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Plain English Summary

Introduction

The project “Growing a profitable, innovative and collaborative Australian Yellowtail Kingfish aquaculture
industry: bringing ‘white’ fish to the market” was undertaken from 2015-2019 as part of the Rural R&D for
Profit Programme, Department of Agriculture and Water Resources (DAWR), Australian Government.

Yellowtail Kingfish (Seriola lalandi - YTK) farming was identified by the Fisheries Research and
Development Corporation (FRDC) as the greatest opportunity for new aquaculture development in Australia
in the next few decades through substantial increases in farmed area and product, and the use of aquafeeds,
resulting in growth in regional economies and employment. The key challenge to achieving this growth for
YTK was for industry to diversify its focus from supplying only the relatively small volume, high price
sashimi market to the larger volume, lower price Australian ‘white fish’ market, while enhancing farm
productivity and reducing operating costs to maintain profitability and improve sustainability. Feed and
feeding strategies comprise 60% of YTK farming operating costs and reducing these costs were the
industry’s highest common research and development (R&D) priorities.

More specifically, this project was designed to provide new information to assist industry to grow its
position by developing more cost effective, sustainable feeds and feeding strategies to enhance YTK health
and production.

Benefits to Producers

At completion of the project, the independent project impact assessment identified economically
guantifiable benefits to the Australian YTK industry in the areas of increased productivity and profitability,
which flowed from:

e improvements to YTK specific growth rates and food conversion ratios as a result of improved feed
composition and/or adoption of optimal feeding strategies for different water temperatures and YTK
size/age classes;

e reduced production losses because of improved management of YTK nutritional health (i.e. reduced
incidence of disease); and

e reduced input costs along the supply chain, particularly for aquafeeds, because of optimised more
sustainable feed formulations and use of cheaper sources of protein to replace fish meal.

The unquantified project benefits were identified as increased efficiency and capacity of future YTK R&D
and enhanced community well-being, which flowed from:

e strengthened Australian YTK R&D networks across regions and between industry participants and
greater knowledge of YTK R&D, including methodologies; and

o flow-on effects of a more productive, profitable and sustainable YTK aquaculture industry on the
social ‘fabric’ of Australian regional population centres and the environment where improved
marine biodiversity and water quality was likely as a result of reduced nutrient loadings through
improved feed composition, feeding strategies and feed assimilation.

The independent project impact assessment conservatively estimated that DAWR’s $3.65 investment in this
project produced, in present value terms, an estimated total benefit of $126.63 million, net present value of
$119.26 million, benefit-cost ratio of 17.2:1, internal rate of return of 46.5%, and a modified internal rate of
return of 16.1%, all based on a medium coverage of benefits and confidence in assumptions. However, it
was also noted that these figures were highly dependent on the underlying YTK aquaculture production
data, which included recently announced expected future production from Western Australia and that if
these production figures were excluded the benefit to-cost ratio would still be 3:1.
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Objectives

The project’s focus was on growing the production and profitability of the Australian YTK aquaculture
industry.

To achieve this the project had three primary research aims:

Nutrition

Identify economically sustainable feeds and improved diet formulations to reduce the costs of commercially
available YTK feeds by:

evaluating alternative Australian farm protein and oil sources and the levels that they should be
added in YTK diets so as to reduce the necessity for using more costly and potentially less
sustainable wild derived fish meal and fish oil;

investigating the potential to reduce the level of protein that is required in YTK feeds by using
higher energy and lower protein diets;

developing YTK summer and winter diet formulations that use optimal oil types and levels;

identifying the dietary needs of YTK for select essential dietary nutrients, particularly amino acids
and fatty acids; and

investigating the costs and benefits of dietary supplements.

Feeding Strategies

Develop improved YTK feeding strategies that can improve producers’ profits by:

comparing the effects of optimal feed formulations and feeding strategies developed as a result of
this project’s R&D with a commercially produced and fed YTK feed;

evaluating the costs and benefits of using high as compared to low energy feeds at warm and cool
water temperatures to determine the optimum number of times YTK should be fed;

evaluating the most advantageous combination of diet and feeding frequency for YTK;

evaluating the effect of feeding strategy and diet on the health and capacity of YTK broodstock to
be successfully bred and produce juveniles; and

developing an improved feeding schedule for YTK based on the incorporation of more information
on water oxygen levels and temperature on fish nutrient and energy utilisation.

Nutritional Health

Evaluate methods to determine the health of YTK though the analysis of the gut bacteria community
(microbiome), immune system and blood chemistry and understand how different diets and feeding
strategies can affect fish health and production by:

developing a method to better evaluate fish health when undertaking nutrition and feeding strategy
R&D;

collecting data on the health of the blood and key organs of YTK used in this project’s R&D to
ensure the nutrition and feeding strategy outcomes are for healthy fish and commercially
meaningful,

characterising the type and abundance of the microbiome within the digestive system of YTK so
that they might be managed to enhance YTK production in the future; and
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o collecting information to understand how the YTK environment, growth, farm management
procedures, disease and parental stock influence the microbiome of the YTK digestive system. The
project also had the aim to:

Enhance the capability, knowledge and networking of project participants and the broader Australian
aquaculture industry by:

e disseminating project information through the holding of workshops, provision of presentations at
conferences, and the publication of popular and scientific articles; and

e training the students engaged in the project so as to develop the next generation of industry R&D
providers; and

e incorporating the outcomes of the project more broadly so as to allow the extension and
translation outputs of this project to other Australian YTK producers, and Australian
aquaculturists producing other ‘white flesh’ fish such as Cobia and Mulloway.

Methods and Outputs

The research in this project involved juvenile through to broodstock YTK, primarily held in tanks in the
onshore environmentally controlled facilities of the two key research providers, the South Australian
Research and Development Institute (SARDI), Adelaide, South Australia and the New South Wales
Department of Primary Industries (NSW DPI), Port Stephens, New South Wales.

The key outputs were:

Nutrition

Nutrition experiments were undertaken using a series of treatments and a control against which they could
be compared, typically with 3-4 replicate tanks holding multiple YTK for each experimental treatment. The
research demonstrated the relative capacity of YTK to digest nutrients and energy from a wide range of
marine and land animal and plant protein and oil sources, and that the use of the optimum ones evaluated
can be incorporated into commercial diets to reduce dependence on wild fish meal and oil sources, thereby
increasing diversity of choice, reducing costs and enhancing sustainability. The optimum levels of protein,
oil and energy, as well as select essential amino acids and dietary supplements to use in feeds were also
defined, including in some instances when fed at summer and winter water temperatures.

Feeding Strategies

Feed strategy experiments were typically undertaken using a series of treatments and a control, in replicated
tanks holding multiple fish, although in two instances they involved using YTK in replicated cages in ponds.

The optimal feeding frequency was defined for two sizes of juvenile YTK under particular environmental
conditions (e.g. summer as compared to winter water temperatures), as was the relationship between
dissolved oxygen in the water and the health and performance of YTK. A traditional ‘best practice’ Sardine
and Squid broodstock feeding strategy was also compared to a more convenient manufactured pellet feed
one and the benefits and costs of each determined.

Nutritional Health

In general, it was demonstrated from digestive tract histology, blood haematology and biochemistry that the
YTK used in the nutrition and feeding strategy experiments were healthy, and the results of these
experiments were not impacted by the presence of unhealthy fish. A ‘challenge test’ was also developed and
validated that could be used to characterise the health (“robustness”) of YTK used in nutrition and feeding
strategy experiments in tanks.
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The experiments used to evaluate the microbiome (bacteria community) associated with the digestive system
and skin of YTK were either achieved by sampling nutrition and feeding strategy experiments in tanks; sea-
cages on a commercial farm where differences existed in various farm management practices, including
feed type, disease status and genetic stock; or wild sourced YTK. The project provided the first detailed
descriptions of the microbiome in Australian YTK in relation to a wide range of different factors. It was
found that in general, an increase in dominance by some bacterial species and a significant reduction in the
diversity of other bacterial species occurred as a result of disease, farming and the feeding of a specific diet.
However, this was not always clear, suggesting that many interacting factors contribute to the nature of the
microbiome in the YTK digestive system.

A novel manipulation experiment undertaken at the end of the project showed that the gut and skin
microbiome of YTK can be modified, important if this research is to lead to the development of proactive
techniques to manage YTK health. This experiment also demonstrated that the application of an antibiotic
to control a common YTK disease may exacerbate the issue by allowing the proliferation of other bacteria
species.

Outcomes

The key outputs were:

Nutrition

The results of the nutrition research have provided aquafeed manufacturing companies with information to
improve YTK feed formulations and the cost effectiveness of commercial feeds. The provision of these
improved commercial feeds will increase on-farm productivity, profitability and/or reduced operating costs,
as well as enhanced the on-farm environment through improved nutrient utilisation.

Feeding Strategies

The results of the feeding strategy research has enabled YTK aquaculturists to optimise the frequency and
amount of feed fed on-farm to closer align with the nutritional requirements of YTK and the environment
in which they are farmed. This has already reduced on-farm operating costs, increased profitability and
enhanced the farm environment.

Nutritional Health

Sampling methodologies, such as a challenge test, parasite monitoring and treatment, digestive tract
histology, blood haematology and biochemistry, and microbiome assessment, were advanced for
determining YTK nutritional health. A large reference data set was also established and early detection
markers of changing health status proposed for two on-farm health issues. These advances will lead to
increased on-farm productivity and profitability.

Collaboration

As a result of the project, strong relationships were built between researchers from the two research
organisations involved, researchers and the four industry participants, and the six supporting universities.
The four Honours, two Masters and six PhD students, and three postdoctoral fellows (or equivalent),
benefited greatly from the applied research and opportunity for close interaction with industry. Students,
researchers and project technical staff, both from research organisations and industry, also participated in a
number of training sessions, with the “YTK Health Training Workshop’ the most substantial.
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Extension

A wide range of extension activities were undertaken as part of the project, with the annual ‘K4P Research
Workshop’ a highlight. Many workshop and conference presentations (verbal and posters) were given, and
a number of popular and scientific publications produced, with more underway. As a final project extension
activity a presentation was given as part of the ‘Fisheries - making the most from a renewable resource’
session at the ABARES Outlook 2019 conference, held in Canberra on the 5 and 6 March 2019.
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1. Executive Summary

1.1. What this report is about

This project (Growing a profitable, innovative and collaborative Australian Yellowtail Kingfish
Aquaculture Industry: bringing ‘white’ fish to market. RnD4Profit-14-01-027) was part of the Rural R&D
for Profit Programme, Department of Agriculture and Water Resources, Australian Government and ran
from 1%t May 2015 to the 31% March 2019. It focused on growing the production and profitability of the key
existing Australian Yellowtail Kingfish (YTK) industry participants, as well as the industry as a whole, and
directly addresses FRDC's new strategic plan to build Australian sustainable aquaculture development
through the activities of the new 'New and Emerging Aquaculture Opportunities' (NEAQO) Subprogram. The
project also aligns with the National Marine Science Plan to grow the blue economy and the national
Aguaculture Statement and Strategy to grow Australian aquaculture production, and the national Research
Providers Network (RPN) to better coordinate fisheries and aquaculture R&D resources nationally.

This project builds on earlier nutrition research on YTK undertaken through the Fisheries Research and
Development Corporation (FRDC) and the Australian Seafood Cooperative Research Centre (ASCRC) and
delivers specific outcomes for the YTK industry partners of this project. It will also provide benefits to the
broader finfish aquaculture industry, particularly the sectors targeting the production of ‘white' fish (e.g.
Barramundi, Cobia and Mulloway). Some indirect benefits will also flow to the community and the
environment through the development and assimilation of better more sustainable feeds and feeding
strategies. The project centred around two key Australian YTK aquaculture companies; Clean Seas Seafood
(South Australia - SA) and Huon Aquaculture (New South Wales - NSW), but also interacted with Indian
Ocean Fresh Australia, the only other Australian company developing YTK farming. The SA and NSW
YTK producers were, respectively, aligned with the South Australian Research and Development Institute
(SARDI) and the New South Wales Department of Primary Industries (NSW DPI), two major Australian
research institutions, and Australia’s two largest aquafeed companies (Ridley and Skretting Australia). The
project provided all participating partners the opportunity to work closely together enabling farm production
of Australian YTK to expand and with this expansion broaden its marketing from the high value, lower
volume sashimi market to the lower value, higher volume ‘white fish’ whole fish and fillet market in
Australia.

1.2. Background

Yellowtail Kingfish (Seriola lalandi; YTK) farming was identified nationally by the FDRC and Industry
participants as the greatest opportunity for new aquaculture development in Australia in the next few
decades through substantial increases in farmed area and product, and use of aquafeeds, resulting in growth
in regional economies and employment. At the start of the project it was predicted that within 10 years,
Australian YTK production is expected to increase by 34,000 tonnes, worth $440 million, and using 68,000
tonnes of aquafeed worth $136 million (estimate based on collective inputs of initial project participants),
although FRDC, in documenting its NEAO Subprogram objectives, indicated a more conservative level of
2,500 tonnes within 5 years for all Australian white fish. The key challenge to achieving this growth for
YTK is for industry to diversify its focus from supplying only the relatively small volume, high price sashimi
market to the larger volume, lower price Australian ‘white fish’ market, while enhancing farm productivity
and reducing operating costs to maintain profitability and improve sustainability. More specifically, this
project was designed to provide new information to assist industry to grow its position by developing more
cost effective, sustainable feeds and feeding strategies to enhance YTK production and health; the industry’s
highest common R&D priorities as feed and feeding strategies comprise 60% of operating costs.
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1.3. Aims/objectives

This project was part of the Rural R&D for Profit Programme, Department of Agriculture and Water
Resources, Australian Government. It aligned with the Round 1 Programmes priorities:

1. Increase the profitability and productivity of primary industries

» Help producers increase yields and/ or reduce costs by applying innovative technologies and/ or
technologies from other industries.

» Help producers manage natural resources in an integrated way at enterprise or regional level for
long-term use and profit.

2. Strengthen primary producers’ ability to adapt to opportunities and threats

* Integrate data and deliver information to help producers manage risk, benchmark performance and
make production decisions for greatest profit.

3. Strengthen on-farm adoption and improve information flows

» Consolidate knowledge of extension and adoption to better deliver practical results to primary
producers, founded on what producers want from extension services.

 Identify practical proposals to stimulate private sector extension services, particularly to fill
current gaps.

» Identify practical means to co-ordinate extension services for producers, including the
development of tools and/or platforms.

To meet with these Rural R&D for Profit Programme priorities, the project addressed the Australian YTK
industry’s key common R&D priorities, both at conception during 2014/15, and throughout the course of
the project, through three key themes and their associated activities and outputs. The three key themes were:

Theme 1 Nutrition;

Theme 2 Feeding Strategies; and

Theme 3 Nutritional Health.

The key activities of this project central to the efficient and effective delivery of its objectives/outputs were:

. Project initiation and management;

. Identify economically sustainable feeds and improve diet formulation;

1

2

3. Improve feeding strategies to increase profit;

4. Improve nutritional health to boost productivity; and
5

. Extending YTK capability.

The project activities were:
Activity 1. Project initiation and management

Output 1(a) Establish steering and research advisory committees and provide their terms of reference

Output 1(b) Execute agreements and contracts with partner organisations and service delivery agents as
needed
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Output 1(c)

Output 1(d)
Output 1(e)

Finalise an extension and communication strategy. The strategy must include communications
and extension activities including, but not limited to publications, workshops and newsletters

Create a monitoring and evaluation plan for the project

Undergo end of project evaluation in accordance with output 1(d) and provide a report to the
department. The evaluation must report on the projects outcomes against the program objective,
including quantitative information on the outcomes achieved and independent expert analysis
of expected and/or demonstrated quantifiable returns on investment

Activity 2. Identify economically sustainable feeds and improved diet formulations (Nutrition theme)

Output 2(a)

Output 2(b)
Output 2(c)

Output 2(d)

Output 2(e)

Evaluate alternative Australian farm protein and oil sources and identify their ideal inclusion
levels in juvenile and sub-adult production diets to reduce dependence on fishmeal and fish oil

» Determine the apparent digestibility coefficients (ADC) of common raw materials by sub-
adult YTK

Investigate protein sparing effect of using higher energy and lower protein diets

Develop winter diet formulations that use ideal lipid types and levels for less than two kilogram
YTK during periods of suboptimal water temperatures

Determine dietary requirements of selected essential nutrients for juvenile and sub-adult YTK
+ Determine the histidine requirements of juvenile YTK

 Determine the choline requirement of juvenile YTK

 Determine the taurine requirement of juvenile YTK

» Determine the methionine requirement of juvenile YTK

Investigate the cost-benefit of using dietary supplements to improve the production of juvenile
and sub-adult YTK

* Investigate the use of prebiotic and probiotic bioactive supplements on growth, digestibility
and gut health in sub-adult YTK

Activity 3. Improve feeding strategies to increase profit (Feeding strategies theme)

Output 3(a)

Output 3(b)

Evaluate optimal feeding strategies for juvenile and sub-adult YTK, including but not limited
to comparing experimental nutrient-dense and commercially available feeds, floating versus
sinking feeds, feed sizes and feeding strategies

» Validation trial in pond cages to asses growth and FCR on newly developed feeds and
feeding strategies for juvenile and sub-adult YTK (fishmeal origin)

» Benchmark study in pond cages of a commercial diet and feeding strategies for sub-adult
YTK on the NSW DPI — Huon Aquaculture Marine Aquaculture Research Lease (MARL)
(fishmeal reduction)

Evaluate the cost-benefit of using high versus low energy feeds for juvenile and sub-adult YTK
at varying water temperatures

» Determine optimum feeding frequencies in warm water (24 °C) with sub-adult YTK grown
towards market size

» Determine optimum feeding frequencies in cool water (16 °C) with sub-adult YTK

» Evaluate the effects of feeding strategy and diet specification on performance of sub-adult
YTK
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» Evaluate impacts of dietary shift on reproductive output and health of YTK broodstock (3
feeding experiments)

Output 3(c) Develop an improved feed ration model for on-farm YTK feed management
+ Critical oxygen threshold and hypoxia tolerance in juvenile YTK

» Utilisation and maintenance requirements of juvenile YTK; quantifying abiotic factors
(temperature and dissolved oxygen)

» Refine bioenergetic model for YTK and develop a predictive farm-based management tool
for YTK

Activity 4. Improve nutritional health to boost productivity (Health theme)

Output 4(a) Develop a challenge test method for fish health evaluations associated with tank based nutrition
and feeding strategy R&D
* Further refine the challenge model by better understanding the YTK immune system

Output 4(b) Collect histopathology and blood chemistry data of diseased and healthy YTK to characterise
the general health of YTK used in tank based nutrition and feeding strategy R&D
* Further refine the role of the gut microbiome in YTK gastrointestinal health by sampling
additional wild fish in SA for subsequent histological and microbiomic evaluations

Output 4(c) Characterise and understand the microbiome of the digestive system of YTK in particular in
relation to different diets and feeding strategies, and how this might be managed to enhance
YTK health, diets or food conversion ratios
* New health theme activity - manipulation of the microbiome of diseased YTK

Output 4(d) Collect baseline data to differentiate the effects of the environment, YTK growth and farm
production cycle, disease and different genetic cohorts on the microbiome

Activity 5. Extending YTK capability

Output 5(a) Conduct workshops and provide publications to extend the outputs from the project to industry
participants, and the broader aquaculture industry, scientific community and public in line with
output 1(c)

Output 5(b) Student training to develop the next generation of industry R&D providers including up to three
postdoctoral research fellows, up to six PhD students and up to 12 Honours students

Output 5(c) Incorporate the outcomes of the project into the new subprogram established by the FRDC or
the development of new and emerging aquaculture growth opportunities to allow the direct
extension and translation of outputs to potential ‘white’ fish and other new and emerging
aquaculture opportunities

Performance indicators

The key performance indicators for this project for the scientifically and technically orientated Activities 2,
3 and 4 are based on Australia's leading YTK producers, identifying just prior to the start of the project that
a move from the sashimi to the ‘white’ fish market requires meeting the following criteria:

» Afingerling equivalent of 3.0 kg weight per fingerling within 2 years;

» A feed conversion ratio (FCR) of < 1.5 and < 2.2 for fish between 0.01 - 1.5 kg and 1.5 - 3.5 kg,
respectively; and

 Survival of >90% from the stocking of fingerlings until harvest.
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1.4.

Results and key findings

The project results and key findings identified by activity were:

Activity 1: Project Initiation and Management

The project management structure is outlined in Section 7. Communication and Extension. A project
Steering Committee, Research Advisory Committee and Technical Group were formed, each with a
‘Terms of Reference’, to drive, manage and deliver the objectives of this project. An Executive
Officer was also appointed that participated in all Committees/Groups. Membership of each
Committee/Group ranged from a dominance of executives on the Steering Committee to researchers
on the Technical Group. Each Committee/Group included representatives from each state research
organisation and participating company involved, as well as FRDC. The Steering Committee reported
to the FRDC that reported to the Department of Agriculture and Water Resources, Australian
Government. The Steering Committee was required to meet at least twice yearly, but met quarterly,
3 times a year by teleconference and once a year face-to-face. The Research Advisory Committee met
as required and the Technical Group typically met monthly.

Agreements and contracts with partner organisations and service delivery agents were completed as
needed and the Department of Agriculture and Water Resources informed of this through milestone
reporting.

An extension and communication strategy and monitoring and evaluation plan were created and
submitted to the Department of Agriculture and Water Resources. Agtrans was contracted to provide
an independent Impact Assessment of the project.

Activity 2. Nutrition: Identify economically sustainable feeds and improved diet formulations

We were able to successfully reduce wild derived fish meal (WD FM) inclusion levels by 33.3 to
66.7% which led to reduced diet costs (up to $150 tonne™) and improved the sustainable production
of large YTK (i.e. new diets improved the fish in-fish out ratio [FIFO] by up to 35.1%) (Output 2(a);
Manuscript 3.1.3.1).

We recommend that when using soy protein concentrate (SPC), diets contain no less than 20% WD
FM. When using poultry meal (PM,) we recommend that diets contain no less than 20% FM (WD or
FM by-product). When using FM by-product, we recommend that diets contain a total of 30% FM,
where at least 10% is derived from wild stocks, and no more than 20% is FM by-product (Output
2(a); Manuscript 3.1.3.1).

Poultry oil is suitable for high inclusions (up to ~18%) in production diets for large YTK. This is
dependent on total dietary lipid levels and season (Output 2 (a) and 2(c); Manuscript 3.1.1.2).

Canola oil dietary inclusion in YTK production diets should be limited to < 4% in a 25% total lipid
diet (Output 2 (a) and 2(c); Manuscript 3.1.1.2).

The nutrient and energy profiles as well as the apparent digestibility coefficients (ADC) of protein,
amino acids, lipid and gross energy of 14 common raw materials were determined for sub-adult YTK.
The raw materials examined included: two sources of fishmeal; two sources of poultry by-product
meal; two sources of lupin meal; two sources of soy protein concentrate; a single source of krill meal,
meat meal, blood meal, faba beans, corn gluten meal and wheat. The results indicate that sub-adult
YTK are efficient at digesting nutrients and energy from marine and land animal protein sources.
Plant proteins such as faba beans, and lupins appear to have relatively high protein and energy
digestibility and may prove useful as secondary protein and energy sources in aquafeeds for sub-adult
YTK. Digestibility of blood meal and corn gluten was poor. The ADCs derived for the raw materials
examined in this study will assist in the formulation of research and commercial aquafeeds for this
developing aquaculture species. (Output 2(a); Manuscript 3.1.4.1).
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 The incorporation of LYSOFORTE® Liquid at a concentration of 40 mg kg lipidin high (30%) or
low (20%) lipid diets did not improve lipid utilisation or health for large YTK at cool winter water
temperatures (Outputs 2(b) and 2(e); Manuscript 3.1.2.1).

* During summer, on a practical basis, we recommend that diets for large (2.0-3.5 kg) YTK at warm
water temperatures contain a crude protein (CP ) level of 43% (digestible protein [DP] 37%), a crude
lipid (CL) level of 25% (digestible lipid [DL] 24%), a gross energy (GE) level of 20 MJ kg™
(digestible energy [DE] 17 MJ kg!) with a CP:GE ratio of 21.6 g CP MJ* GE (21.8 g DP MJ* DE).
Results confirm that current commercial diets are adequately formulated, in terms of protein, lipid
and energy levels, for optimal growth of large YTK at warm water temperatures. However, further
gains in growth performance may be achieved with advancements in our knowledge of specific
essential amino acid requirements (Output 2(b); Manuscript 3.1.2.2).

* During winter, high lipid diets (up to 30%) led to improvements in weight gain and FCR (2.08 in fish
fed 30% lipid diets vs 2.37 in fish fed 20% lipid diets), while health was not negatively impacted.
During winter high dietary lipid (energy) level also improved whole fish yield but not dress-out yield
(qutted, head on and gills in). This has implications for dietary lipid/energy selection for production,
processing and market selection (Output 2(b); Manuscript 3.1.2.1).

