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Aquaculture Fundamentals:
Getting the most out of your feed
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Email simon.wilkinson@enaca.org

should begin with an assessment of the
monitoring and record keeping systems
to determine if they are adequate to
effectively manage the facility.

Evaluating the performance
of feed

The efficiency of the feed should be
evaluated in terms of its biological
performance in promoting growth (or
other culture objectives), and its
economic performance in terms of feed
cost per unit production.

Evaluating biological
performance

The quality of feed is a function of how
well it meets the nutritional requirements
of the cultured animal3. This is in turn a
function of the nutritional profile of the
food and the bioavailability of the
nutrients in the feed components4.
Measurements of digestibility such as
the digestible energy content or retained
energy in carcass can be determined
through laboratory studies3. However,
practical on-farm assessments of diet
quality are frequently made on the basis
of the observed growth rates or on the
observed conversion ratios of nutrients
to end products. The main parameters
assessed on-farm are included in Table
1.

FCR is a widely used parameter as it
provides a convenient rule of thumb
guide for general management
purposes6. Indices of protein utilisation
(PER and NPU) are also employed as the
protein component is of greatest interest
to the farmer in most instances. These
parameters allow the performance of the
feed to be assessed by comparing
current production records with
historical values for the farm, published
data and with the results of other farms
in the area.

However, conversion ratios are not
precise measures of feed efficiency as
they are affected by feeding practices
and environmental factors and the
availability of natural feeds6. With the
exception of NPU they also do not give
any indication of the relative conversion
of energy, protein, fat and other
nutrients. The interpretation of
conversion ratios can be greatly
assisted by simultaneous evaluation of
carcass composition and quality7.

Nutritional requirements also vary
with the aims of culture. As a result, an
evaluation of feed performance may
need to take into account objectives
other than growth such as increased
larval suvivorship for larval feeds or
increased fecundity in broodstock
diets8. Manipulation of feed composition
offers the potential to enhance the
quality and market value of the end

Feed generally represents the largest
fixed cost in aquaculture systems with
its importance increasing in relation to
the intensity of production1,2,3. Feed also
directly influences the capacity of the
stock to realise their full growth
potential. Improving the efficiency of
feed utilisation in terms of reducing
costs and increasing performance
therefore represents a significant
opportunity to increase the profit margin
of the farm.

From a nutritional perspective the
major elements of the culture system
that influence productivity are the
quality of the feed, the feeding
strategies that are employed and the
culture environment itself. These
elements are considered below in the
context of evaluating on-farm
management practices to increase profit.

Records and sampling

Accurate records assist farmers to
adjust feeding rates and to evaluate the
results of different diets or feeding
regimes4. Records also enable farmers to
improve performance and the reliability,
quality and predictability of yields. A
systematic approach to the collection
and analysis of feeding records is very
important to maximising efficiency.
Evaluation of the feeding and
management practices on the farm

Table 1: Main feed parameters assessed on-farm5

Parameter  Calculation  
    
Growth = Gain in body mass/unit time  
    

= Mass of food consumed (dry)  Food conversion ratio (FCR) 
 Increase in mass of animal produced (wet)  

    
= Increase in the mass of animal produced (wet weight)  Protein efficiency ratio (PER) 
 Mass of protein in feed (dry weight)  

    
= Protein gain in fish (g) X 100 Net protein utilisation % (NPU) 
 Protein intake in food (g)  
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product by enhancing desirable
characteristics9. For example, the
Southern blue-fin tuna industry in
Australia feeds wild-caught fish with
pilchards specifically to increase the oil
content and value of fish destined for
the premium Japanese sashimi market9.
In this case fat content may be a more
appropriate measure of performance than
growth.

Evaluating economic performance
of feed

To be profitable, feed must give good
biological performance at a reasonable
price. The cost of feed per unit
production will have a large impact on
the profit margin and this is a variable
that should be frequently assessed
since it should be a consideration in
management decisions. Cost per unit
production can be evaluated by
comparing records of feed applied to
ponds with observed growth rates. Cost
per unit production can be calculated
simply as per Table 2.
An estimate of cost per unit production
can be generated during the course of
the production cycle using observed
feed conversion ratios and estimates of
biomass or population. Growth rate
should be monitored through regular
sampling of the population. However,
estimating population size can be
difficult and ‘rule of thumb’ estimates of
survival are often used based on
experience.

Evaluating the cost of feed
production

Manufacturing feed on-farm

On-farm manufacture of feed offers the
potential to reduce the costs associated
with purchasing feed from a commercial
supplier. The economic viability of this
option will depend on an assessment of
the amount of feed consumed and of the
cost of local ingredients, labour,
necessary equipment and capital
infrastructure for feed manufacture10.
Successful feed manufacture also
requires knowledge of the nutrient
requirements and feeding habits of the
culture species, nutrient composition
and bioavailability of ingredients, and of
the type of processing required2,5,11.

