day surpass the yield from wild fish (Bimbo & 

Growther, 1992}. Feed represents the major cost constituent in 

aquaculture production. For example, 

feed has been estimated to represent 

shrirnp aquaculture the 

to 60% total production 

costs (Akiyama et. al. i Sarn.cet. ., 1993). 

Fishmeal is used extensively in aquaculture feed as a source of protein 

and, a lesser extent, acids. total of 873.,000 tonnes of 

fishmeal were used in world aquaculture feeds i 990 (Bimbo & 

Growther, 1992) and demand is expected to increase as aquaculture 

grovvs. Commercial meals used manufacture aquaculture 

Australia are imported from Denmark, Peru, Chile other 

countries. These feeds a.re expensive (approx $1,000/tonne) and, in 

the case of prawn meals, are a possible source of 

introduction. Fish meals produced from locally sourced fisheries 

could an alternative , possibly at a cost 

is presently available. 

The use of fls!1meals aquaculture feeds provides bene-:lts 

terms of the quality of the farmed fish products. Epidemiological, 

clinical and biochemical studies performed during the last ten to fifteen 

years have suggested consumption of is beneficial 

reducing the risk of cardiovascular disease (Oyerberg, 1986; 



Fernandes and Venkatraman, 1993). beneficial effect is 

anima.1s w!iic.;h is 

eicosapentaenoic acid 20"5 ''"' t::i) ioca·~?··pent·:~enr";,... " ~t'"V, t,,, '~O~ ,,·-;_,:f..-<\ i~",d\,.,. 

1 

Po1yunsaturated fatty 

d.S 

marine and freshwater environments (Dyerberg, 986). These fatty 

acias everitua;iy muva up £he food chai1 • are ;.1corporatad 
pl rn 

exclusively 20- and 22- carbon highly unsaturated fatty acids (HUFAs). 

TerrestriaJ food chains also coritain n~3 PUFAs, but the majority of fatty 

acids terrestrial derived foods belong the n-6 PUFA family. The 

PU found and mi;scle ·rat primarily 

linoleic acid ( 18:2 n-6). Only a small amount of linolenic acid ( 18:3 n-

3) is present. Human beings do not efficiently elongate and desaturate 

lino!enic acid 20- fatiy acids, even vvhen taken in high doses 

(Renand and Nordoy, 1983; Herald and Kinsella, 1986; Dyerberg, 

1986). in contrast, rainbow trout readily convert C18:3 n-3 to C20 and 

C22 HUFAs, and other fish and silellfish species elongate and 

desaturate L-!inoienate 'Nith varying degrees of efficiency (Pigott and 

Ticker, 1990). Thus, farmed fish and shellfish could be significant 

source of n-3 Uf As in food consumed by 1~1umans. 

The fatty acid profile found in farmed fish and shellfish is affected by 

the content formulated diets to cultured stock. 

A direct comparison of the n-3 fa.tty acid content of cultured versus wild 

fish and crayfish has revealed distinctly lower levels of n-3 fatty acids 

in cultured species unless they were fed diets enriched with oils high in 

n-3 fatty acids (Suzuki al. 986). Thus, if cu!tivated fish are fed 

diets containing primary vegetable based oils n-6 PUFAs are likely to 

predominate. The components of the aquaculture diets are controlled 

mainly by cost and are based on soybean meal in which n-6 fatty 

acids predominate. The level of n-3 fatty acids can be increased by 

dietary manipulations (Cllanmugam et. al., 1986; Pigott and Ticker, 

1990). The waste products fish processing industries as as 

being economical protein source for aquaculture diets could be source 

5 



higriiy fatty acids ensuring the availability of 

·ne ! nr.i ·e m. 

rnore on nutritional increase. of 

c 
m:·•r·!"et1'nr• rJaran1'~~ter c::t~ ,;\. '8 t '." <\.."" '"""'''L;tl;' market derr1and and, 

occ .:r' enc8 

PUFA aquaculture feed ingredients and the !nfluence of their 

warranted. 