* In summer the long chain n-3 polyunsaturated fatty acid (LC n-3 PUFA) intake rate for optimal
growth and FCR of large YTK was 191 mg LC n-3 PUFA kg fish™* d*(Output 2(c); Manuscript
3.1.1.1). In winter the LC n-3 PUFA intake rate for optimal growth and FCR of large YTK was more
variable and ranged from 164 to 233 mg LC n-3 PUFA kg fish'* d"}(Output 2(c); Manuscript 3.1.1.2).

* On a practical basis, based on SGR and FCR variables this equated to estimated optimal dietary LC
n-3 PUFA levels of between 2.12 t0 2.26 g 100 g (95% CI for each response variable ranged between
1.90 to 2.33 g 100 g* and 1.93 to 2.58 g 100 g* for SGR and FCR, respectively) for summer and
winter water temperatures for large YTK. All estimates are model specific (Output 2(c); Manuscripts
3.1.1.1and 3.1.1.2).

» Optimising LC n-3 PUFA levels in diets by reducing dietary fish oil inclusions lead to improved feed
utilisation, diet sustainability and diet cost savings for large YTK (Output 2(c); Manuscript s 3.1.1.1
and 3.1.1.2).

» The digestible choline requirement of juvenile YTK reared at 16 °C was found to be 27.3 mg kg BW-
1 d'* when using choline deposition rate as the response variable or 26.1 mg kg BW d* when using
SGR as the response variable. The 95% CI for these estimates ranged between 20.9 to 36.1 mg kg
BW-! d* when based on choline deposition and 21.6 to 31.5 mg kg BW! d! when based on specific
growth rate. All estimates are model specific (Output 2(d); Manuscript 3.1.5.1).

« The minimum dietary requirement for histidine in juvenile YTK was found to be < 7.45 g kg* diet.
Although an absolute histidine requirement was not quantified, current industry feeds available for
YTK should easily meet this specification (Output 2(c); Manuscript 3.1.5.2).

* The study on the sulphur amino acid requirements of juvenile YTK found that juvenile YTK require
a digestible taurine intake of 1.71 g kg BW! d! at an average methionine intake of 3.43g kg BW d-
! to optimise growth. In addition, no dietary taurine supplementation is required if enough dietary
methionine is provided in the diet. Furthermore, results indicated methionine can spare taurine and
cysteine can spare methionine in diets for juvenile YTK. Juvenile YTK require a methionine intake
of 6.3 g kg BW d*at an average cysteine intake of 2.3 g kg BW d*. Exceeding a methionine intake
of 7.8 g kg BW d! at a cysteine intake of 1.6-2.7 g cysteine kg™ may depress growth rate in YTK.
All estimates are model specific (Output 2(c); Manuscript 3.1.5.3).

 The incorporation of LYSOFORTE® Liquid at a concentration of 40 mg kg lipid™ in high (30%) or
low (20%) lipid diets did not improve lipid utilisation at winter water temperatures, and as such, was
un economical to use (Output 2(e); Manuscript 3.1.2.1).

* Adding small amounts of spent brewer’s yeast, inulin powder, Protexin® powder or Pro(N8)ure®-
IFS powder to a soy-based control diet did not improve SGR, relative feed intake or FCR in juvenile
YTK. Moreover, adding these bioactives to a soy-based control diet did not alter concentrations of
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cholesterol, triglycerides, total protein, glucose, lactate or aspartate aminotransferase (AST) in the
plasma of juvenile YTK. Juvenile YTK reared at 20 °C can be fed optimally formulated diets
containing 25% and 5% of soybean meal and SPC, respectively, without incurring any loss in short
term production (Output 2(e); Manuscript 3.1.6.1).

Activity 3. Feeding strategies: Improve feeding strategies to increase profit

Feed utilisation, oxidative stress and growth of large YTK were negatively impacted by reductions in
dissolved oxygen saturation levels. More so, when fish were exposed to irregular hypoxic events
similar to those experienced during dodge tides in SA waters. For example, FCRs were < 1.73 and
tended to increase (worsen) as dissolved oxygen levels decreased. This information has led to
alterations in the criteria for site selection processes for YTK production in Australia. Results may
also be used to adapt new improved feeding strategies to maximise YTK production (Output 3(a);
Manuscript 3.2.1.1).

A pond based field trial produced encouraging results on fishmeal reduction and the use of different
fishmeal sources in aquafeeds for juvenile YTK reared under fluctuating abiotic conditions. The
results demonstrated that the dietary level of prime fishmeal can be reduced from 55% to 15% without
short term productivity being affected when fishmeal reduction is offset by inclusion of other high
quality proteins. The economic (measured as reduction in raw material cost) and environmental
benefits of feeding a low fishmeal diet were reflected in a 24% reduction in raw material cost and a
46% reduction in the FIFO of the low fishmeal diet, respectively (Output 3(a); Manuscript 3.2.5.1).

A second pond trial demonstrated that 30% fishery by-product meal can be used to wholly replace an
equivalent amount of prime fishmeal in diets for juvenile YTK without significantly affecting short
term production outcomes. While there was little economic benefit (measured as reduction in raw
material cost) in using 30% fishery by-product meal to replace an equivalent amount of prime
fishmeal in diets for YTK, there was a 45% reduction in the FIFO of the fishery by-product meal diet.
These results confirm there is enormous scope in not only the choice of alternative protein sources
for YTK but also a high degree of formulation flexibility (Output 3(a); Manuscript 3.2.5.1).

During winter, large YTK fed the commercial formulated diet to apparent satiation six days week*
exhibited significantly higher growth rates and numerically superior FCR than fish fed the same diet
at lower feed rates. By adopting the new winter feeding strategies of feeding 6 times per week, based
on results from Manuscript 3.2.3.1, a saving of ~$350,000 each winter (annum) for the production of
2,000 tonnes of Yellowtail Kingfish may be achieved (personal communication, Dr C. Foster; former
CEO, Clean Seas). When this practice is extrapolated and applied to the future targeted annual
production levels of 34,000 tonnes of Australian YTK, a saving of $5,950,000 per annum would be
achieved (Output 3(b); Manuscript 3.2.3.1)

During summer, in order to improve growth rate and FCR large fish may be fed to apparent satiation
at least twice daily at water temperatures > 20 °C, and fed to apparent satiation once daily as water
temperatures drop from 20 °C to 16 °C, and potentially lower (Output 3(b); Manuscript 3.2.3.2)

Feeding frequency trials under controlled abiotic conditions (16 °C vs 24 °C) have shown that SGR
and FCR of YTK are better, respectively, in fish reared at 24 °C as opposed to 16 °C. The results also
provide strong evidence that feeding sub-adult YTK a single meal to apparent satiety once per day
under controlled conditions supports acceptable SGR and FCR, irrespective of water temperature.
There was no evidence that dividing meals into equal sized portions during the day benefited SGR or
FCR. The apparent digestibility of a commercial diet was mostly unaffected by water temperature,
however lipid digestibility was slightly depressed at 16 °C. We recommend the YTK industry should
continue to feed at least twice daily in farm situations to ensure all fish have an opportunity to
consume enough feed to support their growth potential (Output 3(b); Manuscript 3.2.4.1).

An experiment to examine the effect of feeding regime and diet specification on performance of sub-
adult YTK indicated SGR, FCR and condition factor were better in fish fed a high-specification diet
(increased protein, lipid and energy) than a lower specification diet (less protein, less lipid less energy)
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by 12.2%, 22.9% and 2.8%, respectively. On average, the relative feed intake of YTK fed the high
specification diet was 12.9% lower than fish fed the standard specification diet. Moreover, results
indicated YTK cannot upregulate their feed intake sufficiently to compensate for lower nutrient and
energy intake as a result of missed feeding days or lower diet specification. There is no performance
benefit in feeding sub-adult YTK less than once daily to apparent satiation and they should be fed on
a daily basis in order to maintain growth trajectory and improve feed efficiency (Output 3(b);
Manuscript 3.2.4.2).

» The fecundity and diversity of offspring from YTK is higher in broodstock fed natural food sources
(Australian Sardines [Sardinops sagax; Sardines] and Atlantic Squid [Doryteuthis pealeii; Squid]) as
opposed to commercial feeds or specially selected proprietary broodstock preparations. The number
of offspring groups identified from select spawning events (i.e. heredity testing) was also higher in
broodstock fed natural Sardines and Squid compared to broodstock fed commercial pellet
preparations. We also observed a reduction in fecundity after adopting 3 monthly spawning intervals
in the same tanks of YTK broodstock, indicating these animals may have been placed under
reproductive stress. These results will be useful in planning commercial hatchery operations for
industry and guide the YTK hatchery development program at PSFI (Output 3(b); Manuscript
3.2.6.1).

* Wild and F1 broodstock failed to spawn in the second broodstock experiment following thermal-
photoperiod manipulation. Reasons broodstock did not spawn are unclear, but they could relate to the
sexual naivety of the wild and F1 stock, or the additional stress placed on stock at the beginning of
the experiment as a result of weighing and microbiome sampling. However, gut (rectal swab)
microbiome sampling found significant differences in the global community structure of the tank
water and broodstock swabs, indicating that YTK broodstock are able to select, regulate and maintain
their own environmentally-independent microbiome (Output 3(b); Manuscript 3.2.6.2).

» Groups of wild-caught fish fed Sardines and Squid and sampled 4 months prior to and soon after
attempted spawning recorded differences in their global community structures and relative percent
abundances of the top 15 operational taxonomic units (OTUs) for these groups, suggesting other
factors aside from diet have an influence on the gut community structure and dynamics of these
broodstock (Output 3(b); Manuscript 3.2.6.2).

» Groups of F1 broodstock held exclusively on commercial pellet (Huon 9 mm diameter) and sampled
4 months prior to and soon after attempted spawning had significant differences in their global
community structures. At the bacterial phyla and taxa level, similarities were observed across tanks
of broodstock before and after attempted spawning. However, clear differences were recorded at the
bacterial phyla and taxa level between the pre and post spawning samples from the same tank, even
though fish from different isolated tanks were fed the same commercial diet. Again this suggests other
factors aside from diet have an influence on the gut community structure and dynamics of broodstock
at PSFI (Output 3(b); Manuscript 3.2.6.2).

» Water temperature was shown to have a varying effect on utilisation responses in YTK, with the
magnitude of the response dependent on the nutrient examined. Protein and energy utilisation
efficiencies were not statistically different at different water temperatures. Maintenance requirements
of all nutrients generally increased with increasing temperature. Low DO at 60% saturation negatively
affected the nutrient and energy utilisation efficiencies in YTK, with this response tending to be more
pronounced with increasing nutrient and energy intake. However DO did not significantly affect feed
intake. This study provides insight into the effects of abiotic factors on the nutritional physiology of
YTK. (Output 3(b); Manuscript 3.2.2.1).

* We have improved and updated the published bioenergetic model for YTK. This was achieved by
determining the impact of changing water temperature and dissolved oxygen concentration on
important model coefficients related to utilisation of nutrients (including amino acids) and energy for
maintenance and growth. Models have been validated against tank and field based trials at PSFI. The
new model will be extremely useful in benchmarking performance of YTK reared on-farm as well as
in research trials and will be further improved by integrating reliable data from YTK farms (Output
3(b); Manuscript 3.2.2.2).
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YTK can regulate their oxygen consumption to a concentration of ~1.9 - 2.6 mg O, L (equiv. ~22 -
38% saturation) at 20 °C and 15 °C respectively, after which point YTK become oxyconformers and
transition to a hypoxic state. Critical oxygen concentration is strongly dependent on the acclimation
water temperature. Warmer acclimation temperatures lead to less hypoxia tolerance in YTK. Qil-
source (fish oil vs poultry oil) had no significant effect on the critical oxygen threshold of YTK,
however YTK fed poultry-oil showed a relatively large deviation in routine metabolic rate and critical
oxygen concentration (Output 3(c); Manuscript 3.2.2.3).

Activity 4. Health: Improve nutritional health to boost productivity

A challenge test method for fish health evaluations in tank based studies was developed and validated.
A reliable immune response in sub-adult YTK was generated for the challenge test by vaccination
with 100 pL killed Photobacterium damselae piscicida 1x10% cells L culture (Output 4(a);
Manuscript 3.3.2.1). During the validation of this test two experimental diets formulated to replace
66.7% of WD FM with alternative protein sources, were demonstrated to have detrimental effects on
the immunity of sub-adult YTK compared to the control commercial diet. These fish were unable to
maintain an antibody response to the vaccination and also had a diminished inflammatory response
(Output 4(a); Manuscript 3.3.2.1).

In general the digestive tract histology, blood haematology and biochemistry of large sub-adult YTK
was not significantly impacted by dietary treatments in relation to WD FM and WD fish oil
replacement, and other changing nutritional and environmental factors (Output 4(b); Across a range
of Manuscripts).

General features of gut disease (i.e. enteritis-like conditions and coccidiosis infection) in YTK on the
resultant gut microbiome were established, including substantial reductions in species richness,
diversity and evenness, and the occurrence of one or more dominant potentially opportunistic
bacterial taxa. Within the gut, this was accompanied by a loss of barrier integrity, as marked by a
reduction in the numbers of mucous-secreting cells, decrease in villi length and a thinner submucosa,
muscle layer and serosa (Output 4(b); Manuscripts 3.3.1.3).

The skin and gut microbiome of poor-performing fish can be modulated towards favourable health
outcomes, with whole microbiome therapies (when delivered orally and in combination with
antibiotics) resulting in increased bacterial species diversity and evenness, and a decreased abundance
of potentially opportunistic pathogens in gut samples two days post administration. More relevant
delivery options as well as repeated administration (and at higher concentrations) may be needed
though to prolong the effects of these therapies (Output 4(c); Manuscripts 3.3.1.4).

Variation in the gut microbiome was observed with the use of different commercial feeds, with some
formulations appearing to increase microbial diversity even over more ‘natural’ diets (Output 4(c);
Manuscript 3.3.1.2).

Specific manufactured feed formulations may represent an interesting prospect for optimising gut
health through the promotion of microbial diversity and reduction in the abundance of potentially
opportunistic pathogens (Output 4(c); Manuscript 3.3.1.2).

Inclusion of LC n-3 PUFA at a moderate level (2.14 g 100 g?) into the diets of sub-adult YTK was
found to increase species richness, diversity and evenness, and was associated with greater
representation by additional phyla and decreases in otherwise dominant, potentially opportunistic
taxa. At this level of inclusion, LC n-3 PUFA is thus supported for potentially promoting improved
gut health (Output 4(c); Manuscript 3.3.1.2).

Reducing or replacing WD FM content in formulated diets is also supported, with a reduction from
20% to 10% WD FM content or replacing with 11.32% PM promoting a more diverse microbiome
composition with enrichment of potentially beneficial taxa leading to the displacement of potentially
opportunistic organisms in sub-adult YTK (Output 4(c); Manuscript 3.3.1.2).
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High (30%) and low (20%) lipid diets (with and without the incorporation of LYSOFORTE® Liquid)
did not significantly change the gut microbiome in sub-adult YTK, though select typically
environmental species constituents may be enriched at low levels from the inclusion of emulsifiers.
In the absence of further information pertaining to the relevance of these organism in YTK, such
effects need to be considered when using these formulations on-farm (Output 4(c); Manuscript
3.3.1.2).

The global bacterial community composition between the environment (surrounding seawater) and
YTK gut samples was markedly different, highlighting that YTK are able to regulate and maintain
their own environmentally-independent bacterial communities in the gut (Output 4(d); Manuscript
3.3.1.1).

Differences were also observed between wild and farmed fish, including between onshore (tank-
based) and offshore (sea-cage) systems, as well as across YTK size/age classes. Such effects need to
be considered when assessing the microbiome in health and disease (Outputs 4(b) and 4(d);
Manuscript 3.3.1.1).

Increased levels of diversity were observed in the gut microbiome of wild fish, whereas within farmed
fish notably lower levels of diversity and enrichment of potentially opportunistic bacterial species
were apparent, particularly in the onshore (tank-based systems. This suggests that farming practice
itself has a potentially negative impact on the gut microbiome and could be associated with various
factors, including the use of pelleted feeds (Output 4(d); Manuscript 3.3.1.1).

These findings provide for the first time a detailed analysis of the active bacterial components of the
gut microbiome of wild and farmed YTK, establishing baseline data of the ‘normal’ gut microbiome
which can then be used as a critical reference point for downstream dietary and health assessments
(Output 4(d); Manuscript 3.3.1.1).

Activity 5: Extending YTK capability

As outlined in Section 7. Communication and Extension, R&D progress and outcomes were extended
to project participants, both researchers and industry, through ad-hoc communications, fortnightly
meetings (NSW DPI and Huon Agquaculture), monthly update reports (SARDI and Clean Seas),
monthly Technical Group meetings, occasional Research Advisory Committee, and quarterly
Steering Committee meetings (representatives of all participants), and four annual project Research
Workshops. Project outcomes were disseminated more broadly by 21 presentations at national and at
international conferences, 51 presentations at workshops, and two publications in peer-reviewed
scientific journal papers in addition to three popular articles for inclusion in the FRDC FISH
magazine.

As outlined in Section 4. Student Activities, people capability was built through the project's
employment of 3 postdoctoral positions (the targeted number), and 6 PhD (the targeted number) and
2 Masters/Master Intern students and 4 Honours students (the target was up to 12 Honours students),
A PhD student professional development program was delivered which included an invite to
participate in project Technical Group meetings attendance at three annual workshops, and national
and international conferences (Section 4 Student Activities).

The project Executive Officer worked closely with FRDC’s NEAO Subprogram Leader. He attended
all FRDC NEAO Subprogram meetings, contributed to grant submissions, provided project updates
and comments on forwarded documentation. He also obtained advice and support from the FRDC
NEAO Subprogram Leader in developing the YTK Health Training Workshop that had broader
participation than just this project (e.g. included participants from the Barramundi and Cobia
industries).

The following addresses the priorities (1. Increase the profitability and productivity of primary
industries) of the Rural R&D for Profit Programme as outlined at the start of this section. Agtrans,
the company contracted to do the independent Impact Assessment of this project, identified (Section
5 Impact Assessment and Industry Implications) the total funding from all sources for the project was

10



Stone, D.A.J., Booth, M.A. and Clarke, S.M. (eds) (2019) Kingfish for Profit (K4P) Report

$7.37 million (present value terms) with the Department of Agriculture and Water Resources
investment totalling $3.65 million. Their analysis indicated that this investment produced an
estimated total expected benefits of $27.47 million (present value terms). This gave a net present
value of $20.09 million, an estimated benefit-cost ratio of 3.7 to 1, an internal rate of return of 24.9
% and a modified internal rate of return of 9.7%.

1.5. Implications for relevant stakeholders

Formulation of a nutritionally adequate diet for any species depends critically on knowledge of the animals’
basic nutrient and energy requirements and the judicious use of nutrient and energy digestibility data derived
from the raw materials used to formulate their diets. Only by having this information can the feed formulator
limit the risk of formulating an inadequate feed that fails to promote or maximize growth rate and feed
efficiency. Feed formulations based on highly digestible raw materials also have obvious benefits for the
environment by reducing the waste generated from the undigested feeds. This is not just good for the
environment but is good for the image of aquaculture and its social licence to operate.

The determination of digestibility coefficients for 14 common raw materials and numerous test diets used
in this project have greatly increased confidence in the use of this data to accurately formulate feeds which
has direct benefits for Ridley and Skretting as well as consumers of aquafeed products such as Huon
Aguaculture and Clean Seas Seafood.

Prior to this project the specific requirement of YTK for choline, histidine, taurine and methionine and LC
n-3 PUFA, and protein to energy ratios of sub-adult YTK, were unknown. Formulators and farm managers
relied on literature values from other closely related species. Through a series of carefully designed
experiments this project has now defined the requirements of these nutrients for YTK. The result of greatest
interest and perhaps potential impact for industry has been research on methionine, with a higher
requirement found for juvenile YTK than observed in other closely related Seriola species. This has the
potential to improve weight gain and feed performance on-farm and also has implications for earlier
nutrition studies where the level of this amino acid was thought to be sufficient.

The existing bioenergetic (factorial) model for YTK have been improved. The new iteration of the model
has been refined and validated against tank and field based trials at PSFI and SARDI. The model will be
extremely useful in benchmarking performance of YTK reared on-farm as well as in research trials and will
be further improved by integrating reliable seasonal data from YTK farms. The goal of constructing a
bioenergetic model for YTK is ongoing.

The results of several feeding studies at SARDI and PSFI have indicated there is no performance benefit in
feeding sub-adult YTK less than once daily to apparent satiation under laboratory conditions. Minor deficits
in the nutrient and energy content of aquafeeds (quality) for YTK, if known, might be overcome by feeding
to apparent satiation at least twice per day (quantity). The growth and feed performance of sub-adult YTK
is extremely sensitive to the nutrient and energy composition of aquafeeds and this has implications for raw
material selection and formulation. The YTK industry should continue to feed at least twice-daily in farm
situations to ensure the average fish has the opportunity to consume enough feed to support their growth
potential, especially at warm water temperatures when growth rates are high.

There is enormous potential to reduce the level of wild derived fishmeal in diets for juvenile and sub-adult
YTK (<1.0 kg to 4 kg body weight) using other suitably selected, high quality raw materials. Fishery by-
product meal is a suitable alternative to prime quality fishmeal in carefully formulated diets for juvenile and
sub-adult YTK and use of products like these, provided they are of high quality, will reduce raw material
formulation costs and reduce FIFO ratio. Nonetheless very low, prime fishmeal diets such as the one tested
in this report (< 10%) should be trialled on larger YTK under farm conditions before industry-wide changes
to YTK formulations are made. Adoption of low fishmeal or low FIFO diets will improve economic
outcomes as well as the environmental ‘blue’ footprint of Australian YTK farmers.

Our understanding of broodstock nutrition remains in its infancy. However the implications of farming
progeny of poorly maintained and malnourished broodstock are profound, having negative ramifications
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across the whole nursery and production cycle. In addition, the implications of quickly shifting from ‘best-
practice’ broodstock and hatchery regimes to newer regimes without proper evidence is also profound, as
the consequences of getting it wrong can be long lasting. Manipulative nutrition trials with large broodstock
animals are challenging due to the scale of systems, the size of animals, the duration of experiments
(especially those involving long terms spawning cycles) and often low replication. The basic nutrition
research conducted on broodstock in this project has been mostly qualitative, but it has indicated that
manipulating feeds and spawning cycles impacts the fecundity of wild and F1 animals. Difference in feed
type (natural vs manufactured) also impacts the microbiome of broodstock in definable ways. These results
demonstrate we need to pay close attention to these issues in YTK hatcheries and develop better and more
rapid methods to assess the impacts of diet or abiotic shifts on the fecundity and quality of output from
broodstock animals.

The importance of the microbiome in supporting health and nutrition of YTK more broadly is now becoming
increasingly realised, and is a critical metric that can be used for assessing the impacts from changes in diet
and practices on-farm. Microbiomes comprising diverse assemblages of bacterial species are most likely to
support YTK health and nutrition in their innate ability to outcompete and displace potentially opportunistic
pathogens and contribute to more diversified functions. Variations exist, however, among the commercial
formulations in the extent to which they have the capacity to promote diversity in the gut, with certain diets
leading to a loss of diversity in some cases. Alongside the potentially negative consequences these
diminished microbiomes represent for supporting the nutrition of the animal, the emergence of potentially
opportunistic species as alternate, dominant features in the gut may also bring additional challenges. This is
particularly pertinent to farms where poorly understood conditions of disease may arise suddenly, and
appears to be associated with previously unknown organisms that may have pathogenic potential. However,
with notable changes also observed to occur in the microbiome of the outer body surfaces (skin and gills)
of these animals at the very early stages of disease (where symptomatic features are not as apparent), novel
non-invasive biomarkers may be developed for the early detection of changes in health on-farm and may
support improved intervention or management strategies. Alongside modifying feeds to include specific
ingredients (e.g. LC n-3 PUFA) at optimal levels or bioactive components, the direct replacement of
potentially beneficial bacterial species (e.g. through whole microbiome therapies) represents a promising
new approach in forthcoming years to support improved gut microbiome structure and robustness of YTK.

Overall, this project has been successful in generating commercially relevant information to assist the
development of the Australian YTK industry. Independent information provided within this report (Section
5 Impact Assessment and Industry Implications), conservatively estimated that the research outputs from
the this project, based on the current levels of SA YTK production, will result in a 5% increase in
productivity and a 5% increase in profits for the YTK industry. There is also potential for the value of the
R&D provided within this project to double (i.e. 10%) once YTK production is established in NSW and
WA.

