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H

igh cost of fishmeal, the
volatility in the price of
agricultural commodities
and the stagnant price of
aquaculture products are constraining
aquafeed manufacturers to pay very
close attention to the cost-effectiveness of their feeds.

fish and penaeid shrimp over the past
50 years and the body of knowledge on
EAA requirements of aquaculture species is
continuously expanding.
One of the problems resides in keeping
up with progress and developing a wholesome understanding of the ‘state-of-the-art’.
The great diversity of methodological
approaches used and animal species and
ingredients studied as well as the multitude
Nutritionists are required to formulate
of opinions with regards to optimal levels
to lower or narrower essential nutrient
and modes of expression of EAA requirespecifications in order to minimise feed
ments limits the ability of manufacturers to
cost. At the same time, these feeds must
meaningfully improve the cost-effectiveness
sustain high growth, feed efficiency, health
of feeds and/or adapt formulations to an
and product quality of the animals at the
ever changing commodities market.
farm.
A number of scientific reviews and
Nutritionists also are relying on an
publications have attempted to summarise
increasingly diverse portfolio of ‘economithe body of knowledge on EAA nutrition
cal’ protein sources, with different amino
and requirements of aquaculture species
acid profiles.
(Wilson, 1989; NRC, 1993; Cowey, 1994; Lall
Thus, formulating cost-effective aquaand Anderson, 2005; Bureau and Encarnação,
feeds requires increasingly precise infor2006; Hernandez-Llamas, 2009; NRC, 2011),
mation on essential amino acid (EAA)
and some concluded that the state-of-therequirements of aquaculture species.
art on EAA nutrition of aquaculture species
is still quite shallow.
Dynamic field of research
The choice of the mode of expression
Aquaculture nutrition is a very dynamic
(percent dry diet, percent crude protein,
field
of research. A very large
g/kJ digestible energy, ideal protein, etc.)
number of studof EAA requirement is a matter of much
ies have been
debate, and reflects the conflicting assumpconducted
tions authors make when considering what
on EAA
affects the requirements or not (Bureau and
nutriEncarnação, 2006; Bureau, 2008).
tion of
Together with methodological issues
teleost
(notably limitations
of
the
Figure 1: Diagram illustrating
the screening of studies, from
experimental
the total number found to the
design
used),
number of suitable studies that
the
variability
in
constituted our working data set
achieved growth

28 | International AquaFeed | September-October 2011

and feed efficiency, as well as differences in
the mathematical and statistical approaches
used to analyse data, these result in high
variability in estimates of EAA requirements.
Understanding the reasons underpinning
this great inconsistency is important for
developing more reliable and practical estimates of EAA requirement of aquaculture
species.
All these issues point toward a need
for the systematic integration and analysis
of information from the large number
of studies that have been published so
far on EAA requirements of aquaculture
species. Statistical meta-analysis offers a
mean to realize by integrating and standardizing information and allowing meaningful
comparisons.
The goal of this project was to carry
out a meta-analysis of EAA requirement of
fish through the construction of a dataset
gathering all available data on EAA requirements of teleost fish.

Figure 2: representation of EAA
across the dataset

Amino Acids

Choosing the right nutrients for your Aquafeed
Headquarters
Evonik Degussa GmbH
Health & Nutrition
feed additives
Rodenbacher Chaussee 4
63457 Hanau-Wolfgang, Germany
phone +49 6181 59-2256
fax +49 6181 59-6734
Europe & Middle East Africa +49 6181 59-6766
Latin America +49 6181 59-6761
North America +1 678 797-4300
Asia North +86 10 85 27-6400
Asia South +65 6890-6861

Our amino acids help to
• replace costly and scarce raw materials
• improve protein balance and production efficiency
• reduce environmental pollution
feed-additives@evonik.com | www.aminoacidsandmore.com