A further advantage of on-farm feed
manufacture is that it also allows greater
control over the nutrient profile and
hence performance of the feed. Possible
mechanisms for reducing feed costs are
discussed below. These mechanisms
should be exploited as far as possible
during the formulation of on-farm feeds.

Economically optimum protein
level

Protein is the most expensive component
of feeds12 and reductions in protein
content can lead to savings. De Silva et
al.13 reported that the growth rate in
juvenile Tilapia increased as dietary
protein content was raised up to an
optimum content of around 30-34%.
Higher levels of dietary protein lead to a
decrease in growth rate showing that
excessive levels of dietary protein can
be wasteful and have a negative effect
on production. The increase in growth
rate was also observed to slow
approaching the optimum such that
there was little increase in growth across
a relatively wide range of protein levels
in the feed. This suggests that the
protein content of feed could therefore
be significantly reduced from the
biological optimum with only a small
trade-off in growth, leading to more
economical production. They termed this
the ‘economically optimum dietary
protein level’.

Protein sparing

Unless there is a non-protein source of
energy in the diet, some of the protein
intake will have to be degraded in order
to support the energy demands for
tissue synthesis and metabolism13,14,15.
This will reduce the quantity of protein
that is available for growth.
Carbohydrates and lipids serve as
alternative energy sources, thereby
reducing the proportion of dietary
protein that must be catabolized in order
to meet energy demand3. Lipids have
greater energy content than
carbohydrates and exert a greater
protein sparing effect16. Carbohydrates
are often of limited digestibility to fish
but are relatively cheap3. Feed
formulations should therefore seek to
optimise the use of fat and carbohydrate
energy sources in order to reduce feed
costs.

The effectiveness of the protein
sparing effect of carbohydrates and lipid
is related to the ratio of protein to
energy in the diet. The optimum ratio is
species specific and varies with protein
source5. Variation away from the
optimum ratio will result in either the
catabolism of protein for energy, or the
production of fatty animals3. However,
both scenarios result in suboptimal feed
efficiency17.

Use of alternative feed ingredients

Fish meal and other animal by-products
are the most important and often most
expensive components of aquaculture
feeds3. The use of lower-cost plant and
other non-animal proteins in feeds is
therefore an attractive approach to
reducing production costs2,18,19. With
improved processing techniques many
are now routinely used ingredients in
aquaculture feeds. However, there are
several factors that limit the
incorporation of non-conventional
proteins in feeds for aquaculture. These
are19:
a) low protein content;
b) amino acid imbalance or deficiency;

and
c) presence of anti-nutritional factors.
Additionally, most animal and plant
meals of terrestrial origin do not satisfy
the requirements of fish for (n-3)
polyunsaturated fatty acids5. Some
alternative protein sources may be
unpalatable to the target species20,21,22.

Fertilisation, manuring and
supplementary feeds

Fertilisation with manure or chemical
fertilisers offers a relatively cheap
method of enhancing production
without the use of feeds. The objective
of fertilisation in this context is to
enhance the productivity of ponds by
increasing the production of
phytoplankton and other food
organisms for fish23. This can
significantly improve yields over
unfertilised systems and improve
apparent feed conversion ratios in semi-
intensive systems24. Fertilisation can
also have beneficial effects in some
intensive systems, most notably in
prawn culture. Management practices
should be evaluated to determine if the
farm is fully exploiting natural
productivity. Fertilisation regimes
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should be related to the availability of
nitrogen and phosphorus since algal
productivity is limited by shortfalls in
either of these nutrients23.

Supplementary feeding of single
ingredients to fish and shrimp is often
practised in semi-intensive systems but
it is often inefficient since a single
ingredient is unlikely to supply a
balanced intake of nutrients10. As a
result the feeding of single feedstuffs
often results in poor apparent feed
conversion ratios10. However, even a
simple compounded supplementary feed
of two or more ingredients can
significantly improve nutritional value25.
The decision to apply fertilisation,
supplementary feeds or to move to
supplementary feeding or complete
dependence on an artificial diet will
depend on an assessment of the value of
the cultured species, the desired level of
production, the cost of supplementation
and on the potential economic return.

Evaluating the efficiency of
the feeding regime

Feeding practices involve5:
• Determining how much should be fed
• Determining how frequently cultured

organisms should be fed and what
time of day;

• Actual delivery of feed to the cultured
organisms.

Efficiency requires that consideration be
given to minimising wastage during each
of these processes. Monitoring growth,
feeding rates and frequencies,
temperature and other management
practices can help to identify optimum
feeding practices. Careful evaluation of
this data will allow the feeding regime to
be refined over time3.

Optimum ration size

Growth increases with ration size26,27.
However, the rate of increase diminishes
towards the maximum ration the fish is
capable of consuming3.

