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determined the apparent coefficients of plant and animal protein sources included at 30 %
into a practical reference diet (70 %). Apparent protein digestibility ranged from 92.4 % in
sunflower meal to 85.5 % in corn gluten meal. Soybean meal is a promising feed ingredient in
A. japonicus due to the high apparent digestibility of its protein (92.0 %) and essential amino
acid digestibility (mean average 91.4 %). A fundamental assumption in fish feed formulation
is that the digestibility of nutrients is additive, i.e., digestibility of a nutrient in one ingredient
does not interact with the digestibility of the same nutrient in another ingredient. In the third
trial, additivity of feed ingredients was tested using pork meal and poultry meal. The results
indicate that the apparent digestibility coefficient of animal protein ingredients could be
calculated from compound diets to accurately determine protein and amino acid digestibility

in A. japonicus, and possibly other carnivorous fish species.

Dietary essential amino acid requirements were determined for juvenile 4. japonicus in two
trials. A dose-response study was conducted using crystalline lysine to determine the optimal
requirement of dietary lysine for A. japonicus. Optimal dietary lysine was estimated at 31.7 g
kg™ dry diet, corresponding to 73.5 g kg™ of dietary protein, based on specific growth rate
and broken-line segmented regression analyses. Dietary requirements for other essential

amino acids ranged from 22 g kg™ (histidine) to 71 g kg™’ (leucine) crude protein.

The results of the present study provided a research tool that could be used to assess and
verify the conclusions of earlier dietary work on A. japonicus and in further studies to
develop least cost diet formulations for this species. The study also adds to the knowledge of
the nutritional requirements of A. japonicus by providing information on the digestibility of
plants and animal protein ingredients. It also contributes to future dietary research for this
species because this study determines, for the first time, the most suitable methods for

investigating the digestibility of raw materials for A. japonicus.
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PREFACE
This thesis is submitted as a collection of three different papers (each as a separate chapter),
preceded by a general introdution. There are repetitive sentences in the introductions,

methods and discussions for each of the papers.
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CHAPTER 1

INTRODUCTION

Globally, aquaculture is the most rapidly developing agricultural sector, attaining 73.8
million tonnes of food fish in 2014 compared to the 70.3 million tonnes produced in 2013
(FAO, 2016). Aquaculture production in Asia accounts for 89 % of the world aquaculture
production, while Africa has contributed 2.3 % (FAO, 2016). South Africa's aquaculture
industry is a small sector with local production of 4,802 tonnes in 2013, the marine
aquaculture industry recording 2,985 tonnes and the freshwater aquaculture industry
recording 1,816 tonnes (DAFF, 2014). The finfish subsector was the smallest contributor to
total production, recording a production of 122 tonnes in 2013. The percentage contributed
by the finfish sub-sector was 4.1 % (DAFF, 2014). The finfish sub-sector in South Africa is
an emerging industry. Over the years, a number of species have been piloted to assess the
feasibility and market access. Currently the only commercial finfish species being cultured in

the local industry is dusky kob Argyrosomus japonicus (DAFF, 2014).

1.1. Research and development of dusky kob aquaculture in South Africa

Dusky kob (4rgyrosomus japonicus Temminck and Schlegel, 1843) is a widely distributed
sciaenid fish found in both hemispheres, along the entire south and eastern coast of Australia,
where it is known as mulloway, and from Hong Kong northwards along the Chinese coast to
southern Korea and Japan (Griffiths and Heemstra, 1995). In southern Africa, the species
occurs on the eastern coast from Cape Point to southern Mozambique, but is especially
abundant between Cape Agulhas and KwaZulu-Natal in South Africa (Griffiths, 1997). It
grows to a large size with the maximum reported length being 175 cm TL, weight 75 kg and

maximum age of 42 y (Silberschneider and Gray, 2008; Ferguson ef al.,, 2014). It is a highly



% 22)+# $ 5

%
% 1
%

(@ $ 221G /

! ]
' #1
] (/
i
F% "