Information generated in this project will assist Australian YTK producers in meeting the criteria set down
in the key performance indicators which were to attain a fingerling equivalent of 3.0 kg weight per fingerling
within 2 years; a feed conversion ratio (FCR) of < 1.5 and < 2.2 for fish between 0.01 - 1.5 kg and 1.5 - 3.5
kg, respectively; and, survival rates of > 90% from the stocking of fingerlings until harvest. More
specifically:

+ Information for aquafeed manufacturers to:

» Have greater flexibility to produce new improved and more cost effective and sustainable diets
using increased levels of alternative ingredients that better meet the nutritional requirements of
fingerling and sub-adult YTK.

* Information for Australian YTK producers to improve productivity and profits by:

» Ultilising the new improved diets, formulated to contain reduced levels of wild derived marine
ingredients, for more efficient fingerling and sub-adult YTK production to improve;

» Improve broodstock nutrition;
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» Applying the bioenergetics model to optimise feeding strategies to improve feed efficiency and
reduce environmental waste;

* Improving the FIFO ratio to enhance consumer perception and market access for Australian YTK;

* Increasing the understanding of the microbiome of YTK to improve health management practices;
and

* Increasing knowledge and communication between them.

» Training of industry ready graduates for entrance into the Australian YTK industry, Aquafeed
industries, educational institutes, government departments and other sectors of the workforce that will
benefit Australia as a whole.

* The development of a stronger collaborative research, development and extension sector to aid the
future development of aquaculture in Australia.

1.6. Recommendations

The current project has provided industry stakeholders with valuable and information to assist the Australian
YTK industry improve productivity and profits. Overall, results from this project bode well for the future
development of the YTK aquaculture industry in Australia However, dietary development work for this
industry should not remain static, as important advancements in our knowledge of nutrient requirements and
feeding practices will need to be ongoing to ensure the economically sustainable production of Australian
YTK and a flourishing industry. Throughout the project opportunities for further research were identified
and include:

Activity 2. Nutrition: Identify economically sustainable feeds and improved diet formulations;

* Nutrient requirement work must take into consideration seasonal water temperatures and fish sizes
during different stages of production.

» It should be acknowledged that recommended dietary nutrient levels in commercial diets may be
further reduced by optimising dietary amino acid profiles (e.g. methionine, lysine and histidine) based
on new information as it comes to hand.

» Further work evaluating the dietary requirements for essential amino acids, vitamin and minerals
should be undertaken for fingerling and sub-adult YTK to advance the sustainable performance.

» Currently, the recommended minimum inclusion levels of fish oil in commercial diets for sub-adult
YTK is restricted by the Y LC n-3 PUFA requirement of the fish and ranges between 5-10%,
depending on the > LC n-3 PUFA content of the fish oil. This has implication on the FIFO ratio and
sustainability. There is a pressing need to evaluate new oils rich in > LC n-3 PUFA with YTK as they
come to hand.

» In order to be able to tailor fish for specific markets, further research is warranted to understand the
kinetics associated with the uptake of Y LC n-3 PUFA from finishing diets rich in fish oil, prior to
harvest.

* LC n-3 PUFA levels and ratios in red blood cells are considered to be a good biomarker for
inflammatory responses in humans and other animals. Given the importance of red blood cells in
oxygen transport, fatty acid modifications in relation to saturated and unsaturated fatty acids may
contribute to alterations in metabolic function. Further research is warranted to understand this aspect
of YTK metabolism.

» There are opportunities to tailor the fat content of fish to specific processes and markets. In relation
to dietary lipid levels and biometric measurements, the targeted processing method and markets
should be taken into consideration when assessing growth performance to account for differences in
fat partitioning.
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Developing functional feeds, including those that include pre- and pro-biotics and enzymes, to
enhance YTK performance.

The use of commercially available bioactives in soy-based feeds for YTK did not enhance growth or
feed utilisation. However it would be prudent to explore the use of other similar products. The
preliminary evidence gathered in this experiment suggests there is no major benefit in adding any of
the selected bioactives into diets for juvenile YTK, at least at the levels tested. Diets for YTK that
contain soybean meal and SPC and optimal levels of methionine are worthy of further investigation.

Further investigation of the potential use of emulsifiers to improve lipid utilisation at optimal growth
rates at summer water temperatures may be warranted.

Due to the slow growth rate of large sub-adult compared to fingerling YTK at suboptimal water
temperatures, it should be noted that attempting to gain an insight into the growth performance and
feed utilisation of sub-adult YTK at winter water temperatures is inherently difficult. It may be
beneficial to run trials with sub-adult YTK for a longer period from winter into spring to assess any
dietary deficiencies or benefits that may become apparent once growth rates accelerate.

As the aquaculture industry is tending to reduce the use of high fish meal/fish oil diets due to economic
and sustainability issues, further consideration to sustainability and customer perception are needed
before YTK are fed Australian Sardines under commercial conditions.

Activity 3. Feeding strategies: Improve feeding strategies to increase profit;

The goal of constructing a bioenergetic model for YTK is ongoing and will be assisted by the
provision of growth and temperature data from farms. We recommend the development of a desk-top
or phone based application making it readily available and accessible to farm managers. It will also
be a useful tool for feed manufacturers, allowing forecasting of feed demand from their customers.

Fingerling and sub-adult YTK should be fed daily to ensure optimum growth and productivity.

There did not appear to be any advantage in adopting split ration feeding to fingerling or larger sub
adult YTK.

Further research into the effectiveness of bioactive markers, such as the digestive enzyme dipeptidyl
peptidase-4 (DPP4), as indicators of feed intake and digestion regulators is warranted.

Given the reduced growth rates associated with oxygen deficiency, further research in relation to
hypoxic stress is warranted for harvest sized YTK.

Selective breeding targeted at YTK growth, efficiency of assimilation of feed nutrients and disease
resistance/ health.

Activity 4. Health: Improve nutritional health to boost productivity;

Use of the challenge model to understand the effect of WD FM and WD fish oil substitution on the
health and immune system of YTK.

Improving strategic approaches to skin and gill fluke management based on understanding which
treatments are best in which circumstances.

Approaches or management strategies which aim to enhance gut microbiome diversity in onshore
systems is recommended for optimising fish robustness and may improve the natural adaptive
processes of the fish to local environmental microbial communities when transferred offshore to sea-
cages for grow-out.

With changes in microbiome composition and diversity observed among major size classes associated
with the commercial production cycle, there is also a need to ensure that appropriate size/age-specific
controls are taken when surveying the relevance of the microbiome in changing health and nutrition
in future surveys.
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Future investigations should be directed to developing dietary formulations that select for ‘optimal’
(diverse) gut microbiomes by conducting more detailed assessments of the underlying (gene)
functions contributing to varied health and/or performance in YTK.

Confirming the identification and determining the involvement of potentially opportunistic pathogens
(namely Mycoplasma insons, Brevinema andersonii, Photobacterium sp.) that were found to occur at
high levels in association with fish fed certain diets or that were suffering from conditions like
enteritis, is recommended. With this additional information, appropriate control measures could then
be implemented to improve health outcomes.

We also recommend directing further efforts to the involvement and replenishment of organisms that
may be of benefit to the host (e.g. Bacillus species), which were otherwise diminished in the
microbiomes of diseased fish.

Biomarkers of changing health status for coccidiosis and enteritis conditions could be established
using more targeted, rapid and cost-effective tools (e.g. g-PCR), with the potential to implement non-
invasive testing through the collection of swabs from the skin, which could foreseeably be
implemented as part of routine health surveys for the early detection of disease.

Strategies which promote broader microbial diversity in the gut of YTK should be investigated (e.g.
probiotics, prebiotics, whole microbiome therapies), as they are most likely to improve the robustness
of the fish to potentially opportunistic pathogens, ultimately improving health outcomes.

From the findings of the microbiome manipulation trial, we believe additional experimental work is
warranted. In particular, future studies should include repeat dosages of the whole microbiome
inoculum (and/or at a higher concentrations) in order to sustain potential beneficial outcomes.
Trialling administration of inoculum on-feed is also recommended, which would allow for easier
repeated dosing and would also prove to be more applicable on-farm compared to gavage. Including
more varied microbiomes or individual strains that have known therapeutic potential (or that were
observed to be depleted in diseased individuals in the early work) is also suggested in a refined trial.

Further work is also required to elucidate whether increases in diversity support improved health
through the displacement of pathogens and the potential occurrence of more diversified functions.
The use of more advanced omics-based techniques is recommended to investigate this further.

As there was no significant difference in the global bacterial community structure between the three
gut regions, sampling methods were refined and future work should also be directed at taking a single
hindgut scraping (instead of separate fore-, mid- and hindgut), allowing for more samples to be
processed at the same cost. This would increase the capacity to sample across multiple sea-cages,
seasons and sites to provide a greater overview of farm-wide changes.

Activity 5: Extending YTK capability;

1.7.

Ensure that the results of the ongoing PhD projects for this project are captured and disseminated to
industry as planned.

Discuss with industry the most appropriate manner to continue YTK industry networking; this might
be in the form of a new dedicated association or as part of an existing networking group (e.g. FRDC's
NEAO Subprogram).

Hold a workshop involving all YTK industry participants following completion of the project to
identify and prioritise future needs to further drive the development of this industry.

Keywords

Yellowtail Kingfish, Seriola lalandi, nutrition, feeding strategies, health, microbiome, juvenile, sub-adult,
broodstock.
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2. General Introduction

2.1. Background

2.1.1. Species

Yellowtail Kingfish (YTK, Seriola lalandi), also known as Goldstriped Amberjack, Yellowtail
Amberjack, and “hiramasa”, is one of a number of Seriola species. Its distribution is circumglobal
occurring in the Indo-Pacific and Atlantic oceans, where it frequents semi-tropical and warm temperate
areas. The species lives in coastal and oceanic waters and is both pelagic and demersal. Food and
Agriculture Organisation fisheries and aquaculture statistics indicate that the species, in contrast to other
Seriola species, supports only a small wild fishery, which peaked at about 1,500 tonnes in 1998, and a
small aquaculture industry. While it has been farmed in Japan for many years, the YTK aquaculture
industry in Australia, Equador and New Zealand is relatively recent having only started in the late 1980s.

2.1.2. Aquaculture

In Australia, YTK aquaculture production begins with the spawning of broodstock sourced typically
from selected cultured stock but sometimes from wild stock; with three to four hatchery runs typically
undertaken in spring and summer. Fertilised eggs are collected from the spawning tanks and following
a short incubation period of about two days, the larvae hatch and are held in larval rearing tanks where
they are fed an enriched diet of live zooplankton and brine shrimp. After about 21 days the juvenile fish
are transferred to nursery tanks and weaned onto a manufactured diet. At between 60 and 100 days, at a
size of 25-50 grams fingerlings are transferred from the hatchery into 25 m to 60 m diameter sea-cages.
Fish are then on-grown for about 16 to 18 months, during which time they are fed on commercially
produced, high quality, extruded pellet diets, to a size of about 4 kg, when they are harvested and
marketed. The product is sold either as premium grade sashimi or as whole fish or fillets and consumed
locally as well as exported to Asia and Europe
(http://www.oceanwatch.org.au/seafood/aquaculture/species/yellowtail-kingfish/).

2.1.3. Australian YTK aquaculture industry

When this project, “Growing a profitable, innovative and collaborative Australian Yellowtail Kingfish
Aquaculture Industry: bringing ‘white’ fish to market. RnD4Profit-14-01-027”, was initiated in mid-
2015, the Australian YTK aquaculture industry comprised three production companies:

e Clean Seas Seafood as it is now known based on Eyre Peninsula, South Australia (SA). The
Stehr Group pioneered YTK farming in Australia, conducting growout trials in 1998/99 and
1999/2000, successfully producing hatchery fingerlings in 2001, and began marketing
commercial quantities of farmed product in 2014
(http://seafoodfrontier.com.au/product/kingfish/). In 2000 Clean Seas formed from the Stehr
Group, in 2005 Clean Seas publically listed and in 2016 changed its name to Clean Seas
Seafood. Following addressing a range of development challenges, whole weight equivalent
sales volume was about 1,098 tonnes, worth $18.185 million, for the 2015 financial year and
2,353 tonnes, worth $39.7million, for the 2018 financial year. The company’s 2018 financial
report to shareholders indicates it is targeting sales production of 2,750-3,000 tonnes, valued at
$47-50 million, for the 2019 financial year and presently has the lease area across its sites to
potentially produce about 11,000 tonnes per annum of YTK
(http://www.cleanseas.com.au/investors/asx-releases/).

o Indian Ocean Fresh Australia, based at Geraldton, Western Australia (WA). In 2006-2007 a
publically listed company known as Western Kingfish Ltd started an aquaculture venture in
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Jurian Bay, to the north of Perth, that included YTK as a species, but within 18 months had
closed due to development issues. In 2008, Indian Ocean Fresh Australia started with four sea-
cages in Champion Bay, Geraldton and between then and 2016 undertook three growout trials
in association with the Mid West Development Commission and others; fingerlings being
produced at the TAFE/Fisheries Department hatchery at Fremantle. In 2018 Indian Ocean Fresh
Australia has started producing commercial quantities of YTK (https://iofa.com.au/our-story).

e Huon Aquaculture (traditionally a Tasmanian salmon aquaculture company), with its YTK
operations based at Port Stephens, New South Wales (NSW). Pisces Aquaculture was granted
consent for a lease to farm YTK and other species in 2001, but closed due to developmental
issues in 2004. In 2013 NSW DPI was granted consent to operate a Marine Aquaculture
Research Lease in Providence Bay adjacent the Pisces lease site and in 2013-14 it called for
lease partners with Huon Aquaculture selected. In 2014 Huon Aquaculture bought the Pisces
lease, but in 2016 NSW DPI and Huon Aquaculture sought government approval to move their
two lease sites further from shore (Port Stephens Examiner Thursday 2 April 2016). At this time
each lease was 62 ha in size with the capacity for 12 cages and about 1200 tonnes production.
In 2018 Huon Aquaculture marketed its first YTK from two experimental cages and is about
one  year into a five year  development plan for  this  site
(https://www.huonaqua.com.au/about/truth/western-australia-kingfish-lease/). It has recently
announced establishing leases adjacent the Abrolhos Islands, WA where the Western Australian
Department of Fisheries believes some 22,000 tonnes of YTK production might be feasible
within a decade (https://www.abc.net.au/news/rural/2018-10-12/huon-reveals-wa-fish-farm-
plans/10366240).

2.1.4. Business Opportunity

During the preparation of FRDC’s Research, Development and Extension Plan for 2015-2020, it became
evident that YTK farming was likely to offer the greatest opportunity for new aquaculture development
in Australia in the next few decades as defined by increases in farmed area and product, the quantity of
aquafeeds that would be needed, and the growth in regional economies and employment. At the start of
the project it was predicted that within 10 years, Australian YTK production could increase to 34,000
tonnes worth $440 million, using 68,000 tonnes of aquafeed worth $136 million (estimates based on the
collective inputs of initial project participants). However, FRDC, in documenting its New and Emerging
Aquaculture Opportunity (NEAO) Subprogram, indicated a more conservative growth of 2,500 tonnes
within five years for all Australian white fish (http://www.frdc.com.au/Research/RDE-planning-and-
priorities/f FRDC-RDE-Plan-2015-20). At the time, the key challenge to achieving the expected growth
of YTK was for the industry to diversify its focus from supplying only the relatively small volume, high
price sashimi market to supplying the larger volume, lower price Australian ‘white fish’ market, while
enhancing farm productivity and reducing operating costs to maintain profitability and improve
sustainability. As such, this project sought to provide new information to assist the YTK industry to
grow its position by developing more cost effective, sustainable feeds and feeding strategies to enhance
YTK growth and health; the industry’s highest common R&D priorities as feed and feeding costs
comprised about 60% of its operating expenses.

2.1.5. Strategic Alignment

This project has focused on growing the production and profitability of the key existing Australian YTK
industry participants, as well as the industry as a whole, and directly addresses FRDC's new strategic
plan to build Australian sustainable aquaculture development through the activities of the new 'New and
Emerging Aquaculture Opportunities’ (NEAQO) Subprogram. The project aligns well with the National
Marine Science Plan to grow the blue economy, the national Aquaculture Statement and Strategy to
grow Australian aquaculture production, and the national Research Providers Network (RPN) to better
coordinate fisheries and aquaculture R&D resources. The project is also expected to build on the earlier
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nutrition R&D on YTK undertaken primarily through the FRDC and the Australian Seafood Cooperative
Research Centre (ASCRC).

2.1.6. Planned Networking

This project further built the relationship between two of the three Australian YTK aquaculture
companies, Clean Seas Seafood, SA, which is the most advanced, and Huon Aquaculture, NSW, which
only started YTK farming just prior to the start of this project. Also, between these companies and their
geographically aligned fisheries and aquaculture research institutions, the South Australian Research
and Development Institute (SARDI) and the New South Wales Department of Primary Industries (NSW
DPI). The project also brought into this network the two key Australian aquafeed companies, Ridley and
Skretting Australia, and to a lesser extent, another YTK aquaculture company, Indian Ocean Fresh
Australia, Western Australia (WA). Additional to this, the project provided benefits to the broader
Auwustralian finfish aquaculture industry, including future YTK farmers and service providers, as well as
the other Australian industry sectors targeting the production of ‘white' fish (e.g. Barramundi, Cobia and
Mulloway). Some indirect benefits have also flowed to the community through the development of more
sustainable feeds, which will provide environmental benefits to the marine environment through reduced
nutrient loads. Some social flow-on benefits are also expected to result from the economic growth of
the Australian YTK industry, particularly in the regional areas where farming occurs.

2.2. Project Priorities, Themes, Activities and Outputs

2.2.1. Rural R&D for Profit Programme Priorities

This project was part of the Rural R&D for Profit Programme, Department of Agriculture and Water
Resources, Australian Government. It aligned with the Round 1 Programmes priorities:

1. Increase the profitability and productivity of primary industries

e Help producers increase yields and/ or reduce costs by applying innovative
technologies and/ or technologies from other industries.

e Help producers manage natural resources in an integrated way at enterprise or
regional level for long-term use and profit.

2. Strengthen primary producers’ ability to adapt to opportunities and threats

e Integrate data and deliver information to help producers manage risk, benchmark
performance and make production decisions for greatest profit.

3. Strengthen on-farm adoption and improve information flows

e Consolidate knowledge of extension and adoption to better deliver practical results
to primary producers, founded on what producers want from extension services.

o Identify practical proposals to stimulate private sector extension services, particularly
to fill current gaps.

o Identify practical means to co-ordinate extension services for producers, including
the development of tools and/or platforms.
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2.2.2. Project Themes

To meet with these Rural R&D for Profit Programme priorities, the project addressed the Australian
YTK industry’s key common R&D priorities, both at conception during 2014/15, and throughout the
course of the project, through three themes and their specific activities and outputs:

Theme 1: Nutrition;
Theme 2: Feeding Strategies; and

Theme 3: Nutritional Health.

2.2.3. Project Activities

The key activities of this project central to the efficient and effective delivery of its objectives and
outputs were:

1. Project initiation and management;

2. ldentify economically sustainable feeds and improve diet formulation;
3. Improve feeding strategies to increase profit;

4. Improve nutritional health to boost productivity; and

5. Extending YTK capability.

2.2.4. Project Outputs
Project outputs for each activity were:
Activity 1. Project initiation and management;

Output 1(a) Establish steering and research advisory committees and provide their terms of
reference

Output 1(b) Execute agreements and contracts with partner organisations and service delivery agents
as needed

Output 1(c) Finalise an extension and communication strategy. The strategy must include
communications and extension activities including, but not limited to publications, workshops and
newsletters

Output 1(d) Create a monitoring and evaluation plan for the project
Output 1(e) Undergo end of project evaluation in accordance with output 1(d) and provide a report
to the department. The evaluation must report on the projects outcomes against the program objective,

including quantitative information on the outcomes achieved and independent expert analysis of
expected and/or demonstrated quantifiable returns on investment

Activity 2. Identify economically sustainable feeds and improved diet formulations (Nutrition theme);

Output 2(a) Evaluate alternative Australian farm protein and oil sources and identify their ideal
inclusion levels in juvenile and sub-adult production diets to reduce dependence on fishmeal and fish oil

Output 2(b) Investigate protein sparing effect of using higher energy and lower protein diets
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Output 2(c) Develop winter diet formulations that use ideal lipid types and levels for less than two
kilogram YTK during periods of suboptimal water temperatures

Output 2(d) Determine dietary requirements of selected essential nutrients for juvenile and sub-adult
YTK

+  Determine the histidine requirements of juvenile YTK

»  Determine the choline requirement of juvenile YTK

»  Determine the taurine requirement of juvenile YTK

+  Determine the methionine requirement of juvenile YTK

Output 2(e) Investigate the cost-benefit of using dietary supplements to improve the production of
juvenile and sub-adult YTK

» Evaluate bioactive supplements that boost immune competence, digestive tract
and skin health in YTK

Activity 3. Improve feeding strategies to increase profit (Feeding strategies theme);

Output 3(a) Evaluate optimal feeding strategies for juvenile and sub-adult YTK, including but not
limited to comparing experimental nutrient-dense and commercially available feeds, floating versus
sinking feeds, feed sizes and feeding strategies

» Validation trial in pond cages to asses growth and FCR on newly developed
feeds and feeding strategies for juvenile and sub-adult YTK (fishmeal origin)

»  Benchmark study in pond cages of a commercial diet and feeding strategies for
sub-adult YTK on the NSW DPI — Huon Aquaculture Marine Aquaculture
Research Lease (MARL) (fishmeal reduction)

Output 3(b) Evaluate the cost-benefit of using high versus low energy feeds for juvenile and sub-
adult YTK at varying water temperatures

»  Determine optimum feeding frequencies in warm water (24 °C) with sub-adult
YTK grown towards market size

» Determine optimum feeding frequencies in cool water (16 °C) with sub-adult
YTK

» Evaluate the effects of feeding strategy and diet specification on performance
of sub-adult YTK

» Evaluate impacts of dietary shift on reproductive output and health of YTK
broodstock (3 feeding experiments)

Output 3(c) Develop an improved feed ration model for on-farm YTK feed management

* Refine temperature dependant growth and bioenergetic model for YTK and
develop a predictive farm-based management tool for YTK

Activity 4. Improve nutritional health to boost productivity (Health theme);

Output 4(a) Develop a challenge test method for fish health evaluations associated with tank based
nutrition and feeding strategy R&D
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» Further refine the challenge model by better understanding the YTK immune
system

Output 4(b) Collect histopathology and blood chemistry data of diseased and healthy YTK to
characterise the general health of YTK used in tank based nutrition and feeding strategy R&D

»  Further refine the role of the gut microbiome in YTK gastrointestinal health by
sampling additional wild fish in SA for subsequent histological and
microbiomic evaluations

Output 4(c) Characterise and understand the microbiome of the digestive system of YTK in
particular in relation to different diets and feeding strategies, and how this might be managed to enhance
YTK health, diets or food conversion ratios

* New health theme activity - manipulation of the microbiome of diseased YTK

Output 4(d) Collect baseline data to differentiate the effects of the environment, YTK growth and
farm production cycle, disease and different genetic cohorts on the microbiome

Activity 5. Extending YTK capability.

Output 5(a) Conduct workshops and provide publications to extend the outputs from the project to
industry participants, and the broader aquaculture industry, scientific community and public in line with
output 1(c)

Output 5(b) Student training to develop the next generation of industry R&D providers including up
to three postdoctoral research fellows, up to six PhD students and up to 12 Honours students

Output 5(c) Incorporate the outcomes of the project into the new subprogram established by the
FRDC or the development of new and emerging aquaculture growth opportunities to allow the direct
extension and translation of outputs to potential ‘white’ fish and other new and emerging aquaculture
opportunities
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3. Research

3.1. Theme - Nutrition

3.1.1. Chapter - Lipid and fatty acid requirements for large Yellowtail Kingfish.

3.1.1.1. Manuscript - dietary long-chain omega-3 polyunsaturated fatty acids levels for optimum growth
of large Yellowtail Kingfish (Seriola lalandi; > 2 kg) at warm water temperatures.

David A.J. Stone ¢ d Matthew S. Bansemer & Paul Skordas 2, Samantha Chowné, Nicole Rufff,
Michael Salini?