F: Amino acid
the accuracy of the
non-linear
regress i o n s
analyses.
Studies
had
to
report
information
on
w a t e r
t e m perature ,
Figure 3: representation of species across the datase
experiment
duration, diet
composition (dry-matter basis), initial
The main objectives of this effort were
and final individual body weight, and feed
identifying factors that may affect estimates
intake. Screening of the studies with
of requirement, highlighting the shortcomthese selection criteria yielded a final
ings in the existing body of knowledge, and
dataset comprised 109 studies, which
providing guidelines for future research.
covered all 10 EAA in 28 teleost species
(see Figure 1).
Building a working dataset
A comprehensive search of papers on
EAA nutrition of commercially relevant
A fragmented & diluted
teleost species (for example, salmonidae,
body of knowledge
cychlidae, cyprinidae) published in peerIt is striking that less than half of the 249
reviewed journals and other technical puboriginal studies could be considered for the
lications was carried out.
working dataset.
This search yielded 286 papers of which
This highlights the limited scope of many
249 were original research studies focusing
studies and/or scientific manuscripts and
on EAA requirement of teleosts.
the uneven quality of the research effort.
As expected, a great variety of objecAn important cause of rejection of studies
tives, experimental designs, and analytical
was simply a lack of reported information,
methodologies were employed in these
which precluded us from calculating the
studies. Selection criteria were therefore
various variables.
applied to the original dataset to identify
Simple parameters, such as feed intake
studies suitable for a meta-analysis.
(feed served) and the dry matter content
Amongst selection criteria, studies had
of the diets, were frequently not reported
to have at least five or more experimental
by authors. Other major motives for
diets with graded levels of an EAA. This
rejecting studies included the use of too
criterion was established in order to ensure
few graded levels of nutrient studied or

(a)

(b)

(95%)

poor growth performance achieved during
the trial.
The large number of species studied
and the large number of EAA resulted in
a very fragmented dataset (see Figures
2 and 3).
For example, the dataset only includes
four studies on phenylalanine requirements, which were all conducted on different species. Great differences in the
body weight of fish used (<1g to more
than 600g) introduce some challenges for
standardisation of data.
Almost half of the studies did not report
information on carcass composition.
Protein gain (retention), an important
response variable for EAA requirements,
could only be computed for a limited
number of studies.
Finally, only 16 percent of the studies in
the working data set included some evaluation of protein digestibility.
Consideration of digestibility would
greatly strengthen and refine our understanding of EAA requirements in fish by
taking account of some of the variability
due to bioavailability of EAA in different
ingredients.
In order to standardise the data onto a
common ground, two different modes of
expression (percentage of EAA of interest
in the dry diet, amount of EAA per MJ of
digestible energy) were computed and two
different growth response variables (weight
gain per kg of metabolic body weight and
thermal-unit growth coefficient).
Therefore, for each study we obtained
four pairs of variables, each of which was
analysed using four mathematical models:
the broken-line model (BLM), the quadratic model (QM), the broken-quadratic
model (BQM) and the saturation kinetic
model (SKM) (see Figure 4) in each
study to allow estimation of EAA
requirements.

Preliminary results
and perspective for
future studies
(c)

(95%)

(d)

(95%)

Figure 4: Diagrams illustrating the typical shape of the four models: (a) brokenline model (BLM), (b) quadratic model (QM), (c) broken-quadratic model (BQM), and
(d) saturation kinetic model (SKM). Dashed line indicates the determination of the
requirement for each model
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Figure 5 presents the computed
arginine requirement for rainbow
trout using six studies for which
models fitted correctly, depending
on the three modes of expression.
It illustrates that even after
selecting suitable studies and standardising data, very large discrepancies in estimates between the
studies remain. Variations around
estimates based on ingested EAA
remain high (coefficient of variation
between 20 and 35 percent overall,
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Conclusions and
recommendations
In this study we highlighted important
variations in requirement estimates despite an
attempt to standardise our working dataset.
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