The of present research was perform proximate analyses 

1atty 0n selec::ted vvith vie'lflf 

assessing their suitability for inclusion aquaculture feeds .. 

The by-products analysed included abalone offal, scallop lesions, 

and trout bones 'Nith after 

filleting. 

2.2 MATERIALS AND METHODS 

2.2. i Source of Fish Processing Wastes 

The abalone by~products were obtained from Lonimar Australia 

and comprised frozen abalone offal. The first two batches of 

abalone vvaste were obtained in March 1 first batch 

contained offal from the Roe's abalone Haliotis roei caught in 

January ·· February 1 The second batch contained offal 

from the greenlip abalone Haliotis laevigata caught in March 

1994, batch was obtained June 1 and 

contained offal from the brownlip abalone Haliotis ruber caught 

in 1 

The waste material frorr1 scallop Amusium ballot/ \Nas obtained 

from Nor-West Seafoods Pty Ltd. It comprised frozen slices of 

muscle tis~sue containing a small nernatode parasite which is cut 

from the main body of the scallop prior to marketing. Only one 

batch of scallop lesions was available in the span this project. 

It was obtained in March 1994. 
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waste products the form prawn are generated 

as a 
King pr d.\tv'n 

Yrn·:vi::.>rl prav11n heads \~iare obtainEid 

W3.Stes were representl:ld 

rem a; after 

Nor-vVest 

offal and bnnes 

Clover Cottage Farm in March 1 

Prepaxat!on 

The and rnatter wet 

.JS 

flesh 

was analysed (AOAC, 19.75). Defrosted by-products were then 

at 50°C for 5 hours using a domestic dehydrator (Harvest 

Maid Dehydrator Q High Model 000), in 

an electric grinder and stored in glass jars in a refrigerator until 

analysed. 

resulting powders were used for proximate analyses. 

2.2.3 Proximate Analysis 

For moisture determination, 7g powder 1Nere 

dried at 105°C for 24 hours. The completely dried sample was 

then ashed in a muffle furnace for 6 hours at 600°C for ash 

determination 1975). Protein analysis performed 

by macro-Kjeldahl method using Kjeitec Auto System with a 

!<jeitec Auto 1030 Analyzer. 

samples by Folch et. 

lipids vvere 

(1957) method. 

from 1g 

Fatty 

composition of total lipids was analysed by gas 

chromatography-mass spectrmnetry analysis (Christie, 1 

2.2.4 Fatty Acid Analysis 

Fatty acids the fraction, dissolved toluene, were 

converted to their methyl ester derivatives by adding 2 volumes 

of 1 % sulphuric acid in methanol and allowing stand 2 

h 50°C. Five ml of 5% aqueous sodium chloride solution was 

7 



added to each samole, by Oml hexane. The 

was anc 

residue re-extracted with an additional Om! volume of hexane. 

Wf:Y'E, an:" 

4ml .After phase separation, 

sa w 
anhydrous sodium These 

acids (FAMES), were analysed using a Hewlett 

\''.ft:lS 

on a DB 23 column (ID 0.32mm and film thickness 0.25mm) 

initiai temr::i::iraturn 

was 50°C followed by an increasing gradient of 

5°C/min a vvith tempE:raturE3 

being held at least another 20 min. Run times were 

approximately one fatty c.cids vvere 

using known retention times, standards and mass spectra and 

quantified by introducing an standard 

acid) of known weight before methylation. The added 

nonadecanoic provided known ratio area integration 

weight of standard concentration allowing the weight of the 

other fatty acids to be calculated from their area integrations. 

The results were expressed as percentage of total fatty acids 

and as grams per 100 grams of sample. 

2.2.5 Stattstica! Analysis 

Analysis of variance (ANOVA) was used to determine significant 

differences among means for individual and total fatty acids 

for each waste material. Differences between means were 

determined to significant at P<0.05. 

