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Executive summary 
 
This report details the results of several research activities conducted for the United 

Soybean Board by NSW DPI Fisheries in 2010 related to USB Project 1463 Asian 
seabass: validation of commercial grow-out feeds containing optimal levels of SBM 
and SPC and impacts of feed attractants.  

 

Two major research experiments were conducted with Asian seabass. The first experiment 

was designed to investigate the efficacy of three commercially available feed attractants 

when top-coated onto aquafeeds containing high dietary concentrations of soybean meal 

and or soy protein concentrate. The attractants were all hydrolysates and based on poultry 

raw material, fish raw material or Artemia raw material, respectively. The second 

experiment was designed to determine the apparent digestibility of protein, energy and 

amino acids in raw materials typically used to formulate aquafeeds for Asian seabass in 

South East Asia. Ingredients included poultry meal, blood meal, corn gluten meal, prime 

fishmeal, tuna meal, raw wheat and pregelatinized wheat starch. Faecal material was 

collected by stripping and indirect methods were used to calculated digestibility of 

ingredients. 

 

None of the feed attractants had a significant influence on relative feed intake or growth of 

Asian seabass. The lack of efficacy in the tested hydrolysates may be related to the 

chemical composition of the individual hydrolysates, the inclusion rates we selected for the 

experiment or possibly the method of incorporation. Further research with Asian seabass 

in this field should include screening of additional feeding stimulants or mixtures and dose 

response studies aimed at determining suitable inclusion rates. 

 

Protein digestibility of fishmeal, poultry meal, corn gluten meal and raw wheat were all 

greater then 82%. Energy from poultry meal, fishmeal and corn gluten was also well 

digested, but the protein and energy digestibility of blood meal was low (55 and 60%, 

respectively). Both dry matter and energy from wheat and pregelled wheat starch were 

very poorly digested by Asian seabass, acting as dietary diluents. This new data has been 

used to expand the existing formulation data base of feed ingredients for Asian seabass 

which already includes similar information on the digestibility of soybean meal, soy protein 

concentrate and South American fishmeal. 
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In addition to the major experiments, two desk-top studies were undertaken. One study 

aimed to review new scientific data on digestibility of feed ingredients by Asian seabass 

and the other to review scientific literature on the impacts of SBM and SPC on extruded 

aquafeeds, particularly with reference to the quality of extruded aquafeeds produced in 

earlier trials with Asian seabass for the USB. 

 

Little new information on the digestibility of feed ingredients for Asian seabass was found 

in the peer reviewed literature. Only two recent papers were dedicated to the 

determination of apparent digestibility coefficients for Asian seabass. One paper 

investigated the digestibility of different cereal grains and the other investigated the 

digestibility of various ingredients such as lupin meal, lupin protein concentrate, soybean 

meal, canola meal, poultry meal and feather meal. None of the publications presented data 

on the availability of amino acids for any of the ingredients. Relevant data was used to 

update the basic or proximate feed ingredient data base for Asian seabass. 

 

Review of the scientific literature in light of the pellet characteristics observed in our earlier 

formulations has indicated there is a need for further research into the interactions 

between SBM, SPC and other common feed ingredients subjected to extrusion 

processing. In addition, more research is required to better understand how the selection 

of adjustable extrusion parameters such as moisture level, barrel temperature, feeding 

rate, screw speed and retention time affect dependent variables such as motor torque, die 

pressure and specific mechanical energy (SME) in aquafeed formulations containing SBM 

and SPC. Ideally these factors should be examined under controlled conditions where 

most extrusion parameters are held constant and ingredient-ingredient interactions are 

minimised. This will lead to a far better understanding of ingredient-ingredient interactions 

and knowledge of the functional value of SBM and SPC in the presence of other important 

feed proteins. 
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Recommendations 
 
NSW Department of Primary Industries (NSW DPI) recommends conducting the following 

nutritional research and activities on the use of soybean meal (SBM) and soy protein 

concentrate (SPC) in aquafeeds for Asian Seabass (Lates calcarifer) in FY 2012; 

 

• Conduct a laboratory based growth study with Asian seabass aimed at reducing or 

eliminating fishmeal in grow-out diets for this species by using elevated levels of SBM, 

SPC and other feed ingredients available in ASA-IM target markets of South East Asia 

(SEA).  

• Conduct a longer term grow-out verification trial of promising formulation/s for 

Asian seabass at a commercial saltwater facility in SEA or Australia (ideally in SEA). 

• Conduct an economic feasibility analysis of alternative soy based diets compared 

to typical commercial Asian seabass diet/s (least-cost analysis). 

• A visit by NSW DPI researcher/s conducting USB trials on Asian seabass to SEA, 

ideally at the inception and conclusion of FY2012 activities to allow NSW DPI researchers 

to see what challenges the SEA industry is facing and to disseminate past and current 

USB research on Asian seabass to specifically targeted audiences in SEA partner 

countries. 

 

These recommendations are designed to build on the successful research conducted by 

NSW DPI on Asian seabass for the USB in FY2009 (project 9463), FY2010 (project 0463) 

and FY2011 (project 1463). If adopted, these recommendations will assist development of 

new commercial aquafeed formulations for Asian seabass that are specific to the SEA 

region. In addition, completion of the aforementioned research will allow the economics of 

feeding new USB formulations to be compared to the economics of feeding Asian seabass 

on current commercial formulations. Together, this information will increase the flexibility of 

formulating aquafeeds for Asian seabass and the acceptance of using SBM and SPC in 

commercial feeds for this species. The opportunity for NSW DPI researchers to travel to 

SEA and liaise with the SEA International Marketing Team and present seminars and 

exchange information on USB research pertinent to the nutrition and feeding of Asian 

seabass should further enhance the uptake of soy products and the reduction of fishmeal 

in diets for this species. 
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Introduction 

Asian seabass: validation of commercial grow‐out feeds containing optimal 
levels of SBM and SPC and impacts of feed attractants 
 

The New Uses Committee of the United Soybean Board (USB) contracted NSW 

Department of Primary Industries (NSW DPI) (formerly Industry & Investment NSW) to 

conduct research to investigate the utilisation of solvent extracted soybean meal (SBM) 

and soy protein concentrate (SPC) in aqua-feeds for Asian Sea Bass Lates calcarifer. 

 

The agreed research objectives for FY2011 were: 

 

• Expand the current formulation data base developed for this species in USB 

projects 9463 and 0463 by identifying potential ingredients available for feed 

manufacturing in key target markets of South East Asia (SEA). 

• Evaluate the digestibility and & utilisation of key feed ingredients identified from 

SEA. 

• Understand the impacts of high dietary inclusion levels of SBM and/or SPC on the 

production and quality of modern extruded aqua-feeds for Asian seabass 

• Improve the understanding of formulation flexibility for feeds with high contents of 

SBM/SPC. 

• Investigate the use of feed attractants to stimulate feed intake in diets containing 

high levels of SBM or SPC (particularly for SPC). 

 

These objectives were designed to build on successful research conducted on Asian 

seabass for the USB by NSW DPI in FY 2009 (Project # 9463) and FY 2010 (Project # 

0463). The FY 2011 objectives were broken into the following activities: 

 

Activity 1) Desk-top research designed to expand the current feed ingredient formulation 

data base for Asian seabass and improve knowledge of the impacts of high inclusion 

levels of SBM and SPC on the manufacture of extruded pellets. 
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Activity 2) Determination of the apparent digestibility of key feed ingredients from ASA 

International Marketing (IM) identified target markets in SEA such as Thailand, Philippines, 

Indonesia, Vietnam or Malaysia. 

 

Activity 3) Identification and evaluation of suitable feed attractants to improve feed intake 

of diets with high levels of SBM or SPC by Asian seabass. 

 

Background to 2011 research objectives 
 

The New Uses Committee of the United Soybean Board (USB) contracted NSW DPI and 

its collaborators to conduct applied research to investigate the utilization of solvent 

extracted soybean meal (SBM) and a soy protein concentrate (SPC; Soycomil-K®) in 

aqua-feeds for Asian seabass Lates calcarifer.  

 

The original research objectives were to: 

 

1. Determine the maximum tolerance level of SBM and/or SPC that can be utilized in the 

diet of Asian seabass 

 

2. Formulate a manufactured feed for Asian seabass that optimizes the combination of 

SBM and SPC for field testing and evaluation at a later date  

 

In order to address the stated objectives, NSW DPI developed a two stage research 

strategy. The first stage determined the apparent digestibility (ADC) of gross nutrients, 

amino acids and energy from SBM and SPC at two dietary inclusion levels (e.g. 30% and 

50%). The second stage used the experimentally determined ADC’s for SBM and SPC in 

combination with digestibility data obtained from peer reviewed literature to formulate and 

then manufacture a series of semi-commercial feeds for Asian seabass designed to test 

the upper inclusion levels of SBM, SPC or a combination of both ingredients against a 

formulated reference diet. 

 

Stage 1 was successfully completed in FY2009 and NSW DPI presented USB with a 

comprehensive final report which included data on the digestibility of SBM and SPC and a 

data base of other ingredients and ADC’s that allowed accurate formulation of feeds for 
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Asian seabass. Stage 2 was successfully completed in FY2010 and NSW DPI presented 

the USB with data on the utilisation of extruded diets containing high dietary levels of SBM 

(i.e. 30, 35 or 38%) and SPC (i.e. 40, 50 or 60%) and data on diets containing a 

combination of both products. The FY2010 final report also explored the effect of feeding 

high levels of SBM and SPC on the intestinal morphology of Asian seabass as well as the 

impacts of the aforementioned feeds on proximate carcass composition. 

 

The results of the FY2010 study confirmed that digestibility coefficients for SBM, SPC, 

fishmeal and other ingredients can be used to successfully formulate feeds for Asian 

seabass. Similarities in feed utilisation (FCR), carcass composition and protein retention 

efficiency (PRE) of all dietary treatments demonstrated that the NSW DPI strategy of 

formulating feeds on a digestible protein and energy basis to match a specific stage of 

growth was successful and underpins the premise that once the digestibility of ingredients 

is known, the risk of undersupplying basic nutrient requirements in formulated feeds is 

reduced. Consequently NSW DPI was able to show that diets for Asian seabass could 

contain as much as 35% SBM before feed intake and performance were adversely 

affected. In contrast, diets very low in fishmeal but high in SPC or combinations of SBM 

and SPC achieved acceptable FCR, but the relative feed intake and concomitant weight 

gain of fish reared on these diets was decreased. The results for SPC appeared to be 

driven by the apparent decrease in palatability of diets containing extreme levels of this 

product rather than gross nutritional deficiencies or anti-nutrient effects per se. Impacts of 

SBM or SPC on the distal intestinal integrity of fish were inconclusive and could not be 

related to diet type. Some histological variations were noted in all dietary groups and these 

tended to be consistent, but we could not ascertain whether these changes were 

representative of normal or abnormal histological structures in well fed fish. Further 

detailed research is required to enable potential effects of SBM and SPC on gut histology 

to be elucidated. 

 

Based on the outcomes of FY2009 and FY2010 activities NSW DPI recommended several 

new research activities that they believed were needed to ensure the most effective 

utilisation of SBM and SPC in aqua-feeds for Asian seabass, particularly for formulation 

and manufacture of aqua-feeds in the South East Asian (SEA) industry. These FY2011 

recommendations included the determination of additional digestibility coefficients for 

common feed ingredients available to SEA feed manufacturers and evaluation of the 
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potential of several commercially available feed attractants to increase feed intake of 

aqua-feeds containing elevated levels of SBM and SPC. A third recommendation for 

FY2011 was to review the most recent nutritional literature on Asian seabass and capture 

relevant data on the digestibility of other feed ingredients in order that they may be 

incorporated into the formulation data base for Asian seabass developed in earlier work. In 

addition, as incorporation of high dietary levels of SPC into aqua-feeds was problematic for 

the manufacturers of the semi-commercial feeds used in FY2010, NSW DPI 

recommended undertaking a brief literature review to investigate the impacts of high SBM 

and SPC inclusion on pellet quality of aqua-feeds and to help understand how these 

ingredients work and interact with other feed ingredients. 

 

This report details the results of three activities undertaken by NSW DPI to address the 

research objectives of the USB in FY2011. The activities were to; 

 

• Evaluation of feed attractants to improve feed intake of diets with high levels of 

SBM or SPC by Asian seabass. 

• Determination of the apparent digestibility of key feed ingredients from ASA 

International Marketing (ASA-IM) identified target markets in SEA such as 

Thailand, Philippines, Indonesia, Vietnam or Malaysia. 

• Desk-top research designed to update the current feed ingredient formulation data 

base for Asian seabass and improve knowledge of the impacts of high inclusion 

levels of SBM and or SPC on the manufacture of extruded pellets. 
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Major research activities completed in FY 2011 

Evaluation of feed attractants for improving feed intake of diets with high 
levels of SBM or SPC by Asian seabass. 

Introduction 

The switch from fishmeal and fish oil based diets to aqua-feeds containing higher levels of 

less palatable plant proteins has prompted researchers and feed manufacturers to explore 

the potential of feed attractants or stimulants (Floreto et al., 2001; Nunes et al., 2006). 

Feeding stimulants that tend to cause the greatest behavioural responses in fish are a 

chemically heterogeneous group of compounds (chemo-attractants) and mixtures that 

include various amino acids, phospholipids, nucleotides and nucleosides, quaternary 

ammonium bases and animal extracts or emulsions (Koskela et al., 1993; De la Higuera, 

2001; Smith et al., 2005). The most common physicochemical properties of attractants are; 

non volatile, low molecular weight, nitrogen containing, amphoteric, water soluble and 

stable to heat treatment (De la Higuera, 2001). Various extracts, by-products and purified 

substances have been trialled for their feed attractant properties in fish such as krill meal 

(Gaber, 2005), krill hydrolysate (Oikawa & March, 1997; Kolkovski et al., 2000) and squid 

hydrolysate (Lian et al., 2008). However, the addition of feed attractants does not always 

promote increases in feed intake and growth and appears to be heavily dependant on the 

ingredient composition of the diet (Trushenski et al., 2011) or whether the attractant is 

coated on the surface of the pellet or incorporated into the mash prior to pelleting (Oikawa 

& March, 1997). Feeding stimulants appear to be species specific and there tends to be 

differentiation between the type and range of stimulants which affect carnivorous and 

herbivorous fish (De la Higuera, 2001; Gatlin et al., 2007). 

 

Feed stimulants act on fish in different ways. They may have arrestant, attractant, 

repellent, incitant, suppressant, stimulant or deterrent effects (De la Higuera, 2001). The 

terms incitant, suppressant, stimulant or deterrent apply to positive or negative responses 

relating to the initiation or continuation of feeding and require direct contact with the feed to 

stimulate the particular response. Many chemicals fit into more than one definition and 

different concentrations of a chemical may promote a different level of response (De la 

Higuera, 2001). In terms of the feeding response, direct contact with the feed can result in 
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rejection of the feed due to the presence of deterrents or initiation and continuation of 

feeding due to presence of stimulants (De la Higuera, 2001). 

 

In previous studies for the USB we found that utilisation of feeds (FCR) containing high 

levels of soy protein concentrate (SPC) (e.g. 30, 40 or 50%) by Asian seabass were 

similar to test diets containing soybean meal (SBM; 30, 35 or 38%), a fishmeal control diet 

or a commercial Asian seabass feed (Ridley Aquafeed Pty Ltd). However, weight gain of 

Asian seabass fed diets high in SPC was reduced due to concomitant decreases in feed 

intake (Booth et al., 2010a). This indicated a reduction in the palatability of these feeds, 

most likely due to low levels of fishmeal (10%) and the extreme dietary levels of SPC (e.g. 

possible role of concentrated oligosaccharides and other anti-nutritional factors). Similar 

responses have been seen in Californian yellowtail Seriola lalandi (Jirsa et al., 2011) and 

hybrid striped bass (Blaufuss & Trushenski, 2011) fed experimental diets in which fishmeal 

is replaced with SPC. At the conclusion of the 2010 study we hypothesized that the use of 

feed attractants / stimulants might overcome problems with palatability and induce 

increased feed intake of experimental feeds high in SPC. 

 

Therefore, the aim of this experiment was to test whether the external top-coating of semi-

commercial aqua-feeds with different feed stimulants would increase feed intake and 

promote additional weight gain in Asian seabass fed diets containing elevated dietary 

levels of SBM and SPC. 

Methods 

Experimental design 

 

Three liquid feeding stimulants were selected to determine if feed intake of aqua-feeds 

containing high levels of SBM and SPC could be increased in Asian seabass. The 

selected stimulants were hydrolysates based on fish raw material, poultry raw material or a 

crustacean raw material. The experiment was designed for evaluation using factorial 

ANOVA. Two fixed factors each consisting of 4 levels were employed; diet type (i.e. FM, 

SBM38, SPC60 or SBM/SPC) and feeding stimulant (i.e. none, Actipal HC1, Actipal ML8 

or Artemia). Each of the 16 treatments was replicated 3 times (i.e. 48 experiment tanks). 
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Aqua-feeds for this experiment were from the same batch of extruded test feeds used in a 

previous growth study with Asian seabass (Booth et al., 2010a). These feeds were 

selected because previous growth and feed intake data were available for Asian seabass 

fed these diets and the upper levels of SBM and SPC content in the feeds was known to 

be high enough to stimulate a negative feeding response (Booth et al., 2010a). The diets 

selected contained the highest levels of SBM (38%) and SPC (60%) investigated in 

previous research, respectively. In addition, we selected the diet containing 30% SBM and 

30% SPC as this diet contained the same dietary content of soy products to the diet 

containing 60% SPC. A reference diet containing high levels of fishmeal and no soy 

products was included in the experimental design as a control. The formulation and 

measured composition of the un-coated aqua-feeds used in the trial are presented in 

Table 1. 

 

The recommended inclusion level given by manufacturers for each of the hydrolysates 

was between 2-5% w/w. Therefore, in order to standardise the addition of each 

hydrolysate we selected a top-coating addition rate of 20 g attractant kg-1 diet (i.e. 2% 

weight / weight). Each of the hydrolysates was top-coated onto separate batches of pellets 

using a plastic pressure-pack spray bottle. One spray bottle was used for each hydrolysate 

to ensure cross-contamination of feeding stimulants did not occur. Following 

manufacturers recommendations all hydrolysates were warmed in a water bath (<45°C) in 

order to reduce the viscosity of the individual solutions prior to spraying onto pellets; this 

greatly aided top-coating procedures. Following top-coating procedures all pellets were 

dried in a convection drier (<45°C) to return the moisture content of pellets to < 10%. 

Feeds were stored frozen (<-17°C) prior to use in the feeding experiment. 

 

The contact details for the manufacturers of each hydrolysate are given below and 

proprietary brochures are included at the end of this report. 

 

Actipal HC1 Aquativ  
Fish raw material (tuna co-products) hydrolysate 
Batch No. 201100909 
Aquativ SPF Diana (Thailand) Co. Ltd. 
68/5 M00 8 Rama 2 Road, Bangkrachao 
Muangsamutsakorn, Samutsakorn, 74000 Thailand 
Contact: R Smullen 
(email) rsmullen@ridley.com.au  
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Actipal Fish ML8 039027  
Poultry raw material hydrolysate 
Batch No. 110214A 
SPF Diana (Australia) 
Aquativ Australia 
Newcastle Plant 
P.O. Box 191 Beresfield, NSW, 2311 
Contact: Florence Motte, Director, SPF Diana Australia 
(email) fmotte@spfaus.com 

 

Artemia hydrolysate 
Artemia raw material hydrolysate 
The Western Australian Fisheries and Marine Research Laboratories  
Department Fisheries WA, Hillarys Western Australia 
Contact: Dr Sagiv Kolkovski 
(email) Sagiv.Kolkovski@fish.wa.gov.au 

 

Each of the hydrolysates was submitted for chemical analysis in order to characterize its 

proximate, amino acid and fatty acid composition (Tables 2 and 3). Dry matter content of 

each hydrolysate varied greatly and reflected the viscosity of each product. As a 

consequence the actual amount of dry matter (i.e. amino acids, fatty acids etc) added to 

the test feeds on a 2% w/w “as is basis” was very different. Actipal HC1 (fish hydrolysate) 

was relatively high in crude protein and amino acids compared to Actipal ML8 (poultry 

hydrolysate) and considerably different to the protein and amino acid composition of the 

Artemia hydrolysate. Actipal ML8 (poultry hydrolysate) contained the highest level of total 

lipid on a dry weight basis (Table 2). 

 

The fatty acid composition of the 3 hydrolysates reflected the origin of the raw material 

used. For example, on a dry matter basis Actipal HC1 (fish hydrolysate) was rich in 

saturated and n-3 polyunsaturated fatty acids (PUFA) whereas the Actipal ML8 (poultry 

hydrolysate) was rich in saturated and monounsaturated fatty acids (MUFA). The Artemia 

hydrolysate was proportionally higher in MUFA, followed by saturated fatty acids then n-3 

PUFA, but was relatively low in n-6 PUFA (Table 3). Total fatty acids represented 53.2, 

83.1 and 22.0% of total lipids on a dry weight basis of the Actipal HC1, Actipal ML8 and 

Artemia samples, respectively. The fatty acid composition of the Artemia hydrolysate 

reflected values cited for starved adult Artemia (Fujita et al., 1980; Dhont & Van Stappen, 

2003). 
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Fish stocks and handling protocols 

 

Five hundred size graded Asian seabass 

(≈ 120 g body weight) were collected from 

Infinity Fisheries Pty Ltd (105 Silica Rd. 