2 South Australian Research and Development Institute, South Australia Aquatic Science Centre, West
Beach, SA 5024, Australia.
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and Salini, M. (2019). 3.1.1.1. Manuscript - Practical dietary long-chain omega-3 polyunsaturated fatty
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Collaborative Australian Yellowtail Kingfish Aquaculture Industry: Bringing ‘White’ Fish to the Market
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Abstract

Understanding the level of dietary long chain omega-3 polyunsaturated fatty acids (LC n-3 PUFA) for
optimum growth of aquaculture species is vital to sustainably and economically utilise fish oil. The
optimum dietary LC n-3 PUFA level for Yellowtail Kingfish (Seriola lalandi; YTK) is unknown. In this
84 day study, the growth performance, feed efficiency, hind and midgut histology and health of YTK
(2.67 kg) fed graded levels of dietary fish oil, using poultry oil as the replacement, were investigated to
determine the practical optimal dietary long chain omega-3 polyunsaturated fatty acid level (LC n-3
PUFA; eicosapentaenoic acid [20:5n-3, EPA], docosapentaenoic acid [22:5n-3, DPA] and
docosahexaenoic acid [22:6n-3, DHA]) at warm summer water temperatures. Eight experimental diets
were formulated to contain 20% fish meal and graded dietary LC n-3 PUFA levels that ranged from
0.753 t0 2.950 g 100 g*. Fish were fed to apparent satiation once daily at 11:00 h. There was a moderate
positive significant quadratic relationship between dietary LC n-3 PUFA and SGR (R? = 0.5697; P <
0.001). Based on the SGR, the optimal level of LC n-3 PUFA (turning point; ymax) Was 2.12 g 100 g*.
This equated to a LC n-3 PUFA daily intake of 191 mg kg* d*. There was no improvement in SGR by
increasing LC n-3 PUFA levels above 2.39 g 100 g*. With regard to the feed conversion ratio (FCR),
there was a moderate negative significant quadratic relationship between dietary LC n-3 PUFA level
and FCR (R? = 0.5758; P < 0.001). This relationship was inversely related to the relationship between
LC n-3 PUFA level and SGR. The FCR of YTK decreased (improved) as dietary LC n-3 PUFA levels
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increased from 0.75 to 2.14 g 100 g*. Based on the FCR, the optimal level of LC n-3 PUFA (turning
point; Ymin) was 2.26 g 100 g. This equated to a LC n-3 PUFA daily intake of 203 mg kg d*. Apart
from minor alterations to hindgut villus branching, changing LC n-3 PUFA level had no significant
impacts on hind or midgut histology (P > 0.05). Based on SGR and FCR response variables it is
estimated that the optimal dietary level of LC n-3 PUFA for YTK at warm temperatures is between 2.12
and 2.26 g 100 g. The 95% CI for each response variable ranged between 1.90 to 2.33 g 100 g* and
1.93 to 2.58 g 100 g* for SGR and FCR, respectively. It is recommended further research under
commercial conditions before implementing this dietary level of LC n-3 PUFA on-farm.

Introduction

In Australia, Yellowtail Kingfish (Seriola lalandi; YTK) are a relatively new species to aquaculture that
is being developed for culture in South Australia, Western Australia and New South Wales. Currently
over 90% of production stems from Clean Seas Seafood (Arno Bay, South Australia, Australia). The
sustainable and economically viable production of YTK relies on cost effective diets. Over the past
decades, the need to find alternative lipid sources to fish oil for aquaculture species has been highlighted
due to the high price, reduced availability, and ecological issues (Glencross et al., 2007; Tacon and
Metian, 2009). In order to successfully reduce dietary fish oil inclusions for aquaculture species,
numerous studies have evaluated alternative dietary lipids, including poultry oil, beef tallow, and canola
oil (Oliveira et al., 2008; Stone et al., 2011a; Stone et al., 2011b; Bowyer et al., 2012). These alternative
lipids however, typically lack long chain omega-3 polyunsaturated fatty acids (LC n-3 PUFA;
eicosapentaenoic acid [20:5n-3, EPA], docosapentaenoic acid [22:5n-3, DPA] and docosahexaenoic acid
[22:6n-3, DHA]) (Higgs et al., 2006).

Long chain omega-3 polyunsaturated fatty acids are essential for carnivorous fish and required at
adequate levels for numerous biological functions, including cellular membrane structure, metabolism
and function to ensure optimal growth and health (Tocher, 2010). More specifically, the eicosanoids
EPA, DPA and DHA are important precursors of specialized proresolving lipid mediators (SPM), the D
and E series resolvins, (neuro) protectins, and maresins, that have been reported to prevent excessive
inflammation, promote resolution, and expedite the return to tissue homeostasis (Serhan, 2014).

Although some alternative lipid sources do contain the precursor of EPA, DPA and DHA, a-linolenic
acid (18:3n-3, ALA), unlike freshwater aquaculture species and terrestrial livestock species, marine fish
species lack enzymes, elongase 2 and A-6 desaturase, at appreciable levels to chain elongate and de-
saturate ALA to EPA, DPA and DHA. As a result, fish oil is currently the best option to supply LC n-3
PUFA for carnivorous marine aquaculture species (Tocher, 2010; Bowyer et al., 2012).

Understanding the LC n-3 PUFA requirements of aquaculture species is vital to sustainably and
economically utilise fish oil. The LC n-3 PUFA requirement for a number of aquaculture species is
known, including the Gilthead Sea Bream (Sparus aurata) and Japanese Yellowtail (Seriola
guingueradiata) (Deshimaru et al., 1982; Kalogeropoulos et al., 1992). However, the LC n-3 PUFA
requirement for marine aquaculture species, is species-specific, and also depends on life stage, water
temperature and EPA:DHA ratio (Yone, 1978; Masumoto, 2002; Sargent et al., 2002; Oliva-Teles,
2012). Information pertaining to nutritional requirements of YTK, including the optimal dietary LC n-3
PUFA level to promote optimum growth, is lacking in the literature. In Australia currently, commercial
diet formulations are based on the limited available nutritional information for YTK. When YTK-
specific nutritional information is unknown information from surrogate fish species, including Japanese
Yellowtail, salmonoid species and Barramundi is used (Stone and Bellgrove, 2013). Recent research has
suggested that the growth and feed utilisation of juvenile YTK (95 g) fed a diet (45% crude protein and
25% crude lipid) is not compromised when replacing fish oil with poultry oil (100% replacement; Y LC
n-3 PUFA = 0.87%; Bowyer et al., 2012). In the study of Bowyer et al. (2012), the fish meal component
of the diet provided levels of LC n-3 PUFA close to the reported requirement for Japanese Yellowtail
(Deshimaru et al., 1982). It should also be noted that the study by Bowyer et al. (2012) was short term,
and in a longer term study, YTK (1.67 kg) fed a diet that contained 1.41% Y LC n-3 PUFA exhibited
inferior growth performance to fish fed a diet that contained > 2% Y LC n-3 PUFA (Stone et al., 2016).
In order to efficiently utilise fish oil replacements in diets for YTK, further research to understand the
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specific LC n-3 PUFA requirements for optimal growth of this species is needed. This research will
ultimately improve the sustainable and economically viable production of YTK through cost-effective
diet formulations with low, but optimal, marine ingredient use.

Tocher (2010) suggested that the quantitative estimation of essential fatty requirements (EFA) may be
described on three levels:

1) The physiological level required to prevent classical nutritional pathology (EFA deficiency signs);

2) EFA requirement to support optimum growth and health, although this is currently not well
defined for any species and would likely vary dependent upon other dietary factors and fish
metabolism (Tocher, 2003).

3) The level that maintains nutritional quality for human consumption, based on n-3 LC-PUFA
content of the flesh (Simopoulos, 2000; Tocher, 2009).

The first two levels address the actual EFA requirements of the fish, while the later does not. It
addresses EFAs in terms of producing a nutritionally healthy product for human consumption, and is
useful for marketing purposes. For the current experiment we chose to adopt selected responses from
levels one and two for the purpose of estimating the optimum levels of dietary n-3 LC-PUFA for large
YTK at warm water temperatures. A PhD project conducted by Samantha Chown (Appendix 4) is
underway and is addressing issues associated with level 3.

Aim

The aim of this study was to determine the practical optimum levels of dietary LC n-3 PUFA on the
growth performance, feed utilisation and health of large YTK (> 1.5 kg) at warm summer water
temperatures.

Methods
Experimental design and diets

In this study, the pellet kernel (9 mm diameter), fish oil and poultry oil were supplied by Skretting
Auwustralia (Cambridge, Tasmania, Australia). Diets were formulated based on a Skretting YTK diet (20%
fish meal; ~43% crude protein [CP], ~27% crude lipid [CL] and a gross energy [GE] level of ~21 MJ
kg). The pellet kernel utilised in the current study contained ~10% crude lipid, which was top coated
with an additionally 20% lipid (fish oil and poultry oil; total crude lipid level 27%) at Aquafeeds
Australia (Mount Barker, South Australia, Australia).

Eight experimental diets were designed in the current study to be deficient, meet or exceed the
requirements of LC n-3 PUFA by YTK, which was manipulated by changing the proportion of fish oil
and poultry oil (Table 3.1.1.1.1). Poultry oil was selected as the fish oil replacement due its lack of LC
n-3 PUFA, and also due to the promising results previously reported in two separate studies that utilised
fish oil replacement diets (Bowyer et al., 2012; Stone et al., 2016). For Diet 1 for example, the pellet
kernel was top-coated with an additional 8% fish oil and 12% poultry oil in addition to the inherent
pellet kernel lipids (2.95 g 100 g* > LC n-3 PUFA), which was hypothesised to exceed the LC n-3 PUFA
requirements of YTK, based on the reported requirements of the closely related Japanese Yellowtail
(Seriola quinqueradiata; 45-85 g;) of 2.00 g 100 g* Y LC n-3 PUFA (Deshimaru et al., 1982). Diet 8
was formulated to contain no additional fish oil, but the inherent LC n-3 PUFA from the dietary
inclusions of fish meal was supplied. Diet 8 was formulated based on preliminary research with YTK
(1.67 kg; Stone et al., 2016) to be LC n-3 PUFA deficient (Diet 8: 0.753 g 100 g* > LC n-3 PUFA). The
LC n-3 PUFA and fish oil replacement levels were selected in the current study to cover the range
required observe a dose-dependent effect of graded LC n-3 PUFA levels (i.e. to exceed the LC n-3 PUFA
requirements in Diet 1, be deficient in LC n-3 PUFA in Diet 8, and meet the requirements between these
two diets), which was required to estimate the practical LC n-3 PUFA requirements of large YTK. The
biochemical composition of the eight experimental diets are displayed in Table 3.1.1.1.2 and 3.1.1.1.3.
Fish were fed to apparent satiation at 11:00 h daily. Apparent satiation was achieved by providing feed
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to the tank and monitoring feed intake of fish over a period of four min tank™. Care was taken to
minimise waste by dispersing feed evenly and slowly across each tank. Once small quantities of uneaten
feed were observed on the tank bottom, fish were judged to have reached apparent satiation. Tanks were
cleaned every second day. As required, mortalities were removed, weighed, measured and recorded
required and replaced with tagged fish (T-tags) of a similar weight. Tagged fish were included in biomass
calculations for FCR (see Performance indice section), but excluded from all other analyses. This study
ran for a total of 84 days.

Experimental fish

Experimental work was conducted in the pool-farm facility at the South Australian Research and
Development Institute, South Australia Aquatic Science Centre (SARDI SAASC; West Beach, South
Australia, Australia). YTK (n = 480; 2.67 + 0.02 kg; 556 = 3 mm (fork length; mean + standard
deviation) were obtained from Clean Seas Seafood (Port Lincoln, South Australia, Australia). Upon
arrival at the SARDI SAASC facility, YTK were transferred to 5000 L tanks supplied with partial flow-
through/recirculating (100% system water exchange d), sand filtered, UV treated, aerated sea water at
ambient temperature and held for ~3.5 months and fed a standard Ridley Pelagica diet (crude protein
46%; crude lipid 24%; gross energy 19.30 MJ kg?).

Skin and gill fluke treatment

Upon arrival at SARDI SAASC, YTK were inspected, and were observed to have a low burden of skin
flukes (Benedenia seriola) and gill flukes (Zeuxapta seriola). Treatment was deemed necessary, and was
prescribed by Dr Matt Landos (Future Fisheries Veterinary Service Pty Ltd., Ballina, New South Wales,
Australia). Prior to the commencement of the trial, fish were exposed to two treatments (16/11/15 and
30/11/15) of formalin (250 ppm for 30 min) at 19-22 °C.

Experimental Stocking and Intermediate weight checks

At the commencement of the current study (February 2016), YTK were anaesthetised in 5000 L tanks
(total water volume 2500 L) using AQUI-S® (AQUI-S® New Zealand Ltd., Lower Hutt, New Zealand)
at a concentration of 14 mg L of seawater. Twenty fish were removed from their tank, measured,
weighed and stocked into one of the three replicate 5000 L tanks treatment combination® (n = 8
treatments; n = 24 tanks).

Tanks were supplied with partial flow-through/recirculating (100% system water exchange d*), sand
filtered, UV treated sea water at ambient temperature. All tanks were supplied with aeration and
oxygenation throughout the study.

At day 28 and 56, post-stocking, all fish were anaesthetised using AQUI-S® at a concentration of 14 mg
L of seawater. YTK were measured, weighed and visually inspected for skin and gill flukes, before
fish were returned to their respective tanks.

Water quality analyses

Water quality parameters were measured daily at 14:30 h and maintained at appropriate levels for
acceptable growth of YTK throughout the study (Table 3.1.1.1.4). Water temperature was measured
using a thermometer. Dissolved oxygen (mg L™ and % saturation) was measured using a dissolved
oxygen meter (OxyGuard International A/S, Birkergd, Denmark). The pH was measured daily using a
meter (Oakton pHtestr 20; Oakton Instruments, Vernon Hills, Illinois, United States of America).
Salinity (g L) was measured weekly using a portable salinity refractometer (model RF20, Extech
Instruments, Nashua, New Hampshire, United States of America).
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Biochemical and histological analyses

The proximate composition analyses of diets and whole body tissue were conducted according to
methods in the British Pharmacopoeia Commission (2004) or German Institute for Standardization
(DIN) (2000). A one kg sample of each diet was collected, ground and analysed for proximate
composition (moisture, protein, fat, ash, carbohydrate and energy), amino acid profile, taurine level,
mineral composition, fatty acids profile and cholesterol level and rancidity (p-anisidine and peroxide
value). In addition, a total of twelve fish (n = 12 fish) at the start of the experiment, and four fish from
each tank (n = 4 fish tank™*; n = 24 tanks; n = 96 fish) at the conclusions of the experiment were collected
and stored frozen at -20 °C. Whole fish samples were partially thawed, homogenised and analysed for
proximate composition (moisture, protein, fat, ash, carbohydrate and energy), amino acid profile,
mineral composition, fatty acids profile.

Blood samples from three fish per tank (n = 3 fish tank™®; n = 24 tanks; n = 72 fish) were collected using
a 19 G needle with a 5 mL syringe in two separate Vacuette® tubes (lithium heparin and EDTA). Blood
samples were analysed for blood haematocrit at SARDI SAASC, and haematology and biochemistry
analyses conducted by IDEXX (Unley, South Australia, Australia). These blood sampled fish were then
dissected and the visceral and liver was weighed in order to calculate visceral index (VSI; %) and
hepatosomatic index (HSI; %), respectively. From blood sampled fish, a 1 cm? section of liver, and a
1cm? longitudinally opened midgut and hindgut section were collected for histology. In brief, samples
were fixed in 10% seawater formalin for > 48 h, processed and embedded in paraffin wax. Tissue
sections were cut using a microtome and floated onto Starfrost® glass slides and dried for > 24 h at
room temperature before being stained. Liver sections were stained with hematoxylin and eosin, and
were subjectively scored for fatty change, inflammation, melanomacrophage centres, proliferation of
bile ducts and haemorrhage by Dr Fran Stephens (Aquatilia Healthcare, Western Australia, Australia).
Subjective scores ranged from 0: not observed, 1: Rare, 2: Mild, 3: Moderate, 4: Severe. Hindgut and
midgut sections were stained with both hematoxylin and eosin and high iron diamine/alcian blue pH 2.5
(HID/AB pH 2.5). Villus height, width, perimeter, area and branching, total goblet cell number and
composition were measured in the hindgut and midgut.

Performance indices

All data reported for each treatment for animal performance were based on the mean of the replicate
tanks. All calculations using fish weight and diets were based on wet or as fed values, respectively:
» Weight gain = final weight - initial weight

« Biomass gain (kg tank?) = (final weight + Y mortality weight) - (initial weight + 3 replacement
weight)

« Specific growth rate (SGR; % d*) = ([In final weight - In initial weight] / d) x 100

* Length growth rate (mm d*) = (final fish length - initial fish length) / d

« Condition factor = (fish weight [g] / fish length [cm]®) x 100

» Apparent feed conversion ratio (FCR) = feed consumed / fish weight gain

» Apparent protein deposition = ([final whole protein - initial whole protein] / protein intake) x 100
» Apparent energy deposition = ([final whole energy - initial whole energy] / energy intake) x 100
» Haematocrit count = red blood cell (mm) / total blood (red blood cell and plasma [mm]) x 100

» Visceral index (VSI; %) = wet visceral wt x 100 / final wet fish wt

» Hepatosomatic index (HSI; %) = wet liver wt x 100 / final wet fish wt
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Statistical analyses

IBM SPSS (version 24 for Windows; IBM SPSS Inc., USA) was used for all statistical analyses.
Homogeneity of variances and normality among mean values were assessed using Levene’s test for
equality of variance errors and Shapiro-Wilk test, respectively. Data were compared across all treatments
using a one-factor ANOVA. When significant effects were observed, post-hoc tests were used to detect
significant differences between all treatments (Student-Newman-Keuls test). Quadratic polynomial
regression analyses were also applied to determine the relationship between dietary LC n-3 PUFA levels
and SGR, FCR and energy deposition. A significance level of P < 0.05 was used for all statistical tests.
All values are presented as means + standard error (SE) of the mean unless otherwise stated.

Results
General observations

There were no significant differences in the initial weight or fork length of YTK between treatments at
the commencement of the current study (P > 0.05; Table 3.1.1.1.5). The average initial weight and fork
length were 2.67 + 0.02 kg and 556 + 3 mm (fork length; mean + standard deviation), respectively. YTK
fed actively during the experiment, with no apparent differences observed between dietary treatments.
The overall mortality for fish in the study was low (1.46%), and no apparent signs of disease were
observed. Moreover, apart from the initial presence of gill and skin flukes, there were negligible gill and
skin fluke burdens observed throughout the study.

Growth performance

Final weight, biomass gain, SGR, final fork length and length growth rate were significantly influenced
by dietary LC n-3 PUFA level (P < 0.05; one-factor ANOVA, Table 3.1.1.1.5). Generally, the growth
performance of fish fed the diet containing 0.75 g 100 g LC n-3 PUFA was significantly lower than
fed dietary LC n-3 PUFA above 1.83 g 100 g*. Final condition factor was not significantly influenced
by dietary LC n-3 PUFA level (P = 0.146; one-factor ANOVA; Table 3.1.1.1.5). There was a moderate
positive significant quadratic relationship between dietary LC n-3 PUFA level and SGR (R? = 0.5697;
P < 0.001; Figure 3.1.1.1.1). Based on the SGR, the estimated optimal dietary level of LC n-3 PUFA
(turning point; ymax) was 2.12 g 100 g. The 95% CI for the SGR response variable ranged between
1.90 to 2.33 g 100 g*. There appeared to be no improvement to growth by increasing LC n-3 PUFA
levels above 2.39 g 100 g*.

Feed utilisation

Apparent feed consumption (kg tank®) and feed intake (% BW d*) was not significantly influenced by
dietary LC n-3 PUFA level (P > 0.05; one-factor ANOVA; Table 3.1.1.1.5). Apparent FCR was
significantly influenced by dietary LC n-3 PUFA level (P = 0.008; one-factor ANOVA,; Table 3.1.1.1.5).
The apparent FCR of fish fed the diet containing 0.75 g 100 g LC n-3 PUFA was significantly higher
than those fed all diets containing higher LC n-3 PUFA levels. In addition, there was a moderate negative
significant quadratic relationship between dietary LC n-3 PUFA level and FCR (R?= 0.5758; r = 0.7588;
P < 0.001; Figure 3.1.1.1.2). This relationship was inversely related to the relationship between LC n-3
PUFA level and SGR. The FCR of YTK decreased (improved) as dietary LC n-3 PUFA levels increase
from 0.75 to 2.14 g 100 g. Based on the FCR, the estimated optimal dietary level of LC n-3 PUFA
(turning point; ymin) Was 2.26 g 100 g. The 95% CI for the FCR response variable ranged between and
1.93t02.58 g 100 g™.
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Whole fish proximate and energy composition

The tissue moisture (58.7-60.0%), protein (19.58-20.76% wet), lipid (17.6-19.4% wet) ash (2.0-2.7%
wet), carbohydrate (< 1.5% wet) and energy contents (9.94-10.57 MJ kg* wet) of fish were not
significantly influenced by dietary LC n-3 PUFA level (P > 0.05; one-factor ANOVA,; Table 3.1.1.1.5).

Nutrient utilisation

Dietary LC n-3 PUFA level did not significantly affect apparent protein deposition (18.51-22.95%) and
apparent energy deposition (23.20-32.05%; P > 0.05; one-factor ANOVA; Table 3.1.1.1.5). There was
a tendency for the apparent protein deposition and apparent energy deposition of fish to be lower when
fed the diet containing 0.75 g 100 g** LC n-3 PUFA diet compared to those fed diets containing higher
dietary LC n-3 PUFA levels.

There was a moderate positive significant quadratic relationship between dietary LC n-3 PUFA level
and energy deposition (R? = 0.3225; P = 0.017; Figure 3.1.1.1.3). This relationship was inversely related
to the relationship between LC n-3 PUFA level and energy deposition. Based on the energy deposition,
the estimated optimal dietary level of LC n-3 PUFA (turning point; ymin) was 2.51 g 100 g*.

Whole fish fatty acid, amino acid and mineral composition

There were numerous significant differences of the whole fish fatty acid levels between dietary
treatments (P < 0.05; one-factor ANOVA,; Table 3.1.1.1.6). Typically, the fatty acid profile of whole
fish mirrored the fatty profile of the diets. Most noteworthy, the EPA, DPA, DHA and > LC n-3 PUFA
of fish significantly increased with increasing provision of dietary fish oil and dietary EPA, DPA, DHA
and Y'LC n-3 PUFA (P < 0.05; one-factor ANOVA; Table 3.1.1.1.6).

Whole fish amino acid levels (essential [arginine, histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, threonine and valine] and non-essential [alanine, aspartic acid, glutamic acid, glycine,
proline, hydroxyl proline, serine and tyrosine]) were not significantly affected by dietary LC n-3 PUFA
level (P > 0.05; one-factor ANOVA,; Table 3.1.1.1.7).

Whole fish mineral levels (calcium, copper, iodine, iron, magnesium, manganese, potassium,
phosphorus, selenium, zinc) were not significantly influenced by dietary LC n-3 PUFA levels (P > 0.05;
one-factor ANOVA,; Table 3.1.1.1.8).

Blood biochemistry and haematology

Serum protein level was significantly affected by dietary LC n-3 PUFA level (P = 0.042; one-factor
ANOVA,; Table 3.1.1.1.9). Serum protein level of fish fed the diet containing 2.13 g 100 g LC n-3
PUFA was significantly lower than those fed the diets containing either 1.83 g 100 g LC n-3 PUFA or
1.29 g 100 g* LC n-3 PUFA (P < 0.05). Serum protein level of fish was not significantly different
between other dietary treatments (P > 0.05). All other measured blood biochemistry and haematology
parameters were not significantly influenced by dietary LC n-3 PUFA level (P > 0.05; one-factor
ANOVA; Table 3.1.1.1.9).

Visceral somatic parameters, liver and gastrointestinal tract morphology

Dietary LC n-3 PUFA level did not significantly affect viscerosomatic index (5.58-6.77%) and
hepatosomatic index (1.16-1.36%; P > 0.05; one-factor ANOVA; Table 3.1.1.1.10).

Liver morphology scores for fatty change, inflammation, melanomacrophage centres, proliferation of
bile ducts and haemorrhages were not significantly affected by dietary LC n-3 PUFA level (P > 0.05;
one-factor ANOVA, Table 3.1.1.1.10). While inflammation, melanomacrophage centres, proliferation
of bile ducts and haemorrhages scores were low (0-1), fatty change was high, and scored 3 for all dietary
treatments.
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Hindgut and midgut morphology was variable. Dietary LC n-3 PUFA level significantly influenced
villus branching in the hindgut (P = 0.028; one-factor ANOVA; Table 3.1.1.1.10). Fish fed the diet
containing 2.13 g 100 g LC n-3 PUFA had significantly higher hindgut villus branching than those fed
diets containing either 1.29 g 100 g* LC n-3 PUFA or 0.75 g 100 g LC n-3 PUFA (P < 0.05), while
villus branching of fish fed other dietary LC n-3 PUFA levels were statistically similar (P > 0.05). Villus
branching in the midgut was not significantly affected by dietary LC n-3 PUFA level (P > 0.05).
Additionally, hindgut and midgut villus height, width, perimeter, area, and total goblet cell number and
composition were not significantly influenced by dietary LC n-3 PUFA level (P > 0.05; one-factor
ANOVA,; Table 3.1.1.1.10).