%

0" 0

(= % 22)+#

)$+$ 5!6

@4" @ F%

0 %

JM 07 (4"

)G 1%

@ F%

@ % 222G 4

% " &

@ % 222G 4 = %

%

(8 /I % -+%'
%

#01#. * " 4
% & %
c'd4% +# $

n #

# #2313 #" #75#/5"35. 12/ !

" 0 ™
8"% H 8" J'M 07
1+# $ % " %
#$
b > %9
)+

%



Recent work on optimizing tank-rearing conditions for juvenile 4. japonicus has shown that
densities of 50 kg per m® are possible, with best growth and feed conversion at temperatures
of 25.3 and 21.7 °C, respectively (Collett e al., 2008). Argyrosomus japonicus readily accept
formulated feeds, tolerate a wide range of salinity, temperature and low oxygen levels
making them an ideal candidate for farming in sea cages, coastal earthen ponds and

recirculating aquaculture systems.

For the dusky kob aquaculture industry to be successful in South Africa, it is important to
establish a suitable, least-cost diet for the species. At present, commercial dusky kob farmers
use imported seabass feeds as there are no nutritionally complete, cost effective locally
manufactured feeds based on locally available feed ingredients in South Africa. As protein is
the most expensive dietary component, there is an urgent need to evaluate protein and amino

acid digestibility of feed ingredients used in feed formulation.

Generally, protein requirements for growing marine finfish are between 35-55 % of total
dietary intake (Rahnema ef al, 2005; Kaushik and Seiliez, 2010). Using fishmeal based
dietary formulations, Woolley ef al. (2010) estimated the protein requirement for juvenile
dusky kob (100-300 g) at 46 % (dry diet). Fishmeal has a balanced source of essential amino
acids, fatty acids, vitamins, minerals and good palatability, and is often in high demand as the

protein source for many formulated feeds (Tacon and Metian, 2008; Olsen and Hasan, 2012).

1.3. Fishmeal and other alternative protein sources for fish

Fishmeal has become a major ingredient in fish feeds because it promotes good feed
efficiency and better growth and also enhances feed palatability (Tacon ef al., 2011; Trosvik

et al., 2013). High quality fishmeal has high biological value as a feedstuft, as it has a high



level of digestible essential amino acids, such as lysine, methionine and threonine, which are

often deficient in other protein sources (Olsen and Hasan, 2012).

The level of fishmeal in a feed formulation varies depending on a number of factors including
the culture species and its trophic feeding level (carnivore or omnivore). In a typical
commercial feed for carnivorous fish such as salmon, the required crude protein content
varies around 42-50 % (NRC, 1993). What animals require are nutrients, which are provided
by ingredients. The majority of the protein requirements in carnivorous species are

traditionally made up of fishmeal.

According to FAO (2014), the aquaculture sector is at present the biggest consumer of
fishmeal, with a share of 46 % of the total global fishmeal production. The growth of
aquaculture and in particular, the focus on high value carnivorous species such as

, which require high levels of dietary fishmeal is expected to rise because of the

public attention that has shifted to the consumption of seafood products.

The use of fishmeal in the aquaculture industry as a major protein source in compound feeds
has strongly contributed to increased demand and price for this product. Concern has been
expressed that it may not be ethically acceptable to harvest fish for aquaculture feed which
could be used directly as food for humans (Tacon and Metian, 2009; Olsen and Hasan, 2012).
The ecological impact of overfishing is also a cause for concern. Future dietary inclusion
levels of fishmeal within compound aquafeeds need to be decreased as wild supplies diminish
and the market price increases (Tacon and Metian, 2008). The inconsistency of supply, and
the growing demand and price are limiting the use of fishmeal and putting greater pressure on

the feed industry to find economical alternative sources of protein.

In order to reduce the overreliance on fishmeal, researchers are looking towards alternative

protein sources for fishmeal in dietary formulations (Gao 2013; Aya 2015; Chor
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requirements. Another example is the sparing effect of tyrosine on dietary phenylalanine. All
studies to date on finfish have shown that fish require the same 10 essential amino acids as
other vertebrates, which cannot be synthesized and therefore, must be supplied in the diet
(Wilson, 2002; Wu et al., 2014). Dietary deficiency in any of the essential amino acids
impairs protein synthesis, affects other vital biochemical productions and often suppresses

fish growth in general (Wilson, 2002).