Bargo NSW Australia 2574; 

www.infinityfisheries.com) and transported 

to PSFI in a single 1800 L rectangular fish 

transporter containing freshwater. During 

the 5 h journey the transport tank was 

supplied with medical grade oxygen (BOC 

Australia) via regulated flow meters (Ezi-

Flow; Comweld Medical Cigweld Pty Ltd 

Preston, Victoria, Australia) feeding submerged ceramic diffusers. This ensured the 

dissolved oxygen concentration in the tank did not fall below 6 mg L-1. Fish were collected, 

transported and removed from the transport tank according to bio-security protocols for 

Asian seabass established by NSW DPI (please refer to USB FY2009 Final Report). On 

arrival at PSFI fish were lightly anaesthetized (10ppm Aquis-S®) in the transport tank, 

captured and placed into a 3000 L holding tank inside the laboratory. Fish were held in the 

holding tank for approximately 1 week during which time the fish were acclimated to salt 

water conditions (salinity > 34 g L-1) and sparingly fed a commercial Asian seabass feed 

(Ridley Aquafeed Pty Ltd). Following the acclimation period the whole group of fish was 

lightly anaesthetized before individual fish were hand selected for dispersion to 48 

experiment tanks. Selected fish were carefully graded to ensure all stocked fish were of 

similar starting weight and length. Fish were systematically distributed to tanks in groups of 

5 until each tank contained 10 fish. 

 

Laboratory 

 

The experiment was performed in a laboratory that housed 48 x 200 L white polyethylene 

aquaria supplied by two interlinked recirculating bio-filtration units of 1,700 L capacity. 

Water flow to each experimental tank was controlled by small PVC taps that provided a 

weak centripetal current (i.e. flow rate ≈ 7-8 L min-1) within each tank that assisted the 

PSFI fish transporter 
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removal of waste through a central, 

vertical PVC standpipe (32 mm diameter) 

fixed approximately 10 mm from the base. 

Water temperature was controlled in each 

of the bio-filtration units using an 

immersion heater operating 

antagonistically against a water chilling 

unit to allow precise temperature control. 

Each unit was enriched with medical 

grade oxygen which was injected directly 

into each of the main supply manifolds. 

Each of the 48 experimental aquaria contained a central air-stone to provide additional 

aeration. Black plastic was wrapped around each of the 48 aquaria and a black plastic lid, 

which covered half the tank opening, was fitted to minimize external disturbance of fish. 

Black ‘bird-mesh’ was installed over each experiment tank to prevent fish escaping. Solid 

and dissolved matter was removed using in-line cartridge filters and foam fractionation.  

 

Feeding protocols and water management 

 

After stocking (7th March 2011), each of the 16 dietary treatments was randomly assigned 

to 3 experiment tanks. Groups of Asian seabass were not fed the day of stocking and were 

introduced to their respective test diets the following day. Fish were hand fed to apparent 

satiation at 0830 h and 1430 h Monday through Friday and fed once at 0900 h on 

Saturdays and Sundays. To ensure feed intake among individual tanks of fish was not 

confounded by the leaching of different hydrolysates into the water column the flow of 

water to all tanks in each system was ceased immediately prior to feeding. After feeding, 

all water was purged from individual tanks and the sumps for a period of 30 min to ensure 

residual concentrations of hydrolysates were absent from the water column. Replacement 

water was pumped from a pre-heated reservoir to ensure nominal water temperatures did 

not fall. Following complete water exchange the systems were closed and returned to 

normal operation. Activated carbon filters were installed in each of the systems to further 

ensure residual concentrations of hydrolysates were absent. The carbon filters were 

exchanged on a daily basis. 

 

Experiment tank system at PSFI 



 

 18

Husbandry 

 

Feed intake and water quality data were recorded on a daily basis. Fish were 

anaesthetized and bulk weighed 4 and 6 weeks (i.e. harvest; 18th April 2011) after stocking 

to assess the impacts of coating the test feeds with and without the feeding stimulants. At 

the conclusion of the experiment fish were returned to larger holding tanks. No fish died 

during the experiment. 

 

Water quality was monitored on a daily basis during the experiment using a Horiba water 

quality analyser (Model U10). Mean ± SD for water temperature, dissolved oxygen, salinity 

and pH were 29.0±1.6˚C, 5.9±1.5 mg L-1, 36.6±0.8 g L-1 and 7.9±0.2 pH units, respectively. 

 

Performance calculations 

 

Performance criteria were first calculated using measurements of individual fish housed in 

each replicate tank. The average tank value for specific performance criterion was used in 

statistical analysis. Raw growth and feed intake data is presented in Table 4. To examine 

relative differences in feed intake and weight gain, raw data was referred to allometric 

weight exponents of 0.8 in order to remove the influence of fish size on the selected 

response variables. Raw feed intake, relative feed intake and apparent FCR was corrected 

for the moisture content of the different dietary treatments and is presented on a dry matter 

basis (Table 4). 

 
Weight gain (g fish-1) = harvest weight (g) – stocking weight (g)     Eq.1 

Geometric mean body weight (GMBW) = (initial weight (g) x final weight (g))0.5   Eq.2 

FCR = feed consumption (g) / wet weight gain (g)      Eq.3 

 

Rel. feed intake (g kgBW-0.8day-1) = ind. feed intake (g) / ((GMBW/1000)0.8)/days   Eq.4 

Rel. weight gain (g kgBW-0.8day-1) = ind. weight gain (g) / ((GMBW/1000)0.8)/days   Eq.5 

 

Chemical analysis 

 

Proximate, amino acid and fatty acid analysis (FAME) of hydrolysates was done by DEEDI 

(QLD Government, Australia). All analyses were conducted according to specific in-house 

laboratory methods or recent AOAC methods (AOAC, 2005). The crude protein content of 



 

 19

samples was estimated by multiplying the measured nitrogen content of each sample by a 

factor 6.25. 

 

Statistics 

 

Two-way analysis of variance (ANOVA) was used to examine the interaction between diet 

type (4 levels) and hydrolysate (4 levels) on weight gain, feed intake and FCR of Asian 

seabass. Statistical tests were based on n=3 replicates per treatment and alpha was set to 

0.05. If ANOVA was significant the Tukey-Kramer multiple comparison procedure was 

used to separate treatment means at the 95% confidence interval. Cochran’s C-test was 

used to determine if the standard deviations (SD) among treatments were similar prior to 

ANOVA. If treatment SD were found to be heterogeneous, appropriate transformations 

were applied to the raw data before ANOVA was conducted. Data for FCR was log 

transformed to meet the assumptions of ANOVA. All statistical analysis was performed 

using Statgraphics Plus Version 4 software (Manugistics Inc. 1998).  

Results 

All fish survived and remained healthy during the feeding experiment. Weight gain was 

rapid during the experiment, generally exceeding 4 g day-1 for fish reared on the fish meal 

diet (FM). In relative terms this was approximately 14.5 g kgBW-0.8 day-1. These growth 

rates were similar to the growth rates of Asian seabass reared in previous USB trials at 

PSFI (Booth et al., 2010a) and are in line with growth rates predicted for this species using 

factorial models (Glencross, 2008). The results of two-way ANOVAs indicated that there 

was no significant interaction of main effects or of attractant type (i.e. hydrolysate) on 

relative feed intake, relative weight gain, FCR, individual weight gain or individual feed 

intake (Table 5). However, two-way ANOVA revealed that there was a highly significant 

effect of diet type on all the aforementioned performance criteria (Table 5). These results 

indicated that top-coating the four feeds selected for this trial with 2% w/w of different 

hydrolysates was not effective at promoting additional feed intake or weight gain. 

 

Multiple comparisons of the pooled means for diet type (n=12) indicated that individual 

feed intake and individual weight gain were significantly higher in Asian seabass fed the 

fishmeal and SBM 38 feeds compared to fish fed the SPC 60 and SBMSPC 30 feeds. 
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These trends were also reflected in multiple comparisons of relative feed intake and 

relative weight gain (Figure 1). Food conversion ratio was significantly better (i.e. lowest) in 

fish fed the fishmeal diet than fish fed any of the other test feeds (Figure 1). FCR of fish 

fed the SBM 38 diet was significantly higher (i.e. worse) than those fed fishmeal diets, but 

only by a small margin. FCR was poorest in fish fed the SBM/SPC 30 and the SPC 60 

diets; however the average FCR for these diets was still below 1.16:1 (Figure 1). 

Discussion 

None of the feed attractants used in this experiment had a significant influence on relative 

feed intake or growth of Asian seabass. Instead, the overwhelming driver of feed intake 

and subsequent weight gain was diet type. The lack of significant interaction between 

attractant type and diet type further highlighted the lack of efficacy in the selected 

attractants; at least at the concentrations we investigated (i.e. 2% w/w). As a result, the 

average feed intake of diets high in SPC and low in fish meal (i.e. SPC60 and 

SBM/SPC30) was lower than that of the other test feeds and the growth potential of fish 

was reduced. 

 

The performance of Asian seabass reared on the non coated aqua-feeds in this 

experiment was very similar to the performance of Asian seabass reared on the same 

diets in the 2010 USB experiment (Booth et al., 2010a). Given that the Asian seabass 

used in each experiment were sourced from different farms and had different nutritional 

histories, the similarity in the results strengthens the conclusions drawn from our earlier 

study. The trends from both studies are clearly reflected in Figure 2 (note FCR is 

represented on the right y-axis). 

 

We were not expecting the addition of feed attractants to improve feed intake in Asian 

seabass fed the fishmeal diet or the SBM38 diet per se, ostensibly because these diets 

were high in fishmeal and probably already quite palatable to the fish. We have observed a 

similar lack of response in mulloway Argyrosomus japonicus (Sciaenidae sp.) fed a 

commercial aquafeed top-coated with various proprietary feeding stimulants (Harris, 

2006), presumably because the commercial aqua-feed was high in fishmeal and other 

ingredients that made it palatable. Similar conclusions were reached by Smith et al. (2005) 

with respect to the inclusion of feed attractants on commercial feeds for black tiger prawn 
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Penaeus monodon (Smith et al., 2005). These authors hypothesized that addition of 

attractants to diets already containing a threshold level of suitable feeding effectors would 

have little impact on feed intake or growth response. Nonetheless we hypothesized that 

the feed intake of the SPC60 and blended diet (SBM/SPC30) would be improved by the 

addition of at least one of the attractants. This was not the case. Glencross et al. (2010b) 

have hypothesized that diets for Asian seabass might require at least 15% fishmeal to 

ensure optimal feed intake when diets contain plant proteins such as lupin protein 

concentrate. In addition, earlier work by Singh et al. (2005) found that feed stimulation 

response in juvenile Asian seabass was higher when using 1% fishmeal (Bombay duck 

meal; Harpodon nehereus) as an attractant as opposed to using 1% proline, glycine or 

lysine in feeds containing 30% SBM. This group went on to investigate the stimulant 

effects of various fishmeal sources including Bombay duck (Harpadon nehereus, 

Harpadontidae), anchovy (Coilia dussumieri, Coilinae), lesser sardine (Sardinella fimbriata, 

Clupeidae), ribbon fish (Trichiurus lepturus, Trichiuridae) and shrimp head meal (Penaeus 

monodon, Penaeidae) on the feeding behaviour of fry and juvenile Asian seabass (Singh 

et al., 2006). The latter study confirmed that Bomaby duck meal was more efficacious in 

stimulating feeding response and feed intake in juvenile Asian seabass than the other 

fishmeal products when included at 10% of the diet. 

 

A novel experiment comparing growth of Asian seabass fed live mosquito fish (Gambusia 

holbrooki, Girard), a 50:50 mixture of live mosquito fish and a commercial feed or the 

commercial feed alone found that Asian seabass grew significantly faster and had a lower 

FCR on the live fish treatment. Growth on the mixed ration was intermediate between the 

live fish and pellet only ration (Michael et al., 2010). The aforementioned studies suggest 

that fishmeal itself is probably a powerful feeding stimulant for Asian seabass. The work of 

Singh et al. (2005; 2006), also suggests that fishmeal type or source may also play and 

important role in the efficacy of response. Moreover, the stimulant qualities that make 

fishmeals unique to Asian seabass do not appear to have been replicated to the same 

extent in the quality or the quantities of Actipal HC1, Actipal ML8 or Artemia hydrolysates 

we used, respectively. 

 

The use of proprietary feed attractants to promote feed intake has not always been 

successful (Smith et al., 2005). For example, a recent study with juvenile cobia 

Rachycentron canadum investigating the palatability of feeds containing soy protein 
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concentrate and soy protein isolate (ADM Soycomil® and ADM Ardex®) found a 

proprietary feed attractant (Finnstim-S™; anhydrous betaine/beet protein hydrolysate, 

Danisco, Copenhagen, Denmark) was ineffective at increasing intake or performance 

when included at 1% of the diet (Trushenski et al., 2011). However, the results of this 

study may be confounded due to the fact that feed intake was restricted and the feeding 

trial was carried out in a semi-closed recirculation system which may have dispersed the 

feed attractant throughout the culture system. Our experimental approach of purging and 

flushing individual experiment tanks during and after feeding and incorporation of carbon 

filtration ensured that residual concentrations of feed attractants were reduced or 

eliminated. 

 

Comparative weight gain and feed intake was also significantly better in European 

seabass fed a fishmeal control diet (38% fishmeal) containing no feed attractants 

compared to experimental diets containing 40% soy protein concentrate and 2.5% amino 

acid attractant mixture (Dias et al., 1997). However, incorporation of the attractant mixture 

significantly increased growth rate (i.e. thermal growth coefficient) of soy diets compared 

to growth on diets without it, but it did not significantly increase the feed intake of either 

diet. Similarly, others have trialed the efficacy of amino acid mixtures to increase intake of 

diets high in several plant proteins such as solvent extracted SBM, corn gluten meal and 

wheat middlings (Papatryphon & Soares Jr, 2001). These authors increased the dietary 

concentration of a single amino acid mixture from 1.7 to 6.3% of the diet and trialed these 

additions on a high fishmeal diet (39% fishmeal) and the aforementioned plant protein 

based diet. The results indicated that relative feed intake was significantly higher in the 

fishmeal diets compared to the plant protein diet and that addition of the attractant mixture 

significantly increased relative feed intake by about 0.5% body weight per day, however 

there was no benefit in adding more than 1.7% of the attractant mixture to the feeds (i.e. 

two-way ANOVA). It is clear from the aforementioned studies that selection of an 

appropriate attractant for a species and a particular dietary formulation is a complicated 

procedure. Nonetheless, the olfactory (smell) and gustatory (taste) characteristics of diets 

containing more than 40% fishmeal have had a far stronger influence on feed intake in this 

study than any of the feed attractants we tested. 

 

Actipal HC1 is manufactured from tuna co-products and is reported to be rich in free amino 

acids and peptides with a molecular weight less than 500 Daltons. Phosphoric acid (E338), 
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citric acid (E330), ethoxyquin (E324) and potassium sorbate (E202) are listed as 

ingredients. Actipal ML8 is manufactured from poultry raw material waste, contains similar 

amino acids and has approximately 62% of peptides weighing less than 500 Daltons The 

proprietary information supplied with the Artermia hydrolysate did not include any 

compositional data (see attached proprietary information at rear of this report). A 

comparison of the dry basis amino acid composition of the three hydrolysates is presented 

in Figure 3. Artemia (brine shrimp) are used extensively in the larviculture of fish species 

and for this reason hydrolysates of this crustacean might be expected to contain certain 

chemicals which may enhance feed intake. Crustacean based hydrolysates such as krill 

meal have proved efficacious in other studies with larval fish species (Kolkovski et al., 

2000). The low lipid content of the Artemia hydrolysate used in the present study may 

indicate the hydrolysate was processed from adult specimens as the exoskeleton of adults 

forms a proportionally greater amount of the dry mater than in newly hatched nauplii 

(Webster & Lovell, 1991). 

 

Non-volatile compounds with low molecular weights such as free L-amino acids, 

nucleotides and nucleosides, quaternary ammonium compounds and organic acids are 

thought to be particularly important in fish olfaction and gustation (Jobling et al., 2001). 

Furthermore, fish species have been crudely classified as having a “limited response 

range” while others have been classified as having a “wide response range” and these 

differences probably reflect differences in ecological niche (Lamb, 2001). Carnivorous 

species tend to be more sensitive to alkaline and neutral amino acids (e.g. glycine, proline, 

taurine, valine) while herbivorous types seem to respond better to acidic amino acids (e.g. 

aspartic and glutamic acids) (De la Higuera, 2001). Moreover, fish appear to respond 

better to certain mixtures of amino acids rather than single amino acids (Papatryphon & 

Soares Jr, 2000) and stimulants that possess the same mixture of compounds that they 

might encounter in their natural sources of prey. The scientific literature clearly indicates 

that feeding stimulants and mixtures are species-specific which may explain the lack of 

improvement in feed intake and growth of Asian seabass on the specific feeding stimulants 

evaluated in our study. 

 

The negative factors affecting feed intake of diets containing SPC (SPC60 and 

SBM/SPC30) were not ameliorated by the use of the feed attractants we selected. This 

may be due to the concentration of the attractants or the method of incorporation onto 
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pellets. For example, each of the proprietary attractants was added at the recommended 

level on an “as received basis”, however each of the attractants was high in moisture 

content which likely resulted in dry matter addition rates of approximately 1.17%, 0.67% 

and 0.32% for the Actipal HC1, Actipal ML8 and Artemia hydrolysate, respectively. These 

addition rates are quite dissimilar and result in varying levels of free amino acids, fatty 

acids and other peptides being top-coated onto the pellets. While liquid based 

hydrolysates are easily handled and sprayed onto the surface of pellets, the addition of a 

powdered product would be far easier. Other researchers have found that surface coating 

pellets with krill meal hydrolysates in both liquid and dry forms significantly improved feed 

intake in juvenile rainbow trout compared to fish fed the same diets but where the 

attractants were incorporated into the mash during the pelleting procedure (Oikawa & 

March, 1997). Further evaluation of the most suitable method of incorporating feeding 

stimulants into or onto feeds for Asian seabass may be warranted if an efficacious 

stimulant can be identified. 

 

In conclusion, none of the feed attractants used in this experiment had a significant 

influence on relative feed intake or growth of Asian seabass. The overwhelming driver of 

feed intake was diet type and the performance results of this study reflect that of an earlier 

experiment using the exact same diets. The lack of efficacy in the tested hydrolysates may 

be related to the chemical composition of the individual hydrolysates, the inclusion rates 

we selected for this trial or possibly the method of incorporation. The lack of efficacy 

demonstrated in this study has also been noted in other feeding trials of this nature, albeit 

using different feeding stimulants. This indicates that selection of an appropriate feed 

attractant or stimulant for any particular fish species is a difficult task. Further research 

with Asian seabass in this field should include screening of additional proprietary feed 

stimulants and dose response studies aimed at determining suitable inclusion rates of 

efficacious feeding stimulants.  
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Table 1. Formulation and measured analysis of un-coated experimental feeds (dry 
matter basis). 

 
 Diet code 
 
 D2 D5 D8 D10 
 Fishmeal SBM 38 SPC 60 SBM/SPC 

 
Ingredient (%) 
Fish oil 10.00 10.40 10.00 11.98 
Fish meal 55.00 40.64 10.00 16.11 
SBM1 0.00 38.00 0.00 30.00 
SPC2 0.00 0.00 60.00 30.00 
Wheat 14.70 10.00 12.92 10.00 
Meat meal 10.00 0.00 0.00 0.00 
Poultry meal 10.00 0.66 6.48 1.41 
L-methionine 0.00 0.00 0.29 0.20 
Vit/min premix 0.30 0.30 0.30 0.30 
     
Proximate analysis (%)     
Ash 13.20 9.50 7.00 7.50 
Nitrogen 8.64 8.28 9.00 8.21 
Crude protein 54.00 51.75 56.25 51.31 
Fat 16.70 15.20 10.90 14.50 
NFE 16.10 23.55 25.85 26.69 
Gross energy (MJ kg-1) 21.87 21.92 22.39 22.25 
 
Amino acid (g kg-1)     
Alanine 32.34 27.83 26.25 24.94 
Arginine 33.56 35.41 41.89 38.96 
Aspartic acid 41.75 49.95 57.29 54.36 
Cystine 4.38 5.33 6.80 5.90 
Glutamic acid 68.63 81.03 98.20 91.57 
Glycine 37.22 26.67 26.46 24.35 
Histidine 15.36 15.58 14.57 14.18 
isoLeucine 19.97 21.76 25.00 22.65 
Leucine 37.08 37.71 43.3 38.68 
Lysine 35.84 36.42 35.43 33.69 
Methionine 10.28 9.27 10.39 8.94 
Phenylalanine 20.12 22.32 26.91 24.34 
Proline 25.89 23.64 28.49 25.96 
Serine 19.82 22.08 26.43 24.57 
Threonine 20.41 21.1 22.10 20.86 
Tryptophan 5.75 6.18 6.50 6.19 
Tyrosine 15.00 16.48 18.44 17.16 
Valine 24.35 24.60 26.33 24.64 
∑AAs (%) 46.77 48.34 54.08 50.19 

 
1. SBM; solvent extracted soybean meal, Argentinean origin. 
2. SPC; soy protein concentrate; Soycomil-K, Archer Daniels Midland (ADM) 
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Table 2. Measured proximate and amino composition of different hydrolysates (dry 
matter basis). 