Discussion

Our aim in the current study was to improve current diet formulations and economic viability for YTK
production during summer by reducing/optimising dietary fish oil levels by understanding the practical
dietary LC n-3 PUFA requirements for optimum growth of large YTK (> 2 kg) at warm summer water
temperatures. In order to achieve this, YTK were fed graded dietary LC n-3 PUFA levels (fish oil).
Optimum SGR and FCR were obtained when YTK consumed 191 and 203 mg LC n-3 PUFA kg fish!
d?, respectively. Based on the combined results for SGR and FCR, the optimal dietary level of LC n-3
PUFA for large YTK at warm summer water temperatures was estimated to be between 2.12 and 2.26 g
100 g. The 95% CI for each response variable ranged between 1.90 to 2.33 g 100 g and 1.93 to 2.58
g 100 g for SGR and FCR, respectively. It is important to recognise the aforementioned estimates were
made by fitting quadratic polynomial regression models to the data and that other dose-response models
may provide different values. In terms of digestive tract health, apart from minor alterations to hindgut
villus branching, changing dietary LC n-3 PUFA level had no significant impacts on hind or midgut
histology of large YTK during this study. Further research under commercial conditions are needed
before implementing the recommended dietary level of LC n-3 PUFA on-farm.

These recommended levels compare to, albeit slightly higher than, the reported requirement of 2 g LC
n-3 PUFA 100 g* for juveniles of the closely related Japanese Yellowtail (Deshimaru et al., 1982). The
differences in recommendations may, in part be explained by species and size differences. Differences
may also be explained by differences in diet specifications and potential growth rates between studies
in relation to lipid and energy levels. The study of Deshimaru et al. (1982) was run using low energy
diets containing ~15% total lipid, whereas the current study used higher energy diets containing ~26%
lipid. More recently, the NRC (2011) suggested that EFA requirements should perhaps be reassessed
for fast growing fish species fed high energy/lipid diets. As such contrasting results from current studies
with previous older research using lower energy diets, may be misleading. Bearing this in mind, and
given the interest of the Australian YTK industry to use higher energy diets, the LC n-3 PUFA
recommendation for large YTK in the current study appears to be valid.

Stubhaug et al. (2007) suggested in general, fish do not preferentially retain LC n-3 PUFA. However,
Brodtkord et al. (1997) suggested that DHA appears to be an exception, when dietary levels of DHA are
deficient, DHA is preferentially retained in the tissue for most fish species. Results from an Honours
project linked to the experiment in the current study, conducted by Samantha Chown, indicated that
DHA deposition in white muscle tissue of large YTK was significantly altered by dietary LC n-3 PUFA
level (Figure 3.1.1.1.4). Below dietary threshold levels of LC n-3 PUFA, of between 2.13 and 2.39 g
100 g%, tissue levels of DHA appeared to be significantly reduced (Figure 3.1.1.1.4). Additionally, when
dietary levels of LC n-3 PUFA were below 2.13 g 100 g%, DHA levels in white muscle tissue appeared
to be conserved when dietary levels of LC n-3 PUFA were between 0.75 and 1.83 g 100 g* (Figure
3.1.1.1.4). This could be in part due to the A4 double bond in DHA being relatively resistant to
mitochondrial B-oxidation (Madsen et al., 1998). Therefore, it appears that when dietary levels of LC n-
3 PUFA are below 2.13 g 100 g, Large YTK may not have reserve DHA levels required for other
essential metabolic processes related to growth and health. This condition may become exacerbated
when fish are challenged with routine or unexpected culture stresses. Nevertheless, this result further
supports the estimated optimal dietary level of LC n-3 PUFA (between 2.12 and 2.26 g 100 g?), for
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growth and feed utilisation of large YTK at warm summer water temperatures, put forward in the current
study.

Several important issues need to be taken into consideration when formulating production diets to
economically deliver the targeted level of LC n-3 PUFA:

» There is not set recommended level of fish oil inclusion, as such, to deliver a set dose rate of LC
n-3 PUFA to meet the recommended daily requirement. The actual quality of the fish oil, in terms
of LC n-3 PUFA content, will determine the amount required, and must be ascertained prior to
formulation and manufacture. For example, if the fish oil contains high levels of LC n-3 PUFA
(high quality) lower inclusion levels will be required, and vice versa if the fish oil is of lower
quality a higher amount of oil will be required.

» The delivery of the recommended dose rate of LC n-3 PUFA may also be impacted if the total
lipid content of the diet is altered. Research investigating optimum protein and lipid levels with
large YTK at warm water temperatures (Manuscript 3.1.2.2) indicated that increasing dietary lipid
level from 25 to 30% resulted in significant reductions in feed intake of 9 and 14% at 40 and 44%
crude protein levels, respectively. This significant reduction in feed intake means that to achieve
the target dose rate of 191 to 203 mg LC n-3 PUFA kg d, the amount of fish oil added to the
diet will need to be increased.

 Currently fish oil is the practical, although expensive, source of LC n-3 PUFA (Glencross et al.,
2007; Tacon and Metian, 2009). Limited supplies of fishery by-product oils are also available.
Alternatives ingredients rich in LC n-3 PUFA, such as algal oil and genetically modified varieties
of plant oils (canola and soy oil) are on the horizon. Although being touted as economically viable,
the genetically modified plant oils tend to be perceived as socially un-acceptable. Nevertheless,
once LC n-3 PUFA rich alternate oils become commercially available further reductions in the use
of marine fish oil will be attainable.

Collectively, all of the aforementioned issues will impact the sustainable production of YTK production
diets

In addition to LC n-3 PUFA, fish oil is also a rich source of cholesterol (870 mg 100 g*), while
alternative lipid sources such as poultry oils contain lower levels (270 mg 100 g). The cholesterol levels
of the diets progressively declined from 295 to 243 mg 100 g* as fish oil was substituted with poultry
oil (Table 3.1.1.1.1). Cholesterol has many important biological functions including disease resistance
and taurine metabolism (Hernandez et al., 2004; Moschetta et al., 2005; Maita et al., 2006; NRC, 2011).
Cholerstrol can be synthesised by most vertebrates from sterol precursors; however, the abaility of YTK
to do so is unknown. In addition to understanding the LC n-3 PUFA requirements of YTK, dietary
cholesterol levels need to be considered when fish oil is replaced with alternative lipid sources, including
poultry oil. Previous studies have recommended that the supplementation of dietary cholesterol is
necessary when substituting high levels of fish oil with oil ingredients low in cholesterol, to prevent
hypocholesterolemia and associated health issues (Stone and Bellgrove, 2013). Currently however, the
dietary cholesterol requirement, and cholesterol de novo synthesise rate is unknown for large YTK,
particularly when utilising low dietary inclusions of fish oil. Further research in this area is needed.

Conclusions and Recommendations

Based on results for SGR and FCR from the current study, it is estimated that the conservative and
practical dietary > LC n-3 PUFA level for optimal growth of YTK (2.67-3.84 kg) at warm water
temperatures is between 2.12 and 2.26 g 100 g*. The 95% CI for each response variable ranged between
1.90t0 2.33 g 100 g and 1.93 to 2.58 g 100 g* for SGR and FCR, respectively. This level compares to
the reported requirement for LC n-3 PUFA of the closely related Japanese yellowtail (Seriola
quinqueradiata; 45-80 g) of 2.00 g 100 g (Deshimaru et al., 1982). It is important to recognise the
aforementioned estimates were made by fitting quadratic polynomial regression models to the data and
that other dose-response models may provide different values. Pilot scale commercial research trials are
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recommended to validate these requirements under commercial conditions before implementing this
level of LC n-3 PUFA in commercial diets.

Findings

» Optimising LC n-3 PUFA levels in YTK diets by reducing dietary fish oil inclusions lead to
improved diet sustainability and diet cost savings, compared to current commercial diets.

* We recommend that these results are followed up with further pilot scale commercial trials before
the implementing this LC n-3 PUFA level on-farm. Levels of DHA in white muscle tissue of YTK
were conserved when dietary LC n-3 PUFA levels were limiting growth.

+ All FCRs in the current Manuscript ranged from 2.43 down to 2.03. Apparent feed conversion
ratio (FCR) was significantly influenced by diet, and tended to be improved in fish fed diets
containing > 1.83 g 100 g* LC n-3 PUFA (2.03 -2.11) compared to other diets.

* An improvement in FCR based on the information provided within this Manuscript, will assist
feed manufacturers in formulating commercial diets that achieve one of the overarching goals of
the K4P project, which was to provide information to assist producers to achieve FCRs of < 2.2
for large YTK between 1.5-3.5 kg.

Publications

No publications have resulted from this R&D to date.
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Table 3.1.1.1.1. Experimental design of dietary treatments to investigate the practical conditional dietary
requirements for long chain n-3 polyunsaturated fatty acids (LC n-3 PUFA; EPA, DPA and DHA) in
large Yellowtail Kingfish (Seriola lalandi) at warm water temperatures.

Item Pellet kernel (%)%  Fish oil (%)*? Poultry oil (%)?  YLC n-3 PUFA level (g 100 g
D2.95 80 8 12 2.950
D2.39 80 6 14 2.390
D2.13 80 5 15 2.140
D1.83 80 4 16 1.830
D1.61 80 3 17 1.610
D1.29 80 2 18 1.293
D1.01 80 1 19 1.012
DO0.75 80 0 20 0.753

Lpellet kernel, fish oil and poultry oil supplied by Skretting Australia (Cambridge, Tasmania, Australia).

2Pellet kernel, fish oil and poultry oil were analysed for total crude lipid and fatty acid profile prior to top-coating pellet kernel
(lipid level and Y'LC n-3 PUFA level for the pellet kernel, fish oil and poultry oil was 9.55, 100.00 and 100.00%, and 1.03,
34.10 and 0.40 g 100 g1, respectively).
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Table 3.1.1.1.2. Analysed proximate, mineral and amino acid composition of the eight test diets used in
the current trial.

Diet! D2.95 D2.39 D2.13 D1.83 D1.61 D1.29 D1.01 DO0.75

Item (as fed)
Proximate composition (g 100 g'1)

Moisture 7.3 7.3 7.2 7.2 7.3 7.2 7.3 7.3
Crude protein 43.19 43.31 42.94 43.00 42.58 43.00 43.06 4294
Crude lipid 26.2 26.0 26.9 26.6 27.1 26.9 26.8 27.1
Ash 9.7 9.8 9.6 9.9 9.6 9.8 9.7 9.5
Carbohydrate? 13.6 13.6 134 13.3 134 13.1 13.1 13.2
Gross energy (MJ kg) 19.35 19.29 19.52 1941 19.55 19.49 19.47 19.56
Rancidity test

p-Anisidine Value 20.7 19.0 19.3 175 15.6 151 153 145
Peroxide Value 4.1 4.0 2.9 <0.1 <0.1 <0.1 <0.1 <0.1
Analysed minerals (mg kg™)

Calcium 28000 28000 26000 26000 26000 27000 27000 26000
Copper 13 12 12 19 12 12 12 12
lodine 4.5 19 3.0 2.9 2.8 34 25 3.1
Iron 750 690 720 700 670 740 750 690
Magnesium 1500 1500 1400 1500 1500 1500 1500 1500
Manganese 35 41 39 36 35 38 40 41
Phosphorus 19000 18000 18000 18000 18000 18000 18000 18000
Potassium 6000 6000 5900 6000 5900 5900 5900 5900
Selenium 1.8 18 1.8 19 1.7 1.7 1.9 1.8
Zinc 200 190 190 200 190 190 190 190
Analysed amino acids (g 100 g)

Alanine 2.650 2.624 2.626 2.663 2.625 2.598 2.633 2.647
Arginine 2.497 2.499 2,511 2.580 2.560 2.467 2.534 2.576
Aspartic acid 4.176 3.913 2.675 3.149 4.067 3.199 3.129 3.980
Glutamic acid 4.823 5.418 6.542 5.983 5.009 5.773 5.716 5.103
Glycine 3.013 2.998 2.956 3.174 3.055 2.958 3.062 3.054
Histidine 1.212 1.128 1.139 1.178 1.192 1.125 1.177 1.153
Isoleucine 1.439 1.436 1.445 1.428 1.439 1.415 1.459 1.435
Leucine 3.337 3.307 3.357 3.353 3.316 3.293 3.349 3.332
Lysine 2.764 2.705 2.856 3.017 2.912 2.750 2.959 2.781
Methionine 1.064 1.032 1.046 1.087 1.041 1.056 1.074 1.035
Phenylalanine 1.967 2.072 2.150 2.019 2.016 2.072 1.991 2.030
Proline 2.345 2.393 2.429 2511 2.460 2.409 2412 2.344
Hyroxy Proline 0.775 0.767 0.757 0.796 0.782 0.782 0.768 0.789
Serine 1.647 1.586 1.586 1.687 1.636 1.627 1.655 1.604
Threonine 1.609 1.598 1.628 1.644 1.638 1.599 1.628 1.613
Tyrosine 1.187 1.155 1.191 1.175 1.168 1.169 1.192 1.167
Valine 2.365 2.328 2.368 2.397 2.353 2.317 2.384 2.349
Total amino acid 38.87 38.96 39.26 39.84 39.27 38.61 39.12 38.99
Other (mg 100 g1)

Taurine 686 720 745 820 715 753 708 704
Choline (Hydroxide) 358.18 353.96 350.96 353.18 353.84 345.76 34228 34241
Cholesterol 295 285 286 276 268 251 250 243

1 Pellet kernel, fish oil and poultry oil to manufacture diets were supplied by Skretting Australia (Cambridge, Tasmania, Australia).
2 Carbohydrate = 100 - (moisture + lipid + protein + ash).
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Table 3.1.1.1.3. Analysed fatty acid composition of the eight test diets used in the current trial.

Diet! D295 D239 D213 D183 D161 D129 D101 DO0.75

Analysed fatty acids (mg 100 g'%)
Saturated Fatty Acids

C4:0 Butyric <10 <10 <10 <10 <10 <10 <10 <10
C6:0 Caproic <10 <10 <10 <10 <10 <10 <10 <10
C8:0 Caprylic <10 <10 <10 <10 <10 <10 <10 <10
C10:0 Capric <10 <10 <10 <10 <10 <10 <10 <10
C12:0 Lauric <10 <10 <10 <10 <10 <10 <10 <10
C13:0 Trisdecanoic <10 <10 <10 <10 <10 <10 <10 <10
C14:0 Myristic 900 760 730 660 620 540 480 420
C15:0 Pentadecanoic 89 77 77 74 69 66 59 53
C16:0 Palmitic 5550 5570 5760 5780 5860 5890 5880 5930
C17:0 Margaric 110 100 100 98 95 93 90 89
C18:0 Stearic 1670 1690 1770 1790 1810 1840 1860 1870
C20:0 Arachidic 53 49 51 47 44 48 44 36
C22:0 Docosanoic 31 31 30 28 26 24 23 25
C24:0 Tetracosanoic 21 <10 24 <10 <10 <10 <10 <10
Mono-unsaturated Fatty Acids

C10:1 Decenoic <10 <10 <10 <10 <10 <10 <10 <10
C14:1 Myristoleic 78 79 78 77 79 75 77 76
C15:1 Pentadecenoic <10 <10 <10 <10 <10 <10 <10 <10
C16:1 Palmitoleic 1610 1570 1560 1530 1540 1490 1440 1450
C17:1 Heptadecenoic 50 46 51 50 53 52 50 53
C18:1n-6 Octadecenoic <10 <10 <10 <10 <10 <10 <10 <10
C18:1n-7 Octadecenoic 670 650 660 650 660 650 640 640
C18:1n-9 Oleic 8020 8700 9290 9530 10080 10310 10580 11050
C20:1n-9 Eicosenoic 160 156 150 150 140 150 140 130
C20:1n-11,13 Eicosenoic 44 38 34 36 36 31 34 31
C20:1 Eicosenoic (total) 200 190 180 190 180 180 170 160
C22:1n-9 Docosenoic 47 <10 18 <10 <10 <10 <10 <10
C22:1n-11,13 Docosenoic 64 46 44 36 31 23 <10 <10
C24:1 Tetracosenoic 48 37 41 35 32 24 24 20
Poly-unsaturated Fatty Acids

C18:2n-6 Linoleic 2300 2500 2650 2730 2900 2960 3040 3150
C18:2 Conjugated 9c¢ 11t Octadecadienoic 33 37 38 39 42 40 45 46
C18:3n-6 Gamma Linolenic 43 38 41 37 36 35 30 31
C20:2n-6 Eicosadienoic <10 <10 <10 <10 <10 <10 <10 <10
C20:3n-6 Dihomo-gamma-linoleic 33 33 35 28 28 25 27 24
C20:4n-6 Arachidonic 170 160 50 140 140 120 110 110
C22:4n-6 Docosatetraenoic 30 26 19 21 <10 <10 <10 <10
C22:5n-6 Docosapentaenoic 52 44 34 28 22 22 <10 <10
C18:3n-4 Octadectrenoic <10 <10 <10 <10 <10 <10 <10 <10
C18:3n-3 Alpha Linolenic 430 460 490 490 520 530 540 550
C18:4n-3 Steridonic 270 220 190 160 130 110 75 51
C20:3n-3 Eicosatrienoic <10 <10 <10 <10 <10 <10 <10 <10
C20:4n-3 Eicosatetraenoic 170 44 45 41 35 27 38 21
C20:5n-3 Eicosapentanaeoic 1350 1060 930 790 680 530 400 270
C21:5n-3 Heneicosapentaenoic <10 <10 <10 <10 <10 <10 <10 <10
C22:5n-3 Docosapentaenoic 160 140 130 110 100 83 72 63
C22:6n-3 Docosahexaenoic 1440 1190 1080 930 830 680 540 420
>LC n-3 PUFA 2950 2390 2140 1830 1610 1293 1012 753
n-3 FA:n-6 FA 1.45 1.11 1.01 0.84 0.73 0.62 0.52 0.41

! Pellet kernel, fish oil and poultry oil to manufacture diets were supplied by Skretting Australia (Cambridge, Tasmania, Australia)
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Table 3.1.1.1.4. Summary of water quality parameters.

- Temperature  Dissolved oxygen  Dissolved oxygen H Salinity Ammonia CO2
(°C) (mg L) (% saturation) P (mg L) (ppm) (mg L)

Mean 19.7+2.2 73106 97.7+6.7 790+£012 360 0.35+0.25 2+1

Range  155-245 48-9.9 70.0 - 119.0 758-8.16 36-36 0.00 - 2.00 1-5

1 Values means + standard deviation.
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Table 3.1.1.1.5. Growth performance, feed utilisation, proximate composition and nutrient retention of Yellowtail Kingfish fed graded dietary long chain

Kingfish for Profit (K4P) Report

omega-3 polyunsaturated fatty acid levels for 84 days at warm summer water temperatures.

Diet! D2.95 D2.39 D2.13 D183 D161 D1.29 D101 D0.75 ANOVA?
Growth performance

Initial weight (kg) 2.670.02 2.67+0.02 2.66+0.01 267001  2.67£0.01 2.66+0.02 2.66+0.02 2.670.02 P =0.994
Final weight (kg) 3.77+0.04%  3.84+0.06°  3.79:+0.01%  3.84+0.04°  3.81x0.05®  3.75:0.02%  3.71#0.04®  3.610.07" P = 0.036
Biomass gain (kg tank™%) 21.88+0.85%  23.28+0.80°  2250+0.11°  23.44+0.78%  22.84+0.93°  21.90+0.46®  20.92+1.09%  18.70+1.09" P =0.017
SGR (% d'1) 0.410.022 0.43+0.012  0.42+0.00% 0.43:0.012 0424001  0.41%0.01° 0.39+0.02%  0.35:0.02 P =0.016
Initial fork length (mm) 550.2+1.3 556.3+3.0 554.1+0.6 555.3t1.7  558.0+1.4 556.7+0.3 555.0+0.7 556.2+1.2 P =0.370
Final fork length (mm) 610.6:0.9%  612642.1°  607.2:0.8%  608.8+1.8%°  610.0+1.4%  608.3:25%  6051+1.6®  602.0+2.9° P =0.028
Length growth rate (mm d-) 0.610.02 0.670.01 0.630.00 0.63:002  0.61:0.01 0.61+0.03 0.59+0.02 0.54+0.02 P =0.014
Final Condition factor 1.6520.01 1.670.01 1.69+0.00 1.70+001  1.68+0.01 1.67+0.02 1.67+0.02 1.65:0.01 P =0.146
Feed utilisation (as fed)

'(?(gp;f;ﬁ)feed consumption 45.99+0.49  47.23t0.70  4758:0.78 48342076  4845:1.99  47.45:049  4598£121  4526:1.45 P = 0.394
'(“ozrg‘\r,'\el”é{;ed intake 0.880.01 0.89:001  0.90£0.01 0911002  0.92:003 091001 0.89:0.02 0.88:+0.01 P =0.629
Apparent FCR 2.11+0.09° 2.03:0.05°  2.11+0.04° 207+0.05°  2.12+0.06°  2.17+0.03" 2.20£0.07 2.4320.072 P =0.008
Proximate composition (wet

basis)

Moisture (%) 50.1+1.1 58.8+0.4 59.2+0.4 58.8+0.4 59.6+0.8 58.7+0.4 50.0+0.3 60.0+0.2 P =0.751
Protein (%) 20.06¢0.25  1958+0.14  20.35:0.16  19.8840.13  20.19+0.43  20.69+0.33  20.76:0.16 20.11%0.35 P =0.093
Lipid (%) 19.1+1.0 18.7+0.5 19.0£0.7 19.40.2 18.2+0.9 17.9+0.7 18.8+0.4 17.6£0.3 P = 0.500
Ash (%) 2.0£0.1 2.6£0.4 2.310.4 2.740.2 2.450.4 2.310.2 2.240.2 2.240.2 P =0.708
Carbohydrate (%) <15 <15 <15 <15 <15 <15 <15 <15 P =1.000
Energy (MJ kg™) 10.48£0.31  10.28:0.19  10.50#0.23  1057+0.09  10.16£0.25  10.17+023  10.47+0.13 9.94+0.14 P = 0.401
Nutrient retention (%)3

Apparent PD 21144056 20124051  22.34+041  21.0240.58  21.72+154  22.95:1.16  22.86+1.22  18.51+1.05 P = 0.067
Apparent ED 31.30£3.30  30.39+2.12  30.93#2.35  32.05:0.19  27.90+1.99 27524200  29.7740.63  23.20+0.61 P =0.088

! Values are mean + SE; n = 3. Initial fish proximate composition (wet basis): Moisture 61.8%, protein 20.41%, lipid 16.5%, ash 2.2%, carbohydrate (by difference) 1.5%, energy 9.57 MJ kg

2 A significance level of P < 0.05 was used for all statistical tests, where significant differences were observed post-hoc tests were used (Student-Newman-Keuls test) to detect differences between

treatments, values without a common superscript are significantly different (a indicates the highest value; P < 0.05).
3 ED =energy deposition; PD = protein deposition.
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Table 3.1.1.1.6. Cholesterol and fatty acid composition (mg 100 g*) of Yellowtail Kingfish fed graded dietary long chain omega-3 polyunsaturated fatty acid
levels for 84 days at warm water temperatures.

Diet!? Initial D2.95 D2.39 D2.13 D1.83 D1.61 D1.29 D1.01 D0.75 ANOVA?®
Cholesterol (mg 100 g* wet) - 100+2 96+4 102+4 101+4 98+6 98+4 100+2 971 P =0.933
Saturated Fatty Acids

C14:0 Myristic 500 550+26° 510+212 490+23® 483+9% 433427 407+15°¢ 42743 390+6° P <0.001
C15:0 Pentadecanoic 59 62+3° 6022 56+3%° 57413 53+3%¢ 50+1% 53+1%¢ 48+0° P =0.002
C16:0 Palmitic 3010 3293+141 3267131 3223+145 3297442 3117+169 3040+121 320743 297060 P=0411
C17:0 Margaric 63 67+2 64+3 63+4 65+0 59+4 56+2 60+1 55+1 P =0.063
C18:0 Stearic 910 1000+35 997+41 1010+40 1007+3 97055 947+38 1007+15 920+12 P =0.492
C20:0 Arachidic 34 3241 32+1 312 34+1 302 310 311 27+1 P =0.070
C22:0 Docosanoic 16 17+1 15+1 16+2 16+1 14+0 13+0 15+1 14+0 P =0.096
Saturated Fat (g 100 g™) 4.6 5.0+0.2 4.9+0.2 4.9+0.2 5.0£0.1 47+0.3 4.6+0.2 4.8+0.1 4.4+0.1 P =0.252
Mono-unsaturated Fatty Acids

C14:1 Myristoleic 30 39422 39422 40+1* 39412 362 35+2% 362 32+1° P =0.026
C16:1 Palmitoleic 1050 1260+64 1220453 1230+46 1243+15 1153+67 1130+44 117322 1100+20 P =0.197
C17:1 Heptadecenoic 45 55+3 55+1 55+2 56+1 52+2 51+2 55+3 51+1 P =0.501
C18:1n-7 Octadecenoic 500 583+26 567+23 567+15 573+9 540+30 523+20 543+12 51749 P=0.218
C18:1n-9 Oleic 5490 6693+303 6783+298 7010+188 7290+74 6963+393 6933+315 7253+233 6940+167 P=0.741
C20:1 Eicosenoic (total) 240 21743 21743 21349 217+7 207£15 200£10 210£0 2000 P =0.535
C20:1n-9 Eicosenoic 210 190+6 1900 190+6 190+6 1779 1777 187+3 1733 P=0.170
C20:1n-11,13 Eicosenoic 30 28+1 28+0 27+2 27+1 29+3 271 261 25+0 P =0.742
C22:1n-9 Docosenoic 22 17+1 17+1 16+1 18+0 16+1 15+1 17+1 16+1 P =0.315
C24:1 Tetracosenoic 48 44+2 41+1 412 41+0 372 36x1 39+1 34+2 P =0.001
Mono Unsaturated Fat (g 100 g™) 7.5 9.0+0.4 9.0+0.4 9.3+0.3 9.6+0.1 9.1+0.5 9.0+0.4 9.4+0.3 9.0+0.2 P =0.883

1Values are mean + SE; n = 3.