All the AAs needed to synthesize protein must be available at adequate balance for protein
synthesis to occur. Research evidence has shown that besides their role as building blocks of
protein and polypeptides, AAs are important regulators of key metabolic pathways that are
necessary for maintenance, growth, reproduction and immunity in organisms, thereby
maximizing efficiency of food utilization, enhancing protein accretion, reducing adiposity
and improving health (Suenaga ef al,, 2008; Anderson ef al., 2002; Aksnes et al., 2008).
Dietary supplementation of AAs is expected to offset adverse effects of replacement of
fishmeal in aquafeeds, thereby restoring growth (Li ef al., 2009). Research evidence showed

a crucial role for specific amino acid in physiology and metabolism in fish (Table 1.2).

Formulating cost-effective feeds that meet the essential amino acid (EAA) requirements of
fish can be a challenge (Kaushik and Seiliez, 2010) and will depend on relevant data on both
the EAA requirements of the fish and the EAA supplied in the dietary components. Amino
acids can be involved in a wide variety of other metabolic processes besides protein
synthesis, and are subjected to significant endogenous losses (Rodehutscord ef al., 1997). The
accurate determination of the requirement for each of the dietary EAAs and the contribution
of non-essential amino acids (NEAAs) is considered the fundamental basis of protein and

amino acid nutrition.



Table 1.2. Roles of amino acids in physiological functions and metabolism of fish.

Amino acids Functions Species Reference

Arginine Kill invaded micro Channel catfish Buentello and Gatlin,
organism 1999

Arginine and methionine Induce larva intestinal Seabass Péres et al., 1997
maturation

Alanine, glutamic acid and Appetite Many fishes Shamushaki et al.,

Serine 2007

Glutamate Ammonia removal Rainbow trout Anderson ef al., 2002

Glycine Increase hepatic T4 5 Rainbow trout Riley ef al., 1996
monodeiodinase

Histidine Protection against pH Salmon Mommsen et al., 1980
change

Lysine and methionine Lipid transporter on Various fishes Harpaz, 2005
mitochondrial membrane

Leucine Immunity modulation; Various fishes Li and Gatlin, 2007
Cell signalling

Methionine Structure in membrane;  Various fishes Mai et al., 2006
neurotransmitter; betaine
synthesis

Phenylalanine and tyrosine  Influence pigmentation  Japanese flounder Yoo ef al., 2000

Tryptophan Modulate cortisol Rainbow trout Lepage et al., 2002
release, behaviour and
feeding

Taurine Gut development Cobia Salze et al., 2008

Proline Enhance growth; Salmon Aksnes et al., 2008

Collagen function

When the fishmeal component in a fish diet is replaced by alternative protein sources,
meeting adequate levels of dietary protein alone does not guarantee adequate levels of
essential amino acids. This is because the amino acid profile of alternative proteins tends not
to match those of balanced diets to the extent that fishmeal does (Hardy, 2008). Hence, while
diets based on alternative protein sources may provide sufficient protein, unless essential
amino acids are adequately supplemented, such diets will decrease fish growth. The growing
fish fed such a diet would use very few amino acids for energy. The amino acids would be
used efficiently for maintenance and the synthesis of new structural proteins which would
result in maximum feed efficiency and growth (Halver and Hardy, 2002; Gatlin, 2010).