 
 Hydrolysate 
 
 Actipal HC1 Actipal ML8 Artemia 

 
Total dry matter % 53.50 30.60 14.90 
Ash % 21.50 14.40 31.10 
Nitrogen % 9.38 4.82 3.11 
Gross energy MJ Kg-1 18.92 26.43 13.07 
Total lipid (%) 15.29 52.29 2.46 
Crude protein % 58.62 30.12 19.43 
 
Amino acid (g kg-1)     
Alanine 30.37 14.31 11.20 
Arginine 34.58 17.13 1.78 
Aspartic acid 42.50 21.09 17.35 
Cystine 5.31 3.50 1.33 
Glutamic acid 61.77 33.59 19.91 
Glycine 30.45 18.53 8.38 
Histidine 14.08 6.31 3.39 
isoLeucine 22.65 11.40 7.81 
Leucine 37.57 20.03 10.99 
Lysine 35.99 16.23 8.57 
Methionine 13.41 6.42 2.89 
Phenylalanine 20.49 10.99 4.89 
Proline 23.45 12.78 8.70 
Serine 23.31 11.20 7.00 
Threonine 24.05 12.58 5.96 
Tryptophan 3.26 1.59 0.61 
Tyrosine 18.35 8.31 1.39 
Valine 27.69 14.02 9.30 
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Table 3. Measured fatty acid composition of hydrolysates (dry matter basis). 
 

 Hydrolysate 
 
 Actipal HC1 Actipal ML8 Artemia 

 
Fatty acid (mg g-1 of dry sample) 
 
14 1.65 3.09 0.06 
14:1n-5 - 0.86 - 
15 0.65 0.54 0.02 
16 19.69 99.25 0.97 
16:1n-7 2.15 24.26 0.15 
17 1.08 0.81 0.05 
18 7.16 29.99 0.58 
18:1n-9 9.67 196.72 1.31 
18:1n-7 1.97 11.90 0.52 
18:2n-6 0.95 49.79 0.61 
18:3n-3 0.28 8.99 0.88 
18:4n-3 0.44 0.30 0.11 
20 0.36 0.72 - 
20:1n-9 0.56 2.15 0.03 
20:1n-7 0.06 - - 
20:2n-6 0.25 1.13 0.02 
20:3n-6 - - - 
20:4n-6 2.87 2.23 0.04 
20:3n-3 0.09 - 0.03 
20:4n-3 - - - 
20:5n-3 5.36 0.41 0.14 
22:1n-9 - - 0.02 
22:4n-6 0.25 0.35 - 
22:5n-6 1.67 - - 
22:5n-3 1.24 0.52 - 
22:6n-3 22.52 0.45 0.09 
24:1n-9 0.53 - - 
 
% SFA 37.55 30.93 29.80 
% MUFA 18.34 54.29 36.10 
% n3 PUFA 36.74 2.46 22.14 
% n6 PUFA 7.36 12.31 11.96 
 

 
Note: "-" indicates <0.01mg g-1 
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Table 4. Mean ± SD performance of Asian seabass fed test diets top-coated with 2% w/w hydrolysates for 6 weeks. 
 

 Stock Harvest Biomass Ind. stock Ind. harvest Ind. Feed* AFCR Rel. feed Rel. wt 
 biomass biomass gain weight weight wt. gain intake  intake gain 
Hydrolysate Diet type (g/tank) (g/tank) (g/tank) (g/fish) (g/fish) (g/fish) (g/tank) * * 

 
None FM 1259.67 2832.67 1573.00 125.97 283.27 157.30 1413.75 0.90 12.74 14.16 
 stdev 16.04 289.98 276.57 1.60 29.00 27.66 195.78 0.04 1.23 1.90 
Artemia FM 1277.00 2989.67 1712.67 127.70 298.97 171.27 1492.35 0.87 13.11 15.04 
 stdev 20.81 205.05 218.57 2.08 20.50 21.86 130.15 0.03 0.84 1.57 
Actipal ML8 FM 1274.00 2938.67 1664.67 127.40 293.87 166.47 1484.58 0.89 13.15 14.75 
 stdev 23.07 72.70 50.29 2.31 7.27 5.03 32.91 0.01 0.10 0.20 
Actipal HC1 FM 1266.33 2884.33 1618.00 126.63 288.43 161.80 1426.49 0.88 12.76 14.47 
 stdev 6.51 118.19 124.59 0.65 11.82 12.46 73.06 0.03 0.47 0.90 

 
None SBM38 1257.00 2794.00 1537.00 125.70 279.40 153.70 1522.70 0.99 13.84 13.97 
 stdev 20.07 97.32 115.11 2.01 9.73 11.51 96.71 0.02 0.76 0.94 
Artemia SBM38 1262.33 2821.00 1558.67 126.23 282.10 155.87 1493.92 0.96 13.50 14.09 
 stdev 7.02 52.85 46.69 0.70 5.28 4.67 25.94 0.01 0.12 0.29 
Actipal ML8 SBM38 1259.33 2733.00 1473.67 125.93 273.30 147.37 1412.49 0.96 12.94 13.50 
 stdev 22.50 115.66 117.60 2.25 11.57 11.76 79.50 0.03 0.51 0.88 
Actipal HC1 SBM38 1273.00 2813.67 1540.67 127.30 281.37 154.07 1491.61 0.97 13.45 13.89 
 stdev 20.81 98.44 119.23 2.08 9.84 11.92 65.75 0.04 0.49 0.97 

 
None SPC60 1277.67 2353.67 1076.00 127.77 235.37 107.60 1223.66 1.14 11.83 10.40 
 stdev 14.29 119.82 114.01 1.43 11.98 11.40 63.64 0.06 0.35 0.87 
Artemia SPC60 1264.33 2336.00 1071.67 126.43 233.60 107.17 1193.65 1.11 11.63 10.44 
 stdev 5.51 61.25 65.90 0.55 6.12 6.59 52.91 0.03 0.42 0.55 
Actipal ML8 SPC60 1259.33 2285.67 1026.33 125.93 228.57 102.63 1209.11 1.18 11.91 10.09 
 stdev 17.79 103.20 85.62 1.78 10.32 8.56 1.61 0.10 0.29 0.61 
Actipal HC1 SPC60 1279.00 2325.00 1046.00 127.90 232.50 104.60 1232.02 1.18 11.96 10.16 
 stdev 15.72 96.06 95.91 1.57 9.61 9.59 79.46 0.08 0.60 0.77 

 
None SBM/SPC30 1269.67 2416.33 1146.67 126.97 241.63 114.67 1285.86 1.12 12.32 10.99 
 stdev 17.10 153.64 143.18 1.71 15.36 14.32 141.58 0.03 1.03 1.05 
Artemia SBM/SPC30 1254.67 2297.33 1042.67 125.47 229.73 104.27 1200.29 1.15 11.81 10.26 
 stdev 12.66 21.36 31.21 1.27 2.14 3.12 8.09 0.04 0.11 0.31 
Actipal ML8 SBM/SPC30 1274.33 2431.67 1157.33 127.43 243.17 115.73 1298.63 1.12 12.40 11.05 
 stdev 41.55 118.45 79.22 4.15 11.84 7.92 88.44 0.03 0.45 0.43 
Actipal HC1 SBM/SPC30 1249.67 2388.00 1138.33 124.97 238.80 113.83 1273.72 1.12 12.36 11.05 
 stdev 35.50 26.63 34.67 3.55 2.66 3.47 25.05 0.02 0.26 0.43 

* Rel. weight gain and feed intake presented as g kgBW-0.8day-1. All feed intake and feed conversion data calculated on a dry matter basis. 
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Table 5. Results of two-way ANOVA on selected performance criteria. 
 
 Hydrolysate Diet type     
Criterion (A) (B) A x B Residual 

 
Relative feed intake       
Mean square 0.0563 6.1691 0.2590 0.3494  
F ratio 0.16 17.66 0.74    
P-value 0.9217 <0.0001 0.6686   
 
Relative weight gain       
Mean square 0.0307 55.5935 0.3787 0.8133  
F ratio F 0.04 68.35 0.47    
P-value 0.9900 <0.0001 0.8867  
 
Log (AFRC)       
Mean square 0.0006 0.1892 0.0013 0.0016  
F ratio 0.38 117.82 0.83    
P-value 0.7665 <0.0001 0.5964    
 
Ind. weight gain       
Mean square 5.8403 10217.5 81.4342 155.387  
F ratio 0.04 65.75 0.52    
P-value 0.9901 <0.0001 0.8461    
 
Ind. feed intake       
Mean square 5.7369 2135.11 58.6747 77.5065 
F ratio 0.07 27.55 0.76    
P-value 0.9735 <0.0001 0.6554    
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Figure 1. Performance characteristics of Asian seabass fed different attractants. 
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Figure 2. Comparison of performance characteristics of Asian seabass fed the 
same test feeds in 2010 and 2011. Test feeds were not coated with attractants. 
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Figure 3. Dry basis (g kg-1) amino acid profiles of different feed attractants. 
 



 

 32

Determination of the apparent digestibility of key feed ingredients from 
ASA‐IM identified target markets in SEA such as Thailand, Philippines, 
Indonesia, Vietnam or Malaysia. 

Introduction 

South East Asia (SEA) is leading the aquaculture production of Asian seabass Lates 

calcarifer, producing approximately 40,000 metric tonnes in 2009 (FAO, 2011). 

Production of Asian seabass is mostly done in marine environments and farmers are 

steadily moving towards use of dry commercial aquafeeds rather than using farm based 

feeds based on industrial fish. Development of commercial aquafeeds for this species in 

SEA is being assisted by the American Soybean Association International Marketing 

(ASA-IM) group and research conducted by the United Soybean Board (USB). These 

groups, assisted by NSW DPI have identified that development of aquafeeds for Asian 

seabass in SEA is being constrained by a lack of information on feed ingredients, 

particularly basic information on the nutrient and energy digestibility of so called 

“backbone ingredients”; the most commonly available ingredient stocks. Other issues 

facing feed formulators in SEA include the inability to access high quality ingredients, 

particularly fishmeal, which is often only available in fair average quality (FAQ) or lower 

specifications. These constraints can only be overcome by determining the digestibility 

of basic feed ingredients and understanding how these ingredients interact and impact 

on feed formulation and pellet quality. This information will also assist feed formulators in 

rapidly reducing or eliminating fishmeal as a basic ingredient in diets for Asian seabass 

and assist in increasing the level of alternative proteins such as SBM and SPC. 

 

In previous research for the United Soybean Board (USB), NSW DPI successfully 

determined the proximate and amino acid digestibility coefficients of fishmeal and two 

levels each of solvent extracted soybean meal (SBM) and soy protein concentrate (SPC) 

by Asian seabass (Booth & Allan, 2010). These coefficients were combined with reliable 

literature values on the apparent digestibility of other feed ingredients to construct an 

ingredient data base which could be used to formulate aqua-feeds for this species on a 

digestible nutrient basis. Although basic apparent digestibility coefficients for several 

feed ingredients were available, the vast majority of literature studies had only 

determined coefficients for protein and energy and data on the apparent digestibility of 
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amino acids was missing. Data on amino acid digestibility is critical in correctly 

formulating feeds for fish and crustaceans containing SBM and SPC as soybeans are 

deficient in the sulphur amino acids. In addition, formulating to amino acid digestibility 

becomes increasingly important as formulators strive to reduce fishmeal content in 

aquafeeds by using other complimentary protein and energy sources, especially as 

these sources often have their own inherent amino acid deficiencies. Formulating feeds 

for Asian seabass on a digestible amino acid and digestible energy basis should result in 

feeds which meet but do not exceed the digestible protein and energy requirements of 

this species. Furthermore, knowledge of the amino acid digestibility of individual 

ingredients will also give feed formulators far greater flexibility and confidence in 

manipulating feed recipes and reducing levels of fishmeal in diets for this species. 

 

The aim of this study is to determine the proximate and amino acid digestibility of 

ingredients typical of those used in SEA feed mills. Ingredients selected for this trial 

include two sources of fishmeal (low and high protein specification), poultry meal, blood 

meal, corn gluten meal, raw wheat and pre-gelatinized wheat starch. Data from this 

experiment will be combined with earlier research on the digestibility of SBM and SPC to 

update and refine the USB feed ingredient formulation data base for Asian seabass. 

Methods 

Overview of digestibility experiment 

 

Several major protein and energy sources were selected for evaluation based on 

information provided by ASA-IM Manager in South East Asia (Lukas Manomaitis) and to 

compliment the data base of digestibility coefficients for Asian seabass presented in 

earlier work (Booth & Allan, 2010). As quarantine restrictions precluded NSW DPI 

importing these ingredients into Australia, similar ingredients were sourced from Ridley 

Aquafeed Pty Ltd (Narangba, QLD), a collaborator on the current USB investigation. The 

selected ingredients and their nutrient compositions are detailed in Table 6. 

 

The apparently digestibility of test ingredients was determined using indirect techniques 

that rely on feeding diets which contain a mixture of a reference diet (69.3%), the test 

ingredient (30%) and chromium oxide as inert marker (0.7%). Test diets were fed to 
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Asian seabass for 7-8 days before faecal material was collected from the distal intestine 

using manual stripping techniques. Ingredients, diets and faecal material were 

chemically analysed to determine nutrient and energy content as well as concentration 

of chromium. These values were subsequently used to calculate diet and ingredient 

digestibility coefficients for each ingredient. 

 

Ingredients and diet preparation 

 

A commercial Asian seabass (barramundi) feed was used as the reference diet in the 

digestibility experiment (Ridley AquaFeed Pty Ltd; Marine Float; stated min. crude 

protein 50%, min. crude fat 14% and max. crude fibre 2.5%). This feed was from the 

same physical batch of feed used in the previous trial with Asian seabass and was used 

to provide continuity between the present and previous digestibility experiment. The 

measured nutrient, amino acid and energy content of the reference diet is presented in 

Table 6. Prior to inclusion in test feeds the reference diet and all ingredients were ground 

in a hammer mill fitted with a 1.6 mm screen (Raymond Laboratory Mill, Transfield 

Technologies, Rydalmere, NSW, Australia). The reference diet, test ingredients and 

marker were then combined on a dry matter basis and thoroughly mixed (Hobart Mixer; 

Troy Pty Ltd, Ohio, USA) before the addition of distilled water. Each mash was then 

formed into pellets using a meat grinder fitted with an 6mm diameter die plate (Barnco 

Australia Pty Ltd, Leichhardt, NSW, Australia). Moist pellets were dried for 5 to 6 h (≈ 35º 

C) in a simple convection drier until moisture content was < 100 g kg-1 diet. Following 

preparation, all diets were labelled and stored frozen at < -15ºC until required. The 

ingredient and measured nutrient composition of the test diets is presented in Table 7. 

 

Fish stocks & handling protocols 

 

Three hundred size graded Asian seabass were collected from Tailor Made Fish Farm 

(Marsh Road, Bobs Farm, NSW Australia) and transported to Port Stephens Fisheries 

Institute (PSFI) in 2 x 600L rectangular fish transporters containing freshwater. During 

the short journey the transport tanks were supplied with medical grade oxygen (BOC 

Australia) via regulated flow meters (Ezi-Flow; Comweld Medical Cigweld Pty Ltd 

Preston, Victoria, Australia) feeding submerged ceramic diffusers. This ensured the 

dissolved oxygen concentration in either tank did not fall below 6 mg L-1. On arrival at 
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PSFI, fish were lightly anaesthetised (10 ppm Aquis-S®) in transport tanks, weighed in 

groups and systematically stocked into experiment tanks until each tank contained 12 

fish (mean±sd body weight = 297±12 g). During the first few two days after stocking the 

fish were fed once daily on a sinking commercial Asian seabass feed provided by Ridley 

Aqua-Feeds Pty. Ltd (Narangba, QLD, Australia). 

 

Laboratory facility 

 

The digestibility experiment was performed in a laboratory that housed 48 x 200L white 

polyethylene aquaria supplied by two interlinked recirculating bio-filtration units of 1,700 

litre capacity. Water flow to each experimental tank was controlled by small PVC taps 

that provided a weak centripetal current within each tank that assisted the removal of 

waste through a central, vertical PVC standpipe (32 mm diameter) fixed approximately 

10 mm from the base. Water temperature was controlled in each of the bio-filtration units 

using a reverse cycle refrigeration unit to allow precise temperature control. Each unit 

was enriched with medical grade oxygen which was injected directly into each of the 

main supply manifolds. Each of the 48 experimental aquaria contained a central air-

stone to provide additional aeration. Black plastic was wrapped around each of the 48 

aquaria and a black plastic lid, which covered half the tank opening was fitted to 

minimise external disturbance of fish. Black ‘bird-mesh’ was installed over each 

experiment tank to prevent fish escaping. Although the laboratory contained 48 

polyethylene tanks, replicate groups of fish were only stocked into alternate tanks (24 

tanks). This was done to provide a spare, well oxygenated tank in which to recover 

anaesthetised fish post-stripping.  

 

Faecal collection procedure 

 

Dietary treatment was randomly assigned to n=3 tanks and fish were switched directly to 

test feeds on the third day after stocking. All fish were acclimated to their respective test 

diets for 8 days prior to faecal stripping. During this time they were hand fed to apparent 

satiation at 0800h and 1430h. After the acclimation period, fish were hand fed to 

apparent satiation at 0630h and 1500h. Fish were fed early to allow approximately 8 h 

before faecal collection was attempted. Feed was also offered to fish after the stripping 

event to ensure continuity of feeding. 
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Faecal collection was undertaken in stages, with 50% of tanks stripped on Mondays and 

the remaining 50% stripped on Tuesdays. This procedure was repeated on Thursdays 

and Fridays. In this way fish could be stripped twice weekly and rested for approximately 

72 h between stripping events. Faecal stripping was continued until sufficient sample 

was collected to conduct the range of chemical analyses required (e.g. >6 g of dry 

matter).  

 

Faecal material was collected at approximately 1430 h by manually stripping individual 

fish after they had been anaesthetised within their respective experiment tanks (25-30 

ppm Aqui-S®). Faecal matter was expressed from the distal portion of the digestive tract 

by applying firm pressure to the abdominal region; running the thumb and forefinger from 

the pelvic fin region to the vent. Prior to faecal collection the same technique was used 

to expel urinary products and the area around the vent was wiped clean with a damp 

cloth. Faecal matter was expressed into 70 mL plastic sample jars held by and assistant 

and immediately transferred to a freezer. After stripping fish were then placed in the 

adjacent experiment tank to recover in well oxygenated water. Daily faecal collections 

from individual tanks were pooled and kept frozen (< -15ºC). At the conclusion of the 

experiment all faecal samples were oven dried for 24 h (80˚C) before samples were 

finely ground in a mortar and pestle and re-dried (as described). Samples were divided 

for dispatch to different service providers (see chemical analysis). 

 

The digestibility experiment was run for 57 days (17th August - 13th October 2011). At the 

end of the experiment all fish were anaesthetised (10 ppm Aqui-S), weighed and 

returned to dedicated holding tanks at PSFI. No fish died during the experiment. 

 

Water quality 

 

Water quality was monitored on a daily basis during the experiment using a Horiba water 

quality analyser (Model U10). Mean±SD for water temperature, dissolved oxygen, 

salinity and pH were 26.98±1.10˚C, 7.18±0.85 mg L-1, 31.73±2.22 g L-1 and 7.8±0.15 

units, respectively. 
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Chemical analyses 

 

Proximate analysis of ingredients, diets and faecal material was done by the NSW 

Department of Primary Industries Diagnostic & Analytical Services, Wagga Wagga, 

NSW, Australia while analysis of chromium was performed by Ecoteam Environmental 

Services (University of Sunshine Coast, Qld). These analyses were conducted according 

to specific laboratory methodologies or AOAC methods (AOAC, 2005). The crude 

protein content of ingredient, diet or faecal samples was determined by multiplying the 

measured nitrogen content of each sample by 6.25. Crude fat was determined by ether 

extraction. Quantitative amino acid analysis was done after samples underwent 24 h 

liquid hydrolysis in 6M HCl at 110°C (note: cysteine and tryptophan are not analysed by 

this method). After hydrolysis all amino acids were analysed using the Waters AccQTag 

Ultra chemistry method. As asparagine is hydrolysed to aspartic acid and glutamine to 

glutamic acid, the amount of these acids is the sum of those respective components. 

Samples were analysed in duplicate and results are expressed as the average. Amino 

acid analysis was done by the Australian Proteome Analysis Facility Ltd, Macquarie 

University, Sydney, NSW, Australia. 

 

Calculation of digestibility coefficients 

 

Apparent digestibility coefficients (ADC) of specific nutrients, amino acids and gross 

energy for each of the reference and test diets were calculated on a dry matter basis. 

Prior to calculation of ADC’s the analysed nutrient or energy content of test and 

reference diets was cross checked by deriving the same values from the analysed 

nutrient or energy contents of individual ingredients as well as ingredient x reference diet 

combinations. This was done to ensure that spurious ADC’s were not determined 

(Bureau & Hua, 2006). The ADC’s for diets were calculated according to equation 1: 

 
ADC (%) = 100 x [1 - ( F/D x DCr/FCr)],       Eq. 1 

 

where F = % nutrient or gross energy in faeces; D = % nutrient or gross energy in diet; 

DCr = % chromic oxide in diet; FCr = % chromic oxide in faeces (Cho et al., 1982).  

 

ADCs for ingredients were calculated according to equation 2: 
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ADCING (%) = [(NutrTD*ADTD) – (PRD*NutrRD*ADRD)] / [(PING*NutrING)]  Eq. 2 

 

where ADCING = apparent digestibility of nutrient or gross energy in the test ingredient; 

NutrTD = the nutrient or gross energy concentration in test diet; ADTD = the apparent 

digestibility of the nutrient or gross energy in the test diet; PRD = proportional amount of 

reference diet; NutrRD = the nutrient or gross energy concentration in the reference diet; 

ADRD is the apparent digestibility of nutrient or gross energy in the reference diet; PING 

= proportional amount of test ingredient; NutrING is the nutrient or gross energy 

concentration in the test ingredient (Sugiura, Dong, Rathbone & Hardy, 1998). 

