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SUMVARY

Recent years have seen major growh in the aquaculture industry
wor | d wi de. Particul ar enphasis has been placed on exotic fish
such as trout, sea trout, atlantic salnon and prawns. Conpared
with agriculture, the aquaculture industry is still very juvenile
and much research is needed to optim se husbandry, health, genetics
and nutritional practices. Thi s paper discusses the significance
of sal nonoid aquaculture in Australia, wth particular reference to
Tasmani a and of fers suggestions where nuch needed research may be
concentrated in the future. Enphasis is given to sources and
requirenents of dietary nutrients. Also, feed quality, carcass
quality and nmarketing are covered. I ndi cations given for future
research consider that the future of this industry wll depend on
very sensitive econom cCs.

| NTRODUCTI ON

Man has been rearing fish in captivity for thousands of years but
only recently, during the past 20 years, has aquaculture beconme a
significant industry for food production. Countries such as
Norway, United Kingdom Japan and U S.A. are now quite advanced

i n sal nonoi d production. Norway is still the |argest producer

of salnon (28,600 MI Atlantic, 1985) whilst Japan, U S A and
Denmark were the |eading producers of trout in 1985 (21,800, 22,200
and 24,300 MT., respectively). By the year 2000 world production
of salnon is estimated to be between 0.4 and 0.5 mllion tonnes
surpassing the target for trout by 150,000 tonnes (Hoffmann La
Roche, 1989).

Wrld w de production of salnon and trout in 1990 wll have a
revenue value of AUS $4860 mllions and AUS $1666 m | lions
respectively. In Austral asia, projected production of 5,000 M .

of salnmon and 4,000 Mr of trout (AUS $90 mio and AUS $28 mi o,
respectively) is small but nonetheless significant in the context
of the I ocal econony. So, what are the major limtations to the
continued viability of this industry? As with nbpst comodity

sales in western societies the market is driven by production costs
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and mar ket denand. By the year 2000 we will, on average, be
eating five tinmes as nmuch salnon and al nost twice as nuch trout
as at present. As the nmarket becomes mature normal econom c
forces will prevail and efficiency of production will be a key
feature in the continued viability of the industry.

GROMH AND PERFORMANCE

The major influences on the performance of |ivestock are
envi ronnent, managenent, genotype, health and nutrition. Fish
production is no different. Also in common wth |ivestock

production, nutrition contributes the greatest single cost.

Sal nonoi ds, whi ch are anadronmous, have a potential to be one of

the fastest growing and nost efficient feed converters known to

man. Atlantic sal non, approaching maturity, are able to grow at
well in excess of 2% body weightper day during favourable

growi ng condi tions. Tasmania is particularly fortunate in that

its disease and environmental status is very condusive to rapid

and efficient growth and has sonme of the best performances in the
wor | d. Atlantic salnon are poikilothermc and are able to convert
feed at feed conversion ratios (FCR) of as low as 1.2:1. Naturally,
environmental conditions have a major influence on FCR  Wth current
rati o costs atlantic salnon can be produced at a nutritional cost of
about $2.00 - $3.00/kg.

NUTRI Tl ON

Providing fish feeds are balanced and fresh, feed intake depends

| argely upon water tenperature and health status. Certain chemo-
attractants have been used with sone success. These are often
based on mixtures of anmino acids. (Rumsey, 1986). A common

met hyl donor, betaine, is one such product which has inproved
feed intake quite significantly.

Quality of fish feeds is vitally inportant in successful fish

producti on. Qual ity enconpasses many aspects including physica
size and form diet conposition, raw material selection, and
above all, balanced nutrient specifications.

The quality and handling of different ingredients strongly

i nfluences the nutritional and physical status of the diet.

Pol yunsaturated fish oils are very sensitive to oxidation even
when stabilised and can confir destabilising characteristics onto
the rest of the diet. Fats which have undergone oxidative
rancidity are toxic to fish and can dramatically affect

per f or mance. Feed quality should be preserved by paying
particular attention to antioxidants, noisture, packaging and

st or age. Antinutrient factors such as thiam nase and protease
inhibitors, can be deleterious (Tacon and Jackosn, 1985).
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PROTEI N

The nobst costly and arguable the nost inportant conponent of
diets for salnonoids is protein. Protein serves not only as a
source of amno acids for maintenance and growth but is also a
val uabl e source of energy. It is argued (Austrent, Grinsdale-
Helland, Helland and Storebakken, 1988) that upto 50% of

protein in salnon and trout is used, through gluconeogenic path-
ways as a source of energy. I ndeed, a challenge facing many
researchers is how to shift expensive, high quality protein from
a source of energy to supplying amno acids for grow h. Prot ei n
sparing is now receiving research attention. A further negative
effect of this deam nation process is water pollution from
unnet abol i sed anmoni a entering the water through the fish's gills.

