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Health &
Welfare

By-the-numbers nutritional
bioenergetics for optimal feeding

1 May 2008
By Dr. Ingrid Lupatsch

Feed formulation, feeding regimes based on nutritional
bioenergetics

The author developed a formulaic approach to determining energy
and protein requirements for gilthead sea bream (left), white
grouper (right) and two other species.
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The successful culture of many �sh species depends on formulated feeds containing su�cient levels
of energy and protein to sustain animal growth. In addition, it is important to minimize feed waste that
is costly for farmers and impacts the environment. 

Aquaculture involves a great variety of species, and a general approach is needed to de�ne energy and
protein requirements so that each targeted species can realize its full growth and economic potential.
Feed formulation and feeding regimes can be effectively based upon principles of nutritional
bioenergetics.

The author recently carried out a study to provide a better understanding of growth and the underlying
principles involved for several �sh species. It focused on commercial species common to the
Mediterranean area: gilthead sea bream (Sparus aurata), European sea bass (Dicentrarchus
labrax), white grouper, (Epinephelus aeneus) and Asian sea bass or barramundi (Lates calcarifer). 

Assumptions, calculations
A general assumption is that the energy and protein requirements of growing �sh are the sum of the
needs for maintenance plus growth. The requirement for maintenance, mainly a function of the size of
the �sh and water temperature, is proportional to the metabolic body weight in the following equation.

Where a is a constant, characteristic of a certain �sh species at a set temperature, and b is the exponent
of the metabolic body weight, which in �sh is 0.80.

The requirement for growth is dependent on the amount and composition of the weight gain, including
the cost of energy to deposit the new growth. The following equation shows how daily energy
requirements can be quanti�ed. 

Where c is the cost of production in units of dietary energy to deposit energy as growth.

The same approach is used for the quanti�cation of protein, except for the use of a different b
exponent of 0.70 for metabolic body weight. 

Where c is the cost of production in units of dietary protein to deposit protein as growth.

The signi�cance of this approach is that protein and energy needs are expressed primarily in terms of
absolute demand per �sh body mass and anticipated weight gain. 

Trial: maintenance requirements
To determine the maintenance requirement and e�ciency for growth, �sh were fed increasing levels of
a feed with a known digestible energy (D.E.) and digestible protein (D.P.) content. Feeding levels
included groups that received no feed up to maximum voluntary intake. Energy and protein gain were
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determined by comparative carcass analyses. All the trials were done at an average temperature of 27
degrees-C. 

Fig. 1 shows that the relationship between daily D.E. consumed and energy retained are linear. During
starvation, the �sh would lose energy as expected. The D.E. requirement for maintenance with no
energy gain or loss can be determined for each species where the y axis value is 0.

The slope of the lines in Fig. 1 (approximately 0.67), regarded as the e�ciency of energy utilization for
growth deposition, is very similar for all species. The reciprocal value c = 1/0.67 is a measure for the
“cost of production” in units of D.E. (kJ) to deposit 1 kJ as growth. The maintenance requirement for
protein can be obtained in a similar manner by examining the relationship between the digestible
protein consumed and protein retained.

Trial: growth requirements
The missing part of the equation – growth – is dependent on the amount of the daily weight gain and
the composition of this gain. To assess the growth potential of a species over a full production cycle,
the author monitored the growth rates of �sh from 1 to 450 g at different water temperatures. Fish were
fed to apparent satiation, and daily weight gain was determined by periodic weighing of the animals
every two weeks. All the trials were done in full-strength seawater at ambient temperatures ranging 20
to 28 degrees-C. 

The following equations were developed to express daily weight gain as a function of body weight and
water temperature for the study �sh.

Fig. 1: Energy requirements of several �sh species for maintenance
and growth at 27 degrees C.
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Fig. 2 shows the daily weight gain in relation to body size at an average temperature of 27 degrees-C. 

Composition of weight gain 

The composition of the weight gain is an additional factor in determining energy and protein
requirements. When measuring the whole body composition of �sh at increasing sizes, each unit of
weight gain is assumed to equal the body composition at a certain size. As pictured in Fig. 3, energy
concentrations change with increasing �sh weights and show different values typical for a species.

Fig. 2: Daily weight gain of �sh at an average temperature of 27
degrees-C.
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The whole body protein content is relatively constant regardless of size and �sh species – on average,
169, 170, 175 and 171 mg per gram for grouper, barramundi, sea bream and sea bass, respectively. The
following equations describe the change of energy density with �sh size.

Practical applications
Using the parameters obtained, the daily energy and protein requirements can thus be determined. The
following example is a comparison between grouper and seabream calculated for a water temperature
of 27 degrees-C.

According to the growth prediction, a 300-g grouper has the potential to grow 3.36 grams per day. The
energy content of the �sh is 6.9 kJ per gram and protein content 169 mg per gram. Thus the anticipated
gain would be 23.2 kJ and 0.57 grams in units of energy and protein, respectively. 

Including the cost to produce this gain and the maintenance requirement, the total demand for D.E. is
53.8 kJ/day and for D.P. is 1.29 grams per day. As a result, the 300-gram grouper would have to
consume 3.16 grams feed per day containing 17 MJ D.E. per kg and 409 g D.P. per kg feed, resulting in
a feed-conversion ratio of 0.94. 

Fig. 3: Energy content of �sh in relation to �sh weight.
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On the other hand, a 300-gram sea bream would only grow 2.28 grams per day. The energy content of
the gain is considerably higher (10.3 kJ per gram), as are maintenance requirements. Therefore, total
requirements can be calculated for D.E. as 62.70 kJ per day and for D.P. as 1.18 grams per day.

As the ratio of dietary D.E. to D.P. is higher for sea-bream than grouper, the sea bream would have to
consume 3.69 g feed containing 17 MJ D.E. and 320 g D.P. per kg feed, resulting in a feed-conversion
ratio of 1.62. 

Energy, protein calculations
Energy and protein requirements for every �sh species can be calculated and adapted to changing
conditions for the duration of a growth period (Table 1). Using this approach to quantify energy and
protein demands, it is thus possible to estimate the biological and economical e�ciency of different
feeds and culture systems. 

(Editor’s Note: This article was originally published in the May/June 2008 print edition of the Global
Aquaculture Advocate.)
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