 

Statistical analyses 

 

The weight gain of Asian seabass fed different diets was compared with one-way 

ANOVA after setting alpha = 0.05. Cochran’s test was applied to ensure variances were 

homogenous and the Tukey-Kramer multiple comparison procedure was used to 

separate treatment means at the 95% confidence interval. Statistical analyses were 

performed using Statgraphics Plus Version 4 software (Manugistics Inc. 1998). 

Results / Discussion 

No fish died during the experiment and fish gained between 1.7 to 3.4 g day-1. These 

gains are slightly lower than the weight gain predicted for Asian seabass of this size 

(Glencross, 2008), however, it should be noted that this experiment was not designed as 

a growth study. The fact that all fish recorded positive growth indicates nutrient and 

energy intake exceeded maintenance requirements and that the impact of stripping 

procedures on the fish was minimal. Figure 4 summarises the average individual weight 

gain of each treatment (n=3). An exploratory one-way ANOVA revealed significant 

differences between the weight gain of Asian seabass fed different diets, with greatest 

gains recorded in fish fed the reference diet substituted with either of the fishmeal 

products or the reference diet substituted with poultry meal. 

 

Collection of faecal material from fish proceeded efficiently, however the daily amount of 

faecal material varied from treatment to treatment and from tank to tank. Material was 
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usually obtained from all fish within a tank, however on some occasions individual fish 

produced no faecal material. During the collection of faecal material we noticed a distinct 

variation between the faecal consistencies of fish fed the wheat and pregelatinized 

starch diets compared to other treatments. Faecal material from the wheat diet and from 

those fed the starch diet was extremely aqueous while that from the other treatments 

was more viscous. The observations we made with respect to the faecal consistency of 

fish fed wheat and pregelatinized starch was in agreement with observations reported on 

Asian seabass fed diets containing 30% barley, wheat or tapioca (Glencross et al., 

2011a). In contrast, the faecal consistency of Nile tilapia fed diets high in gelatinized 

starch improved (Amirkolaie et al., 2006). 

 

The apparent digestibility coefficients of the reference and experimental diets are 

presented in Table 8. The apparent digestibility coefficients of the reference diet from 

this experiment were very similar to the coefficients presented for the same reference 

diet examined in 2009 (Booth & Allan, 2010) and confirms that differences between the 

two digestibility experiments were relatively minor. Accordingly, this diet served as an 

inter-experimental control. Data on the digestibility of the reference diet used in 2009 has 

been included in Table 8 for comparison.  

 

The apparent digestibility coefficients of test diets containing poultry meal or either of the 

diets containing fishmeal tended to be higher than the same coefficients for the 

reference diet, indicating these ingredients had a positive influence on digestibility. This 

was reflected in the high dry matter, energy and protein digestibility coefficients of these 

ingredients. In contrast, the addition of blood meal, corn gluten, wheat or pregelatinized 

wheat starch tended to lower the digestibility of the reference diet, indicating these 

ingredients had a somewhat negative impact on digestibility of the experimental diets 

Table 8).  

 

Almost all proximate digestibility coefficients calculated for fishmeal FM1 (prime quality) 

were greater than 100%. Availability of most of the amino acids for this ingredient were 

also greater than 100% indicating this source of fishmeal was either completely digested 

or that minor errors in the chemical analysis of samples have been compounded by the 

sensitive nature of the equation used to calculate the digestibility coefficients of 

ingredients. This phenomenon is common in the literature and proximate coefficients 
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greater than 100% have been presented for Asian seabass fed various ingredients 

(McMeniman, 2003; Booth & Allan, 2010; Glencross, 2011; Glencross et al., 2011a), 

especially for fat (Williams, 1998b). Compared to the prime fishmeal source the tuna 

meal (FM3) was not as well digested, especially with regard to dry matter digestibility. 

This result is similar to comparisons made between the digestibility of Danish fishmeal 

and tuna meal by Asian seabass in preliminary work on this species (Williams, 1998a). 

This may be indicative of the slightly higher ash and lower protein composition of the 

tuna meal. The prime fishmeal source we have examined in the present study is likely 

similar to the high quality steam dried South American fishmeal source (i.e. Empresa 

Pesquera Polar, Ecuador) examined in 2009 (included in table 8 for reference) (Booth & 

Allan, 2010). However, the range in coefficients for each of the fishmeal products we 

have examined clearly demonstrates there is considerable variation in the nutritional 

quality of fishmeal (Allan et al., 2000). This variation in nutritional quality can exist even 

when the proximate composition of the various fishmeals is similar and obviously has 

major implications for the accurate formulation of aquafeeds, especially on a digestible 

nutrient and energy basis. 

 

Poultry meal was well digested and in-line with coefficients presented for Asian seabass 

by Boonyaratpalin & Williams (2002) and significantly higher than the digestibility of 

poultry offal meal examined by Glencross (2011), who presented coefficients for dry 

matter, protein and energy of 10, 40 and 53%, respectively. Blood meal was poorly 

digested by Asian seabass in this study as indicated by the low proximate digestibility 

and amino acid availability (Table 9). This could mean that the batch of blood meal 

tested in this trial was overheated during the rendering and drying process (Booth et al., 

2005). Reported digestibility coefficients for blood meal vary considerably. For example, 

protein and energy digestibility of a steam-dried blood meal (ruminant origin) was as low 

as 46 and 58%, respectively, (Nengas et al., 1995), but as high as 90 and 83% for a 

spray-dried meal (Lupatsch et al., 1997) fed to gilthead sea bream. Other processes 

appear to affect the protein digestibility of blood meal including the application of organic 

acid preservatives (Laining et al., 2003). It is possible that the 30% substitution of the 

reference diet with blood meal may have impacted the digestibility of this ingredient. For 

example, an experiment evaluating blood meal inclusion content on the digestibility and 

performance of Murray cod Maccullochella peelii peelii, a carnivorous freshwater native 

fish found that both digestibility and performance decreased as the dietary levels of 
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blood meal were increased from 8% to 32% of the diet (Abery et al., 2002). Semi-

commercial diets for Asian seabass based on meat meal but also containing between 7-

9% ring dried blood meal have been trialled with some success (Williams et al., 2003). 

However the effect of blood meal inclusion on digestibility in Asian seabass remains to 

be examined. 

 

Asian seabass digested corn gluten meal better than blood meal in the present trial. 

However they appear to digest wheat gluten far more efficiently than corn gluten 

according to coefficients cited in other reports (Boonyaratpalin & Williams, 2002). Booth 

et al. (Booth et al., 2010b) also noted that yellowtail kingfish Seriola lalandi, a pelagic 

marine carnivore appear to digest wheat gluten more efficiently than maize gluten. The 

apparent availability of nearly all amino acids from corn gluten was lower than 51% for 

yellowtail S. quinqueradiata. The authors of that study hypothesized that the low pH of 

the material they tested (pH ≈ 3.2) may have affected digestibility (Masumoto et al., 

1996). 

 

The protein digestibility of wheat was high (90%), however the concomitant dry matter, 

organic matter and gross energy digestibility of wheat was low (all close to 30%) 

indicating wheat will not serve as a suitable source of dietary energy for Asian seabass. 

The calculated coefficients for dry matter, organic matter and energy for the 

pregelatinized wheat starch were close to zero or negative indicating that this starch 

product was indigestible to Asian seabass. A recent publication on the digestibility of 

cereal grains by Asian seabass has provided new comparative data by which to assess 

the digestibility coefficients of wheat and wheat starch from the current experiment 

(Glencross et al., 2011a). The latter study employed similar ingredient inclusion levels 

and also used stripping techniques to collect faecal material. Apparent digestibility 

coefficients cited by Glencross et al. (2011) for dry matter, protein and energy of wheat 

were 65.5, 100.2 and 65.2%, respectively compared to 30.2, 90.7 and 31.1%, for the 

same coefficients in our trial. There was some agreement in the digestibility of starch 

from wheat with a value of 29.7% cited by Glencross et al. (2011) and a value of 31.1% 

found in the present experiment. It is obvious the major discrepancy between trials is in 

the dry matter and energy digestibility. This may be related to the reference diet used in 

each study. In our case we used a commercial barramundi feed as a reference diet while 

Glencross et al. (2011) used a reference diet made of 64% fishmeal, 10% fish oil, 12.4% 
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cellulose and 13% wheat gluten. One premise behind the calculation of apparent 

digestibility coefficients using the methods described in our study is that there are no 

interactions or associative effects between the reference diet and the test ingredient/s. 

That is, apparent digestibility coefficients are assumed to be additive. This is not always 

the case, especially for carbohydrate sources (Booth et al., 2006; Glencross et al., 

2007). It is known that the commercial “reference diet” contained approximately 20% 

wheat and 5% SBM (Booth et al., 2010a). This meant that in total, the wheat and pregel-

starch test feeds would have contained approximately 44% wheat (i.e. 33% starch) or 

41% starch, respectively which could have indirectly affected the apparent dry matter 

and energy digestibility of the wheat or pregelled starch ingredients by overwhelming the 

digestive capacity of the fish. 

 

Other workers, using similar methods to those mentioned above have also investigated 

the effect of starch inclusion on digestibility of starch by Asian seabass (McMeniman, 

2003). However, this author used a reference diet based on 80% fishmeal, 11% corn 

gluten and 7% fish oil. McMeniman (2003) found that increasing the level of wheat 

starch substitution of the reference diet from 15 to 30% resulted in clear reductions in 

both dry matter and energy digestibility of the test diets and the ingredient itself (see 

inserted tables below). The digestibility of other starch sources, including pregelatinized 

wheat starch was also determined by McMeniman (2003) and confirm that wheat starch 

and pregelatinized wheat starch are poorly or even negatively digested by Asian 

seabass and tend to act as dietary diluents rather than as a source of energy in feeds 

(McMeniman, 2003). 
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One of the reasons for including the raw wheat and pregelatinized wheat starch 

ingredients in our trial was to simulate the cooking-extrusion process on the inevitable 

gelatinization of wheat starch in finished feeds. It would appear from our results that 

gelatinization of wheat (starch) through extrusion-cooking will not enhance the 

digestibility of finished aquafeeds for Asian seabass. In addition, there were clear 

impacts of wheat and wheat starch on the physical quality of the faecal material 

produced when test feeds contained 30% of either ingredient. This may indicate that 

these levels of wheat or starch were affecting the passage rate of digesta and by 

inference the digestibility of diets and ingredients. It appears therefore that the inclusion 

of wheat and wheat starch products in aquafeeds for Asian seabass will need to be 

limited to levels that allow the satisfactory production of finished pellets and not for 

nutritional reasons per se. 

 

Metabolic studies with Asian seabass have indicated they suffer prolonged 

hyperglycaemia after feeding or injection with glucose and have only limited ability to 

metabolise galactose or xylose, the normal end products of non-starch polysaccharide 

digestion (Anderson, 2003). In addition, the post-prandial blood glucose levels of Asian 

seabass fed diets containing glucose, dextrin, raw wheat starch and pregelatinized 

wheat starch indicated that pregelatinized wheat starch was more quickly digested and 
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absorbed than raw starch and that digestion and absorption of dextrins and maltose did 

not proceed any faster than the absorption of raw starch. For this reason attempts to 

improve dry matter and energy digestion of raw starches or NSP’s by pre-digestion, 

gelatinization or dextrinisation may not be particularly successful in Asian seabass 

(Anderson, 2003). 

 

Despite poor dry matter and energy digestibility, wheat protein was well digested by 

Asian seabass (Table 8) and is reflected in the almost 100% apparent digestibility of dry 

matter, protein and energy from wheat gluten by this species (McMeniman, 1998; 

Boonyaratpalin & Williams, 2002). Further research on the apparent availability of amino 

acids from wheat gluten by Asian seabass will be beneficial, however in the absence of 

this data a conservative estimate for amino acid coefficients of approximately 90% 

should be used. Confidence in this approach is gained from the high correlation between 

the average amino acid availability of diets or ingredients and their respective protein 

ADCs derived from the present experiment (Figure 5). However, formulation of 

aquafeeds using individual amino acids will be more accurate. 

 

This experiment has determined the proximate digestibility of poultry meal, blood meal, 

corn gluten, two sources of fishmeal, raw wheat and pregelatinized wheat starch. Apart 

from previous research for the USB, to our knowledge this is the first time data on the 

availability of amino acids for these ingredients has been determined. This data will be 

used to expand the existing formulation data base of feed ingredients for Asian seabass 

which already includes similar information on the digestibility of soybean meal, soy 

protein concentrate and South American fishmeal. 
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Table 6. Measured composition of reference diet and feed ingredients used in 
digestibility experiment (dry matter basis). 

 
 Reference Poultry Blood Corn Fishmeal Tuna Raw Pregel 
  meal meal gluten (Std) meal wheat wheat 
     FM1 FM3  starch 

         
Nutrient (%) 
 Ash 8.2 15.5 2.2 3.1 17.0 21.6 1.7 0.4 
 Organic matter 91.8 84.5 97.8 96.9 83.0 78.4 98.3 99.7 
 Fat 12.9 15.0 0.5 3.0 8.2 7.9 1.1 0.5 
 Energy (MJ kg-1) 22.3 21.8 21.1 23.0 20.6 19.1 17.0 12.9 
 Nitrogen 8.8 10.1 15.8 10.8 11.9 10.8 2.1 0.2 
 Crude protein 54.8 63.3 98.9 67.5 74.1 67.4 13.3 1.4 
 TNSC 19.0 3.0 1.0 16.0 5.0 4.0 76.0 100.0 
 NFE 24.2 6.3 -1.6 26.4 0.7 3.1 84.0 97.7 
 
Amino acid (%) 
 Hydroxyproline 0.40 2.12 0.00 0.08 0.56 0.91 0.00 0.00 
 Histidine 1.93 1.34 5.23 1.44 1.99 2.15 0.27 0.01 
 Taurine 0.21 0.34 0.05 0.03 0.55 0.28 0.00 0.00 
 Serine 2.53 2.64 4.27 3.58 2.73 2.88 0.56 0.01 
 Arginine 2.91 4.25 5.31 2.56 4.07 4.15 0.46 0.02 
 Glycine 2.96 5.96 3.84 2.22 4.10 4.63 0.48 0.01 
 Aspartic acid 4.58 4.55 7.95 3.91 5.80 5.70 0.57 0.02 
 Glutamic acid 6.66 7.58 9.03 12.67 8.35 7.77 3.58 0.04 
 Threonine 2.21 2.42 4.82 2.38 2.98 3.03 0.33 0.01 
 Alanine 3.25 3.79 6.70 5.17 4.03 4.08 0.40 0.01 
 Proline 2.55 3.93 3.78 5.82 2.76 3.21 1.18 0.01 
 Lysine 3.80 3.77 8.01 1.59 5.19 4.88 0.32 0.02 
 Tyrosine 1.18 1.67 3.11 2.70 2.17 2.13 0.18 0.01 
 Methionine 0.94 1.25 1.37 1.37 2.02 1.83 0.13 0.00 
 Valine 3.28 2.93 6.60 3.22 3.62 3.63 0.51 0.01 
 Isoleucine 1.64 2.34 3.21 2.69 2.98 2.98 0.40 0.01 
 Leucine 4.67 4.20 10.33 10.08 5.08 5.08 0.77 0.02 
 Phenylalanine 2.64 2.31 5.98 4.02 2.79 2.78 0.53 0.01 
Sum AA’s 48.36 57.39 89.59 65.55 61.77 62.10 10.67 0.22 

Crude protein = nitrogen x 6.25; TNSC = total non-structural carbohydrate; NFE by difference = 100 – (ash + 
fat + crude protein); Note: With the exception of pregelatinized wheat starch, all ingredients and diets were 
provided by Ridley Aquafeed Pty Ltd, Narangba, QLD, Australia. Commercial barramundi diet; Ridley 
Aquafeed Pty Ltd product code 875630625, run 90332. Pregel starch = 100% pregelatinized wheat starch; 
Penfords Pty Ltd, Australia. 
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Table 7. Formulation and measured composition of experimental diets used in 
digestibility experiment (dry matter basis). 

 
 Reference Poultry Blood Corn Fishmeal Tuna Raw  Pregel 
  meal meal gluten (Std) meal wheat wheat 
     FM1 FM3  starch 

         
Ingredient (g kg-1) 
 Commercial diet 990 693 693 693 693 693 693 693 
 Poultry meal 0 300 0 0 0 0 0 0 
 Blood meal 0 0 300 0 0 0 0 0 
 Corn gluten 0 0 0 300 0 0 0 0 
 Fishmeal FM1 0 0 0 0 300 0 0 0 
 Fishmeal FM3 0 0 0 0 0 300 0 0 
 Wheat 0 0 0 0 0 0 300 0 
 Pregel starch 0 0 0 0 0 0 0 300 
 Chromium oxide 10 7 7 7 7 7 7 7 
 
Nutrient (%) 
 Ash 8.6 11.1 6.6 6.8 10.8 12.6 6.5 6.2 
 Organic matter 91.4 88.9 93.4 93.2 89.2 87.4 93.5 93.8 
 Fat 12.8 12.9 8.7 10.3 11.3 11.5 9.2 7.4 
 Energy (MJkg-1) 22.0 22.1 22.8 22.6 21.9 21.4 20.9 20.8 
 Nitrogen 8.7 9.1 10.7 9.2 9.6 9.2 6.7 6.1 
 Crude protein 54.1 57.0 66.8 57.7 60.2 57.2 42.1 38.2 
 TNSC 19.0 15.0 12.0 18.0 13.0 14.0 33.0 42.0 
 NFE 24.5 19.0 18.0 25.2 17.7 18.7 42.2 48.2 
 
Amino acid (%) 
 Hydroxyproline 0.37 0.83 0.26 0.29 0.45 0.54 0.26 0.27 
 Histidine 1.93 1.65 2.81 1.81 2.03 2.00 1.42 1.37 
 Taurinea 0.22 0.24 0.17 0.17 0.34 0.23 0.15 0.16 
 Serine 2.51 2.40 3.03 2.90 2.72 2.68 1.94 1.81 
 Arginine 2.91 3.08 3.54 2.87 3.41 3.29 2.11 2.00 
 Glycine 2.92 3.59 3.16 2.83 3.43 3.49 2.19 2.09 
 Aspartic acid 4.58 4.22 5.59 4.51 4.80 4.97 3.26 3.25 
 Glutamic acid 6.66 6.44 7.35 8.58 7.16 7.04 5.61 4.72 
 Threonine 2.20 2.12 2.93 2.30 2.55 2.47 1.63 1.58 
 Alanine 3.22 3.17 4.26 3.83 3.52 3.53 2.36 2.31 
 Proline 2.53 2.77 2.89 3.62 2.72 2.79 2.13 1.81 
 Lysine 3.77 3.43 4.91 3.13 4.13 4.06 2.56 2.64 
 Tyrosine 1.20 1.27 1.66 1.58 1.58 1.49 0.77 0.76 
 Methionine 0.95 0.95 1.05 0.97 1.32 1.20 0.64 0.65 
 Valine 3.28 2.98 4.21 3.32 3.50 3.41 2.42 2.34 
 Isoleucine 1.63 1.71 2.07 1.95 2.11 2.01 1.22 1.14 
 Leucine 4.66 4.22 6.24 6.26 4.96 4.82 3.44 3.32 
 Phenylalanine 2.64 2.39 3.57 3.06 2.82 2.72 1.98 1.89 
Sum AA’s 48.16 47.45 59.70 54.01 53.54 52.74 36.10 34.09 
Crude protein = nitrogen x 6.25.; TNSC = total non-structural carbohydrate; NFE by difference = 100 – (ash 
+ fat + crude protein). Chromium oxide = Cr2O3; Technipur, Merck, Damstadt, Germany. 
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Table 8. Apparent digestibility coefficients (ADC) of diets and ingredients fed to 
Asian seabass. Data are mean ± SD. 

  
 Dry Organic Fat Gross Crude TNSC 
 matter matter  energy protein   
 

  
Test diet ADCs (%) 
  
 Reference 61.0 67.0 87.0 75.8 74.2 73.3 
  3.2 2.7 0.9 2.2 2.2 2.8 
 Poultry 65.7 72.6 92.6 80.2 76.1 77.5 
  0.0 0.4 2.6 0.7 0.6 1.4 
 Blood meal 60.8 64.8 90.3 70.1 65.1 81.7 
  2.4 2.2 0.9 2.1 1.9 2.5 
 Corn gluten 59.8 65.9 92.7 73.2 75.8 75.6 
  2.2 1.8 1.6 2.6 1.4 3.2 
 Fishmeal FM1 70.9 78.1 96.8 83.8 82.5 89.5 
  0.1 0.3 0.1 1.3 0.6 2.3 
 Fishmeal FM3 63.2 71.9 94.9 79.3 77.8 83.1 
  0.9 1.0 0.5 0.6 1.3 1.8 
 Raw wheat 51.7 55.0 94.1 63.6 74.1 46.6 
  1.6 1.6 1.4 2.3 1.5 1.2 
 Pregel starch 44.0 48.2 89.9 55.5 71.5 41.5 
  1.4 1.2 2.0 1.3 1.6 1.2 
  
 Reference (2009) 65.9 - 89.4 75.2 77.0 - 
 4.5 - 2.0 2.7 3.1 -  
 
Ingredient ADCs (%) 
 
 Poultry 76.7 88.1 89.7 95.1 83.8 - 
  0.0 1.3 7.5 2.5 1.9 - 
 Blood meal 60.3 61.1 - 60.2 55.6 - 
  8.1 6.9 - 7.4 4.3 - 
 Corn gluten 57.2 64.9 - 71.2 82.3 81.7 
  7.4 5.8 - 8.5 4.0 12.1 
 Fishmeal FM1 94.0 108.2 133.1 108.5 100.3 - 
  0.3 1.2 0.6 4.4 1.7 - 
 Fishmeal FM3 68.3 86.9 125.1 93.5 88.3 - 
  3.2 3.8 2.2 2.4 3.8 - 
 Raw wheat 30.2 30.0 - 31.1 90.7 31.0 
  5.3 5.1 - 9.4 16.3 1.9 
 Pregel starch 4.4 9.0 - -20.2 - 26.6 
  4.7 3.9 - 6.4 - 1.7 
        
 Fishmeal (2009) 98.2 - 98.9 105.0 95.6 - 
  5.9 - 2.4 4.7 3.7 - 

 
TNSC = total non-structural carbohydrates. Missing fat and TNSC values for some ingredients is due to the 
low concentration of these nutrients in the test ingredients and the effect this has on the calculation of 
digestibility coefficients. 
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Table 9. Availability of amino acids from experimental diets and test ingredients. 
Data are average of n=3 replicate samples. 