Mich research on sal nonoids has been focused on protein nutrition
but there is still a general paucity of accurate data on protein/

energy interrelationships, amno acid requirenents, balances and
digestibility and protein quality.

Over three mllion tonnes of the world's fish catch is now processed
for use in intensive and sem -intensive aquacul ture. In 1988 this
anounted to 646,000 MI fish neal; sone 10% of the total fish nea
producti on. Since fish stocks for processing are rapidly declining
globally, many countries are inposing restrictions on the types
and quantities of fish caught. It is quite clear however, that
the fish neal requirenents for the projected production of

sal nonoi ds as nentioned earlier, together with growmh in the
production of other species will far out strip supply. Hence, it
is vitally inportant that alternative sources of protein are found
in the near future.

Prelimnary exam nations have been performed on many protein
substances yet a true substitute for fish mealis yet to be found
at econom c costs. Common natural proteins such as neatneal s,

bl oodneal s, featherneals and a large variety of vegetable proteins
have been tested with variable results. O the vegetable proteins
soya bean neal, treated correctly, would still appear to have the
greatest potenti al (Alexis, Papoutsoglou and Theocharir 1985).
Much work is needed to perfect its use. Of the animal-derived
products partial or total substitution of fish nmeal by poultry

by- product neal has received nmuch attention and wth sone
refinements on product quality and am no acid bal ance/ suppl enentati on
it could becone a useful ingredient. Steffens (1985)/(1987) has
concluded that partial substitution of fish nmeal with good quality
poul try by-product neal has no effect on growth and perfornmance.
Total substitution gives sub-optiml perfornmance.

O her nore novel protein sources have been investigated. M cr obi al
proteins such as singel cell protein (pruteen), rotifers, artemc

al gae and daphni a have been used. Wrm neal and fly neal are al so
wort hy of consideration. A conprehensive review of protein nutrition
of salnonoids is given by Pfeffer (1982.)
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An area which could nerit further research is the use of refined
proteins and nodified by-products. Meat hydrol ysates, soya and
ot her vegetable protein isolates, refined potato protein, yeasts
and totally hydrolysed feather neals all need to be assessed and
suppl enent ed agai nst requirments.

AM NO ACI DS

Amno acids for growh and maintenance are required at tissue

| evel, and hence in considering protein sources and am no acid
requirements it is inportant to account for protein digestion

di gestion of individual amno acids and the netabolizability of
the absorbed amno acids. Gven the difficulty in perform ng

di gestion and netabolism trials with fish, research on amno acid
bal ances has been very nuch trial and error. Bal ance data are
further confounded when one considers that sonme of the protein
sources used (eg. fish nmeal) in fish feed production are very var
-iable in relation to their conditions of processing; heat and

noi sture can dramatically affect protein quality and sal nonoids
are very sensitive to protein quality (Pfeffer, 1982). Many
studi es have been perfornmed in an attenpt to elucidate am no

acid requirenents for salnmon and trout (Mearns, 1986; Poston, 1986
Holm and Walther, 1988; Longbein, 1988). Cearly, the potential
is great for nodelling for amno acid requirenents and should be
considecred in future research

Commercially, a nunber of conpani es have devel oped "specific"
stabilised aquaculture proteins guaranteeing protein quality,

fixed anal ysis and biogenic amno |evels. The need for such
products is evidence to the problem of consistent raw materi al
quality and the difficulty in deriving dietary amno acid bal ances

ENERGY

Salmonoids are carnivorous, feeding on snmaller fish, crustaceous
insects and grubs. Over 50% of the energy requirenent of salnon
can be derived from protein by gluconeogenesis. As indicated
earlier, protein of fish origin is a very expensive neans of
suppl yi ng energy. Energy-rich protein-sparing substitutes are

t herefore being sought with a view to producing nore econom c diets.

Fats of the correct nature are well digested and utilised by fish
and can supply over half the fish's energy requirenments. Dietary
fats are required for a nunber of body functions. As well as
rich sources of dietary energy, they are needed to supply an
array of essential fatty acids (EFA). Diets for trout and

sal nron should contain at |east 2.5% EFA Phosphol i pi ds and

gl ycolipids are also consuned by sal nonoi ds.