2 Samples below the detectable range and were assigned the value of 0. Values for the following fatty acids < 10 mg 100 g-1 and were excluded from the table: C4:0 Butyric, C6:0 Caproic, C8:0
Caprylic, C10:0 Capric, C12:0 Lauric, C13:0 Trisdecanoic, C24:0 Tetracosanoic, C10:1 Decenoic C15:1 Pentadecenoic C18:1n-6 Octadecenoic, C22:1n-11, 13 Docosenoic, C18:3n-6 Gamma
Linolenic C20:3n-3 Eicosatrienoic2 C21:5n-3 Heneicosapentaenoic.

3 A significance level of P < 0.05 was used for all statistical tests, where significant differences were observed post-hoc tests were used (Student-Newman-Keuls test) to detect differences between
treatments, values within each row without a common superscript are significantly different (a indicates the highest value; P < 0.05).
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Table 3.1.1.1.6. Continued: Cholesterol and fatty acid composition (mg 100 g?) of Yellowtail Kingfish fed graded dietary long chain omega-3 polyunsaturated
fatty acid levels for 84 days at warm water temperatures.

Diet!? Initial D2.95 D2.39 D2.13 D1.83 D1.61 D1.29 D1.01 D0.75 ANOVAS
C18:2n-6 Linoleic 1670 18831104 1910444 1980+78 2067+£17 1963+90 1960+86 2060£50 1980+44 P=0571
C18:3n-3 Alpha Linolenic 220 287120 28313 30010 31343 29016 297+12 303£12 28319 P =0.480
C18:3n-4 Octadecatrienoic 17 1611 1742 17+1 16+1 12+1 1240 13+1 12+1 P =0.092
C18:4n-3 Steridonic 93 130+122 110+0° 10343 10244 863 79+3¢ 7624 67+5¢ P <0.001
C20:2n-6 Eicosadienoic 27 31+1 31+1 3212 31+1 31+2 29+1 341 31+1 P =0.476
C20:3n-6 Dihomo-gamma-linoleic 22 24+2 25+1 24+1 25+1 22+1 23+1 23+1 21+1 P =0.392
C20:4n-3 Eicosatetracenoic 120 109+6° 100+0% 98+7% 97+2%® 88+4% 83+3% 88+1% 79+4°¢ P =0.001
C20:4n-6 Arachidonic 120 133+12 11743 12016 120+0 110+6 10743 11343 1055 P =0.063
C20:5n-3 Eicosapentaenoic 630 743737 623+18° 603+24° 597+13° 510429 480421 4839 443+32° P <0.001
C22:4n-6 Docosatetraenoic 34 3837 331 3241 331 28+2° 28+0° 29+2° 28+2° P =0.007
C22:5n-3 Docosapentaenoic 180 217+20% 19046 18747 187+3* 163+9° 157+3° 160+0° 150+10° P =0.002
C22:5n-6 Docosapentaenoic 35 38+4° 3441% 31+2%¢ 30+22¢ 26+1% 2442% 24+1% 22+3¢ P =0.001
C22:6n-3 Docosahexaenoic 790 993+93? 840+38% 827+27%¢ 827+19%° 723+33% 687+34 707+19% 627+49° P <0.001
>LC n3 PUFA 1600 1953+186° 16534592 1617+57%® 1610435 1397+70% 1323+58% 1350425 1220+90° P <0.001
Poly Unsaturated Fat (g 100 g% 4.1 4.8+0.3% 4.5+0.0% 4.5+0.2% 4.60.1% 4.240.2% 4.140.2% 4.240.1% 4.0+0.1° P =0.030
Trans Fat content (g 100 g% 0.3 0.2+0.0 0.2+0.0 0.2+£0.0 0.2+0.0 0.2+£0.0 0.2+0.0 0.31£0.0 0.2+£0.0 P =0.786
Total Omega 3 2050 2487+221*° 2167462 2130+75%® 2137+38® 1877484 1787+73% 1830+23% 1667+£104° P <0.001
Total Omega 6 1920 2153+130 2157438 2227490 2317+18 2203+97 2177488 2297448 2197448 P=0.734
Total Omega 9 5770 6943+309 7030+301 7260£199 7540£79 71974404 71574324 7490£236 71631164 P =0.760

1values are mean + SE; n= 3.

2 Samples below the detectable range and were assigned the value of 0. Values for the following fatty acids < 10 mg 100 g-1 and were excluded from the table: C4:0 Butyric, C6:0 Caproic, C8:0
Caprylic, C10:0 Capric, C12:0 Lauric, C13:0 Trisdecanoic, C24:0 Tetracosanoic, C10:1 Decenoic C15:1 Pentadecenoic C18:1n-6 Octadecenoic, C22:1n-11, 13 Docosenoic, C18:3n-6 Gamma
Linolenic C20:3n-3 Eicosatrienoic2 C21:5n-3 Heneicosapentaenoic.

3 A significance level of P < 0.05 was used for all statistical tests, where significant differences were observed post-hoc tests were used (Student-Newman-Keuls test) to detect differences between
treatments, values within each row without a common superscript are significantly different (a indicates the highest value; P < 0.05).
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Table 3.1.1.1.7. Essential and non-essential amino acid composition (g 100 g*) of Yellowtail Kingfish fed graded dietary long chain omega-3 polyunsaturated
fatty acid levels for 84 days at warm summer water temperatures.

Diet! Initial D2.95 D2.39 D2.13 D1.83 D1.61 D1.29 D1.01 DO0.75 ANOVA?
Essential

Arginine 1531 1.233+0.036  1.235+0.018  1.178+0.069  1.195:0.026  1.220+0.057  1.230+0.026  1.143+0.043  1.173+0.060 P =0.780
Histidine 0.979 1.107+0.031  1.087+0.031  1.132+0.072  1.052+0.007  1.078+0.035  1.038+0.018  1.021+0.063  1.082+0.055 P =0.692
Isoleucine 0.802 0.941+0.037  0.910+0.046  0.927+0.038  0.900£0.034  0.940+0.032  0.887+0.048  0.862+0.032  0.957+#0.014 P =0.635
Leucine 1.335 1.428+0.029  1.403+0.036  1.424+0.016  1.393+0.029  1425+0.012  1.351+0.035  1.325+0.046  1.424+0.021 P =0.182
Lysine 1.655 1.107+0.344  1.589+0.097  1.618+0.061  1.602+#0.154  1.830+0.113  1549+0.046  1.657+0.042  1.631+0.058 P =0.129
Methionine 0.467 0.420+0.031  0.432+#0.055  0.470+0.041  0.427+0.021  0.413+0.050  0.427+0.018  0.439+0.043  0.401+0.017 P =0.944
Phenylalanine 0.777 0.785+0.016  0.766+0.022  0.774+0.018  0.768+0.013  0.784+0.008  0.753+0.012  0.745:0.030  0.787#0.014 P =0.636
Threonine 0.838 0.815+0.022  0.849+0.029  0.835+0.021  0.815+0.003  0.853+0.016  0.838+0.018  0.785:0.037  0.821#0.015 P =0.465
Valine 1.006 1.02940.020  1.012+40.010  1.022+0.022  1.015¢0.017  1.016+0.004  0.980+0.011  0.958+0.030  1.029+0.027 P =0.180
Non-essential

Alanine 1.721 1.220£0.062  1.267+0.049  1.218+0.036  1.280+0.025  1.328+0.038  1.295+0.059  1.169+0.043  1.228+0.054 P =0.367
Aspartic acid 2.013 1.908+0.038  1.926+0.044  1.895+0.027  1.867+#0.037  1.953+0.050 165540218  1.831+0.049  1.980+0.061 P =0.299
Glutamic acid 2.744 2.607+0.025  2.713+0.126  2.666+0.104  2.559+0.118  2.848+0.050  2.765+0.187  2.434+0.028  2.829+0.139 P =0.202
Glycine 2.699 1.186£0.157  1.366+0.162  1.235+0.064  1.45140.113  1516+0.113  1548+0.205  1.254+0.065  1.265+0.111 P =0.409
Proline 1.793 0.878+0.095  0.978+0.077  0.910+0.052  1.029+0.060  1.060+0.071  1.072+0.115  0.900+0.046  0.924+0.065 P =0.452
g'%‘f;?é‘y 0.606 0.234+0.031  0.282+#0.043  0.239+0.030  0.299+0.015  0.303+0.029  0.348+0.059  0.245+0.012  0.249+0.027 P =0.265
Serine 0.879 0.729+0.040  0.726+0.015  0.740+0.049  0.730¢0.011  0.746+0.014  0.739+0.013  0.688+0.033  0.726+0.017 P =0.879
Tyrosine 0.567 0.645+0.013  0.642+#0.024  0.658+0.010  0.627+0.016  0.637+0.005  0.609+0.012  0.587+0.027  0.640+0.014 P =0.138
Total amino _

as 2241 18.27+0.48 19.18+0.24 18.94+0.39 19.01+0.35 19.95:0.42 19.09+0.34 18.04+0.58 19.15+0.32 P =0.099

1 Values are mean + SE; n = 3;
2 A significance level of P < 0.05 was used for all statistical tests, where significant differences were observed post-hoc tests were used (Student-Newman-Keuls test) to detect differences between

treatments, values without a common superscript are significantly different (a indicates the highest value; P < 0.05).
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Table 3.1.1.1.8. Mineral composition (mg kg?) of Yellowtail Kingfish fed graded dietary long chain omega-3 polyunsaturated fatty acid levels for 84 days at
warm summer water temperatures.

Diet! Initial D2.95 D2.39 D2.13 D1.83 D161 D1.29 D1.01 DO0.75 ANOVA?
Calcium 4800 4633578 7033+1559 4067+433 6167+884 4967+1244 7600+872 6567+578 4433+186 P =0.092
Copper 0.92 0.63+0.02 0.65+0.01 0.68+0.05 0.72+0.01 0.70+0.02 0.68+0.02 0.74+0.10 0.79+0.06 P =0.306
lodine 0.33 0.33+0.03 0.37+0.01 0.41+0.04 0.38+0.07 0.33+0.03 0.38+0.05 0.40+0.06 0.35+0.08 P =0.914
Iron 23 1942 18+1 18+1 20+2 17+1 19+1 18+1 235 P=0.573
Magnesium 340 313+12 350+23 297+7 330+15 320+15 353+15 3377 303+3 P =0.072
Manganese 1.30 0.45+0.04 0.62+0.11 0.42+0.02 0.57+0.07 0.50+0.11 0.63+0.07 0.61+0.06 0.50+0.04 P =0.317
Potassium 3200 3200+58 3233+33 3200+0 3200+58 3300+100 3167+33 320058 3200+58 P=0.828
Phosphorus 4400 4367+318 5633+801 4000+231 5100+503 4500+608 5800+404 5233+240 4200+115 P =0.087
Selenium 0.83 0.64+0.01 0.70+0.01 0.67+0.01 0.66+0.02 0.67+0.03 0.69+0.02 0.65+0.02 0.67+0.01 P =0.444
Zinc 15 12+1 14+1 1240 13+0 12+1 14+1 14+1 12+1 P =0.125

1 Values are mean = SE; n = 3.
2 Asignificance level of P < 0.05 was used for all statistical tests.
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Table 3.1.1.1.9. Blood haematology and biochemistry of Yellowtail Kingfish fed graded dietary long chain omega-3 polyunsaturated fatty acid levels for 84
days at warm summer water temperatures.

Diet* D2.95 D2.39 D2.13 D1.83 D1.61 D1.29 D1.01 D0.75 ANOVA?

Biochemistry®

Sodium (mmol L) 189.56+0.80 191.00+7.84 191.56+2.15 191.56+5.53 190.22+1.06 181.44+8.22 184.78+3.82 198.33+7.02 P =0.548
Potassium (mmol L?) 10.03+0.25 12.42+0.57 7.88+0.75 8.78+0.90 9.86+2.54 14.74+4.24 12.32+1.71 9.90+2.18 P =0.360
Urea (mmol L?) 1.34+0.26 1.70+0.30 1.52+0.04 1.61+0.21 1.97+0.21 1.56+0.27 1.76+0.11 2.14+0.28 P =0.325
Creatinine (mmol L) 0.02+0.00 0.02+0.00 0.02+0.00 0.02+0.00 0.02+0.00 0.02+0.00 0.05+0.04 0.02+0.00 P =0.412
Calcium (mmol L) 3.11+0.07 3.17+0.05 2.94+0.05 3.13+0.06 3.08+0.07 3.02+0.11 3.05+0.12 3.14+0.05 P =0.497
Protein (g L) 40.78+0.59% 42.22+0.11% 37.78+0.87° 43.33+0.84% 41.22+0.56% 43.00£2.22% 41.44+0.87% 41.56+0.78% P =0.042
Albumin (g L) 22.00£1.35 20.78+0.11 19.44+0.97 21.00+0.51 20.89+0.29 23.44%3.02 21.11+1.56 22.00+0.51 P =0.647
Globulin (g LY 18.78+1.28 21.44+0.11 18.33+£1.50 22.33£1.26 20.33+£0.38 21.78+1.46 20.33£1.17 19.56+1.06 P =0.208
Total Bilirubin (mmol L?) 0.56+0.22 0.67+0.00 0.44+0.22 0.78+0.11 0.33+0.19 0.56+0.40 0.67+0.33 0.56+0.11 P =0.914
ALT (IU LY 14.44+1.87 9.67+0.88 16.33+4.30 13.56+1.57 14.56+1.44 12.1142.76 14.11+0.11 11.89+1.47 P =0.526
ALP (1U LY 11.89+1.06 13.33£1.35 11.22+1.37 12.78+2.82 10.89+1.16 11.44+1.49 11.33+0.67 10.44+2.26 P =0.923
Magnesium (mmol L) 1.68+0.13 1.52+0.13 1.63+0.08 1.69+0.14 1.83+0.23 1.72+0.13 1.54+0.12 1.66+0.09 P =0.812
Cholesterol (mmol L) 5.94+0.23 6.12+0.13 5.21+0.03 5.72+0.06 5.39+0.51 6.44+1.53 5.02+1.11 5.03+0.37 P =0.779
Triglyceride (mmol L) 1.20+0.15 1.71+0.19 1.52+0.20 1.32+0.10 1.35+0.22 1.26+0.46 1.40+0.18 1.88+0.11 P =0.428
Bile Acids (mmol L?) 5.14+0.93 458+0.74 16.62+8.69 7.08+2.84 6.86+2.66 2.99+0.68 11.26+3.57 3.49+0.08 P =0.205
Haematology*

RBC (x10%?) 3.39+0.04 3.55+0.15 3.07+0.01 3.44+0.18 3.23+0.16 3.59+0.03 3.38+0.09 3.50+0.04 P =0.065
HGB (g L?) 12312 12741 1134 12443 124+4 12414 11746 12445 P =0.212
PCV (LLY) 0.51+0.00 0.51+0.00 0.49+0.01 0.49+0.01 0.48+0.00 0.49+0.03 0.50+0.01 0.48+0.03 P =0.846
MCV (fl) 170.5+£3.4 160.7£7.1 177.5%6.2 164.8+11.2 173.5+6.9 165.3+4.1 167.8+4.6 164.8+6.0 P =0.683
MCH (pg) 36.3+0.6 35.2+1.0 36.8+1.2 35.1+1.3 38.2£1.0 35.6+0.6 38.1+4.3 35.5£1.5 P =0.851
MCHC (g L% 213+1 22242 20940 21748 21743 21243 208+11 21742 P =0.545
WBC (x10°%) 5.7+0.3 5.310.1 5.8+0.1 5.8+0.2 5.7+0.3 5.6+0.2 5.5+0.0 5.8+0.2 P =0.591
Granulocytes (%) 910 811 910 1040 8+1 9+1 810 940 P =0.176
Lymph (%) 90+1 91+1 91+0 89+0 91+1 91+1 91+1 90+0 P =0.201
Mono (%) 1+0 1+0 1+0 1+0 1+0 1+0 1+0 1+0 P =0.993
Eosin (%) 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 P =1.000
Baso (%) 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 P =1.000
Platelets (x10°) 20+1 9+1 2145 13+5 18+3 12+1 19+2 14+2 P =0.151

! Values are mean + SE; n = 3. SE less than 0.01 are reported as “0.00.

2 A significance level of P < 0.05 was used for all statistical tests, where significant differences were observed post-hoc tests were used (Student-Newman-Keuls test) to detect differences between
treatments, values without a common superscript are significantly different (a indicates the highest value; P < 0.05).

3 ALT = alanine aminotransferase; ALP = alkaline phosphatase.

4 Smear content: red and white cell normal; Baso = basophil; Eosin = eosinophil; HGB = haemoglobin; Lymph = lymphocytes; MCH = mean corpuscular haemoglobin; MCHC = mean corpuscular
haemoglobin concentration; MCV = mean corpuscular volume; Mono = monocytes; PCV = packed cell volume; RBC = red blood cell count; WBC = white blood cell count.

43



Stone, D.A.J., Booth, M.A. and Clarke, S.M. (eds) (2019)

Kingfish for Profit (K4P) Report

Table 3.1.1.1.10. Visceral somatic parameters and gastrointestinal morphology of Yellowtail Kingfish fed graded dietary long chain omega-3 polyunsaturated
fatty acid levels for 84 days at warm summer water temperatures.

Diet! D2.95 D2.39 D2.13 D1.83 D1.61 D1.29 D1.01 D0.75 ANOVA?
Visceral somatic parameters

Viscerosomatic index (VSI; %) 6.23+0.39 6.04+0.12 6.27+0.23 6.74+0.27 6.12+0.34 5.58+0.14 6.77+0.30 5.94+0.12 P =0.071
Hepatosomatic index (HSI; %) 1.19+0.05 1.24+0.02 1.30+0.05 1.36+0.01 1.25+0.05 1.16+0.01 1.22+0.11 1.18+0.00 P =0.166
Hind gut morphology

Villus height (um) 672461 916456 857+56 891+107 810+42 661+149 83316 573458 P =0.057
Villus width (um) 293+44 357+22 456£72 397+21 369+56 29670 400+14 254+44 P=0.121
Villus perimeter (um) 2626+801 4105734 365317 3448+441 3070+110 2227+456 26971241 2038+633 P =0.118
Villus area (um?) 137216+49908 227201+31168 228191+10298 203767+26273 169075+34874 118500+46408 173318+4517 106592+42207 P =0.139
Villus branching 2+1%® 2+0%® 3+0% 2+0%® 3+0% 2+0P 2+0% 2+0P P =0.028
Total goblet cell number® 346+136 281+64 252481 305+84 152+6 165+31 162+19 215+79 P =0.483
Sialylated goblet cell number* 231469 217+42 194+43 212439 1354 141427 138+14 169+42 P =0.493
Sulphated goblet cell number® 116468 64422 57438 93465 1648 2446 2416 47+36 P =0.586
Mid gut morphology

Villus height (um) 793+133 742+111 821+117 709+156 606+53 609+23 607+38 609+109 P=0.614
Villus width (um) 318+96 256450 318+53 298+117 224+18 21549 235430 246+56 P =0.869
Villus perimeter (um) 25204765 2431+436 2952+736 2490629 2009+195 2177101 18931504 2146+659 P =0.902
Villus area (um?) 130929456103 111514427904 142259+43831 134485+49900 91848+9588 91744+4610 102070+31914 103725+37952 P =0.949
Villus branching 2+1 2+0 2+1 2+1 1+0 2+0 1+0 2+1 P =0.879
Total goblet cell number® 289+46 310+51 289+78 300£133 210£22 366+110 276+109 300£117 P =0.974
Sialylated goblet cell number* 288+46 309450 289478 2974130 210422 365+110 273+106 3004117 P =0.973
Sulphated goblet cell number® 1+1 1+1 0+0 343 0+0 0+0 2+2 0+0 P =0.764
Liver morphology®

Fatty change 310 310 340 310 340 310 310 340 NA
Inflammation 0+0 1+0 0+0 1+0 0+0 0+0 1+0 0+0 P=0.511
Melanomacrophage centres 010 0+0 0+0 0+0 040 0+0 0+0 040 P =0.466
Proliferation of bile ducts 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 NA
Haemorrhage 0+0 0+0 0+0 0+0 1+0 0+0 0+0 1+0 P =0.094

1 Values are mean = SE; n = 3.

2 A significance level of P < 0.05 was used for all statistical tests.
3 Expressed as the sum of goblet cells observed in samples stained with PAS/AB pH 2.5 and HID/AB pH 2.5 per millimetre villus height.
4 Expressed as total number of sialylated goblet cells per millimetre height.

5 Expressed as total number of sulphated goblet cells per millimetre villus height.
6 Subjective scoring by Dr Fran Stephens (Aquatilia Healthcare, WA). Scoring is based on 0 = less to 4 = most.
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Figure 3.1.1.1.1. The relationship between dietary long chain omega-3 polyunsaturated fatty acid (LC
n-3 PUFA; Y EPA, DPA, DHA) and specific growth rate (SGR; % d) for Yellowtail Kingfish fed graded
dietary LC n-3 PUFA levels for 84 days at warm summer water temperatures. Quadratic polynomial
relationship: y = -0.0372x2 + 0.1575x + 0.2636; R* = 0.5697; r = 0.7548; P < 0.001; (turning point; Ymax)
=2.12 g 100 g*. The 95% CI for the SGR response variable ranged between and 1.90 to 2.33 g 100 g*.
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Figure 3.1.1.1.2. The relationship between dietary long chain omega-3 polyunsaturated fatty acid (LC
n-3 PUFA; Y EPA, DPA, DHA) and apparent feed conversion ratio (FCR) for Yellowtail Kingfish fed
graded dietary LC n-3 PUFA levels for 84 days at warm summer water temperatures. Quadratic
polynomial relationship: y = 0.1441x? - 0.6505x + 2.7832; R*> = 0.5758; r = 0.7588; P < 0.001; (turning
point; ymin) = 2.26 g 100 g*. The 95% CI for the FCR response variable ranged between and 1.93 to 2.58
g 100 gt
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Figure 3.1.1.1.3. The relationship between dietary long chain omega-3 polyunsaturated fatty acid (LC
n-3 PUFA; > EPA, DPA, DHA) and energy deposition for Yellowtail Kingfish fed graded dietary LC n-
3 PUFA levels for 84 days at warm summer water temperatures. Quadratic polynomial relationship: y =
-2.0793x? + 10.425x + 18.247; R? = 0.3225; r = 0.5679; P = 0.017; (turning point; ymax) = 2.51 g 100 g
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Figure 3.1.1.1.4. DHA deposition in the white muscle tissue of Yellowtail Kingfish fed graded dietary
LC n-3 PUFA levels for 84 days at warm summer water temperatures.