 
 Reference Poultry Blood Corn Fishmeal Tuna Raw Pregel 
  meal meal gluten (Std) meal wheat wheat 
     FM1 FM3  starch 

         
Diet ADC (%)         
 Hydroxyproline 75.78 78.46 83.27 75.06 80.77 71.75 78.46 81.37 
 Histidine 75.53 77.81 63.72 78.81 84.76 81.08 76.28 77.17 
 Taurine 25.84 44.94 11.13 2.65 60.44 44.78 13.82 10.59 
 Serine 73.98 74.16 66.68 78.14 82.67 78.55 75.09 73.64 
 Arginine 84.09 84.97 71.79 85.55 89.71 86.03 84.40 85.23 
 Glycine 74.42 76.39 67.47 75.49 82.00 77.01 75.75 75.71 
 Aspartic acid 69.32 68.93 58.20 71.90 78.17 74.63 71.04 69.48 
 Glutamic acid 82.38 82.52 69.27 83.72 88.35 84.78 84.78 81.78 
 Threonine 75.51 77.08 65.06 76.95 84.71 80.39 75.84 74.87 
 Alanine 77.26 79.51 63.12 81.03 86.18 81.34 77.04 76.93 
 Proline 77.09 78.17 67.35 80.87 84.66 79.75 79.69 75.36 
 Lysine 80.43 81.76 66.78 80.61 87.67 84.10 80.04 84.07 
 Tyrosine 77.67 79.51 67.39 81.76 86.44 83.30 79.40 77.99 
 Methionine 82.00 83.87 75.39 83.61 91.75 89.08 84.81 84.63 
 Valine 74.39 76.03 61.45 76.48 84.34 80.21 74.27 73.57 
 Isoleucine 83.97 82.83 66.52 82.41 88.71 85.32 83.70 81.52 
 Leucine 77.56 79.59 63.88 82.61 86.71 82.74 77.59 77.06 
 Phenylalanine 77.89 79.91 65.67 82.03 86.66 82.56 78.73 78.11 
 
Average of ADC’s 74.73 77.03 64.12 75.54 84.15 79.30 75.04 74.39 
 
Ingredient ADC (%) 
 Hydroxyproline - 79.63 0.00 66.20 88.97 67.65 0.00 - 
 Histidine - 85.48 53.55 89.05 105.70 92.73 88.99 - 
 Taurine - 73.39 -131.76 -356.49 91.80 79.25 0.00 - 
 Serine - 74.57 56.58 85.02 101.47 87.95 86.82 - 
 Arginine - 86.37 56.06 89.39 99.08 89.21 88.79 - 
 Glycine - 78.67 54.94 78.82 94.75 80.86 95.09 - 
 Aspartic acid - 68.02 43.25 78.96 94.48 84.58 103.14 - 
 Glutamic acid - 82.81 46.70 85.38 99.48 89.60 95.22 - 
 Threonine - 80.43 53.89 80.06 100.66 88.71 80.90 - 
 Alanine - 84.02 47.12 86.57 102.99 88.93 72.89 - 
 Proline - 79.80 52.00 84.73 100.97 84.68 92.76 - 
 Lysine - 84.89 51.67 81.59 100.05 90.77 69.25 - 
 Tyrosine - 82.56 58.30 85.93 97.59 90.60 106.40 - 
 Methionine - 87.17 64.77 86.20 102.39 97.60 131.36 - 
 Valine - 80.32 46.43 81.45 105.36 92.48 72.33 - 
 Isoleucine - 80.96 45.66 80.18 94.81 87.06 81.02 - 
 Leucine - 84.86 49.45 88.07 106.34 93.84 78.01 - 
 Phenylalanine - 85.31 53.09 88.39 105.99 92.90 88.56 - 
 
Average of ADC’s - 81.52 49.03 83.29 100.06 88.24 84.21 - 
Average of ADC’s for ingredients excludes data for taurine. 
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Figure 4. Weight gain of Asian seabass at the end of the digestibility experiment. 
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Figure 5. Relationship between protein digestibility and average amino acid 
availability in experimental diets (upper figure) and ingredients (lower figure). 
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Update the feed ingredient formulation data base for Asian seabass  

Introduction 

Previous investigation of the literature on the digestibility of feed ingredients by Asian 

seabass found that while there was some information on the digestibility of protein and 

energy from a range of ingredients there was little if any data on the availability of amino 

acids or the digestibility of carbohydrates (Booth & Allan, 2010). Amino acid availability 

data is critical to correctly formulating feeds for Asian seabass that contain high levels of 

soybean meal (SBM) and soy protein concentrate (SPC) as these ingredients are low in 

the sulphur amino acids. In addition many other alternative feed ingredients are 

themselves deficient in particular amino acids so the complimentary blending of feed 

ingredients to supply the correct concentration of amino acids at a dietary level, 

especially the limiting amino acids, is critical. Many published studies investigating 

ingredient replacement for Asian seabass have determined the digestibility of their 

experimental feeds at the end of growth assays but have failed to determine and present 

data on individual dietary ingredients (Eusebio & Coloso, 2000). To maximise use of 

soybean products, knowledge of digestibility and utilisation of other components in the 

diet must also be known so formulations can match digestible nutrient and energy 

requirements. Expansion of the current Asian seabass feed ingredient data base to 

include data on digestible amino acids will greatly improve the probability of formulation 

success. 

 

The objective of this activity was to undertake a brief literature survey to assess recent 

publications on the digestibility of feed ingredients by Asian seabass and integrate new 

data into the current USB feed formulation data base for this species. 

Methods 

An investigation of peer reviewed literature on the digestibility of SBM, SPC and other 

feed ingredients by Asian seabass was undertaken using NSW DPI Library access to 

the ISI Web of Knowledge (Thomson Reuters) search engine. A preliminary “title” search 

for the terms Lates calcarifer, Asian seabass or barramundi was undertaken by 

searching documents published since 2000. For each of the scientific and common 

names additional keywords such as soybean, soybean meal, soy protein concentrate, 
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ingredient, digestibility, diet and availability were included to refine the searches. 

Individual title searches for Lates calcarifer, Barramundi and Asian seabass produced 

about 205, 122 and 46 hits respectively. As a consequence of the limited number of 

results for each “title” search, all hits were examined for relevant nutritional data. 

Secondary searches were also made in peer reviewed journals not normally covered by 

the ISI Web of Knowledge to ensure all relevant data was captured. 

Results / Discussion 

Little new information on the digestibility of feed ingredients for Asian seabass was found 

in the peer reviewed literature. References, including several important nutrition 

publications predating the year 2000 search criteria are listed at the rear of this report. 

Of the manuscripts listed, only two recent papers were dedicated to the determination of 

apparent digestibility coefficients for Asian seabass. One paper investigated the 

digestibility of different cereal grains and the other investigated the digestibility of various 

ingredients such as lupin meals and lupin concentrates, soybean meal, canola meal, 

poultry meal and feather meal (Glencross, 2011; Glencross et al., 2011a). The latter 

paper also investigated using rainbow trout Oncorhynchus mykiss as a surrogate for 

determining digestibility coefficients for Asian seabass due to the difficulty in collecting 

faecal material from the latter species (Glencross, 2011). These difficulties include the 

lack of a bound faecal pellet and the often diffuse and aqueous nature of the faecal 

matter. While the new data from Glencross and colleagues is welcome, unfortunately 

neither of their studies determined the availability of amino acids from any of the 

ingredients. The relevant data on Asian seabass from each of their publications is 

presented below after back calculations to convert dry matter values to “as received” 

values (Table 10). Inspection of their results indicates that protein is well digested from 

most of the ingredients they evaluated, however protein digestibility was low in one 

cultivar of Barley (Barley 871), expeller canola meal, poultry offal meal and hydrolysed 

feather meal. Not surprisingly, the energy digestibility from most of the cereals, legumes 

and oilseeds was low, but protein concentration of two lupin varieties significantly 

elevated energy and dry matter digestibility (Table 10). Lower digestibility of the cereal 

grains is likely related to their high starch content (see previous section) while that of the 

legume meals such as lupins is likely related to their naturally high non-starch 

polysaccharide content, which forms the major part of the carbohydrate in this grain 
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(Glencross, 2001). Asian seabass are known to be inefficient at digesting starch 

(Williams & Barlow, 1998), whether it is gelatinized or not and inefficient at utilising the 

breakdown products of starch (i.e. glucose) once it enters the bloodstream (Allan et al., 

2003). Glencross et al. (2011a) have indicated that the digestibility of cereal starches by 

Asian seabass may be related to the amylopectin / amylase ratio of the grain, 

decreasing as the amylopectin content of the grain increases. This hypothesis requires 

further examination. 

 

Updated digestible nutrient values for the proximate and amino acid availability of 

fishmeal, soybean meal, soy protein concentrate and other ingredients were complied in 

two forms; a basic formulation data base which included the proximate values and 

digestible nutrients of feed ingredients examined in trials for the USB as well as from the 

literature (Table 11) and a new formulation data base which included the content and 

availability of amino acids from ingredients investigated in research conducted 

exclusively for the USB (Table 12). Together these two tables provide the most recent 

and up to date information on the digestibility of common feed ingredients for Asian 

seabass. Included with this information is a recent comparison of the nutrient and energy 

composition of different sources of soybean meal and soy protein concentrates being 

used by other USB researchers in the USA and the Philippines (Table 13; data kindly 

provided by Dr Rick Barrows). Inspection of this table indicates that the nutrient 

composition of the various soybean meals and soy concentrates are remarkably similar 

on a dry matter basis. 

 

At the planning stages of the FY2011 research on Asian seabass the ASA-IM Manager 

in South East Asia (Lukas Manomaitis) and other researchers linked to this project (Mark 

Newman) were consulted regarding their opinions on which feed ingredients from SEA 

should be targeted for determination of digestibility. A short list of “backbone” ingredients 

was compiled which included a good quality anchovy or sardine meal, tuna meal, poultry 

by-product meal, blood meal and corn gluten meal. Digestibility data for these types of 

ingredients (Australian analogues) was presented in an earlier section of this report. 

Other ingredients typical of those used in an aquafeed mill in SEA were also prioritised 

in order of their perceived importance to the formulation of aquafeeds for Asian seabass 

(see Table 14). Review of this table indicates that the determination of proximate and 

amino acid availability for many ingredients remains to be examined including those for 
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squid liver powder or meal, broken rice, cassava meal, pork meat meal, shrimp head 

meal and wheat gluten. The priority table also list several energy sources such as 

tapioca and corn starch. Based on the digestibility of wheat and pregelatinized wheat 

starch presented in previous sections of this report the cost-benefit ratio of exploring the 

digestibility of additional starch sources for use in Asian seabass feeds is probably quite 

low. The expense of evaluating the digestibility of additives such as anti-oxidants, 

premixes and synthetic amino acids is unwarranted and best guess values for the 

digestibility and availability of these minor feed constituents should suffice. 

 

The updated formulation data bases, especially the data base on the availability of 

amino acids will be useful to manufacturers of aquafeeds for Asian seabass in South 

East Asia and Australia. It will also be vital for formulating and validating use of new 

commercial aquafeeds for this species in laboratory and field based trials in FY2012. 

The updated information should allow the manufacture of extruded aquafeeds that 

contain little if any fishmeal and optimal inclusion levels of SBM and SPC. 
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Table 10. Composition (as is basis) and apparent digesibility of feed ingredients by Asian seabass. Tabulated values based 
on data presented by (Glencross, 2011; Glencross et al., 2011a). 
 

          Composition 
 
 
  Dry Moisture Ash Crude Fat NFE Gross ADC ADC ADC 
Ingredient Matter   protein   energy CP GE DM 
  % % % % % % MJ kg-1 % % %  
 
Barley, 8711 91.4 8.6 2.6 24.6 7.4 56.9 18.4 62.6 56.5 49.9 
Barley, Waxiro1 89.5 10.5 1.7 16.5 3.7 67.7 16.6 94.0 63.5 59.5 
Barley, Torrens1 88.9 11.1 2.1 22.4 3.2 61.1 16.6 79.1 77.4 84.6 
Barley2  89.7 10.3 1.9 13.5 3.9 70.3 16.5 100.0 54.7 46.9 
Wheat2  89.8 10.2 1.3 17.6 2.8 68.1 16.4 100.0 65.2 65.5 
Oats2 90.6 9.4 2.3 12.2 8.2 67.9 17.5 98.0 52.4 57.6 
Sorghum2 90.9 9.1 1.4 12.5 3.5 73.4 16.8 100.0 53.7 55.5 
Tapioca 2 87.1 12.9 0.3 0.6 0.3 85.9 14.8 100.0 58.0 73.7 
Triticale 2 89.5 10.5 1.8 18.3 2.3 67.0 16.5 100.0 57.3 63.5 
Corn2  88.3 11.7 1.2 4.2 2.3 80.6 16.4 100.0 43.2 81.2 
Faba beans2 89.8 10.2 3.2 34.1 5.7 46.8 16.7 100.0 61.6 65.2 
Lupin, luteus kernal meal3 91.3 8.7 3.6 51.8 6.1 29.9 19.6 81.2 82.7 64.7 
Lupin, luteus protein conc.4 93.7 6.3 2.2 70.6 14.3 6.6 24.5 98.6 100.0 92.3 
Lupin, angustifolius kernal meal3 91.6 8.4 3.2 37.7 5.9 44.8 18.7 96.1 73.4 36.8 
Lupin, angustifolius protein conc.4 93.1 6.9 2.7 76.2 10.4 3.7 22.3 86.0 100.0 89.0 
Soybean meal, sol. extracted5 89.6 10.4 7.7 44.8 1.5 35.6 17.3 100.0 65.5 56.7 
Canola, expeller extracted6 91.6 8.4 4.9 35.5 12.2 51.2 21.5 63.3 59.7 20.9 
Poultry offal meal7 91.9 8.1 14.7 55.9 10.9 10.4 21.3 39.7 52.5 10.2 
Hydrolysed feather meal7 91.6 8.4 1.6 73.5 13.2 3.4 22.3 74.8 67.9 36.9 
 

NFE = nitrogen free extract; ADC = apparent digestibility coefficients determined by indirect methods and stripping procedures. 
1 CSIRO Plant Industries, Black Mountain, ACT, Australia; 2 Ridley Aquafeed, Narangba, QLD, Australia; 3 Coorow Seed Cleaners, Coorow, WA, 
Australia; 4 Department of Agriculture, South Perth, WA, Australia; 5 Wesfeeds, Bentley WA, Australia; 6 Riverland Oilseeds, Pinjarra, WA, 
Australia; 7 Skretting Australia, Cambridge, TAS, Australia.
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Table 11. Basic ingredient formulation data base for Asian seabass (as is basis). 
 
 Dry Ash Nitrogen Crude Fat NFE Gross DP1 DE2 DDM3 Reference 
 matter   protein   energy       
 % % % % % % MJ kg-1 % MJ kg-1 %   

 
Ingredient             
 
Fishmeal Ecuador 94.50 13.23 11.60 72.52 10.11 0.00 20.20 69.33 20.20 92.80 USB 2009 
Soybean meal 30, Argentine 87.90 5.98 7.43 46.47 2.11 33.34 17.40 41.31 12.48 52.83 USB 2009 
Soybean meal 50, Argentine 87.90 5.98 7.43 46.47 2.11 33.34 17.40 38.66 10.93 39.56 USB 2009 
ADM Soy PC 30 91.40 5.67 10.57 66.03 0.46 19.24 18.59 63.32 15.11 68.00 USB 2009 
ADM Soy PC 50 91.40 5.67 10.57 66.03 0.46 19.24 18.59 63.12 15.50 68.46 USB 2009 
 
Fishmeal 91.90 15.35 10.76 67.26 8.09 1.21 19.11 64.30 19.11 90.25 USB 2010 
Poultry meal 97.20 13.22 10.52 65.73 12.73 5.52 21.55 51.80 16.53 47.63 USB 2010 
Meat meal 96.20 33.67 8.23 51.41 9.14 1.98 15.71 32.64 10.45 40.98 USB 2010 
Wheat 89.20 1.34 2.24 13.99 1.25 72.62 16.45 9.47 6.36 38.62 USB 2010 
Soybean meal 30, Argentine 88.10 6.17 7.39 46.20 1.76 33.97 17.50 41.07 12.55 52.95 USB 2010 
Soybean meal 50, Argentine 88.10 6.17 7.39 46.20 1.76 33.97 17.50 38.44 10.99 39.65 USB 2010 
ADM Soy PC 30 87.90 5.54 10.13 63.34 0.08 18.94 18.08 60.75 14.70 65.40 USB 2010 
ADM Soy PC 50 87.90 5.54 10.13 63.34 0.08 18.94 18.08 60.56 15.08 65.84 USB 2010 
Fish oil 99.00 1.00 0.01 0.01 97.50 0.49 38.00 0.01 36.40 98.01 USB 2010 
Methionine 95.00 2.00 9.30 58.00 0.01 1.00 13.00 56.84 12.74 93.10 USB 2010 
DSM Premix vit/min 97.80 52.71 0.85 5.32 6.85 32.92 8.14 4.25 6.51 48.90 USB 2010 
 
Poultry meal 95.20 14.76 9.63 60.21 14.28 5.95 20.75 50.46 19.74 73.02 USB 2011 
Blood meal 96.97 2.13 15.35 95.94 0.48 0.50 20.46 53.34 12.32 58.47 USB 2011 
Corn Gluten 92.78 2.88 10.02 62.62 2.78 24.49 21.34 51.54 15.19 53.07 USB 2011 
Fishmeal FM1Prime 94.15 16.00 11.16 69.73 7.72 0.69 19.39 69.73 19.39 88.50 USB 2011 
Fishmeal FM3 Tuna 94.47 20.41 10.19 63.71 7.46 2.89 18.04 56.25 16.87 64.52 USB 2011 
Raw wheat 90.53 1.54 1.92 12.00 1.00 76.00 15.39 10.88 4.79 27.34 USB 2011 
Pregel-starch 95.06 0.38 0.21 1.31 0.48 92.90 12.26 1.24 <0.05 4.18 USB 2011 
             
Extruded wheat*** 87.90 2.60 2.30 14.30 4.40 66.60 17.10 9.68 6.61 38.06 Williams & Barlow 1998 
Wheat flour (gelled, 12% CP) 88.69 0.46 2.06 12.86 1.40 73.97 10.00 8.36 5.00 48.78 Williams & Barlow 1998 
Starch (gelled <30% diet) 91.00 3.64 0.78 4.87 1.27 81.22 15.28 3.80 5.50 36.40 Williams & Barlow 1998 
Mill run 89.67 3.88 3.20 20.00 4.04 61.75 17.61 12.00 5.28 31.38 Williams & Barlow 1998 
Meat meal  95.50 22.92 8.71 54.44 13.85 0.00 14.33 34.57 9.53 40.68 McMeniman 1998 
Poultry offal meal 94.70 11.08 10.00 62.50 16.10 0.00 22.16 49.25 17.00 46.40 McMeniman 1998 
Full fat soybean meal 91.00 4.82 6.52 40.78 16.65 20.56 19.75 34.58 14.99 62.79 McMeniman 1998 
Canola meal 95.10 6.47 6.22 38.87 2.95 42.16 18.73 31.48 10.51 46.50 McMeniman 1998 
Dehulled lupin 90.20 2.35 6.18 38.61 6.58 33.82 18.76 37.88 11.54 54.66 McMeniman 1998 
Wheat gluten meal 93.10 0.84 12.23 76.44 1.02 8.38 21.41 76.44 21.16 93.10 McMeniman 1998 
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Lupin luteus kernal meal 91.30 3.56 8.28 51.77 6.12 29.86 19.63 42.03 16.23 59.07 Glencross 2011 
Lupin luteus Prot. Conc. 93.70 2.16 11.30 70.65 14.34 6.56 24.55 69.66 24.55 86.49 Glencross 2011 
Lupin angustifolius kernal meal 91.60 3.21 6.04 37.74 5.86 44.79 18.69 36.27 13.72 33.71 Glencross 2011 
Lupin angustifolius Prot. Conc. 93.10 2.70 12.20 76.25 10.43 3.72 22.34 65.57 22.34 82.86 Glencross 2011 
Soybean meal – Sol. ext. 89.60 7.71 7.17 44.80 1.52 35.57 17.29 44.80 11.33 50.80 Glencross 2011 
Canola meal – expeller ext. 91.60 4.85 5.69 35.54 12.18 51.20 21.53 22.50 12.85 19.14 Glencross 2011 
Poultry offal meal 91.90 14.70 8.94 55.88 10.94 10.38 21.32 22.18 11.19 9.37 Glencross 2011 
Feather meal - hydrolysed 91.60 1.56 11.75 73.46 13.19 3.39 22.26 54.95 15.11 33.80 Glencross 2011 
            
Barley 871 91.40 2.56 3.93 24.59 7.40 56.85 18.40 15.39 10.40 45.61 Glencross et al. 2011 
Barley Waxiro 89.50 1.70 2.63 16.47 3.67 67.66 16.62 15.48 10.55 53.25 Glencross et al. 2011 
Barley Torrens 88.90 2.13 3.58 22.40 3.20 61.07 16.63 17.72 12.87 75.21 Glencross at al. 2011 
Barley - Ridley 89.70 1.88 2.17 13.54 3.95 70.32 16.45 13.54 9.00 42.07 Glencross et al. 2011 
Wheat - Ridley 89.80 1.35 2.82 17.60 2.78 68.07 16.39 17.60 10.69 58.82 Glencross et al. 2011 
Oats - Ridley 90.60 2.27 1.96 12.23 8.24 67.86 17.55 11.99 9.20 52.19 Glencross et al. 2011 
Sorghum - Ridley 90.90 1.36 2.01 12.54 3.55 73.45 16.80 12.54 9.02 50.45 Glencross et al. 2011 
Tapioca - Rildey 87.10 0.35 0.10 0.61 0.26 85.88 14.77 0.61 8.57 64.19 Glencross et al. 2011 
Triticale - Ridley 89.50 1.79 2.94 18.35 2.33 67.04 16.52 18.35 9.47 56.83 Glencross et al. 2011 
Corn - Ridley 88.30 1.24 0.66 4.15 2.30 80.62 16.44 4.15 7.10 71.70 Glencross et al. 2011 
Faba bean - Ridley 89.80 3.23 5.46 34.12 5.66 46.79 16.68 34.12 10.27 58.55 Glencross et al. 2011 
 
 
1 digestible protein; 2 digestible energy, 3 digestible dry matter;  *** based on the average ADCs of dry matter, protein and energy, respectively for flour, starch and mill run. 
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Table 12.  Ingredient formulation data base for Asian seabass based on availability of 
amino acids (as is basis). 