Cowey (1995) reported that non-protein ‘energy yielding’ nutrients like lipids and

10



carbohydrates can improve the utilization of dietary protein by means of a protein sparing
effect. Insufficent protein can impair fish productivity; however, if too much protein is
supplied, only part of it will be used to synthesize new tissue and the remainder will be
metabolized and used as an energy source (Wilson, 2002). Therefore, adequate measures
should be taken when formulating diets to minimize the amount of protein used for energy.
Determining the dietary requirement of EAAs is an essential aspect of developing least-cost
complete feeds for a given fish species. Essential amino acid requirements have been
established for a number of species of fish, examples of which include bluegill Lepomis
macrochirus (Masagounder et al., 2011), gilthead seabream Sparus aurata, European seabass
Dicentrarchus labrax, turbot Psetta maxima (Kaushik, 1998), pacu Piaractus mesopotamicus
(Abimorad et al,, 2010), seabream (Zhou et al., 2010), chum salmon Oncorhynchus keta,
Japanese eel Anguilla japonica (Akiyama et al, 1997), Atlantic halibut Hippoglossus
hippoglossus, yellow tail Seriola quinqueradiata, Japanese flounder Paralichtys olivaceus

(Kim and Lall, 2000) and largemouth bass Micropterus salmoides (Portz and Cyrino, 2003).

Currently the lack of data on the nutrient requirements of South African A. japonicus is one
of the major technical constraints for developing low-cost and nutritionally complete diets.

Presently, there is no available information on the EAA requirement of the species.

1.5. Ideal protein concept using lysine as a reference amino acid

The ideal protein concept refers to dietary protein that supplies exact requirements of amino
acids with no deficiency and no excess, to support optimal growth performance (Wang and
Fuller, 1989; Firman and Boling, 1998). The ideal protein concept uses lysine as a reference
amino acid, with the requirements for all other essential amino acids expressed as a
percentage of lysine (Wilson, 2002). Baker and Han (1994) report that using lysine as

reference amino acid has several advantages over other essential amino acids. Lysine is the

11



first limiting amino acids in many plant protein sources (Hauler and Carter, 2001; Mai ef al.,
2006). In addition, the sole function of lysine is in protein synthesis, it has no precursor role
compared to other essential amino acids (Kerr and Easter, 1995), and therefore, the
requirements of other EAAs are generally expressed relative to lysine requirement. On this
basis, if the requirement of dietary lysine is known, the requirements of the remaining EAAs
can be estimated from the ratio of the whole body amino acid pattern (A/E ratio) of species in
a much shorter time and at far less cost (Akiyama et al., 1997). Requirements of EAAs based
on this method have been determined in a number of species including colliroja Astyanax
Jasciatus (Furuya et al., 2015); European seabass Dicentrarchus labrax, gilthead seabream
Sparus aurata, turbot Psetta maxima (Kaushik, 1998); largemouth bass Micropterus

salmoides (Dairiki, 2007) and bluegill Lepomis macrochirus (Masagounder et al., 2009).

The ideal protein model is aimed at dietary digestible amino acid levels, which supply the
correct amount of essential amino acids, whereby nitrogen excretion in waste can be
minimized. This will result in significant cost saving in diet formulation for animal
production, since if an excess of protein is supplied, only part of it will be used for somatic
growth. In addition, the ideal protein concept requires less time and is less costly than
determining the amino acid requirements of the fish by conventional methods such as the
dose-response method. This is especially valuable and meaningful for those emerging fish

species for which nutritional work has not yet been fully conducted.

Applying the ideal protein concept, the evaluation of dietary lysine requirement must be
carried out with great accuracy. This is because it is the basis of the requirements for all the
remaining essential amino acids. Any error in the lysine requirement will translate into an
erroneous estimate for all the other essential amino acids (Barker and Han, 1994; Emmert and

Baker, 1997).

12



Evaluation of lysine requirement is of particular importance in the research of fish nutrition
(NRC, 2011). This is because lysine is an EAA that is extensively required for optimum
growth and is one of the most limiting EAAs in protein sources commonly used in fish
feedstuffs (Wilson, 2003); especially in those feed formulations that are based on plant
protein sources. These plant proteins are utilized to replace fishmeal in the formulation of
low-cost and economical feed for fish. Deficiency in lysine typically results in loss of
appetite and reduction in growth performance (Mai ef al, 2006). Feeding a diet that has
higher than the requirement level of dietary lysine does not improve performance and feed
utilization, but rather reduces growth, and feed efficiencies (Mai ef al., 2006, Deng et al.,
2010). Therefore, an optimal dietary inclusion level of lysine is required in advance to

formulate nutritionally complete and cost effective fish feeds.