Data from Samantha Chown, PhD project (Appendix 4). Values are mean + SE; n = 3. A significance level of P < 0.05 was
used for all statistical tests, where significant differences were observed post-hoc tests were used (Student-Newman-Keuls test)

to detect differences between treatments, values without a common superscript are significantly different (a indicates the highest
value; P < 0.05).
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Abstract

The dietary LC n-3 PUFA requirement for Yellowtail Kingfish (Seriola lalandi; YTK) and the effect of
replacing poultry oil (PO) with canola oil (CO) at sub-optimal cool water temperatures are unknown.
There were two major aims in this 84 day study. The first aim was to determine the practical dietary
long chain omega-3 polyunsaturated fatty acid level for optimal growth (LC n-3 PUFA;
eicosapentaenoic acid [20:5n-3, EPA], docosapentaenoic acid [22:5n-3, DPA] and docosahexaenoic acid
[22:6n-3, DHA]) at cool water temperatures, in a series of three diets that contained 1.42, 2.34 and 3.33
g 100 g* YLC n-3 PUFA. The second aim was to investigate the effect of replacing poultry oil with
canola oil in a series of four diets. In this diet series, fish oil was added to satisfy the estimated optimum
dietary levels of LC n-3 PUFA reported at warm water temperatures (Stone et al., Manuscript 3.1.1.1; >
2.12.9g 100 g1), and PO and CO were used to satisfy the remaining lipid/energy requirements at different
ratio (100.00 + 0.00%, 66.67 + 33.33%, 33.33 + 66.67% and 0.00 + 100.00%, PO + CO, respectively).
Fish were fed to apparent satiation once daily at 09:00 h. In terms of growth, feed utilisation, nutrient
digestibility, hindgut histology or blood haematology and biochemistry indices measured there was no
significant difference between diets. However, there were trends to suggest that fish performance and
feed utilisation declined once the LC n-3 PUFA levels were below 2.34 g 100 g diet. Based on previous
research at warm water temperatures (Stone et al., Manuscript 3.1.1.1) and current results, it was
conservatively estimated that diets for large YTK at cool water temperatures should be formulated to
contain 2.12 g 100 g* LC n-3 PUFA (95% CI ranged between 1.90 to 2.33 g 100 g). With regard to
canola oil, fish performance and feed utilisation declined, and we recommend that diets for large YTK
contain up to ~4% dietary inclusion (24.13% of the added oil in a 25% total lipid diet). In contrast, fish
performance and feed utilisation improved as poultry oil replaced canola oil. Poultry oil appeared to be
a suitable lipid source for high inclusion (73.5% of total added lipid) in diets for large YTK at cool water
temperatures. We recommend further pilot scale research under commercial conditions before
implementing these suggestions on-farm.

Introduction

Understanding the dietary long chain omega-3 polyunsaturated fatty acids (LC n-3 PUFA) requirements
and increasing the inclusion of non-marine raw materials (lipid sources) to satisfy the energy
requirements of aquaculture species is vital to improve diet sustainably and formulation flexibility, and
decrease diet costs, while optimising production. Over the past decades, the need to find alternative lipid
sources to fish oil for aquaculture species has been highlighted due to the high price, reduced availability,
and ecological issues (Glencross et al., 2007; Tacon and Metian, 2009; Stone et al., 2011a; Stone et al.,
2011b). In order to successfully reduce dietary fish oil inclusions for aquaculture species, numerous
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studies have evaluated alternative dietary lipids, including poultry oil, canola oil and beef tallow
(Oliveira et al., 2008; Stone et al., 2011a; Stone et al., 2011b; Bowyer et al., 2012). These alternative
lipids however, typically lack long chain omega-3 polyunsaturated fatty acids (LC n-3 PUFA,;
eicosapentaenoic acid [20:5n-3, EPA], docosapentaenoic acid [22:5n-3, DPA] and docosahexaenoic acid
[22:6n-3, DHA]) (Higgs et al., 2006).

Long chain omega-3 polyunsaturated fatty acids are essential for carnivorous fish are required for
numerous biological functions, including cellular membrane structure, metabolism and function to
ensure optimal growth and health (Tocher, 2010). Although some alternative lipid sources do contain
the precursor of EPA, DPA and DHA, a-linolenic acid (18:3n-3, ALA), unlike freshwater aquaculture
species and terrestrial livestock species, marine fish species lack enzymes, elongase 2 and A-6
desaturase, at appreciable levels to chain elongate and de-saturate ALA to EPA, DPA and DHA. As a
result, fish oil is currently the best option to supply LC n-3 PUFA for carnivorous marine aquaculture
species (Tocher, 2010; Bowyer et al., 2012).

Understanding the LC n-3 PUFA requirements of aquaculture species is vital to sustainably and
economically utilise fish oil. The LC n-3 PUFA requirement for a number of aquaculture species is
known, including the Gilthead Sea Bream (Sparus aurata) and Japanese Yellowtail (Seriola
guingueradiata) (Deshimaru et al., 1982; Kalogeropulos et al., 1992), and more recently Yellowtail
Kingfish (Seriola lalandi; YTK) at warm water temperatures (Stone et al., Manuscript 3.1.1.1).
However, the LC n-3 PUFA requirement for carnivorous marine aquaculture fish, is species-specific,
and also is water temperature-dependent (Yone, 1978; Masumoto, 2002; Sargent et al., 2002; Oliva-
Teles, 2012). In Australia, the dietary LC n-3 PUFA level in commercial diet formulations for large
YTK are currently based on the LC n-3 PUFA requirements determined at warm water temperatures
(Stone et al., Manuscript 3.1.1.1). This research suggested that optimal dietary LC n-3 PUFA level for
the growth and feed utilisation of large YTK (2.66 kg) is 2.12 g 100 g* of LC n-3 PUFA, when using
poultry oil as the alternative lipid source (Stone et al., Manuscript 3.1.1.1). Information pertaining to the
optimal dietary LC n-3 PUFA level for large YTK at cool water temperatures is lacking in the literature.

Currently, poultry oil is the primary alterative lipid source utilised to replace fish oil in diets for YTK.
However, other alterative oils, including canola oil, are available in commercial quantities that may be
used to reduce the reliance on a single alterative lipid source. The price of canola oil and poultry oil are
relatively similar and are both cheaper than fish oil (Bowyer et al., 2012). Previous studies have explored
the effect of replacing fish oil with either poultry or canola oil for juvenile YTK (Bowyer et al., 2012).
Results suggested that poultry oil was preferable to canola oil for juvenile YTK (Bowyer et al., 2012).
However, for large YTK at cool water temperatures, the effect of replacing poultry oil (industry standard
alternative oil) with canola oil is unknown. This research will ultimately improve the sustainable and
economically viable production of YTK through cost-effective diet formulations by optimising marine
ingredient use. It will also provide information to improve formulation flexibility for feed manufacturers.

Aim
In the current study we investigated the growth performance, feed utilisation and health of large YTK
(> 1.5 kg) at cool water temperatures in two separate diet series to determine:

(i) The practical optimum levels of dietary LC n-3 PUFA,; and

(i) The effects of graded dietary poultry and canola oil blends.

Methods

Experimental design and diets

To address the two aims of the study simultaneously in one large two part experiment, six experimental
diets were prepared by top coating 9 mm diameter diet pellet kernels with either fish oil, poultry oil or

canola oil, or a blend of these oils. Ridley (Narangba, Queensland, Australia supplied the pellet kernels,
fish oil, poultry oil and canola oil. Diets were formulated based on a YTK commercial diet (30% fish
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meal; ~48% crude protein [CP], ~25% crude lipid [CL] and a gross energy [GE] level of ~19.80 MJ kg
). The pellet kernel utilised in the current study contained ~10% crude lipid, which was top coated at
normal atmospheric pressure with an additional 17.3% lipid (fish oil, poultry oil and/or canola oil; total
crude lipid level 25%) at Aquafeeds Australia (Mount Barker, South Australia, Australia).

In the first part of the experiment, the estimation of the optimal practical level of LC n-3 PUFA at cool
water temperatures, a series of three diets (Diet 1, Diet 2 and Diet 3) were formulated. The diets were
formulated to be deficient, meet or exceed the warm water requirements of LC n-3 PUFA by YTK,
based on previous research that investigated the LC n-3 PUFA requirements of YTK (Stone et al.,
Manuscript 3.1.1.1). Poultry oil was used as the fish oil replacement in this three diet series due its low
LC n-3 PUFA level, and also due to the promising results previously reported in a number of separate
studies that utilised fish oil replacement diets (Bowyer et al., 2012; Stone et al., 2016; Stone et al.,
Manuscript 3.1.1.1). For example, the pellet kernel for Diet 1 was formulated to contain no additional
fish oil, but the inherent LC n-3 PUFA from the dietary inclusions of fish meal was supplied (Diet 1:
1.42 g 100 g* SLC n-3 PUFA). Diet 1 was hypothesised to be deficient in LC n-3 PUFA. Further, in
addition to the inherent pellet kernel lipids, Diet 2 and 3 were top-coated with an additional 4.61 and
8.69% fish oil and 12.69 and 8.64% poultry oil, respectively (Table 3.1.1.2.1 and 3.1.1.2.2; 2.34 and
3.33 9 100 g* YLC n-3 PUFA, respectively). Dietary LC n-3 PUFA in Diet 2 and 3 were hypothesised
to meet and exceed the LC n-3 PUFA requirements of YTK, based on the requirements at warm water
temperatures (2.12 g 100 g* > LC n-3 PUFA; Stone et al., Manuscript 3.1.1.1).

In the second part of the experiment, the effects of graded dietary poultry and canola oil blends on growth
performance, a separate diet series comprised of four diets were formulated (Diet 2, Diet 4, Diet 5 and
Diet 6) so that poultry oil (commercially used alternative lipid source) was replaced with canola oil at
0%, 33.3%, 66.7% and 100% for Diet 2, 4, 5 and 6, respectively (Table 3.1.1.2.1 and 3.1.1.2.2). Please
note, Diet 2 from the three diet LC n-3 PUFA diet series was also used as the control for the poultry and
canola oil blend series.

Fish were fed to apparent satiation at 09:00 h daily, which involved feeding fish for four min tank™* or
until a feed refusal response was observed. Tanks were cleaned every second day. This study ran for a
total of 84 days.

Experimental fish

Experimental work was conducted in the pool-farm facility at the South Australian Research and
Development Institute, South Australian Aquatic Science Centre (SARDI SAASC; West Beach, South
Australia, Australia). YTK (n = 342; 1.45 + 0.12 kg; 459 + 14 mm (fork length; mean * standard
deviation) were obtained from Clean Seas Seafood (Port Lincoln, South Australia, Australia). Upon
arrival at the SARDI SAASC facility, YTK were transferred to 5000 L tanks supplied with partial flow-
through/recirculating (100% system water exchange d), sand filtered, UV treated, aerated sea water at
ambient temperature and held for ~4 weeks and fed a standard Ridley Pelagica diet (crude protein 46%;
crude lipid 24%; gross energy 19.30 MJ kg™).

Skin and gill fluke treatment

Upon arrival at SARDI SAASC, YTK were inspected, and were observed to have a low burden of gill
flukes (Zeuxapta seriola). Treatment was deemed necessary and was prescribed by Dr Matt Landos
(Future Fisheries Veterinary Service Pty Ltd., East Ballina, New South Wales, Australia).

Experimental stocking and intermediate weight checks
At the commencement of the current study (August 2017), YTK were anaesthetised in 5000 L tanks

(total water volume 2500 L) using AQUI-S® (AQUI-S® New Zealand Ltd., Lower Hutt, New Zealand)
at a concentration of 14 mg L of seawater. Nineteen fish were removed from their tank, measured,
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weighed and stocked into one of the three replicate 5000 L tanks per treatment combination (n = 6
treatments; n = 18 tanks).

Tanks were supplied with partial flow-through/recirculating (100% system water exchange d*), sand
filtered, UV treated sea water at ambient temperature. All tanks were supplied with aeration and
oxygenation throughout the study.

At 28 and 56 days, post-stocking, all fish were anaesthetised using AQUI-S® at a concentration of 14
mg L of seawater. YTK were weighed and measured then returned back to their respective tanks. .

As required, mortalities were removed form the tanks, weighed, measured and recorded and replaced
with tagged fish (T-tags) of a similar weight. Tagged fish were included in biomass calculations for FCR
(see Performance indice section), but excluded from all other analyses.

Water quality analyses

Water quality parameters were measured daily at 12:30 h and maintained at appropriate levels for
acceptable growth of YTK throughout the study (Table 3.1.1.2.3). Water temperature was measured
using a thermometer (Figure 3.1.1.2.1). Dissolved oxygen (mg L™ and % saturation) was measured using
a dissolved oxygen meter (OxyGuard International A/S, Birkered, Denmark). Oakton pHtestr 20;
Oakton Instruments, Vernon Hills, Illinois, United States of America). Salinity (g L) was measured
weekly using a portable salinity refractometer (model RF20, Extech Instruments, Nashua, New
Hampshire, United States of America).

Final harvest sampling

At day 84, all fish were anaesthetised using AQUI-S® at a concentration of 14 mg L of seawater and
weighed and measured. Three fish from each tank (n = 3 fish tank’; n = 18 tanks; n = 54 fish) were
whole collected and stored frozen at -20 °C for biochemical analysis. Blood from three separate fish per
tank (n = 3 fish tank™*; n = 18 tanks; n = 54 fish) were collected using a 19 G needle with a 5 mL syringe
at the conclusion of the experiment. Blood samples were transferred to three separate Vacuette® or BD
vacutainer® tubes (Z serum clot activator or EDTA tubes). A sub-sample of blood collected in EDTA
Vacuette® tubes were analysed for blood haematocrit at SARDI SAASC. Serum was analysed for blood
biochemistry and whole blood was analysed for blood haematology conducted by IDEXX (Unley, South
Australia, Australia).

These blood sampled fish were then dissected and the visceral, liver and visceral fat was weighed in
order to calculate visceral index (VSI; %), hepatosomatic index (HSI; %) and intraperitoneal fat (%),
respectively. The stomach from these fish were opened longitudinally, and were subjectively scored for
gastric dilation (Chown, 2015). In addition, 1cm? longitudinally opened hindgut sections were collected
from blood sampled fish for histology. In brief, hindgut samples were fixed in 10% seawater formalin
for > 48 h, processed and embedded in paraffin wax. Tissue sections were cut using a microtome and
floated onto Starfrost® glass slides and dried for > 24 h at room temperature before being stained with
hematoxylin and eosin (H and E) and periodic acid-schiff alcian blue (PAS/AB pH 2.5). Gastrointestinal
morphological parameters in the hindgut including muscle and serosa thickness, villi length, lamina
propria thickness, total goblet cell number, eosinophilic droplets in epithelial cells and
melanomacrophage centres were measured.

Apparent digestibility coefficients and nutrient digestion

At the conclusion of the 84 day growth experiment, a digestibility experiment was undertaken. After
fish (n = 13 tank™*) were weighed and measured they were returned to their tank and fed daily to apparent
satiation for six days. After six days, fish were anaesthetised using AQUI-S® at a concentration of 20
mg L of seawater (to enable handling and faecal matter collection), manually stripped and the faecal
matter was collected. In brief, manual stripping involved placing the forefinger and thumb on either side
of the fish abdomen at the pelvic fin. Moderate pressure was applied by the forefinger and thumb, and
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at the same time moved towards the anus, this process was repeated six times. Uncontaminated faecal
samples (free from blood, urine and mucus) were collected in a 250 mL container. Fish were then revived
in their respective tank and fed daily to apparent satiation for a further six days. Fish were manually
stripped again to ensure adequate samples were collected. Faecal material from all fish from a tank from
both stripping events were pooled for analysis.

Biochemical and histological analyses

The proximate composition analyses of diets and whole body tissue were conducted according to
methods in the British Pharmacopoeia Commission (2004) or German Institute for Standardization
(DIN) (2000). A 1 kg sample of each diet was collected, ground and analysed for proximate composition
(moisture, protein, fat, ash, total carbohydrate and energy) and fatty acids profile. In addition, a total of
twelve fish (n = 12 fish) at the start of the experiment, and three fish from each tank (n = 4 fish tank®; n
= 24 tanks; n = 96 fish) at the conclusions of the experiment were collected and stored frozen at -20 °C.
Whole fish samples were partially thawed, homogenised and analysed for proximate composition
(moisture, protein, fat, ash, carbohydrate and energy) and fatty acid profile.

Performance indices

All data reported for each treatment for animal performance were based on the mean of the replicate
tanks. All calculations using fish weight and diets were based on wet or as fed values, respectively:

» Weight gain = final weight - initial weight

* Biomass gain (kg tank™) = (final weight + Y mortality weight) - (initial weight + Yreplacement
weight)

« Specific growth rate (SGR; % d) = ([In final weight - In initial weight] / d) x 100

« Length growth rate (mm d) = (final fish length - initial fish length) / d

« Condition factor = (fish weight [g] / fish length [cm]®) x 100

 Apparent feed conversion ratio (FCR) = feed consumed / fish weight gain

* Apparent protein deposition = ([final whole protein - initial whole protein] / protein intake) x 100

 Apparent energy deposition = ([final whole energy - initial whole energy] / energy intake) x 100

* Visceral index (VSI; %) = wet visceral wt x 100 / final wet fish wt

* Hepatosomatic index (HSI; %) = wet liver wt x 100 / final wet fish wt

Statistical analyses

IBM SPSS (version 24 for Windows; IBM SPSS Inc., USA) was used for all statistical analyses.
Homogeneity of variances and normality among mean values were assessed using Levene’s test for
equality of variance errors and Shapiro-Wilk test, respectively. Data were compared across all treatments
using a one-factor ANOVA. When significant effects were observed, post-hoc tests were used to detect
significant differences between all treatments (Student-Newman-Keuls test). A significance level of P
< 0.05 was used for all statistical tests. All values are presented as means + standard error (SE) of the
mean unless otherwise stated.

Results
General observations

There were no significant differences in the initial weight and fork length of YTK between treatments
in the current study (P > 0.05; one-factor ANOVA; Table 3.1.1.2.4). The average initial weight and fork
length were 1.45 + 0.12 kg; 459 = 14 mm (fork length; mean + standard deviation; n = 342). YTK fed
actively during the experiment, with no apparent differences observed between dietary treatments. The
overall mortality for fish in the study was low (0.87%), and there were no apparent signs of disease
observed.
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Growth performance

Final weight (P = 0.313), biomass gain (P = 0.171), specific growth rate (SGR; P = 0.161), final fork
length (P = 0.463), length growth rate (P = 0.211) and final condition factor (P = 0.579) of YTK was
not significantly influenced by diet (one-factor ANOVA,; Table 3.1.1.2.4).

Feed utilisation

Feed intake (% BW d*; P = 0.447) and feed consumption (kg tank™; P = 0.335) were not significantly
affected by diet (one-factor ANOVA,; Table 3.1.1.2.4). Feed conversion ratio (FCR) of YTK was also
not significantly influenced by diet (P = 0.442; one-factor ANOVA, Table 3.1.1.2.4).

Whole fish proximate and energy composition

Diet did not significantly influence moisture (64.9-65.6%), protein (19.8-20.3% wet), lipid (13.1-14.2%
wet), ash (1.9-2.8% wet), carbohydrate (< 1% wet; by difference), energy (8.07-8.80 MJ kg* wet) (P >
0.05; one-factor ANOVA; Table 3.1.1.2.4).

Nutrient utilisation

Diet did not significantly influence apparent protein deposition (21.49-24.52%) and apparent energy
deposition (27.44-36.54%) (P > 0.05; one-factor ANOVA; Table 3.1.1.2.4).

Whole fish fatty acid composition

Diet significantly affected a number of fatty acid levels in whole fish (P < 0.05; one-factor ANOVA,;
Table 3.1.1.2.5). For example, arachidic (C20:0), eicosenic (C20:1), cetoleic (C22:1), docosenoic
(C22:1), nervonic (C24:1) and alpha-linolenic acids (C18:3n3) levels were significantly influenced by
diet. For these fatty acids, the whole fish mirrored what was in the diet (Table 3.1.1.2.2 and 3.1.1.2.5).

Blood biochemistry and haematology

All measured blood haematology and biochemistry parameters were not significantly affected by diet
(P > 0.05; one-factor ANOVA, Table 3.1.1.2.6).

Fatty acid composition of plasma and red blood cell

Diet significantly affected the level of a number of fatty acids in blood plasma (P < 0.05; one-factor
ANOVA; Table 3.1.1.2.7). For example, arachidic (C20:0), eicosenic (C20:1), docosenoic (C22:1),
nervonic (C24:1), alpha-linolenic acids (C18:3n3), eicosatrienoic (C20:3n6) and docosahexaenoic
(C22:6n3) were significantly affected by diet (P < 0.05). Fatty acid level in the whole red blood cells
were also significantly affected by diet (P < 0.05; one-factor ANOVA; Table 3.1.1.2.8). For example,
margaric (C17:0), arachidic (C20:0), Oleic (C18:1n9), eicosenic (C20:1n9), erucic (C22:1n9), nervonic
(C24:1), linoleic (C18:2n6), alpha-Linolenic (C18:3n3), eicosatrienoic (C20:3n6) were significantly
affected by diet (P < 0.05). These fatty acids in both the blood plasma and red blood cells typically
mirrored what was in the diet (Table 3.1.1.2.2; Table 3.1.1.2.7; Table 3.1.1.2.8).

Gastrointestinal tract morphology

Intraperitoneal fat (1.14-1.90%), visceral index (6.50-6.84%) and hepatosomatic index (0.99-1.07%) of
YTK was not significantly influenced by diet (P > 0.05; one-factor ANOVA, Table 3.1.1.2.9).
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Diet did not significantly influence the gastric dilation score (P > 0.05; one-factor ANOVA; Table
3.1.1.2.9). All except for two fish fed Diet 6 (Stage 1), were determined to be Stage 0 (healthy/no gastric
dilation; Table 3.1.1.2.9). Stage 0 is defined as having pronounced/well defined folds throughout the
pylorus, anterior and distal stomach, while Stage 1 is defined as having minimal or absent folds
throughout the pylorus and anterior stomach, but has pronounced/well defined folds in the distal
stomach.

Muscularis and submucosa thickness, villus length and thickness, lamina propria thickness, total goblet
cell number, eosinophilic droplets in epithelial cells and melanomacrophage centres in the hindgut were
not significantly influenced by diet (P > 0.05; one-factor ANVOA; Table 3.1.1.2.9).

Apparent digestibility coefficients

Apparent digestibility coefficient for dietary dry matter (43.3-56.4%), crude protein (72.4-77.2%) and
gross energy (65.0-70.6%) was not significantly influenced by diet (P > 0.05; one-factor ANOVA; Table
3.1.1.2.9).

Discussion

Our aim in the current study was to improve the sustainable and economically viable production of YTK
through cost-effective diet formulations by optimising marine ingredient use (FO) and also increasing
the type of raw materials (lipid sources) available to use to satisfy the energy requirements of the animal.
This overarching aim was addressed in two parts: (i) to determine the practical optimum levels of dietary
LC n-3 PUFA on the growth performance, feed utilisation and health of large YTK (> 1.5 kg) at cool
water temperatures; and (ii) to determine the effects of graded dietary poultry and canola oil blends for
YTK at cool water temperatures.

In the current study, YTK readily accepted and consumed all experimental diets. In terms of growth,
feed utilisation, diet digestibility, hindgut histology indices or blood haematology and biochemistry
measured there was no significant difference between diets. There was however, a tendency for fish fed
Diet 2 (26.71% fish oil + 73.52% poultry oil [added oil]; 2.34 g 100 g LC n-3 PUFA) and Diet 3
(50.35% fish oil + 50.06% poultry oil [added oil]; 3.33 g 100 g* LC n-3 PUFA) to perform better in
terms of growth and feed utilisation than those fed Diet 1 (0.00% fish oil + 100% poultry oil [added oil];
1.42 9100 g* LC n-3PUFA). The SGRs of fish fed all diets in the LC n-3 PUFA requirement component
of the study declined from 0.39 to 0.37 % d* as dietary LC n-3 PUFA levels decreased. While the
corresponding FCRs also worsened (ranged from 1.73 to 1.87) at the dietary LC n-3 PUFA level of 1.42
g 100 g. While these differences were not significant, results in the current study for LC n-3 PUFA
intake rates ranged from 164-233 mg LC n-3 PUFA kg fish* d* and were similar to daily intake rates
of LC n-3 PUFA in the N1 study (Stone et al., Manuscript 3.1.1.1; 191 mg LC n-3 PUFA kg fish* d?).
These results suggest that the estimated optimal dietary level of LC n-3 PUFA for YTK at cool water
temperatures may be similar to those at warm water temperatures (~2.12 g 100 g** LC n-3 PUFA [95%
Cl ranged between 1.90 to 2.33 g 100 g*]) (Stone et al., Manuscript 3.1.1.1).

With regard to the poultry and canola oil diet series, there was a tendency for fish fed Diet 2 (26.71%
fish oil + 73.52% poultry oil + 0% canola oil [added oil]) and Diet 4 (27.81% fish oil + 48.26% poultry
oil + 24.13% canola oil [added oil]) to perform better than fish fed diets containing higher canola oil
levels (Diet 5 [8% total canola oil] and Diet 6 [12% total canola oil]). In practical terms, Diet 4 contained
a total of 4% canola oil. FCR tended to increase (worsen) as dietary inclusion of canola increased above
4%. While not significant, results for maximum canola oil inclusion are consistent with previous
research by Bowyer et al. (2012). The authors reported that a 50% replacement of fish oil with canola
oil (~10% total canola oil) tended to reduce growth, while 100% substitution of fish oil with canola oil
(~20% total canola oil) resulted in significantly reduced growth for juvenile YTK (Bowyer et al., 2012).
In contrast, FCR tended to decrease (improve) as dietary inclusion of poultry oil replaced canola oil and
results suggest poultry oil is a suitable lipid source for high inclusion (73.5% of total added lipid) in
diets for large YTK at cool water temperatures. This is consistent with results fish oil substitution with
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poultry oil (50-100% substitution with 10 or 20% total poultry oil) reported for juvenile YTK by Bowyer
et al. (2012).