 
 Fishmeal SBM 30 SBM 50 SPC 30 SPC 50 Poultry Blood Corn FM1 FM3 Whole PGN 
      meal meal gluten prime tuna wheat 
 2009 2009 2009 2009 2009 2011 2011 2011 2011 2011 2011 2011 
 
As rec’d composition (%) 
 
Dry matter 94.50 87.90 87.90 91.40 91.40 95.20 96.97 92.78 94.15 94.47 90.53 95.06 
Moisture 5.50 12.10 12.10 8.60 8.60 4.80 3.03 7.22 5.85 5.53 9.47 4.94 
Ash 13.23 5.98 5.98 5.67 5.67 14.76 2.13 2.88 16.00 20.41 1.54 0.38 
Nitrogen 11.60 7.43 7.43 10.57 10.57 9.63 15.35 10.02 11.16 10.19 1.92 0.21 
Crude protein 72.52 46.47 46.47 66.03 66.03 60.21 95.94 62.62 69.73 63.71 12.00 1.31 
Fat 10.11 2.11 2.11 0.46 0.46 14.28 0.48 2.78 7.72 7.46 1.00 0.48 
NFE 0.00 33.34 33.34 19.24 19.24 5.95 0.50 24.49 0.69 2.89 76.00 92.90 
Energy (MJkg-1) 20.20 17.40 17.40 18.59 18.59 20.75 20.46 21.34 19.39 18.04 15.39 12.26 
 
Alanine 3.86 1.97 1.97 2.78 2.78 3.61 6.50 4.80 3.79 3.86 0.36 0.01 
Arginine 4.48 3.59 3.59 5.24 5.24 4.05 5.15 2.38 3.83 3.92 0.42 0.02 
Aspartic acid 5.28 5.48 5.48 7.26 7.26 4.33 7.71 3.63 5.46 5.39 0.52 0.02 
Cystine 0.74 0.68 0.68 0.86 0.86 0.84 1.24 1.20 0.59 0.47 0.27 0.00 
Glutamic acid 8.11 8.72 8.72 11.90 11.90 7.22 8.76 11.76 7.86 7.34 3.24 0.04 
Glycine 4.26 1.96 1.96 2.78 2.78 5.67 3.72 2.06 3.86 4.38 0.43 0.01 
Histidine 3.09 1.18 1.18 1.69 1.69 1.28 5.07 1.34 1.87 2.03 0.24 0.01 
isoLeucine 2.91 2.04 2.04 2.99 2.99 2.23 3.11 2.50 2.80 2.82 0.36 0.01 
Leucine 5.09 3.46 3.46 5.06 5.06 4.00 10.02 9.35 4.78 4.80 0.70 0.02 
Lysine 4.92 2.78 2.78 3.99 3.99 3.59 7.77 1.48 4.88 4.61 0.29 0.02 
Methionine 1.99 0.60 0.60 0.86 0.86 1.19 1.33 1.27 1.90 1.73 0.12 0.00 
Phenylalanine 2.73 2.31 2.31 3.32 3.32 2.20 5.80 3.73 2.63 2.63 0.48 0.01 
Proline 2.80 2.42 2.42 3.42 3.42 3.74 3.67 5.40 2.60 3.03 1.07 0.01 
Serine 2.73 2.38 2.38 3.44 3.44 2.51 4.14 3.32 2.57 2.72 0.51 0.01 
Threonine 3.02 1.85 1.85 2.72 2.72 2.30 4.68 2.21 2.80 2.86 0.30 0.01 
Tryptophan 0.83 0.60 0.60 0.82 0.82 0.62 1.20 0.50 0.83 0.65 0.17 0.01 
Tyrosine 2.31 1.56 1.56 2.26 2.26 1.59 3.02 2.51 2.04 2.01 0.16 0.01 
Valine 3.34 2.16 2.16 3.14 3.14 2.79 6.40 2.99 3.41 3.43 0.46 0.01 
 Hydroxyproline   0.53 0.00 0.00 0.00 0.00 2.02 0.00 0.07 0.53 0.86 0.00 0.00 
 Taurine  0.52 0.00 0.00 0.00 0.00 0.32 0.05 0.03 0.52 0.26 0.00 0.00 
 
Digestible nutrients and amino acids (%)1 
 
DDM 92.80 52.83 39.56 68.00 68.46 73.02 58.47 53.07 88.50 64.52 27.34 4.18 
DP 69.33 41.31 38.66 63.32 63.12 50.46 53.34 51.54 69.73 56.25 10.88 1.24 
DE 20.20 12.48 10.93 15.11 15.50 19.74 12.32 15.19 19.39 16.87 4.79 0.78 
 
Alanine 3.86 1.83 1.64 2.78 2.71 3.03 3.06 4.16 3.79 3.43 0.26 0.01 
Arginine 4.47 3.48 3.46 5.24 5.14 3.50 2.89 2.13 3.79 3.50 0.37 0.02 
Aspartic acid 5.28 5.09 4.66 6.83 6.54 2.95 3.33 2.87 5.16 4.56 0.52 0.02 
Cystine 0.72 0.62 0.53 0.86 0.85 0.80 1.18 1.14 0.56 0.45 0.26 0.00 
Glutamic acid 8.11 8.38 7.63 11.49 11.45 5.98 4.09 10.04 7.82 6.58 3.09 0.04 
Glycine 4.26 1.74 1.60 2.73 2.65 4.46 2.04 1.62 3.66 3.54 0.41 0.01 
Histidine 3.09 1.03 1.00 1.69 1.65 1.09 2.71 1.19 1.87 1.88 0.21 0.01 
isoLeucine 2.87 1.85 1.84 2.83 2.87 1.81 1.42 2.00 2.65 2.46 0.29 0.01 
Leucine 5.09 3.23 2.92 4.89 5.06 3.39 4.96 8.23 4.78 4.50 0.55 0.02 
Lysine 4.92 2.57 2.47 3.82 3.87 3.05 4.01 1.21 4.88 4.18 0.20 0.02 
Methionine 1.97 0.60 0.60 0.83 0.84 1.04 0.86 1.09 1.90 1.69 0.12 0.00 
Phenylalanine 2.73 2.15 2.03 3.29 3.32 1.88 3.08 3.30 2.63 2.44 0.43 0.01 
Proline 2.80 2.33 2.14 3.34 3.42 2.98 1.91 4.58 2.60 2.57 0.99 0.01 
Serine 2.73 2.09 2.02 3.27 3.31 1.87 2.34 2.82 2.57 2.39 0.44 0.01 
Threonine 3.02 1.65 1.56 2.63 2.64 1.85 2.52 1.77 2.80 2.54 0.24 0.01 
Tryptophan 0.78 0.50 0.49 0.64 0.78 0.59 1.14 0.48 0.78 0.62 0.16 0.00 
Tyrosine 2.29 1.54 1.36 2.10 2.26 1.31 1.76 2.16 1.99 1.82 0.16 0.01 
Valine 3.34 1.90 1.77 3.07 3.14 2.24 2.97 2.44 3.41 3.17 0.33 0.01 
 Hydroxyproline   0.50 0.00 0.00 0.00 0.00 1.61 0.00 0.05 0.47 0.58 0.00 0.00 
 Taurine  0.49 0.00 0.00 0.00 0.00 0.23 0.05 0.03 0.48 0.21 0.00 0.00 
 

1 Digestible proximate and amino acid values calculated by multipling ingredient amino acid content x apparent digestibility 
coefficient. Note; ADC’s greater than 100% have been limited to a maximum value of 100. 
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Table 13. United Soybean Board - Characterization of soy products from aquafeeds research; Rick Barrows   
  

 
 
Investigator Davis Chong Lee Booth Coloso Coloso Booth Clemente Chong Lee 
 
Country USA USA Australia Philippines Philippines Australia USA USA 
 
Source Faithway HP12230 Argentine   ADM Solae Solae 
 Feeds  PTO   Soycomil-k ProCon 2000 Profine VF 
 
Ingredient SBM SBM SBM SBM Soy PC Soy PC Soy PC Soy PC 

 
 

Dry matter basis (%) 
 
Moisture 11.0 14.0 13.5 11.5 11.2 13.6 4.9 10.7 
Dry matter 89.0 86.0 86.5 88.5 88.8 86.4 95.1 89.3 
Crude Protein 47.7 42.7 46.3 46.8 64.3 63.3 67.0 65.3 
Crude fat 1.2 1.8 2.4 1.3 0.3 0.7 1.0 0.9 
Ash 6.2 6.5 6.5 7.2 5.9 5.2 6.6 5.9 
Crude fibre 3.9 4.6 3.3 3.8 3.7 3.3 5.4 3.3 
NFE 41.0 44.4 41.5 40.9 25.8 27.5 20.0 24.6 
Starch 2.4 1.7 1.7 2.1 1.0 0.7 1.0 1.0 
Calcium 0.26 0.64 0.32 0.77 0.37 0.31 0.35 0.38 
Phosphorus 0.69 0.69 0.69 0.73 0.78 0.71 0.77 0.80 
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Table 14. List and priority of investigation of feed ingredients in South East Asian region provided by Lukas Manomaitis 
 
 
  Priority 
 
 High Medium Low 

 
Ingredient 
 
Antioxidant 1 Calcium Phosphate, monobasic 2 Banana Flour 3 
Antioxidant 1 Choline Chloride 50% (powder) 2 Blood Meal (ring dried) 3* Ұ 
Blood Meal (spray dried) 1*Ұ Choline Chloride 75% 2 Coconut oil 3 
Cassava Meal 1 DCP/MDCP 18% Phosphorous 2 Copra Meal 3 
Choline Chloride 60% 1 FM Local (type?) 2* Corn, whole, yellow 3 
Corn Gluten Meal (CGM)   1* Ұ Fish Oil Local (type?) 2 Corn Starch 3 
DL-Methionine (methionine - 98.5%) 1 L-Lysine (lysine - 74%) 2 Crude Palm Oil 3 
Fish Meal (FM) (Chilean/Peruvian) 1* Ұ Meat & Bone Meal Argentina 2* Limestone 3 
Fish Oil Imported (type?) 1 Meat & Bone Meal USA 2* NSP Enzyme 3 
Mold Inhibitor 1 Mineral Mix (local) 2 Phytase 3 
Poultry By-product Meal 65% 1* Ұ Pork Meat Meal (50) 2 RSM (source?) 3 
Soy Bean Meal USA 1* Ұ Rice Bran 2 Salt 3 
Soy Lecithin (paste) 1 Soy Bean Meal ARG 2* Ұ Sodium Bicarbonate 3 
SPC Low antigen 1* Ұ Soy Bean Meal BRA 2* Ұ Squid Liver Paste 3 
Stay-C 35% 1 Soy Bean Meal IND 2 
Tapioca Pellets / chips 1 Soybean (fermented) Type? 2 
Tapioca Starch 1 Soy oil 2 
Vitamin C-phosphate 35 % 1 Squid Oil 2 
Wheat 1* Ұ Vitamin Mix (local) 2 
Wheat flour 1* Wheat Pollard 2* 
ASA-IM Vitamins Premix 1 shrimp head meal 2 
ASA-IM Mineral Premix 1 Wheat gluten 2* 
Broken Rice 1 
Squid liver powder or squid meal 1 
 

* Indicates some data on digestibility is available or can be inferred from data collected for Asian seabass on other feed ingredients. 
Ұ Indicates data on digestibility of proximate and amino acids has been determined. 
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Impacts of soybean meal and soy protein concentrate on the manufacture 
of extruded pellets for Asian seabass 

Introduction 

Extrusion cooking is the predominant method of producing aquafeeds (Bouvier, 1997; 

Aslaksen et al., 2006; Kraugerud & Svihus, 2011). During extrusion the feed materials 

go through a range of irreversible physical and chemical changes so that the extrudate 

that emerges is fundamentally different to the mixture that entered the extruder. This 

process aids the gelatinization of starches and denatures proteins (Wood, 1987; Young, 

2003). Extruded aquafeeds are produced via a combination of high temperature (e.g. 

120 -130°C), pressure (20-30 bar) and mechanical shear forces (Marsman et al., 1995) 

to transform feed ingredients into a viscous melt (dough) before the pellets are shaped in 

a die. (several authors cited in Sorensen et al., 2010; Kraugerud & Svihus, 2011). High 

moisture content (25-30%) in combination with a short residence time in the extruder 

(0.5-2 min) generally ensures that the process is not detrimental to the nutritional value 

of the feed (Barrows et al., 2007; Singh et al., 2007; Sorensen et al., 2010).  

 

The benefits of extrusion-cooking on aquafeeds for fish and shrimp are varied and 

include positive effects on digestibility of ingredients, especially carbohydrates, improved 

pellet quality and durability, control of pellet buoyancy and deactivation of heat labile 

anti-nutrients to name but a few (Booth et al., 2000; Dominy, 2005; Sørensen et al., 

2009; Sorensen et al., 2010). Pellet durability is becoming increasingly important as 

more farming operations switch to the use of automated feeders which pneumatically 

blow or pump pellets to the required location (Sørensen et al., 2009). However, in some 

cases, extrusion cooking can be detrimental to the digestibility of certain feed ingredients 

such as canola meal that contain little starch (Allan & Booth, 2004). Control of buoyancy 

is important with respect to the feeding behaviour of the target species or the type of 

feeding systems used by the farmer. These may be simple systems reliant on hand 

feeding while observing the reaction of fish on the water surface or sophisticated 

systems which use underwater cameras or elaborate feed back mechanisms to monitor 

feed intake of sinking pellets. 
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Apart from the contribution to the nutritional adequacy of aquafeeds, ingredient selection 

(i.e. formulation) has a marked impact on the quality of extruded aquafeeds. Ingredients 

are generally classified into just a few small groups including protein, carbohydrate and 

lipid (fats and oils) sources and additives. Apart from providing amino acids, protein 

sources are functionally important because they can influence water absorption, binding 

and the elasticity of the diet (van Barneveld, 2003) and the formation of glutinous doughs 

(Anon., 2003). Several qualities of proteins are considered important including nitrogen 

solubility index (NSI), protein dispersibility index (PDI), hydration capacity and binding 

capacity. For example the hydration rate of different ingredients within a mixture can 

affect the quality of the finished product by altering mixing, binding and degree of cook 

(van Barneveld, 2003). Protein sources such as fishmeal and rendered animal meals 

generally have low protein solubility and make little contribution to the structural nature of 

extruded aquatic feeds due to the fact they have already undergone quite a bit of 

thermal treatment in preparation as a raw material (Anon., 2003; Rokey et al., 2003). On 

the other hand, many plant based proteins have high protein solubility, excellent water 

absorption characteristics and contribute greatly to the structural nature of aquatic feeds. 

SPC has a very low protein dispersibility index but is more easily texturized than solvent 

extracted SBM as long as higher moisture and mechanical energy inputs are provided 

(Strahm et al., 2003). 

 

Starch is the primary carbohydrate found in aquatic feeds contributing to binding 

(cohesion) and expansion in the final product, however, it serves no nutritional purpose 

for carnivorous species such as Asian seabass. To be useful in aquatic feeds it must be 

well cooked or gelatinized. Gelatinization refers to the unique ability of starch to lose its 

natural crystalline structure and become a viscous gel capable of dispersing through and 

around other structures within a mixture. Starch granules swell, absorb water, lose 

crystallinity and leach amylose (Rokey et al., 2003; Donald, 2004). Upon cooling the 

amylose chains link together and form a gel composite aided by the structure of 

amylopectin (Cornell, 2004). It is well known that inclusion of starch from cereal grains 

and starch rich legumes such as peas (Allan & Booth, 2004) aids pellet binding and 

promotes pellet expansion (Kumar et al., 2007), a property particularly useful for 

controlling pellet buoyancy and post-extrusion vacuum coating of oils or other additives. 

However, increasing starch content generally decreases pellet bulk density (Anon., 

2003). The presence of functional proteins with good expansion and binding 
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characteristics can lower the level of starch required to produce extruded feeds. Binding 

is also critical to promote pellet durability which reduces fracturing and production of 

fines. The amylose fraction of starch has greater binding properties than that of 

amylopectin therefore starches high in amylose are considered better for improving the 

cohesion of finished feeds (Anon., 2003). 

 

Hydration and heating of vegetable proteins in the pre-conditioner and extruder result in 

the unravelling of long twisted vegetable protein molecules. During extrusion these 

molecules realign themselves along “streamline flows” of the extruder screws and dies. 

Increases in shear temperature (i.e. increased SME) and retention time within the 

extruder itself causes cross-linking of protein strands which yields a textured product 

which is highly layered and resistant to disintegration upon rehydration (Little et al., 

1997; Strahm et al., 2003). The extent of cross-linking is thought to be related to 

exposure time, temperature and moisture which all affect the viscosity of the extrudate 

(Strahm et al., 2003). The structure-forming properties of proteins are believed to result 

from the denaturation, dissociation, and disulfide cross-linkage of globular protein 

structures during extrusion, resulting in a network of proteins which stabilize the pellet 

structure (Morken et al., 2011). In most cases a threshold level of shear is necessary to 

enhance cross linking of vegetable proteins such as soy, however over-shearing before 

the cross-linking of protein molecules has begun can result in decreased water holding 

capacity. The impact of moisture on the rheology of soy proteins is one of the most 

important process variables to consider during extrusion (Strahm et al., 2003; Aslaksen 

et al., 2006). Within the food industries unfolded soy proteins are well known for their 

functional adhesive properties which are brought about by intermolecular electrostatic 

and covalent disulphide bonding (Aslaksen et al., 2006; Sørensen et al., 2009). 

 

The inclusion of soybean meals, soy protein concentrates and other plant sources 

invariably introduce non-starch polysaccharides (NSP) and other components which may 

affect the nutritional quality (Irish & Balnave, 1993), functional and physical 

characteristics of the finished feed as well as the physical quality of faecal material 

(Glencross et al., 2011a). In addition, the interaction between SBM, SPC and other feed 

ingredients may be positive or negative in terms of pellet quality. Inclusion of fibrous 

material such as wheat middlings above 20% disrupt the continuity of the carbohydrate 

matrix in catfish feeds resulting in a product with a rough external surface and excessive 
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fines (Anon., 2003). Fibrous ingredients possess hydration and bulk density properties 

which are usually quite different from traditional ingredients and these will require 

different extruder configurations’ and processing conditions. Fibre such as lignin can 

strengthen pellets by “melting”, however it takes much higher processing temperatures 

to melt lignin than it does to gelatinized starch or denature proteins. For this reason fibre 

usually has low to moderate binding ability in feeds. High fibre diets tend to produce 

more fines than diets high in starch due to the different binding characteristics of either 

carbohydrate (Rokey et al., 2003) 

 

Earlier research for the USB found that high inclusion levels of SPC affected the pellet 

characteristics of test feeds manufactured using extrusion technology (Booth et al., 

2010a). Semi-buoyant slow sinking feeds were requested, but feedback from the 

extrusion mill staff indicated that control of bulk density in finished feeds containing 40-

60% SPC was difficult. Finished feeds containing SPC also appeared to have smaller 

pellet diameters compared to control feeds containing higher levels of fishmeal indicating 

problems with pellet expansion. In addition, feeds containing SPC produced high levels 

of fines indicating a lack of binding. Increasing the amount of SBM and SPC used in 

aqua-feed formulations will impact on pellet quality due to the physical and functional 

properties of these ingredients and their interaction with other feed ingredients, 

particularly starch sources. However, modern extrusion technology allows the mill 

operator to select a diverse range of operating parameters and conditions by which to 

produce a finished feed and these selections ultimately have a major influence on the 

finished product (Sorensen et al., 2010), regardless of the ingredient interactions. For 

these reasons, extrusion technology is as much an “art form” as it is a science (Thomas 

& van der Poel, 1996; Whalen et al., 1997). 