2.3 RESULTS 

Data on chemical composition of 

Table i. 

by-products are listed 
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1 

?ROXUvlATE iSES UF SclEC"fED FISHEFhES BY-?RODUCT$ 

r-~---·-----, lP"rotein "T"" Lioids Ash 

' '
01 I .:~~:~~ai p~wder .. L1 Matter) -+' Matte!t M~!~,r) -·-----·---r 

..,, I '1\l_r,;:c. ""' "'7 i 6' '?) ; ~ 0_..;,"'o j I 
___ , _______ L__'_'-'_-"'o ~O.U ~~·~·o'~- I , -.; ·-+---~----i 

i I 'I 
j ' I Ab~.~ne c.~al 2. r-~3.61 ___ 98.4l-~~~1~_ 1 _ _2.4~30 --!-~2.53 -j 

3 I 25.64 94.39 ' 1.90 I 13.84 I 11 1' 

r----·-·------···-···· .. -~·-------··--- -~· .. ----------r-··------r-····---~-. 

I Scallop lesions 20.74 88.82 80.55 · 7.86 1 14.35 ,--... -· ~---~--

! 
I heads 

··--·---

27.70 96.69 

r--~,,·-·-----
i :!29.80 

1 

Trout fle.·s .. h··· -a-no-I 1.96 99 .46 42.83 i j 18.25 ·-- ~---· -··--- ~--+ --·t-----1 

I Trout offal ___ ~__,...--3-1_.s_2 _____ 9_a_._7_s~ ___ e_3_.6.2 j 26.17 J __ s._ss __ _ 

* 1 . Haliotis roei 
2. H. Laevig.ata 
3. H. Ruber 



The material from prccessin~i containing flesh 

the highest oercentaae dry matter .. twice much 
II "·J 

oones 

scallop 

··1ee.. 
highE3r protein contents, 1Nhich agreernent witt1 

flu',,. fl",.11·,.,,r,5· f~, 
~ ,!>~ I !!:J ·,··· ' 

bones l<:Mal and trout ash 
·ries c •. 

of acids tt1e of 

fisheries by-products investigated. Significant differences among 

individual fatty acid percentages were detected. 

The most abundant fatty in waste materials, except trout 

waste, was paJmitic Ci 6:0. In lipids trout and 

and offal acid 8: 1 was the abundant, 

to 30% total fatty acids. Trout waste materials differed in the 

percentage llnoleic (C1 which 4-5 as 

as in other materials. The percentage of linolenic acid (C18:3 n-3) in 

trout waste was lower than in abalone, but higher compared to prawn 

heads. 

Extremely low amounts of · arachidonic acid (20:4 n-6) and 

eicosapentaenoic acid 20:Ei vvere observed in lipids 

trout waste, compared to other wastes. levels of these fatty acids 

were similar other waste meals, 

acid being sligr1tly higher the batch 2 

lower in the batch 3 abalone offal. 

the exception 

abalone offal 

arachidonic 

EPA 

Some fatty acids such as C19:0, C19:1, C22:0 and C22:1 were not 

detected in most materials. those products where tt1ey were found, 

they were present in amounts than , except C22: in 

trout wastes. 
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r-·······-~···~·~-~-------·~. ----

l • !• ':> ICY'" off i 

L Acid -+ ~~~J-<~;.~~~-2 "-1-,~:;~tch .~~-
' 4 4~·• n 1 ~t >'·4 + '1 t·i'Ja I 9 4"• Q 3i,;iJ 