Gowh rates and feed conversion efficiencies have been inproved
in diets where the fat level in the diet has reached 25%
(Austreng, 1976). It nust be noted, however, that amno acid
requirements are linked to dietary energy supply and that fat is
a concentrated source of energy.
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Fat type and quality is extrenely inportant. Fi sh oi

containing a high |evel onega 3 double bands was once seen to

be the industry standard. In sone countries fish oil is still ve-
ry inexpensive but in Tasmania it is alnost twice the price of
feed fats. Fish oil is also very unstable due to its high

degree of unsaturation and it readily undergoes oxidative
racidity. In the sane way that researchers are |ooking for |ess
expensive alternatives to fish neal, in certain countries, nore
econom ¢ sources of fat are being sought. It has now been fairly
wel | established that providing the essential fatty acid require-
ments are net, alternative sources of fat can be used as sources
of energy in fish feeds (Bieber-Waschny and Pfeffer, 1987;

Hardy, Scott and Harrell, 1987). It is worthy of note, however
that, simlar to non-ruminant animals, salnonoids |ay down fat

in their fat depots in a profile which is very simlar to

that of the dietary fat and therefore by feeding diets lowin
onega 3 fatty acids the consuner may be msled on his onega 3
consunption in his heart disease - control programe!

Anot her, but less significant source of energy for sal nonoids
i s carbohydrates.

The utilization of carbohydrates can be limted both at the |evel
of digestion and, subsequently, at the tissue level, and varies
according to the type of carbohydrate and the processing

t echni que used. Di gestion consists of acidic and enzymatic
degradation of the conplex carbohydrates into nobnosacchari des.

whi ch are subsequently absorbed. The efficiency of digestion
decreases with increased nol ecul ar conplexity of the carbohydrate.
Phillips and Brockway (1956) reported the digestibilities of the
foll owi ng carbohydrates by trout: glucose:99%; maltose: 93%
sucrose: 73% cooked starch: 47% raw starch: 38%

There are no specific requirenents for carbohydrates in sal nonoid
diets but a level of 12% digestible carbohydrates would appear to
be the general upper limt.

OTHER DI ETARY ADDI Tl ONS

A variety of other dietary additions nmake up the conplete diet
for sal nonoi ds. Unless feed is presented in the correct form
sub-optimal consunption will result. Pell et size and pellet
binding is extrenely inportant in maintaining feed intake and
FCR. Dust from feeds is readily lost at the cost to the
producer. Pel | et binders such as carboxy nethyl cellul ose (CMC),
bentonite, clays, flow, wheat and dried dairy products have all
been used with varying degrees of success.

It is quite clear that with upto 60% fish neal and 25% oil in a
diet, agglonoration becones a big problem Wth this in mnd many
fish feed producers are noving away from steam pelleted feeds to
extrusion. Extruded feeds have the added advantage of being able
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to float or at least sink slowy thereby allow ng a higher
utilisation of feed.

Bol der clay is very interesting material. \Wereas wheat and

wheat by-products tend to speed up the rate of feed passage in the
fish's gut, bolder clay, added at |evels of upto 10% has been shown
to sl ow down feed passage, increase digestion and control pollution
by elimnation of organic fillers and binders in the diet. Mor e
work is needed in this field.

The natural colour of salnon and trout is pink. Wthout natura

pi gnents found in algaes and crustaceans farmed sal non flesh

woul d be al nbst white. Accordingly, to produce a marketable
product, red or pink nature-identical fat soluble pignents are
added to the diet, particularly during the finishing phase. FI esh
pigmented in such a way is attractive to the eye. Sonme markets
such as Japan pay a high premium for red coloured flesh produced
from cant haxanthin or astaxanthin. The cost of pignentation of
farnmed sal nonoids may be as high as AUS $0.50/kg; 20% of the

total feed costs.

Very significant anongst an array of essential vitam ns and
mcronutrients is Vitamin C  Upto 2kg of Vitamn C is added per
tonne of feed. This allowance is higher than the requirenent
since nuch is |ost between feed manufacture and feeding. More
stabl e sources of Vitamn C are being devel oped.

Finally but nonetheless significant, is the whole area of

di gestion nodifiers and growth pronoters. The common anti -
bacterial Virginiamcin has been shown to inprove growth rate,
feed conversion efficiency and protein and energy retention by
over 20% (Viola and Arieli, pers. comm.) Other anti-bacterials
have had simlar effects. Thi s devel opnment has opened up a
whol e new horizon in both feeding and econom cs of fish culture
whi ch woul d need to be addressed in the near future.

CONCLUSI ON

As our expertise in the areas of growth, ration fornulation,
feeding and husbandry inprove, we can expect better growth

per f ormance from fish. Genetic inprovenents will further affect
performance and various aspects of netabolism  Consequently,

the requirnents for feed nutrients will change. Furt hernore, the
availability, quality, price and processing techni ques of
feedstuffs are likely tochange in the future. This warrants a

continuous re-evaluation of diet formulation, feeding practices
and feed resources.
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