 

The objectives of this activity were to review data on the physical characteristics of the 

semi-commercial feeds used in 2010 and undertake a brief exploration of the literature to 

explore relevant publications on the effect of SBM and SPC inclusion on the quality of 

aquafeeds. 
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Methods 

The pellet characteristics of the experimental feeds used in the 2010 utilisation 

experiment (see Table 15 for feed formulations) were determined to ascertain if there 

were correlations between ingredient or nutrient inclusion and the pellet quality of 

finished feeds. The mean ± SD diameter and length of 20 randomly selected pellets from 

each diet was measured to 0.01 mm using digital veinier callipers. Pellet expansion 

(radial expansion) was calculated by measuring the diameter of 20 randomly selected 

pellets from each of the 10 feeds, calculating the mean pellet diameter per feed and 

expressing this value relative to the width of the extruder die aperture; in this case 6 mm 

(Booth et al., 2010a) 

 

Radial expansion ratio = mean width of pellet / die aperture 

 

The mean sinking rate of 20 randomly selected pellets was determined by measuring the 

time taken in seconds for individual pellets to fall through a 400 mm vertical column of 

saltwater (i.e. glass measuring cylinder; salinity = 32 g L-1). Pellets were carefully 

released 40mm above the surface of the water column using tweezers and time to reach 

the bottom was recorded on a stopwatch. Pellets which did not sink were given a 

standard sinking time of 300 seconds. Measured pellet characteristics for the extruded 

test feeds used in 2010 are presented in Table 16. Pellet data, with the exception of data 

on the commercial feed was compared statistically using one-way ANOVA and Tukeys 

HSD.  

 

Spearman-rank correlation coefficients were calculated to examine relationships 

between the characteristics and the ingredient composition of pellets. Non-starch 

polysaccharide (NSP) content of diets was examined by estimating the NSP content of 

the test diets based on data taken from Choct et al. (2010) (i.e. NSP content of SBM ≈ 

27% and of SPC ≈ 18%) while the NSP content of wheat (≈ 10%) was taken from 

Glencross et al. (2011a). The contribution of other dietary components to dietary NSP 

content, being of animal meal origin was considered negligible. Correlation coefficients 

were calculated using statistical software (NCSS) (Hintze, 2006) and considered 

significant when resultant P values were < 0.05. The resultant Spearman-rank 

correlation coefficients are presented in Table 17. 
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A brief review of the literature was undertaken to relate data from the present study to 

other relevant information on the impacts of SBM and SPC inclusion on pellet quality of 

aqua-feeds. The search was undertaken using NSW DPI Library access to the ISI Web 

of Knowledge (Thomson Reuters) search engine. The search was limited to documents 

generally published after 2000 and focused on peer reviewed literature in more technical 

and engineering based fields such as Animal Feed Science & Technology and Poultry 

Science. Key words included soy and soy protein concentrate combined with words such 

as extrusion, extruder, non-starch polysaccharide etc. Some articles were obtained from 

bibliographic archives belonging to Dr Mark Booth. A list of manuscripts and articles 

pertinent to this topic is included at the end of this report. 

Results 

There were highly significant differences in the diameter, length, sinking rate and 

expansion ratio of different diets (Table 16; all ANOVA tests P<0.0001). Pellet diameter 

and radial expansion ratio were significantly higher in the diet composed of 40% 

fishmeal and 30% SBM (i.e. Diet SBM30; Table 16). Pellet length was also numerically 

highest in this diet. The fishmeal control diet was buoyant and not surprisingly had the 

slowest sinking rate. Increasing the dietary level of SBM or SPC at the expense of other 

ingredients appeared to increase sinking rate (Table 16). The physical appearance of 

each feed is presented below to give an indication of the shift in the colour of pellets as 

level of SPC was increased. 

 

Examination of the relationships between the composition of the diets and their pellet 

characteristics revealed weak to moderately strong correlations between many of the 

measured variables (Table 17). Please note radial expansion is an index of pellet 

diameter therefore the correlation values for these two characteristics are almost 

identical. For this reason we make no further reference to pellet diameter apart from in 

the discussion. Pellet length was significantly negatively correlated with NSP content 

whereas sinking rate was significantly positively correlated with NSP content (Table 17). 

Sinking rate was also negatively correlated with pellet length and bulk density, meaning 

that longer pellets tended to have a lower bulk density (greater buoyancy) compared to 

shorter pellets. Radial expansion ratio of pellets was significantly negatively correlated 
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with the total level of dietary soy and the dietary level of SPC, but significantly positively 

correlated with the level of dietary fishmeal (Table 17). Bulk density of pellets was 

significantly positively correlated with dietary level of SBM. Although not quite reaching 

the level of significance there were moderately strong negative correlations between the 

dietary level of wheat and sinking rate or bulk density of pellets (P = 0.054 in both cases) 

(Table 17.).  

 

 

Discussion 

To date there has been little targeted scientific research on interactions between SBM, 

SPC and other ingredients on pellet characteristics of extruded aquafeeds. A detailed 

review on the general nutritional changes that occur during the extrusion process was 

published several years ago (Singh et al., 2007). Noteworthy publications dealing 

exclusively with SBM and SPC products in aquafeeds include the following (Chang et al., 

2001a; Chang et al., 2001b; Aslaksen et al., 2006; Moure et al., 2006; Sørensen et al., 

2009; Glencross et al., 2010a; Draganovic et al., 2011; Glencross et al., 2011b; Jiang et 

al., 2011; Kraugerud et al., 2011; Kraugerud & Svihus, 2011; Morken et al., 2011; 

Schaeffer et al., 2011) and there are numerous articles associated with extruded 
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products containing soy products for human consumption (e.g. Faller et al., 1999; de 

Mesa et al., 2009; Colombo et al., 2011). It is not surprising there is little scientific 

literature available on the impacts of SPC and SBM on the quality of aquafeeds given 

the number of differences among extrusion systems, either from research or commercial 

facilities and the seemingly endless options available to operators in terms of processing 

parameters and ingredient selection and formulation. There are numerous other factors 

which can also affect the quality of finished aquafeeds including the skill and experience 

of the operator and the quality of the feed ingredients. In addition, it is often difficult to 

predict which of the ingredient-ingredient and ingredient-processing interactions 

ultimately affect the quality of the end product produced under variable or even steady 

state conditions (Whalen et al., 1997). Review of the aforementioned articles will 

highlight the variation in approaches and results obtained by various researchers 

exploring this topic. From a commercial perspective feed formulators are often dealing 

with commodity forecasting and supply issues and their impacts on margin as much as 

the nutritional needs of the fish or shrimp they are formulating aquafeeds for. Thus there 

are often subtle or even dramatic day to day changes in feed formulation and equipment 

will be in various states of wear, and with these changes must come inevitable 

adaptations in extrusion process parameters. 

 

Literature on advances and understanding in feed technology for Asian seabass is also 

somewhat limited, however Glencross et al. (2011a) recently investigated the effect of 

different cereals and legumes on the technical quality of pelleted aquafeeds for this 

species. They found that pellets produced using faba beans and some types of barley 

tended to increase pellet hardness (measured as compression strength using a texture 

meter) while pellets manufactured using oats and triticale tended to decrease hardness 

(pellet hardness). Increasing starch content tended to increase radial expansion 

(Glencross et al., 2011a). Assessment of the effects of inclusion of different varieties of 

lupin (which are high in NSP) in simple formulations containing fishmeal and wheat on 

extruded pellet characteristics (Twin-screw laboratory extruder; Model APV MFP19:25 

APV-Baker, Peterborough, UK) found that bulk density, sinking rate and pellet hardness 

all increased as the dietary inclusion level of the different lupin cultivars increased 

(Glencross et al., 2010a). In addition, higher levels of lupin resulted in less radial 

expansion and poorer oil absorption in finished pellets, presumably as a consequence of 

the higher level of dietary NSP (Glencross et al., 2010a). Like the results from our study 
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their work also found that the bulk density of feeds containing blends of fishmeal, 

soybean meal and wheat tended to increase in response to increases in the content of 

SBM. However these authors found the bulk density of feeds containing more than 20% 

SBM tended to plateau. Moisture retention of dry mash containing SBM or lupin meals 

(with the exception of Lupinus luteus; Wodjil cultivar) also increased as inclusion level of 

these ingredients increased (Glencross et al., 2010a). 

 

Associated with the same study Glencross et al. (2010a) also explored the pasting 

characteristics (e.g. gelatinization, peak viscosity) of pre-extruded mash (no oil) 

containing fishmeal and lupin meals or fishmeal and SBM using rapid viscosity analysis 

(RVA™ time/temperature program = 2 min at 50°C, ramping to 95°C over 3 min, held at 

95°C for 5 min, before reducing to 50°C over 3 min; Whalen et al. 1997) to assess the 

effects of the extrusion cooking process on different ingredient combinations and 

concentrations. Compared to a control mash containing fishmeal (70%) and wheat 

(14%), they found the inclusion of soybean meal in the mash reduced both the rate of 

gelatinization and the peak viscosity during the RVA analysis. In contrast inclusion of 

similar amounts of lupin meal such as L. angustifolius increased rate of gelatinization 

and peak viscosity above that of the control mash. Based on these results they 

hypothesised that inclusion of lupins preferentially lowered the temperature at which the 

starch within the mash was being gelatinized whereas inclusion of SBM acted to lower 

the viscosity of the mash and hinder gelatinization. Please note the level of starch (as 

wheat) was similar across different rates of fishmeal substitution (Glencross et al., 

2010a)  

 

Assessment of extruded feeds produced in 2010 

 

The operator of the extrusion facility employed to manufacture the semi-commercial test 

feeds indicated that initial attempts to pellet the formulations high in SPC failed due to an 

overly dry melt which resulted in the extruder shutting down, presumably as a 

consequence of high motor load (Booth et al., 2010a). Increasing the moisture content in 

the differential diameter conditioner (DDC) seemed to solve these problems and pellets 

containing high levels of SPC were produced, albeit not of the highest quality. It is 

possible the addition of more water in the DDC and extruder reduced barrel 

temperatures to the point where cooking and gelatinization temperatures were reduced, 
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limiting both adhesion and expansion of pellets high in SPC (Botting, 1991). This effect 

has previously been documented in extrusion studies with SPC where the addition of 

moisture was tightly controlled (Draganovic et al., 2011). It is well known that the 

moisture level of the dough or melt can have a significant effect on motor torque, specific 

mechanical energy (SME) and die pressure (Kraugerud et al., 2011). In general, the 

higher the moisture content the lower the motor load, SME and die pressure. Interacting 

with moisture content, the functional quality of some ingredients under high temperature 

and pressure can increase motor loading while the qualities of other ingredients may 

decrease it (Sorensen et al., 2010; Draganovic et al., 2011). Like us, other researchers 

have also documented increased motor torque and die pressure when extruding dough 

with high levels of SPC (45%) and low levels of fishmeal under low moisture conditions. 

Subsequently, motor torque and die pressure decreased as moisture and fishmeal 

content of dough was increased and SPC content was reduced (Draganovic et al., 

2011). The positive effects of SPC on motor torque appear to be related to the better 

water retention properties of SPC compared to products like fishmeal (Draganovic et al., 

2011). In our case it should be noted that only 200 kg of each dietary mash was 

provided to the extrusion facility. As such, modifications to the extruder settings (Wenger 

X-85) during the pelleting process were governed by the risk of exhausting the mash 

before enough of the finished feed could be produced. Therefore the pellet 

characteristics of the feeds used in the 2010 trial may have been different had different 

DDC and extruder settings been used and had the operator had more material to work 

with. Moreover, even slightly different combinations of the basic feed ingredients used in 

the 2010 trial (Table 15) would probably have affected pellet quality. For example, 

relationships between dependent processing parameters (e.g. SME, die pressure, motor 

load die temperature) and pellet quality (e.g. hardness, durability, bulk density) of 

formulations containing fishmeal, or toasted and untoasted SBM have been examined 

using principal component analysis. This research found that approximately 93% of the 

variation in pellet quality was explained by just two major components; one attributed to 

ingredient composition (56%) and the other to processing parameters (35%) (Sørensen 

et al., 2009). Commercial development of aquafeeds would generally allow for judicious 

manipulation of raw material concentrations and fine tuning of pre-conditioner, extruder 

and dryer settings to produce a satisfactory end product. (Botting, 1991). For these 

reasons, the affects of different ingredients or nutrients on extruded pellet characteristics 

should ideally be examined under controlled conditions where most extrusion 
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parameters are held constant and ingredient-ingredient interactions are minimised 

(Draganovic et al., 2011; Kraugerud et al., 2011). 

 

Observations on radial expansion 

 

Apart from the impact of the extruder settings and die selection, the degree of radial 

expansion is thought to be positively affected by the level and type of starch (Sorensen 

et al., 2010) and soluble protein (Anon., 2003). Correlation analysis indicated the 

inclusion level of fishmeal had the greatest positive effect on expansion while that of 

SPC had the greatest negative affect with respect to our dietary formulations and 

extrusion conditions. However, it should be noted that the majority of pellets produced 

under the aforementioned conditions had smaller radial diameters than the 6mm pellet 

die (Table 16), indicating negligible expansion of the extrudate or shrinkage of the 

extrudate during cooling (Kumar et al., 2007; Sørensen et al., 2009). In studies exploring 

use of SPC, fishmeal and wheat gluten in extruded aquafeeds, Draganovic et al. (2011) 

concluded that fishmeal has unique functional qualities that are not present in either 

SPC or wheat gluten. Moreover, if high levels of SPC are used in place of fishmeal then 

far higher moisture levels are required during extrusion to produce a commercially 

acceptable pellet. It is known that pellet expansion can be critically affected by the 

number and size of die holes as this governs the pressure on the extrudate leaving the 

extruder. In our case a die plate consisting of 3 x 6mm holes was used (Booth et al., 

2010a). We also recorded greater variability in the standard deviation of pellet length 

among the different formulations compared to those determined for pellet diameter 

(Table 16). Pellets of different length, a problem often encountered in extruded 

aquafeeds, can be the result of low die pressure which causes uneven product flow at 

the die. In contrast, if the resultant die pressure is to high the extrudate can crack and 

split resulting in a pellet with poor durability and water stability (Botting, 1991). 

 

There was virtually no correlation between level of dietary wheat and radial expansion, 

which could be indicative of the narrow range in wheat inclusion (i.e. starch) across all 

formulations (Table 15; 10-16%). This is somewhat unlikely as commercial aquafeeds for 

many species such as salmonids (Sorensen et al., 2010) and snapper (Booth et al., 

2011) often include as little as 10% total starch in their formulations. Alternatively, lack of 

expansion could be indicative of lower than necessary die pressure (Sørensen et al., 
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2009), temperature and moisture conditions affecting the visco-elastic properties of the 

dough and its water holding characteristics due to the interactions between soy products 

and other feed constituents such as NSP (see below). Insufficient water particles trapped 

within the melt prior to reductions in pressure as the extrudate exits the die can limit the 

“flash-off” of steam and hence the degree of expansion and porosity of pellets (Sørensen 

et al., 2009; Sorensen et al., 2010). Given cereal grains such as wheat are poorly 

digested by Asian seabass (see previous sections of this report on digestibility) it will be 

unlikely increases in wheat content or other starch sources will be appropriate for 

increasing radial expansion of finished feeds. Recent research has explored the use of 

additives such as sodium diformate (NaDF) in extruded aquafeeds for salmon and found 

it significantly increased the expansion ratio, durability, and water stability of pellets 

containing barley protein concentrates compared to diets formulated without it. The 

authors speculated this may be due to the NaDF causing a reduction in pH of the melt or 

the improved structuring capability of proteins in the presence of Na (Morken et al., 

2011). Use of additives such as NaDF and potassium diformate (KDF) appear promising 

and may be worthy of investigation in diets for Asian seabass that containing high levels 

of plant proteins such as SPC. 

 

The level of dietary NSP contributed by SPC was not strongly correlated with radial 

expansion, however it is likely the extremely high dietary levels we examined (i.e. 40 to 

60% SPC inclusion) have negatively impacted on the finished quality of the pellets in our 

trial. Based on the correlation coefficients for SBM and total soy, the impact of SBM on 

radial expansion seems to be somewhat positive. Increases in dietary NSP attributed to 

plant protein sources such as lupins (Glencross et al., 2010a) and from cellulose 

(Hansen & Storebakken, 2007; Kraugerud et al., 2011) have been implicated in the poor 

expansion of extruded aquafeeds, although qualities such as pellet hardness and 

durability are often improved (Hansen & Storebakken, 2007; Sørensen et al., 2009). 

Similar to our results, Sorenson et al. (2009) observed higher radial expansion of doughs 

containing fishmeal as opposed to doughs where a proportion of the fishmeal was 

replaced by soybean meal. In contrast, Draganovic et al. (2011) found that higher levels 

of fishmeal actually decreased the radial expansion of extruded pellets compared to 

formulations which included SPC when manufactured under controlled test conditions. In 

their trial, lowest radial expansion was obtained from a mash containing an equal 

amount of fishmeal and SPC at a medium moisture level (26%), while highest radial 
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expansion was recorded from a mash containing an equal amount of wheat gluten and 

SPC at a moisture level of 32%. Based on mixture model analysis these authors found 

that radial expansion increased only slightly with increasing level of SPC and was better 

in diets containing higher levels of wheat gluten. In addition, SPC tended to cause axial 

(lengthwise) expansion rather than radial expansion. Draganovic et al. (2011) also found 

that increased moisture led to greater radial expansion of finished pellets containing 

SPC and pellets containing blends of SPC and wheat gluten. It should be noted that 

these authors employed melt temperatures within the extrusion barrel of between 120-

130°C during their study on SPC inclusion (Draganovic et al., 2011(Draganovic et al., 

2011) which appears to far higher than the temperatures used to extrude aquafeeds for 

the 2010 USB trial. 

 

Observations on pellet durability 

 

The observation of a greater proportion of fines and cracked pellets in the test feeds 

containing high levels of SPC may be related to dietary NSP. Non starch 

polysaccharides may have disrupted or interfered with the gelatinization of dietary starch 

and the functional qualities of the protein-starch matrix formed during extrusion. This has 

been shown to affect the finished quality of pasta and is thought to be related to the 

soluble and insoluble components of different fibre sources (Tudorica et al., 2001). This 

may partly explain the poorer quality of the diets containing low levels of fishmeal and 

extreme levels of SPC, as SPC has a relatively higher insoluble fraction of NSP (14-

16%) as a result of the concentration process compared to solvent extracted SBM (8-

15%) (Choct et al., 2010). Increasing additions of NSP’s such as cellulose have been 

shown to reduce pellet expansion in test feeds for rainbow trout (Hansen & Storebakken, 

2007). The reduced expansion is thought to be related to the high water-binding capacity 

of celluloses which may result in competition for water within the extrusion environment 

and thus reduce the amount of water available for the hydration and thorough 

gelatinization of starch granules (Hansen & Storebakken, 2007). These relationships are 

complicated and further research would be needed to clarify which fraction of the 

carbohydrate in SBM and SPC is implicated, if at all.  

 

Alternatively, the adhesion/binding properties of our pellets may have been affected by 

the low levels of wheat and or the amylose / amylopectin ratio of the wheat source. Low 
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ratios can result in poor binding qualities and starch from field peas, having a higher ratio 

and better pasting characteristics, may be a better choice for use with diets high in SPC 

(and thus high in NSP). Use of SPC in combination with pregelled potato starch may 

also assist in radial expansion (Sorensen et al., 2010). Others have shown that pellets 

containing denatured soybean protein exhibited limited cohesive properties and pellet 

binding and durability only increased in proportion to the percentage of pregelled tapioca 

starch included in the ration (Wood, 1987). 

 

Effects of protein source and quality 

 

Differences in the finished feed characteristics of the SPC and fishmeal based diets 

could possibly be related to the native state of the protein sources. Fishmeal is mainly 

fibrous muscular protein while that of SBM is globular. Globular proteins from soybean 

meal generally require higher temperatures (≈ 95°C) to be denatured and form covalent 

cross-linkages (i.e. disulphide bonds) than fibrous proteins such as fishmeals (≈ 50-

60°C) (Aslaksen et al., 2006). According to the extrusion report (Booth et al., 2010a), 

recorded temperature in the various zones on the Wenger X-85 did not exceed 90°C 

during manufacture of test feeds containing SPC. Thus the formation of adequate cross-

linkages in diets containing elevated levels of SPC may have been reduced. Sorensen et 

al. (2009) has implicated the un-denatured state of soybean meal protein (white flakes) 

in elevated motor torque, die pressure and SME which to some extent reflects the 

observations of the mill operator and the poor quality of diets high in SPC. The absence 

of adequate levels of cysteine and cystine is thought to reduce the potential formation of 

covalent disulphide bonds during extrusion, potentially leading to a pellet with poor 

cohesive properties (Øverland et al., 2009; Sørensen et al., 2009; Morken et al., 2011). 

However the cystine content of all USB test diets was similar (4.3 – 6.8 g kg-1) therefore 

the concentration of these amino acids is unlikely to have affected the functional quality 

of the finished feeds. 

 

We did not measure the nitrogen solubility index (NSI) of ingredients used to 

manufacture our test diets. In general, lower NSI or protein dispersibility index (PDI) 

values indicate that more heat damage has been done to the protein/s during 

processing. Commercial solvent extracted SBM has a typical PDI of 50 to 70 but, SPC 

has a very low PDI generally in the range of 5 to 10 (Strahm et al., 2003; ADM, 2007). 
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Consequently, if a raw material has a low solubility then more energy is required to 

texturize it. However, SPC has a low NSI because it is made by the aqueous alcohol 

process and its low NSI value is not necessarily related to poor functionality. This is 

because the denaturation mechanism used to produce SPC is different from that used to 

produce toasted solvent extracted SBM. Although SPC has a low NSI it is easily 

texturized, but the process requires higher levels of moisture and mechanical energy 

than for products such as SBM (Strahm et al., 2003). 