i i 

: . '·· "· . . .. - ... . I . ~· . C4 

1 ·1 ± o.oaac 1.65 ± o.1ab I' 1.24 ± o.01a 

· 1 8 84 ±: .9oab 22 ·1 + ! • -

o.osa 
,. 22 · o 25b 11 5 86 o 3oc I i::'. •• ::1:. • • • ± . ~ 

I 1 ± 1 I 1 o.02ad 

14.58 ± 0.4oa I 3.74 ± o.01a 

1.0'.'8 i ~.30 :!: Q.72a I 21.32 ± 0.42b 

± o.osa 

u 1 ± o.09b I o.so ± o~ooc 

i.84 ± 

0.98 ± o.o4a 

I 0.?6 ± o.o4a 
I 1 ± Q,41<l 
I 
I 9.07 ± 0.93b 

± o.eaab 

4.07 j: 1.18a 

i 

I 

I 0.21 ± o-.oac 
I 

0.30 ± o.ooa 
2.55 ± o.o9ab 

FishlE!Jries By-products of total 

Pr©iwn 

Heads 

2.09 ± ocd 

1.ss ± o.02b 

4.30 0.4ib 

5.26 ± 0.17C 

2.ss ± o.02b 

9.36 ± o.2sb 

12.38 ± o.2ssac 

1.40 ± o.02b 

0.62 ± 0.01 3 

0.32 ± 0.Q4C 

o.a1 ± o.osb 
3.oe ± o.o4b 
6.07 ± o.oaa 
8.08±0.16a 

0.46 ± 0.03 

2.20 ± o.01abc 

5.82 ± o.osa 

Scallop 

lesions 

1.65 ± o.22c 

o.a2 ± o.01cc1 

1 ± 2.1 

10 ± o.25b 

~t 0.94C 

7.32 ± o.osb 

1.03 ± 0.38a 

1.27 :t o.22c 

5.14±0.75a 

9.07 ± 1 

1.17 ± 0 .1 sbc 
14.38 ± 2. ·15b 

acids)* 

I Trout !Flesh 

I. and Bones 

3.04 ± 11d 

o.1s ± o.o3d 
7.96 ± o.01a 

0.os ± o.11d 

o.66 ::t o.03d 

7.10 ± 0.36c 

31.21 2.36d 

s.01 ± o.10d 

I 0.38 0.01 b 

I 0.34 ± o.02a 

.. 1.15±0.Q6d 
! 

o.34 ± o.03b 

0.25 ± o.02a 

I, 6.65 ± o.2ea 

0.64 ± O.Q7C 

I 0.84 ~ 0.10° 

'0.18 ± 0.02 

l2.so±o.14b 

0.52 ± o.01bc 

15 ± 0.42a 

TABLE2 

T ••·lb I l'Oc,h l 

Offal ~ 
2.84 ± o.o7d 1 

0.84 :J:: o.02cd I 
1 ± I 

7.35 ± o.1oe 

0.35 ± o.02a 

1.'12±0.Q2d 

o.2s ± o.oso 
0.30 ± 0.028 

·14 ± o.3·1a 

0.99 ± o.11c 

0.81 ± o.o6c 

0.18 ± 0.03 

2.44 ± 0.1 

0.39 ± o.osc 
5.62 ± 0.3881 

arc near:.:1 :: 
indicates 

values across rows not sharing the same superscript letter are significant!y different. 



Lipids Fisheries By~products OOg 

, __ -::~: __ J-~-~.-l.-~!1-.... 1--~~:!:~:fl•; l __ Batc~ ·: J :::; 
· i 4:0 I ± I :t o.osb I 11 ± 