1.6. Digestibility of nutrients

Digestibility is a key factor in evaluating the potential of an ingredient for use in the diet of
an aquatic species (Glencross ef al., 2007), and should be given priority in nutritional studies
that are aimed at evaluating the potential of feed ingredients for use in the diet of an animal.
The nutritional value of a feed is not exclusively based on its chemical composition but also
depends on the quantity of nutrients and energy that are assimilated and utilised (NRC, 1993).
A feed may contain the adequate amount of nutrients formulated for a species but will just be
wasted and detrimental to the environment if not efficiently assimilated. An effective feed
can be prepared when information on digestibility of nutrients in feedstuffs has been
considered in its formulation (Catacutan ef al, 2003). Determining the digestibility of
nutrients in feedstuffs is important to enable the formulation of diets that maximize the
growth of cultured fish, by providing appropriate amounts of available nutrients (Lee, 2002,

Glencross et al, 2007). Apparent digestibility coefficients are also necessary to allow
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experimental and commercial feeds to be formulated on a digestible rather than a gross

nutrient basis.

Recently, there has been much interest in formulating diets on a digestible amino acid basis
(Masagounder ef al., 2009; Hernandez et al., 2010; Lu et al., 2015, Glencross ef al., 2016).
Formulating diets using this approach will result in a decrease in feed cost as well as a
decrease in excess nutrients being excreted into the environment. Nutrient digestibility is the

difference between the nutrients ingested and the nutrients excreted in faeces (NRC, 2011).

Protein and amino acid digestibility can be expressed as true or apparent, depending on the
corrections made by the contribution of endogenous nitrogen production. True digestibility
can be determined by the difference between the amount of amino acids in the diet and the
faeces, considering the endogenous losses of amino acids that are subtracted from the total
amino acids in the faeces (Sakomura and Rostagno, 2007). When a diet without protein is fed
to the animal, the nitrogen observed in faeces is derived from the enzymes, mucins, amides,
amines, bacteria and cell desquamation of the intestinal mucosa during the passage of food or
chime. Souffrant (1991) confirmed that the main components of these endogenous secretions
are digestive enzymes and mucoproteins. There are quite a number of reports on true
digestibility values of amino acids in various fish species, as found by Ambardekar e al.
(2009), Wilson et al. (1981) for channel catfish Ictalurus punctatus and Anderson et al.
(1992) for Atlantic salmon Sa/mo salar and red sea bream Pagrus major. Their results reflect
great variability, which may be related to species, fish size, environmental condition such as
water temperature (Bendiksen ef al., 2003), dissolved oxygen concentrations, time of faeces
collection (Allan ef al, (1999) and the method of faeces collection (Austreng, 1978).
Apparent digestibility is estimated by subtracting the nutrients contained in the faeces from

the nutrients contained in the dietary intake but does not take into account the endogenous
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losses, and the higher the dietary protein level, the lower the contribution of endogenous

lossess in faecal matter.

The main assumption in the use of protein and amino acid digestibility values is that
digestibility coefficients determined for individual feed ingredients are additive in compound
diets, suggesting the absence of interactions among ingredients and no influence due to
dietary inclusion levels (Sales, 2009). Test diets for evaluating digestibility values for fish
usually involve mixing a test ingredient (30 %) with a reference diet (70 %), or 50:50 ratio
that includes an indigestible marker for indirect digestibility. A reference diet is included in
the test diet to maintain adequate palatability and to satisfy the species requirements for
essential nutrients. Although this approach is considered standard, it has been reported that
the inclusion of a reference diet may interfere with the nutrient digestibility of the test
ingredient with regards to carbohydrate and their level in the diet (Lupatsch ef al., 1997) and
cause erroneous digestibility values. Some researchers have used single protein sources to
measure digestibility of feedstuffs (Masagounder er al, 2009; Lupatsch er al., 1997).
Problems associated with this method may include poor water stability, nutrient deficiency
and poor acceptability (Masagounder ef al., 2009). Researchers have established that protein
and amino acid digestibility should be tested for additivity in feed ingredients (Lupatsch et

al., 1997, Sales, 2009).