 

Observations on bulk density and pellet length 

 

Many of our test diets exhibited little variation in radial expansion, however there was a 

considerable range in bulk density (697-809 g L-1) and pellet length (Table 16). Inclusion 

of SBM in our formulations was also positively correlated with bulk density, however 

there was little effect of total soy or SPC inclusion on this characteristic. Level of NSP 

was also positively correlated with bulk density and highly correlated with sinking rate 

indicating the addition of NSP from SBM was most likely responsible for increases in 

pellet bulk density. In contrast, the content of NSP was also negatively correlated with 

pellet length, indicating pellets tended to be shorter in length as level of NSP increased.  

High levels of NSP are known to reduce pellet expansion and have been implicated in 

increases in the length of pellets (Lue et al. 1990 cited in Sørensen et al., 2009). In 

contrast, variation in the inclusion rate of pea protein concentrate which contains 

between 12-14% NSP was shown to improve overall  pellet quality of diets for Atlantic 

salmon but significantly reduce pellet length compared to diets based predominantly on 

fishmeal or SBM (Øverland et al., 2009). The floatability (bulk density) of extruded 

aquafeeds is governed by the volumetric expansion of the product in both the radial and 

axial direction (Draganovic et al., 2011) which explains the negative correlation between 

pellet length and bulk density in our study i.e. longer pellets were more buoyant and took 

longer to sink. This is not evidence of axial expansion in our formulations, however it is 

clear there is probably a link between the resultant length of pellets in our study and the 

dietary content of NSP (Table 17). Bulk density of pellets has been inversely related to 

radial expansion (Draganovic et al., 2011), however there was only a weak negative 

correlation between bulk density and radial expansion in our examination (Table 17). 

Chang et al. (2001a) have studied the effects of extrusion parameters on SPC and 

shown that highest values for axial expansion were found when dietary levels of SPC 
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are maximised and feed moisture is kept relatively low. They found that dietary levels of 

SPC greater than 25% tended to reduce radial expansion while the specific volume of 

the feed increased as the SPC level in the blend increased and feed moisture 

decreased. 

 

The increasing NSP content of test feeds was the result of increases in SBM and SPC 

content in the different formulations more so than from minor changes in wheat content 

(e.g. between 10 and 16%). However, wheat inclusion was moderately negatively 

correlated with sinking rate (-0.65) and bulk density (-0.66) suggesting addition of wheat 

in each of the formulations where SBM and SPC were present tended to counter their 

effects on density. As fishmeal content did not appear to be correlated with bulk density, 

it appears that the bulk density and sinking rate of the diets we examined is related more 

to the interaction between starch provided from wheat and the level of NSP contributed 

from SBM and or SPC (Figure 5). 

 

Control of bulk density or buoyancy in aquafeeds can be a difficult process and is 

affected by more than ingredient concentrations and physical extruder settings. 

Regardless of formulation, the accuracy and timing of water addition has one of the 

greatest bearings on the production of acceptable aquafeeds (Draganovic et al., 2011) 

and there is often only a small difference between the rate of water addition and the 

production of pellets which will float, those that will be neutrally buoyant and those that 

will sink (Botting, 1991). In addition the buoyancy of extruded aquafeeds is likely to be 

different depending on whether they are used to feed animals in fresh or saltwater. As 

noted earlier the operator of the extruder used to produce feeds in 2010 indicated it was 

difficult to decide on the appropriate moisture levels for some of the extreme 

formulations. Consequently diets high in SPC may have been more physically stable had 

a different moisture profile been used. Extrudates high in protein, low in oil and low in 

starch such as the extreme formulations we tested are known to disintegrate when 

exiting the die if water addition is too low (Botting, 1991). 

 

Conclusion 

 

Diets composed of between 40 and 60% SPC in conjunction with low dietary 

concentrations of wheat (10 to 16%), fishmeal (10 to 16%) and poultry meal (10 to 24%) 
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produced extruded pellets that tended to have poor cohesion and quality. Diets 

composed of between 30 and 38% SBM in which the level of fishmeal was relatively high 

(≈ 40%) but the level of wheat was low (10%) produced better quality pellets. Despite 

differences in the ingredient composition of the different diets radial expansion was 

limited and most diets sank quickly. Reasons for the observed pellet characteristics of 

the aquafeeds we trialed in 2010 were discussed with reference to relevant scientific 

research on this topic. 

 

Review of the scientific literature has indicated there is a need for further research into 

the interactions between SBM, SPC and other common feed ingredients subjected to 

extrusion processing. In addition, more research is required to better understand how the 

selection of adjustable extrusion parameters such as moisture level, barrel temperature, 

feeding rate, screw speed and retention time etc. affect dependent variables such as 

motor torque, die pressure and SME in aquafeed formulations containing SBM and SPC. 

Ideally these factors should be examined under controlled conditions where most 

extrusion parameters are held constant and ingredient-ingredient interactions are 

minimised. This will lead to a far better understanding of ingredient-ingredient 

interactions and knowledge of the functional value of SBM and SPC in the presence of 

other important feed proteins. 
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Table 15. Formulation and measured composition of experimental feeds used in 2010 utilisation experiment. 
 
     Diet code 
 
 Commercial D2 D3 D4 D5 D6 D7 D8 D9 D10 
 diet Fishmeal SBM 30 SBM 35 SBM 38 SPC 40 SPC 50 SPC 60 SBM/SPC A SBM/SPC B 
 
 
Ingredient (%) 
Fish oil - 10.00 10.00 10.00 10.40 10.00 10.00 10.00 10.72 11.98 
Fish meal - 55.00 40.56 38.31 40.64 10.00 10.00 10.00 14.44 16.11 
SBM1 - 0.00 30.00 35.45 38.00 0.00 0.00 0.00 25.00 30.00 
SPC2 - 0.00 0.00 0.00 0.00 40.00 50.00 60.00 25.00 30.00 
Wheat - 14.70 10.00 10.00 10.00 15.93 14.43 12.92 10.00 10.00 
Meat meal - 10.00 9.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Poultry meal - 10.00 0.00 5.93 0.66 23.57 15.02 6.48 14.36 1.41 
L-methionine - 0.00 0.00 0.00 0.00 0.20 0.25 0.29 0.18 0.20 
Vit/min premix - 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
 
Proximate analysis (%) 
Ash 8.1  13.2  10.9  9.6  9.5  7.2  6.7  7.0  8.5  7.5  
Nitrogen 8.55 8.64 7.99 8.31 8.28 8.67 8.8  9.0  8.35 8.21 
Crude protein 53.44 54.0  49.94 51.94 51.75 54.19 55.0  56.25 52.19 51.31 
Fat 12.7  16.7  17.5  16.0  15.2  14.5  13.5  10.9  13.8  14.5 
NFE 25.76 16.1  21.66 22.46 23.55 24.11 24.8  25.85 25.51 26.69 
Gross energy (MJ kg-1) 22.58 21.87 22.33 22.24 21.92 22.52 22.54 22.39 22.35 22.25 
           
Bulk density (g L-1) 659.4 715.4 738.9 802.1 809.0 697.4 747.0 758.1 722.3 777.0 
NSP* (%)  1.47 9.10 10.57 11.26 8.79 10.44 12.09 12.25 14.50   

 
1. Solvent extracted soybean meal, Argentine. 
2. ADM Specialty Ingredients Soycomil K. 
* Estimated amount of NSP based on contribution from wheat, soybean meal and soy protein concentrate. 
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Table 16.  Mean ± SD of pellet characteristics of experimental diets containing 
soybean meal and soy protein concentrate (n=20 pellets per diet).  

 
 Diameter Length Sink rate Radial 
    expansion 
Diet description1 (mm) (mm) (mm sec-1) (ratio) 

 
Commercial2 6.05 6.93 1.33 na 
 0.13 0.33 0.00 na 
 
Fishmeal 5.06c 7.66cd 6.26a 0.84c 
 0.23 1.08 8.06 0.04 
 
SBM30 5.46d 9.34e 43.83bc 0.91d 
 0.36 1.30 23.24 0.06 
 
SBM35 4.95bc 6.06a 61.89de 0.83bc 
 0.26 1.06 16.81 0.04 
 
SBM38 4.96bc 6.81abc 73.31ef 0.83bc 
 0.21 0.53 11.26 0.04 
 
SPC40 4.77ab 8.15de 38.13b 0.80ab 
 0.32 1.10 17.16 0.05 
 
SPC50 4.57a 7.44bcd 53.69cd 0.76a 
 0.36 1.51 8.04 0.06 
 
SPC60 4.70ab 6.66abc 64.99def 0.78ab 
 0.17 1.26 9.56 0.03 
 
SBM/SPC25 4.78ab 7.20abcd 61.82de 0.80ab 
 0.23 1.09 6.17 0.04 
 
SBM/SPC30 4.75ab 6.38ab 76.46f 0.79ab 
 0.21 1.63 8.56 0.03 
 
1 Diet formulations are fully described in the FY 2010 final report on Asian seabass (Booth et al., 2010a). 
2. Data on the commercial diet is presented only for comparison and is not included in statistical tests. 



 

 79

Table 17. Matrix of correlation coefficients relating pellet characteristics to 
variations in the ingredient composition of test diets. 

 
   Pellet characteristic 
 
 Diameter Length Sink rate Radial Bulk 
    expansion density 
 (mm) (mm) (mm sec-1) ratio (g L-1) 

 
Dietary level of: 
 
SBM 0.46 -0.43 0.58 0.44 0.73* 
SPC -0.93*** -0.07 0.14 -0.91*** -0.16 
Total soy -0.86** -0.45 0.61 -0.89** 0.21 
Fishmeal 0.86** 0.05 -0.07 0.84** 0.20 
Wheat -0.29 0.47 -0.65 -0.24 -0.66 
NSP -0.41 -0.71* 0.88** -0.48 0.57 
 
Pellet characteristic: 
 
Diameter 1 0.35 -0.33 0.99*** -0.08   
Length  1 -0.81** 0.35 -0.77* 
Sink rate   1 -0.38 0.85** 
Radial expansion    1 -0.11  
Bulk density     1 
* indicates P<0.05, ** indicates P<0.01, *** indicates P<0.001 
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Figure 6. Relationship between sinking rate of feed pellets and dietary inclusion 
level of wheat or non starch polysaccharides (NSP). 
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Activity report #1 

 
United Soybean Board Domestic Programs  

Report Form 
 

Please use this form to clearly and concisely report on project progress.  The information included should 
reflect quantifiable results that can be used to evaluate and measure project success.  Comments should be 
limited to the designated boxes.  Technical reports, no longer than 4 pages, may be attached to this 
summary report. 
 

Project # 1463 
 
Asian seabass: validation of commercial grow-out feeds containing 
optimal levels of SBM and SPC and impacts of feed attractants 

 
Industry & Investment NSW 
Dr Mark Booth 

 
15th March 2011 

 

Progress: Statement of quantifiable progress objective(s) achieved during this 
reporting period. 

 
The following activities have been undertaken since January 1st 2011: 
 

• FY 2011 contracts were signed and exchanged. 
• Contact was made with Lukas Manomaitis (SEA) about access to SEA ingredients for 

use in upcoming digestibility trials with Asian seabass in Australia. 
• Biosecurity protocols for use of Asian seabass at PSFI were updated and approved. 
• The laboratory at PSFI was prepared for the 1st Asian seabass experiment (i.e. use of 

feed attractants on diets high in SBM and SPC). 
• 530x 120g  Asian seabass were sourced and transported from Infinity Fisheries Pty Ltd 

(NSW) to PSFI in readiness for the 1st Asian seabass experiment. 
• Asian sebass have been stocked into experiment tanks and the attractant trial has 

commenced. 
 

 

Plans: Activities planned between now and the next reporting period. 

 
 

Project # and Title 

Reporting Period 

Organization & 
Project Leader 
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The following activities are planned during the next reporting period: 
 

• Complete attractant trial with Asian seabass and report interim results to USB (John 
Campen). 

• Investigate options for importing ingredients from SEA into Australia for assessment of 
digestibility. 

• Commence importation of small quantities of SEA ingredients to Australia 
• Commence desk-top study on expanding ingredient data base for use in formulation of 

aquafeeds for Asian seabass. 
 

 

Changes: Problems, obstacles, new developments or market/industry/research 
changes that impacted or may impact the completion date, cost or scope of the 
project. 

 
 
Importation of rendered animal meals from SEA could be problematic. Enquiries with AQIS 
(Australian Quarantine & Inspection Service) are underway.  
 
 
 
 
 

 

Messages: Message, questions, comments or requests. 

 
 
 
 
NA. 
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Activity report #2 
 

United Soybean Board Domestic Programs  
Report Form 

 
Please use this form to clearly and concisely report on project progress.  The information included should 
reflect quantifiable results that can be used to evaluate and measure project success.  Comments should be 
limited to the designated boxes.  Technical reports, no longer than 4 pages, may be attached to this 
summary report. 
 

Project # 1463 
 
Asian seabass: validation of commercial grow-out feeds containing 
optimal levels of SBM and SPC and impacts of feed attractants 

 
Industry & Investment NSW 
Dr Mark Booth 

 
15th March 2011 

 

Progress: Statement of quantifiable progress objective(s) achieved during this 
reporting period. 

 
The following activities have been undertaken since January 1st 2011: 
 

• FY 2011 contracts were signed and exchanged. 
• Contact was made with Lukas Manomaitis (SEA) about access to SEA ingredients for 

use in upcoming digestibility trials with Asian seabass in Australia. 
• Biosecurity protocols for use of Asian seabass at PSFI were updated and approved. 
• The laboratory at PSFI was prepared for the 1st Asian seabass experiment (i.e. use of 

feed attractants on diets high in SBM and SPC). 
• 530x 120g  Asian seabass were sourced and transported from Infinity Fisheries Pty Ltd 

(NSW) to PSFI in readiness for the 1st Asian seabass experiment. 
• Asian sebass have been stocked into experiment tanks and the attractant trial has 

commenced. 
 

 

Plans: Activities planned between now and the next reporting period. 

 
 
The following activities are planned during the next reporting period: 

Project # and Title 

Reporting Period 
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Project Leader 
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• Complete attractant trial with Asian seabass and report interim results to USB (John 

Campen). 
• Investigate options for importing ingredients from SEA into Australia for assessment of 

digestibility. 
• Commence importation of small quantities of SEA ingredients to Australia 
• Commence desk-top study on expanding ingredient data base for use in formulation of 

aquafeeds for Asian seabass. 
 

 

Changes: Problems, obstacles, new developments or market/industry/research 
changes that impacted or may impact the completion date, cost or scope of the 
project. 

 
 
Importation of rendered animal meals from SEA could be problematic. Enquiries with AQIS 
(Australian Quarantine & Inspection Service) are underway.  
 
 
 
 
 

 

Messages: Message, questions, comments or requests. 

 
 
 
 
NA. 
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Activity report #3 
 

United Soybean Board Domestic Programs  
Report Form 

 
 
Please use this form to clearly and concisely report on project progress.  The information included should 
reflect quantifiable results that can be used to evaluate and measure project success.  Comments should be 
limited to the designated boxes.  Technical reports, no longer than 4 pages, may be attached to this 
summary report. 
 

Project # 1463 
 
Asian seabass: validation of commercial grow-out feeds containing 
optimal levels of SBM and SPC and impacts of feed attractants 

 
Industry & Investment NSW 
Dr Mark Booth 

 
15th September 2011 

 

Progress: Statement of quantifiable progress objective(s) achieved during this 
reporting period. 

 
The following activities have been undertaken since June 15 2011: 
 

• Experimental ingredients were procured and test feeds for digestibility experiment with 
Asian seabass were made. 

• The laboratory at PSFI was prepared for the digestibility experiment with Asian seabass 
• 300 x 300g Asian seabass were purchased and shipped to PSFI for use in digestibility 

experiment. 
• Asian seabass were stocked into experiment tanks and acclimated to test feeds for 1 

week after which collection of faecal material commenced. 
• Continue desk-top study on expanding ingredient data base for use in formulation of 

aquafeeds for Asian seabass. 
• Dr Mark Booth travelled to Kona Hawaii to attend USB USSEC Stakeholders meeting 

and present update of research on Asian seabass participate in USB research plans for 
2012 and 2013. 

 

Plans: Activities planned between now and the next reporting period. 
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Project Leader 
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The following activities are planned during the next reporting period December 15th 2011: 
 

• Complete digestibility experiment and submit ingredient, diet and faecal samples for 
chemical analysis of proximate composition and amino acids 

• Continue desk-top study on expanding ingredient data base for use in formulation of 
aquafeeds for Asian seabass. 

• Prepare and submit draft final report on 2011 research for USB. 
 
 

• Submit a proposal for conducting applied research on Asian Seabass beginning on 
January 1, 2012 with the following research objectives: 

1) Evaluation of key complimentary feed ingredients from ASA International 
Marketing (IM) identified target markets in Southeast Asia Utilization of key SEA 
ingredients; reduction or elimination of fishmeal in high SBM diets  
2) Conduct a grow-out verification trial at a commercial farm (SEA or Australia)  
3) Conduct an economic feasibility analysis of alternative soy based diets compared 
to typical commercial Asian seabass diet (least-cost analysis) 
4) Bring researchers from Australia to SEA both at the outset and at the conclusion 
of the work to allow them to see what challenges we are facing and to bring the 
research to audiences in SEA.  The latter should include travel to 3-5 nations for 2-3 
days each. 
 

 

Changes: Problems, obstacles, new developments or market/industry/research 
changes that impacted or may impact the completion date, cost or scope of the 
project. 

 
 
The experiment to determine the digestibility of key ingredients by Asian seabass commenced 
at the beginning of September. Collection of faecal material from Asian seabass is done by 
striping techniques which is time consuming and difficult. At present the experiment is on-time 
and we plan to finish the practical component in mid October 2011. Following this, samples 
will need to be prepared and sent for chemical analyses. Analysis of samples (approx. 45) can 
take as long as 8-10 weeks to complete. If analyses take longer than this then it is possible that 
submission of the final report may be delayed till January 2012. At this stage we do not 
envisage major problems. 

 

Messages: Message, questions, comments or requests. 
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Activity report #4 
 

United Soybean Board Domestic Programs  
Report Form 

 
 
Please use this form to clearly and concisely report on project progress.  The information included should 
reflect quantifiable results that can be used to evaluate and measure project success.  Comments should be 
limited to the designated boxes.  Technical reports, no longer than 4 pages, may be attached to this 
summary report. 
 

Project # 1463 
 
Asian seabass: validation of commercial grow-out feeds containing 
optimal levels of SBM and SPC and impacts of feed attractants 

 
Industry & Investment NSW 
Dr Mark Booth 

 
15th December 2011 

Progress: Statement of quantifiable progress objective(s) achieved during this 
reporting period. 

 
The following activities have been undertaken since September 15th 2011: 

• Experiment to investigate the digestibility of several feed ingredients for use in diets of 
Asian seabass was successfully completed. 

• All fish were euthanized at the end of the experiment in line with biosecurity protocols. 
• The laboratory was cleaned and disinfected in line with biosecurity protocols. 
• Samples of faecal material, diets and ingredients were submitted to NSW DPI 

Analytical Laboratory for proximate and amino acid analysis. 
• Samples were submitted to Ecoteam (University of Sunshine Coast) for analysis of 

chromium oxide. 
• Dr Booth continued desk-top study on expanding ingredient data base for use in 

formulation of aquafeeds for Asian seabass and information on effects of SBM and SPC 
on pellet quality. 

• Dr Booth commenced collating results from analytical tests, evaluating data and 
preparing final report for USB. 

• NSW DPI sent invoices to Smith-Bucklin for project costs and for travel to 2011 
Stakeholders Meeting in Kona, Hawaii. 

• NSW DPI provided Smith Bucklin with updates of project spending up to the 30th 
September 2011. 

• At the request of the USB, NSW DPI submitted a new research proposal to Smith-
Bucklin for conducting applied research on Asian Seabass beginning January 1, 2012. 

Project # and Title 

Reporting Period 

Organization & 
Project Leader 
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Qualified approval for the 2012 research has been given. 
 

Plans: Activities planned between now and the next reporting period. 

 
The following activities are planned for completion before the 31 January 2012 
 

• Submit final report to USB on project 1463 Asian seabass. 
• Submit final invoice to Smith-Bucklin for project 1463 Asian seabass. 
• Complete contract arrangements for FY 2012 research on Asian seabass. 

. 
 

 

Changes: Problems, obstacles, new developments or market/industry/research 
changes that impacted or may impact the completion date, cost or scope of the 
project. 

 
NSW DPI plans to submit the final report on project 1463 Asian seabass before the end of 
December 2012. However we are still waiting on several outstanding invoices from contractors 
related to chemical analysis (as detailed in previous activity report). It is hoped these invoices 
will arrive prior to the end of January 31 2012 to allow NSW DPI to submit its final invoice to 
Smith-Bucklin. Should any issues regarding the final invoice or the final report be forthcoming, 
NSW DPI will contact Smith-Bucklin (Lisa Childs, Rick Scott and John Campen) to discuss. 
 

 

Messages: Message, questions, comments or requests. 
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Peer reviewed literature on the nutrition of Asian seabass. 
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Selected literature on the impacts of SBM, SPC and alternative 
feed ingredients on pellet quality and characteristics. 
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