* 

1 1 OJ>2bd · ± o.ooab 1 15 ± 

i 

'!8:0 

i 9:1 

n-6 

n-3 

20.1 

20:4 n 

1 

Table 2 

:t o.2sa 

::t o.02ac 

0.17 ± 

± 

:i: o.oeab 
± 0.01 3 

0.01 8 

± o.ooa 

0.42 ± 

Legend 

12.41 ±0.26 

I 0.28 ± o.o3a 

02ac 

closab 

11 ± o.01b 

I :.: o.osb 

I 0.12 ± o.01ab 

o.o3 ± o.ooa 

o. o.058 

1. 12b 

0.95 ± 0.1 

2.83 ± 1.-rn ± o.03b 

0.75 ± 

± o.oobc 

± 0.01 8 

2.72 ± 

0.06 ± 

± o.01c 

± 0.038 

± o.ooa 

0.76 ± 

1.00 ± o.02ac 

0.11 ± o.ooa 

0.62 ± o.01a 

0.03 ± o.ooc 

0.01 ± o.oob 
0.25 ± 

0.49 ± o.01c 

o.ss ± o.01ab 

o.o4 ± o.ooa 

± o.01abc 18 ± 

0.47 ± 17b 

Scallop 

lesions 
Trout 

·---,i--
and Bones 

o.02d 

o. i o.01d 

'3.86 ± 0.1 

1.73 ± 0.038 

0.13 ± 

0.06 :t 

1 ± o.11b 

11 ± o.02d 

0.15 

0.50 ± 

0.59 ± 0.07C 

0.1Q±Q.Q1C 

o.os ± o.03b 

0.10 ± 

0.39 

o.ss ± o.11b 

0.09 ± cd 

1.1 o ± o.11b 

0. ± o.01bc 

O.Q7C 

± 0.00 b 

0.25 ± o.01b 

0.01 ± o.oob 
o.o5 ± o.oon 
1 ± o.osc 
o. 4 :±: o.01d 

0.18 ± o.02c 

0.04 ± o.ooa 

o.03b 

± o.01cd 

0.89 ± 0.098 

TAdBLE 

Tro~ 
Off~~~~~! 

I 

± o.02d I 

I 1 ± o.osc 
I 

7.10 ± 0.48d 

1.84 ± 0.040 

± 0.00° 

± o.ooa 

0.26 ± o.o3b 

0.01 ± o.oob 
0.01 ± o.oob 

I .,,. 0 07c .&t,£'! ± . 

± o.02d 

0.19 ± 1c 

o.04 ± o.ooa 
± o.osb 
± o.02d 

1.s1 ± o.osb 
---~ 



. Th 

percentages wi:~re seen in 

ti::llty 

corr 

wa:..:: 

head rneal 

Gu 
grams of sample). It can be seen that were no significant 

hand, and flesh 

The sumn1ary of 

There no 

'::;:ailop 

on the other. 

Fire prest:nted TaiJ!es 

total 

Jn on;; 

5. 

acids 

between waste materials, for scallop waste naving a significantly lower 

percentage saturated fatty acids compared batch 3 abalone offal (Table 

the '?tmount ·fatty in Naste 

as g/100 g sample was about twice as hign as in other waste materials (Table 

5). 

There were significant differences in total monounsaturated fatty acids 

(rnonoenes), with the highest level being observed in trout wastes and the 

lowest scallop (Table 4 & 5). 

Scallop waste significantly higher percentages total PUFA, well as 

HUFA, in its fatty acid profile compared to other products (Table 4). The 

absolute amount of total PUFA was the highest trout offal while the amount of 

HUFA was similar all materials studied 5). 

2.4 DISCUSSION 

The data on chemical composition of several ·fisheries by-products indicate that 

they are in and can be used an alternative protein source in the 

production of meal. extremely level protein vvas obsen1ed in 

scallop waste, which is produced often large quantities (see 3.0). The amount 

this waste generated year fluctuates cl1apending the but 

generally exceeds ·1 O tonnes. 
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Summarised Fatty Acids of Lipids from Fisheries By-products(% of tcrtai fatty acids}* 