1.7. Digestibility determination techniques

The direct method for determining digestibility coefficients for animals is the total collection
method, which involves a quantitative record of the nutrients consumed and those voided in
the faeces (Austreng, 1978). The apparent digestibility coefficients are calculated by the
quantitative measurement of the nutrients in the feed consumed and in the faeces (Hajen et

al., 1993). However, measuring digestibility in an aquatic environment is more difficult than
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in terrestrial animals, as nutrients can leach from the faeces into the water before faeces
collection and faeces can be contaminated with uneaten feed (Allan ez al., 1999). Therefore,
an indirect method, which involves the use of an indigestible marker in the diet, has been
developed (Maynard and Loosli, 1969). Using the indirect method, the total collection of
faeces is unnecessary. The digestibility can be calculated from the ratio of nutrients in a
representative portion of the feed and the faeces (Hajen ef al, 1993). To be an effective
marker, it must not interfere with the digestive process of the animal or gut micro flora; not
be absorbed or metabolized; have the same rate of passage through the gut as the
experimental diet (Maynard and Loosli, 1969; Alan ef al., 2005); and it must be possible to
analysed it accurately in feed and faeces (Owens and Hanson, 1992). There are two classes of
markers, namely external (those that are added to a diet) and internal (those that are

inherently present as natural components of a diet) (Hajen et al., 1993).

The utilization of internal indigestible components or the addition of external indigestible
markers eliminates the need for quantitative faeces collection but requires that a
representative faecal sample be collected (Maynard and Loosli, 1969). A number of external
markers have been used for nutritional studies, with chromic oxide being the most widely
used in work with fish (Reyes ef al., 2015; Rossi et al., 2016). Alternative markers include
acid-insoluble ash, polyethylene, titanium dioxide, barium oxide and yttrium (Sugiura et al.,

1998; Riche ef al., 1995, Austreng ef al., 2000; Krontveit ef al., 2014).

An internal marker is a chosen substance, which forms an integral part of the feed consumed
by the animal (Marais, 2000). It has the advantage of being cheap and convenient, and may
be particularly useful in experimentation with wild or free-ranging animals, which are

difficult to dose with an external marker (Marais, 2000). Examples include acid-insoluble ash
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(Tacon and Rodrigues, 1984; Atkinson ef al., 1984) and polyethylene (Tacon and Rodrigues,

1984).

Since over 30 % of the faecal nitrogen is highly water soluble (Lied ef al., 1982), it is
technically difficult to collect faeces without any leaching of soluble compounds, therefore,
the faecal collection method can affect digestibility estimates of a diet (Glencross ef al.,
2005). The effect of the faecal collection method on digestibility estimates has been studied

at length with different species of fish (Spyridakis ef al., 1989; Rawles ef al., 2010).

Several techniques have been used to collect faecal material from fish. In order to avoid any
leaching in the water, fish could be taken out of the water and the faeces sampled directly by
dissection (Austreng, 1978), stripping or anal suction. Alternative methods for the collection
of faeces in the water include the collection of decanted faeces from within the tank (Smith
and Lovell, 1971), from effluent water via filtration (Ogino ef al, 1973) or decantation
columns-the Guelph system (Cho and Slinger, 1979) and from continuous effluent

filtration/faeces removal (Choubert ez al., 1979).