The utilisation efficiency and feed
conversion ratio also improve up to an
optimum point and then decrease
towards the maximum ration due to a
reduction in absorption efficiency3,28.
Therefore it is economically beneficial to
identify and feed fish at the optimum
ration rather than the maximum ration3.

Ration size is variable and is affected
by scaling effects with the growth of the
organism and environmental factors,
particularly temperature which affects
feeding and digestion rates3. Ration size
also needs to be adjusted to account for
mortalities and is dependent on accurate
estimate of the size of fish and biomass
within the system5. This requires that the
average mass must be estimated through
regular sampling and feeding rates
adjusted accordingly.

Feeding frequency

More frequent feeding can enhance the
growth rate of fish although the effect
varies between species3. The growth of
tilapia is reported to be enhanced in fish
fed six times daily compared to those fed
twice daily29. However, growth and food
utilisation in the grouper Epinephelus
tauvina is reported to be best in fish fed
once every two days30. More frequent
feeding in grouper lead to decreased
food conversion ratios and decreased
survival.

Identifying the optimum feeding
frequency may therefore provide
considerable economic benefit in terms
of increasing growth and the utilisation
efficiency of feed. Where appropriate,
reducing the frequency of feeding also
has the advantage of reducing labour
costs31.

Feeding time

The time of day that feed is delivered
can also affect performance since
feeding behaviour may be associated
with environmental cues such as light
levels, tidal amplitude and the movement
patterns of prey5. Understanding the
feeding behaviour of the cultured
species can assist in the development of
feeds and regimes that reduce the
metabolic energy costs in feeding and
encourage consumption, which reduces
wastage and leaching of nutrients from
uneaten feed22. For example, superior
growth has been reported in the
European seabass Dicentrachus labrax
when feed was delivered during the
natural feeding periods of wild fish,
compared to feeding by demand or
automatically at other periods of the
day32.

Feed distribution

The physical form of the feed material
can also affect the efficiency of its
consumption. Significant feed loss
occurs from small particles and dust in
the feed, which are generally not
consumed by fish3. Feed needs to be
presented in a form that is suitable for
the feeding habits of the fish. In
addition, the water stability of the feed
will affect the rate of leaching of
essential nutrients10,11.

Feed can be distributed by hand or by
a variety of automatic and demand
feeders. Mechanical feed distribution
devices offer the opportunity to reduce
labour costs associated with hand
feeding and to increase the efficiency of
feed distribution, depending on the type
of system employed5. Hand feeding can
be labour intensive but it has the
advantage of allowing direct
observation of feeding rates among
surface feeding fish1. Use of a floating
collar to contain feed can also assist
with observation and reduce wastage10.

Automatic feeders may not account
for daily variation in temperature and
other factors that may affect
consumption. One disadvantage of
demand feeders is that dominant
individuals may learn to activate the
trigger and continue to trigger it even
when they are satiated which may
increase size variation in the crop3.

The appropriateness of any particular
feed delivery system must be evaluated
according to the relative costs of labour
versus technology and on the design of
the culture system3.

Enhancing productivity through
manipulation of the culture environment

It is highly desirable to provide
cultured fish with conditions that are
within their favoured range for optimum
growth and production. Failure to
provide optimal environmental
conditions can result in stress, which
ultimately results in an increased basal
metabolic rate and poor growth rates5.
Providing a favourable environment
therefore promotes efficient utilisation of
feed.

The major stress factors that occur
under culture conditions are caused by:
changes in pH33; chronic exposure to
low oxygen concentrations34,35 and
temperature, ammonia, aggressive intra-
specific behaviour and handling36.
Accordingly, the entire production
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system should be systematically
examined to identify and alleviate
stressful factors, with reference to the
specific requirements of the cultured
species6.

Conclusion

From a nutritional perspective the
essential elements of the culture system
are the performance of the feed, of the
feeding strategies that are employed and
of the culture environment. Feed
performance should be considered in
terms of biological and economic
efficiency. The performance of feeds and
management practices can be estimated
on-farm through use of feed conversion
efficiency ratios. Systematic sampling
and maintenance of accurate records are
essential to farm management and allow
the effects of variations in feeding
techniques to be evaluated.
Manufacture of feeds on farm offers
greater control over diet and the
potential for cost savings through
manipulating nutritional profile and
through the use of cheaper alternative
ingredients. Maintenance of an optimal
culture environment can also enhance
productivity.
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...continued from page 25

What’s new on the web

Getting help
The Techsoup website also supports a
number of web boards and discussion
groups where you can ask questions or
contact people about problems or
issues. A free email newsletter is also
available to help you keep up to date
with new resources as they become
available.

While the applications procedure
does look a bit US-centric I have
contacted Techsoup and they have
confirmed that they accept applications
from organizations operating in other
parts of the world. So once again, if
you’re involved in a non-profit
organization and could use some help
with your IT, you might like to have a
look at the resources available through
this site.