Fattv Acids** Batch 1 
-~·------i ... . ---. ~ 

Saturates 132.95 1.9380 

Monoenes 24.48 ± o.a3a 
PU 1 22.32 ± .27ab 

n-6 PUFA 

n-3 PUFA 

n-3 HUFA 

8.40 ± o.22a 

5.66 0.34a 

11.41 ± o.21ab 

n-3/n-6 .86 ± o.02a 

HUFA'n-6 ratio 1.36 ± o.01a 

See Table 2 for legend 

Abalone offal 

30.50 ± 17ab 

20.52 ± 1.01 b 

± 

1 o.38 ± a.sob 
1 ± 2.56ab 

11 .49 ± 2.11 ab 

1 ± o.25bc 

1.11 ± 0.21 ae 

** See for d~3finition of PUFA, HUFA. 

37.59 ± o.6oa 

33.63 ± 0.36C 

3.94 ± 0.55b 

6.24 ± 0.22° 

7'.69 o,34bd 

7.45 ± o.26ad 

1.23 ± o.01c 

1.19 ± o.ooae 

20.68 ± 0.39a 

23.74 ± 0.¥iabc 

7.47 ± o.01ac 

1 ± zuqa 
16.11 ± 0.21 b 

1 ± 

2.16 ± o.01b 

10.78 ± 0.89d 

31 

6.46 ± 0.78C 

25.40 

24.63 ± 3.64C 

3.89 

± 0. 0.61 ± 0.Q7cl 

TABLEi 4 

± .54e 

17. ..t 

± o.osa 

1 
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Summarised Fatty Aceds of Lipids from Fishew1it~s (g/100 £) 

---r----·-~·-,-··----·------

Ab"'i''~ne lf' .. ff', ""I I 1:'3tc,wn ' c;:f'·"'lio;;ri ! I I "' "'· "11 .,. r , lb' , , "-1· .,""' 1,, 
1 

, . 

-~~-c_id_s_**_:~~~-B~a-t~c~h~1_._~----~:-,=~~B-~=tc~h-_2-. ~~-....---B-at_c_h_3_--1 ___ , __ t-!_~ads .... _L __ t:~sion'.~-,+~:rt~J!Q~S .. L__ ,. {)ff#'.'J ___ J 
Saturates 3.85 ± o.23a 3.90 ± o.43ab 4.80 ± o.osb l' 2.61 ±.· ~.05~ 12 .. 07 ± o.21c 16.4; ± ioJ 1 .• 7.18 :t i od ! 
Mon0(2mes 1 :l:: o.01a 2.62 0.1 4.30 ± o.05b 1.68 :t: 0.031 ' I 0.83 :±: : 1 ± ' 1 ± I 

2. ± o.oeacd 2.97 ± 0.3sac 11.78 ± o.01b 1.92 ± o.o4b I 2.24 ± Q,34ab l 3.25 ± 13cd I ~194 :i.: 0.06° 11

1 Total PUFA 

n--6 PUFA 

n·3 PUFA 

n-3 HUFA 

0.96 ± o.02a 1.33 ± 0.1 0.80 ± o.03ac 0.60 ± 0.01 II ~.49 :!: 11 . I± 1f 

1.ao ± a.048 1.64 o.31 ab o.sa ± o.o4b 1,32 ± o.03ab 1 1.94 i 1 .:!:: I 
1.31 ± o.02a 1 ± o.2aab I 0.95 ± o.o3a 11.30 ± o.02ab I 1 ± o.2sb I 3 ± 14a .58 :t 11ab 

I i I ! I 
"-------~---·--___._ ________ ........._ _____ ....__ ___ . __ __.__ .. ____ __j_··"--··~·--·-L--·····-···-···-' 

See Tables 2 and 4 for Legend 
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the EJ8 

quantities 3.0) anci are presentiy an approacn 

a ~ource 

ir::;43\ 

Most r:o!!ectect ::ls fro?en or carn1e'1 rneat, 

procJucing offal as a materiaL 

three batches of abalone waste was similar. Hepatooancreas 

certsdniy tu lipid as 

liver lipids trout offal. Trout waste resulting from filleting and 

co;, taining with rnmn "!esh a leveiL 

The large percentage of lipids found in trout wastes probably re,flects 

the high \'.""3nergy diet 0:: used trou:: 

The main emphasis the 

composition lipids from the waste materials. 

altemativt::o protein SOLffces 

was acid 

Although there are 

aquaculture feeds, these sources rarely provide the full spectrum of 

essential fatty acids present aquatic organisms" 

The results obtained in this study showed a significant variation fatty 

acid profiles between waste fish meals studied. The highest variety of 

fatty acids was observed in wastes, vvhich contained minor fatty 

acids absent in abalone, prawn heads or scallop lesions (Ci 9:0, 

c·i '!,C22:0, 1). 