There has been concern among researchers regarding the degree of nutrient leaching with the
various methods of faeces collection. Windell ef al. (1978) observed that the most nutrient
leaching from faeces occurs during the first hour after defaecation. Some authors calimed that
systems that remove faeces from the water swiftly cause minimum leaching, while others
claimed that breakage of faeces pellets during collection is the major cause of nutrient
leaching (Hajen et al,, 1993). Cho ef al. (1982) showed that results obtained by intestinal
dissection and by anal suction were not significantly different from the results obtained by the
Guelph system for nutrient digestibility. This would indicate that nutrient leaching was not an

important source of error with the Guelph system.
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1.8. Need for research in dusky kob nutrition

For the dusky kob farming industry to reach its potential in South Africa, locally produced
and cost effective feeds must be developed. To date there are no commercial feeds
manufactured exclusively for dusky kob and farmers rely on imported commercial finfish
feed, which are based on trout and seabass formulations. The cost of purchasing and
delivering feeds remains the single highest operating cost for carnivorous fish culture, often
accounting for as much as 60 % of on-farm operating costs (De Silva and Hasan, 2007).
Globally, aquafeed costs are primarily driven by the international availability and price of
fishmeal, and the prevailing currency exchange rates. Low-cost locally available alternatives
to fishmeal need to be identified in order to develop the cost effective production of dusky
kob in South Africa. The major issues associated with feed development include an
understanding of the nutritional requirements of the species, and access to a diverse range of
ingredients for which the nutritional limitations, with respect to the ingredient and the species
are known (Glencross ef al., 2007). The first task in evaluating the potential of any ingredient
for inclusion in finfish diets should be the determination of its proximate composition and
apparent digestibility (Allan ef al., 1999; Glencross ef al, 2007). Preferably, amino acid
digestibility of an ingredient should be investigated, because high protein digestibility by
itself is not necessarily commensurate with the availability of amino acids, in particular the
essential amino acids, which should be available in sufficient quantities and in the correct
proportions for the fish (De Silva er al, 2000). The use of the apparent digestibility
coefficient of an amino acid is necessary to establish the “digestible” AA requirement for
growth and maintenance of A. japonicus. Collection of faecal matter from fish is a difficult
process, and collection methods must ensure digestibility coefficients are accurate (Allan ef

al., 1999). In order to effectively evaluate available nutrients in feed ingredients, it is
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necessary to establish a suitable technique for faecal collection and identify a reliable marker

for the species.

Presently, there is no published information on EAA requirements for A. japonicus. Typically
lysine is one of the principal limiting essential amino acids commonly encountered in fish
feed formulations. Knowing the requirement of lysine, then the requirement for other EAAs
could be estimated based on the ideal protein concept. Improved dietary formulation could be
achieved by measuring the availability of EAAs in alternative feed ingredients and matching

it with the EAA requirements of 4. japonicus.

This thesis was designed to establish adequate techniques for faecal collection and the
validity of digestibility markers for 4. japonicus. It also documents digestibility information
for novel feedstuffs, which could partially or wholly replace fishmeal in diets for A.
Japonicus. In addition, this study establishes the optimal lysine requirement for A. japonicus,
which was used to calculate each of the essential amino acid requirements by using the ideal

protein concept.

1.9. Aims and objectives

The current study should be viewed as a continuation of a broader research project initiated
by Rhodes University to the development of least-cost, nutritionally balanced diets for dusky
kob using locally available feedstufts. The aims of this study were to investigate the amino
acid requirements of South African dusky kob Argyrosomus japonicus and to provide
information on the potential of alternative feed ingredients to reduce or replace fishmeal in

the diet for this species.
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Appendix 3

Acid insoluble-ash content of dusky kob feed and faeces (mean value of three sample
replicate expressed in % dry matter, £standard deviation).

Feed Faeces
Single protein source
Fishmeal prime 0.55 0.66+0.1
Fishmeal standard 0.52 0.87+0.2
Pork meal 0.80 0.85+0.2
Poultry meal 0.88 0.99+0.0
Substitution method
Pork meal 1.03 1.2340.3
Poultry meal 0.97 1.05+0.2
Canola meal 0.50 1.3540.1
Corn gluten meal 0.40 1.19+0.4
Sunflower meal 0.63 1.19+0.2
Soybean meal 0.51 1.71+0.3
Blood meal 0.62 1.444+0.1
Reference diet 1.49 1.31+0.3
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