Tr1e distribution summary classes fatty acids waste materials 

shown in Figures 1 & 2. 

There were significant differences in the percentages of some 

summary classes of fatly acids between batches of abalone offaL 

Thus, the percentage of monounsaturated fatty acids was higher and 

that of PUFl\ - lower batch 3. amount of n-3 HUFA was also 

lower in batch 3, but the differences were not statistically significant. 

Whether these differences can be attributed to the different site or 

different season of catch, or to the fact that U1ese batches were 

obtained from different species of abalone is unclear. In al! batches no 

i6 



DHA n-3J vvas aetected, relatively high leve1 

comparer:i to other products was observed. 

Llpids prawn head wera characterised 

'::tn:' 'J 

from had of as 

from prawn heads, but the percentage DHA was more twice 

that of prawn heads. On whole, the percentage of n-3 HUFA in 

was highest all while 

percentage of monoenes was the lowest. The complete iack of 

linolenlc acid (Cl 8:3 in scallop tissue 

n-3 HUFAs provides evidencfi ·for 

elongation of n-3 PUFAs. 

high ieve!s 
desaturation and 

The fatty acid profiles of lipids from trout wastes differed from those of 

other wastes investigated. They were characterised by a very high 

leve:1I monounsaturatt::1d fatty acids, which accounted about ha.If 

of all fatty acids present. 

The percentage of arachidonic acid n-6 was low in 

wastes but the percentage of n-6 PUFA did not differ from that of other 

products due high of lino!eic (18:2 . The distribution of 

arachidonic linoleic acid ths trout fatty acid was the 
reverse that seen in other wastes. The percentage of EPA in trout 

wastes was 10 lmNer in wastes, 'Nhereas the 

percentage of DHA was similar to that in abalone waste. A very low 

percentage of 22:5 n-3 was observed in trout wastes. 

The standard approach of comparing lipids is by calculating their n-3/ 

n-6 ratio. The highest n-3/n-6 ratio in this study was observed for 11pids 

scallop , followed prawn (2. i . The 

ratio was obtained with trout waste (0. 75). 

7 



(1 C20 

n-;:; are only available rrom water source roods. This 

and 

Accordinq 

is to 

onlv 

our HUFNn··6 ratios are similar to n-3/n-6 

!ow els non H in 

lipicls from a of 

HUFA (Table 3) than other waste products. The low percentage of 

in trout may reflect these were 

obtained from cultured fish which probably were fed diets containing 

levels fatty sow ces. 

the purposes of absolute of 

acids, especially EPA and DHA, the fish meal, rather than the fatty 

acid profile of lipids, is the indicative parameter. this point 

view trout waste is a rich source of a variety fatty acids, due to its 

lipid content and complete acid profile. The amount of total 

PUFA in trout wastes was the highest among waste materials studied. 

The amount of HUFA trout offal was similar to that other wastes, 

while in trout flesh it was "I 6% less than the scallop waste. 

2.5 CONCLUSIONS 

Chemical analysis fisheries by-products investigated in the present 

research show are, suitable for use as components aquaculture 

diets. They are rich in protein and contain lipids which could be a good 

source of n-3 HUFA. 

Inclusion fish meals prepared these wastes aquaculture 

feeds may enhance the marketability of aquaculture products. 

Scallop by-products were found to be superior to other waste 

materials, as they have the highest protein content and their lipids 

have the highest n-3/n-6 ratio. 

18 



be considered as a 
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