As previously reported for a range of fish species, including YTK (Tocher, 2010; Stone et al., 2011a;
Stone et al., 2011b; Bowyer et al., 2012), the fatty acid profiles of whole fish mirrored that of the diets
(Table 3.1.1.2.2 and 3.1.1.2.5). Fish fed high levels of canola and poultry oil had reduced LC n-3 PUFA
contents which may not be as desirable for consumers. This may have marketing implications for YTK
producers. Further research is warranted to understand the kinetics associated with the uptake of LC n-
3 PUFA from finishing diets rich in fish oil, prior to harvest (Stone et al., 2011a; Stone et al., 2011b).

A similar response in terms of fish oil substitution was observed for the fatty acid profiles of the blood
plasma and red blood cells (Table 3.1.1.2.7). LC n-3 PUFA levels and ratios in red blood cells are
considered to be a good biomarker for inflammatory responses in humans and other animals (Fontes et
al., 2015). Interestingly, the changes in red blood cell fatty acids were observed predominantly in the
saturated and monounsaturated fatty acid classes, with little change in the LC n-3 PUFA values. This
suggests that is unlikely the alterations of fish oil, poultry oil and canola oils levels in the current study
had a negative effect on red blood cell function in relation to inflammatory response. Nevertheless, given
the importance of red blood cells in oxygen transport, the fatty acid modifications in relation to saturated
and unsaturated fatty acids may contribute to alterations in metabolic function. Further research is
warranted to understand this aspect of YTK metabolism.

It should be noted that attempting to gain an insight into the growth performance and feed utilisation of
large YTK at winter water temperatures is inherently difficult. This is due to the slow growth rate of
large compared to small fish at suboptimal water temperatures (Bowyer et al., 2012), combined with the
short growth period (84 d, ~3 months). However, large YTK commercially cultured in South Australian
waters are exposed to a water temperature profile that is similar to the one tested in the current study.
Therefore, given the study was well controlled and well replicated, trends in results for SGR and FCR
in response to dietary LC n-3 PUFA levels, and fish oil substitution with canola and poultry oil, provide
new and valuable information. This new information will aid in the development of improved
commercial diets for the production of YTK at cool suboptimal water temperatures.

Conclusions and Recommendations

Based on results for growth performance and feed intake rates from the current study and the optimal
LC n-3 PUFA level for YTK at warm water temperatures (Stone et al., Manuscript 3.1.1.1), it is
conservatively estimated that diets for large sub-adult YTK at cool water temperatures should be
formulated to contain 2.12 g 100 g* LC n-3 PUFA (95% CI ranged between 1.90 to 2.33 g 100 g}).
With regard to canola oil, we may recommend that diets for large YTK contain up to ~4% dietary
inclusion (24.13% of the added oil in a 25% total lipid diet). FCR tended to increase (worsen) as dietary
inclusion of canola increased above 4%. Poultry oil appears to be a suitable lipid source for high
inclusion (73.5% of total added lipid) in diets for large YTK at cool water temperatures. FCR tended to
decrease (improve) as dietary inclusion of poultry oil replaced canola oil.

Findings

» Based on intake results from this study, it is conservatively estimated that diets for large YTK at
cool water temperatures should be formulated to contain similar LC n-3 PUFA levels to those at
warm water temperatures (~2.12 g 100 g* LC n-3 PUFA [95% CI ranged between 1.90 to 2.33 g
100 g*]) (Stone et al., Manuscript 3.1.1.1).

» Canola oil dietary inclusion in YTK production diets should be limited (< 4%).

* All FCRs in the current winter study were < 1.87.

* FCR tended to increase (worsen) as dietary inclusion of canola increased above 4%.

» Poultry oil is suitable for high inclusions in production diets for large YTK. FCR tended to
decrease (improve) as dietary inclusions of poultry oil replaced canola oil.
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» An overarching goal of the K4P project was to provide information to assist feed companies to
formulate and develop commercial diets for large YTK that would result in FCRs of < 2.2 for fish
between 1.5-3.5 kg.

The results from this study will provide feed manufactures with information to formulate commercial
diets to improve FCRs for large YTK to meet the project goal. This information may improve flexibility
in diet formulations for feed manufactures to select raw materials that most economically meet the
nutrient criteria. These conservative recommendations are based on growth, feed utilisation and blood
hematology and biochemistry parameters, and hindgut histology data. This is a commercial decision for
the YTK industry. Further research in pilot scale commercial trials are needed before implementing
these diets on-farm.

Publications

No publications have resulted from this R&D to date.
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Table 3.1.1.2.1. Dietary oil addition levels to the experimental diets for the graded fish oil levels diet
series (Diet 1, 2 and 3) and graded poultry and canola oil blend diet series (Diet 2, 4, 5 and 6).

Diet Fish oil Poultry oil Canola oil Target ) LC n-3 PUFA Analysed Y LC n-3 PUFA
(% added) (% added) (% added) (9 100 g* diet) (9 100 g* diet)
1 0.00 100.00 0.00 1.45 1.42
2 26.58 7342 0.00 212 2.34
3 50.14 49.86 0.00 2.88 3.33
4 27.75 48.19 24.06 212 2.39
5 28.61 23.78 47.61 212 243
6 29.25 0.00 70.75 212 2.46
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Table 3.1.1.2.2. The proximate and fatty acid composition of the six experimental diets used in the
current experiment.

Item (as fed)! Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6

Proximate composition (g 100 g%)

Moisture 4.8 49 4.8 4.6 4.6 5.0
Crude protein 47.8 47.9 48.4 48.1 48.1 48.1
Crude lipid 24.9 24.6 25.3 24.6 25.1 25.1
Ash 8.2 8.1 8.2 8.1 8.2 8.3
Carbohydrate? 14.3 14.5 13.3 14.6 14 135
Gross energy (MJ kg) 19.8 19.7 19.9 19.8 19.8 19.8

Analysed fatty acids (g 100 g diet)
Saturated Fatty Acids

C13:0 0.01 0.01 0.01 0.01 0.01 0.01
C14:0 Myristic 0.41 0.53 0.67 0.50 0.48 0.45
C15:0 Pentadecanoic 0.07 0.09 0.11 0.08 0.08 0.08
C16:0 Palmitic 6.21 5.84 5.70 4.97 4.18 3.36
C17:0 Margaric 0.12 0.12 0.12 0.11 0.10 0.09
C18:0 Stearic 1.88 1.67 1.55 1.44 1.23 1.02
C20:0 Arachidic 0.05 0.06 0.07 0.09 0.11 0.13
C22:0 Docosanoic 0.02 0.03 0.03 0.04 0.05 0.06
C24:0 Tetracosanoic? 0.05 0.06 0.08 0.07 0.07 0.08
Total Saturated Fat 8.85 8.45 8.41 7.34 6.37 5.33
Mono-unsaturated Fatty Acids

C16:1n-7 Palmitoleic 1.44 1.40 1.42 1.16 0.93 0.70
C18:1n-9 Oleic 7.71 6.91 6.41 7.39 8.07 8.48
C18:1n-7 Vaccenic 0.64 0.70 0.77 0.73 0.77 0.83
C20:1n-9 Eicosenoic 0.22 0.60 1.00 0.65 0.70 0.74
C22:1n-9 Erucic acid 0.02 0.09 0.16 0.09 0.09 0.10
C24:1 Tetracosenoic 0.03 0.09 0.16 0.11 0.12 0.13
Total Monos 10.05 9.80 9.91 10.12 10.68 10.97
Poly-unsaturated Fatty Acids

C18:2n-6 Eicosadienoic 3.55 3.00 2.56 3.37 3.79 4.19
C18:3n-3 Alpha Linolenic 0.61 0.52 0.46 0.94 1.37 1.79
C18:3n-6 Gamma Linolenic 0.05 0.05 0.07 0.05 0.04 0.04
C20:2n-6 Eicosadienoic 0.04 0.06 0.07 0.05 0.06 0.05
C20:3n-6 Dihomo-gamma-linoleic 0.03 0.04 0.05 0.03 0.03 0.03
C20:4n-6 Arachidonic 0.14 0.17 0.20 0.16 0.15 0.15
C20:5n-3 Eicosapentanaeoic 0.39 0.66 0.96 0.68 0.69 0.70
C22:5n-3 Docosapentaenoic 0.11 0.20 0.31 0.20 0.20 0.20
C22:6n-3 Docosahexaenoic 0.92 1.47 2.07 1.51 1.53 1.56
>'C22:4n-6 + 22:3n-3 0.02 0.03 0.04 0.03 0.03 0.02
>LC n-3 PUFA 1.42 2.33 3.34 2.39 2.42 2.46
Total Omega 3 2.02 2.86 3.79 3.33 3.80 4.25
Total Omega 6 3.84 3.34 2.99 3.69 4.10 4.48
Total Omega 7 2.07 2.11 2.19 1.89 1.70 1.53
Total Omega 9 7.95 7.60 7.56 8.12 8.87 9.32
Trans Fatty Acids

t18:1n-7 0.11 0.11 0.10 0.08 0.07 0.05
t18:2 0.05 0.06 0.07 0.05 0.05 0.05
Total Trans Fatty Acids 0.16 0.16 0.17 0.14 0.12 0.09

! Diet 1 - 0% fish oil + 100% poultry oil [added oil]; 1.42 g 100 g'* LC n-3 PUFA, Diet 2 - 26.71% fish oil + 73.52% poultry
oil [added oil]; 2.34 g 100 g* LC n-3 PUFA, Diet 3 - 50.35% fish oil + 50.06% poultry oil [added oil]; 3.33 g 100 g* LC n-
3 PUFA, Diet 4 - 27.81% fish oil + 48.26% poultry oil + 24.13% canola oil [added oil], Diet 5 - 28.68% fish oil + 23.84%
poultry oil + 47.68% canola oil [added oil], Diet 6 - 29.37% fish oil + 0% poultry oil + 70.86% canola oil [added oil].

2 Carbohydrate = 100 - (moisture + lipid + protein + ash).
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Table 3.1.1.2.3. Summary of water quality parameters.

- Temperature  Dissolved oxygen  Dissolved oxygen H Salinity Ammonia CO2
(°C) (mg L) (% saturation) P (mg L (ppm) (mg L)

Mean 162+21 8.2+0.6 104.1+4.6 7.78+0.18 38%0 0.00 £0.02 1+0

Range  13.0-20.0 6.6-11.2 89.0 - 119.0 7.40 - 8.17 38-38 0.00-0.25 0-2

1 Values means + standard deviation.
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Table 3.1.1.2.4. Growth performance and feed utilisation of Yellowtail Kingfish fed different fish oil, poultry oil and canola oil blend diets for 84 days.
Diet?2 1 2 3 4 5 6 ANOVA3

Growth performance

Initial weight (kg) 1.45+0.01 1.45+0.01 1.45+0.01 1.45+0.01 1.45+0.01 1.45+0.01 P =0.996
Final weight (kg) 1.95+0.03 1.99+0.02 2.00+0.01 1.99+0.02 1.94+0.04 1.94+0.03 P =0.313
Biomass gain (kg tankt) 9.46+0.57 10.13+0.22 10.44+0.23 10.11+0.10 9.30+0.45 9.21+0.45 P=0.171
SGR (% d?) 0.35+0.02 0.37+0.01 0.39+0.01 0.37+0.00 0.35+0.01 0.35+0.01 P=0.161
Initial fork length (mm) 458+2 458+3 459+1 46010 46010 461+2 P =0.676
Final fork length (mm) 491+1 493+2 4960 494+1 493+2 493+3 P =0.463
Length growth rate (mm d-%) 0.40+0.02 0.42+0.00 0.44+0.01 0.41+0.01 0.39+0.02 0.38+0.01 P=0.211
Final Condition factor 1.65+0.02 1.65+0.03 1.64+0.01 1.65+0.02 1.62+0.01 1.61+0.01 P =0.579
Feed utilisation (as fed)

Apparent feed consumption (kg tank™® 17.61+0.62 17.52+0.25 18.19+0.29 17.54+0.56 16.87+0.29 17.02+0.31 P=0.335
Apparent feed intake (% BW d) 0.68+0.02 0.67+0.01 0.70+0.01 0.68+0.02 0.66+0.01 0.67+0.02 P =0.447
Apparent FCR 1.87+0.08 1.73+£0.04 1.74+0.01 1.74£0.05 1.82+0.07 1.86+0.08 P =0.442
Proximate composition (wet basis)

Moisture (%) 64.8+0.2 65.2+0.4 65.2+0.3 64.9+0.4 65.6+0.3 64.9+0.3 P =0.526
Protein (%) 20.0£0.3 19.8+0.3 20.2£0.3 20.3x0.4 19.8+0.2 19.8+0.1 P =0.670
Lipid (%) 13.6+1.1 14.2+0.6 13.2+0.6 13.6+£0.4 13.1+0.3 13.8+0.6 P=0.814
Ash (%) 2.8+0.3 2.310.2 2.1+0.0 2.310.2 1.940.1 2.0+0.1 P =0.085
Carbohydrate (%) <1 <1 <1 <1 <1 <1 NA
Energy (MJ kgt) 8.43+0.43 8.80+0.00 8.30+0.17 8.47+0.18 8.07+0.03 8.53+0.18 P =0.326
Nutrient retention*

Apparent PD 22.73x1.42 22.85+1.28 24.05+1.53 24.52+1.88 21.49+0.75 21.63+0.75 P =0.539
Apparent ED 31.14+4.99 36.54+0.72 30.22+1.54 32.28+2.20 27.44+0.77 32.40+2.72 P =0.317

1Values are mean + SE; n = 3.

2 Diet 1 - 0% fish oil + 100% poultry oil [added oil]; 1.42 g 100 g* LC n-3 PUFA, Diet 2 - 26.71% fish oil + 73.52% poultry oil [added oil]; 2.34 g 100 g* LC n-3 PUFA, Diet 3 - 50.35% fish oil +
50.06% poultry oil [added oil]; 3.33 g 100 g** LC n-3 PUFA, Diet 4 - 27.81% fish oil + 48.26% poultry oil + 24.13% canola oil [added oil], Diet 5 - 28.68% fish oil + 23.84% poultry oil + 47.68%
canola oil [added oil], Diet 6 - 29.37% fish oil + 0% poultry oil + 70.86% canola oil [added oil].

3 A significance level of P < 0.05 was used for all statistical tests, where significant differences were observed post-hoc tests were used (Student-Newman-Keuls test) to detect differences between
treatments, values without a common superscript are significantly different (a indicates the highest value; P < 0.05; * indicates Student-Newman-Keuls test was unable to detect significant differences
between treatments).

4ED = energy deposition; PD = protein deposition.

60



Stone, D.A.J., Booth, M.A. and Clarke, S.M. (eds) (2019) Kingfish for Profit (K4P) Report

Table 3.1.1.2.5. Fatty acid composition (mg 100 g?) of whole Yellowtail Kingfish fed different fish oil, poultry oil and canola oil blend diets for 84 days.
Diet!23 1 2 3 4 5 6 ANOVA!

Saturated Fatty Acids

C10:0 Capric 19+6 15+9 18+5 <10 1348 14+8 P=0.727
C14:0 Myristic 250+23 276+23 293+11 277+22 266+11 27145 P =0.642
C15:0 Pentadecanoic 41+3 43+2 4443 41+1 391 42+2 P =0.780
C16:0 Palmitic 2209+213 2334160 2241110 2216145 2043+67 2038+38 P =0.602
C17:0 Margaric 41+3 43+2 48+5 41+1 44+4 42+2 P =0.598
C18:0 Stearic 75472 750+42 680+40 691+48 655+24 654+16 P =0.441
C20:0 Arachidic 14+1° 14+1° 13+1° 14+0° 26+1° 28+1° P <0.001
C22:0 Behenic 13+8 19+5 13+1 14+0 2245 14+1 P =0.621
C24:0 Lignoceric 24411 24410 3149 3249 3545 41+6 P =0.736
Total Saturated 3376+324 3547+247 3395+178 3356+222 3147+111 3165+65 P =0.756
Mono-unsaturated Fatty Acids

C16:1 Palmitoleic 74675 78055 746+42 713+39 650+22 63945 P =0.249
C18:1 Oleic 5192+488 5223+290 4827+261 5214+260 5119+148 5471+125 P =0.754
C18:1 Vaccenic 399+34 432+25 421+25 42723 415+14 437+9 P =0.886
C20:1 Eicosenic 221+13° 285+16° 333+13° 290+12° 28822 304+6° P <0.001
C22:1 Cetoleic 158+10° 194+8* 224+10° 199+1° 201+5° 203+13° P =0.006
C22:1 Docosenoic 4945 66+42 74428 68+2% 66+2% 69+32 P <0.001
C24:1 Nervonic 3120 43422 48+5* 41+1% 44+4% 46+3* P =0.041
Total Mono-unsaturated 6806+619 7033+394 6690+352 6957+341 6795+181 7183+160 P =0.939
Poly-unsaturated Fatty Acids

C18:2n6 Linoleic 1767+131 1735+56 1449+85 1665+21 1626+82 1806+116 P =0.142
C18:3n3 Alpha-Linolenic 217+17° 218+8° 176+16° 253+15° 262+23° 348+38° P =0.002
C20:2n6 Eicosadienoic 27+2 3346 3043 3245 35+8 3243 P =0.932
C20:4n6 Arachidonic 81+10 9048 71413 72411 61+12 65+12 P =0.490
C20:5n3 Eicosapentaenoic 255439 306445 260453 243447 219442 234455 P =0.838
C22:5n3 Docosapentaenoic 130+15 155+18 14125 131+22 118+23 122+29 P =0.862
C22:6n3 Docosahexaenoic 558+111 676+116 551+139 508+124 464+114 493+135 P =0.861
Omega 3 Fatty Acids 1348+196 1573+205 1317+257 1319+231 1243+232 1383+291 P =0.945
Omega 6 Fatty Acids 1925+140 1910+64 1603+94 1819+35 1766194 1955+130 P =0.197
Total Poly-unsaturated 33124259 35404229 29774335 3187+268 30574313 33881421 P =0.797
Trans Fatty Acids

Total Mono Trans Fatty Acids 4618 4312 4012 3245 3545 32+3 P=0214
Total Poly Trans Fatty Acids 59+7 7143 61+2 6842 6612 6943 P=0.234

! Values are mean + SE; n = 3.

2 Diet 1 - 0% fish oil + 100% poultry oil [added oil]; 1.42 g 100 g LC n-3 PUFA, Diet 2 - 26.71% fish oil + 73.52% poultry oil [added oil]; 2.34 g 100 g™ LC n-3 PUFA, Diet 3 - 50.35% fish oil + 50.06% poultry oil [added
0il]; 3.33 g 100 g* LC n-3 PUFA, Diet 4 - 27.81% fish oil + 48.26% poultry oil + 24.13% canola oil [added oil], Diet 5 - 28.68% fish oil + 23.84% poultry oil + 47.68% canola oil [added 0il], Diet 6 - 29.37% fish oil + 0%
poultry oil + 70.86% canola oil [added oil].

3 Values for the following fatty acids < 10 mg 100 g* and were excluded from the table: C4:0 Butyric, C6:0 Caproic, C8:0 Caprylic, C12:0 Lauric, C14:1 Myristoleic, C17:1 Heptadecenoic, C18:3n6 gamma-Linolenic, C20:3n6
Eicosatrienoic, C20:3n3 Eicosatrienoic, C22:2n6 Docosadienoic, C22:4n6 Docosatetraenoic.

4 A significance level of P < 0.05 was used for all statistical tests, where significant differences were observed post-hoc tests were used (Student-Newman-Keuls test) to detect differences between treatments, values without a
common superscript are significantly different (a indicates the highest value; P < 0.05.
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Table 3.1.1.2.6. Blood biochemistry of serum and blood haematology on whole blood of Yellowtail Kingfish fed different fish oil, poultry oil and canola oil blend
diets for 84 days.

Diet'? 1 2 3 4 5 6 ANOVA®

Biochemistry*

Sodium (mmol L) 196.49+1.62 195.75+0.89 194.28+1.08 197.20+1.99 197.34+1.66 197.82+£0.97 P =0.554
Potassium (mmol L) 2.71+0.67 3.38+0.18 3.51+0.56 3.86+0.61 2.86+0.53 3.76+0.95 P =0.725
Urea (mmol L?) 3.7+04 3.8+0.5 3.9+0.5 3.7404 3.6+0.3 4.1+0.3 P =0.952
Creatinine (mmol L) 0.017+0.001 0.016+0.001 0.016+0.000 0.016+0.001 0.017+0.001 0.017+0.000 P =0.944
Calcium (mmol L?) 2.97+0.03 2.94+0.02 2.97+0.08 2.96+0.08 3.03+0.03 3.05+0.03 P =0.651
Protein (g L) 38+1 371 371 360 370 36+2 P =0.760
Albumin (g L) 11+0 11+0 11+0 11+0 11+0 10+0 P=0.334
Globulin (g L?) 271 26x1 26+0 25+0 26+0 26x1 P=0.777
Total Bilirubin (mmol L) 3+l 2+1 1+0 1+0 1+0 1+0 P =0.587
ALT (IU LY 15+3 11+1 10+1 9+1 9+1 10+3 P =0.366
ALP (IU LY 22+3 27+2 3143 244 30+3 31+3 P =0.303
Magnesium (mmol L) 1.33+0.06 1.21+0.02 1.25+0.07 1.26+0.03 1.28+0.09 1.26+0.05 P =0.813
Cholesterol (mmol L) 3.9+0.2 4.0+0.3 4.5+0.2 4.3+0.2 4.2+0.4 4.1+0.1 P =0.561
Triglyceride (mmol L) 2.00+0.47 2.32+0.34 1.68+0.04 1.79+0.45 1.94+0.14 2.26+0.12 P =0.658
Bile Acids (mmol L?) 2.9+0.1 5.4+1.9 5.2+1.1 11.1+8.4 6.2+3.3 5.5+0.6 P =0.761
Haematology®

RBC (x10'?) 2.86+0.09 2.29+0.20 2.45+0.24 2.47+0.19 2.66+0.06 2.72+0.17 P =0.257
HGB (g LY 11543 103+4 106+2 104+3 10242 111+4 P =0.060
PCV (LL?Y 0.59+0.01 0.57+0.01 0.57+0.01 0.57£0.02 0.59+0.01 0.60+0.00 P =0.208
MCV (fl) 181.88+1.84 177.9046.93 179.51+1.35 181.11+3.07 181.69+1.55 179.46£1.71 P =0.950
MCH (pg) 40.5+1.1 48.4+5.5 45.5+4.1 44.0£5.4 38.4+0.3 42.1+45 P =0.570
MCHC (g L?) 22314 273+31 254422 244+29 21140 23524 P =0.443
WBC (x10°) 6.9+0.2 6.9+0.2 6.8+0.1 7.0£0.3 6.8+0.2 7.0£0.2 P =0.990
Granulocytes (%) 810 7+1 6+1 8+2 70 7+2 P =0.692
Lymph (%) 9240 93+1 94+1 91+2 93+0 93+2 P =0.783
Mono (%) 0+0 00 0+0 00 0+0 00 NA
Eosin (%) 0+0 0+0 0+0 0+0 0+0 0+0 NA

Baso (%) 0+0 0+0 0+0 0+0 0+0 0+0 NA
Platelets (x10°) 21+9 30+13 267 24x4 1743 27+4 P =0.863

! Values are mean + SE; n = 3.

2 Diet 1 - 0% fish oil + 100% poultry oil [added oil]; 1.42 g 100 g** LC n-3 PUFA, Diet 2 - 26.71% fish oil + 73.52% poultry oil [added 0il]; 2.34 g 100 g LC n-3 PUFA, Diet 3 - 50.35% fish oil +
50.06% poultry oil [added oil]; 3.33 g 100 g** LC n-3 PUFA, Diet 4 - 27.81% fish oil + 48.26% poultry oil + 24.13% canola oil [added oil], Diet 5 - 28.68% fish oil + 23.84% poultry oil + 47.68%
canola oil [added oil], Diet 6 - 29.37% fish oil + 0% poultry oil + 70.86% canola oil [added oil].

3 A significance level of P < 0.05 was used for all statistical tests, where significant differences were observed post-hoc tests were used (Student-Newman-Keuls test) to detect differences between
treatments, values without a common superscript are significantly different (a indicates the highest value; P < 0.05).

4 ALT = alanine aminotransferase; ALP = alkaline phosphatase

5 Smear content: red and white cell normal; Baso = basophil; Eosin = eosinophil; HGB = haemoglobin; Lymph = lymphocytes; MCH = mean corpuscular haemoglobin; MCHC = mean corpuscular
haemoglobin concentration; MCV = mean corpuscular volume; Mono = monocytes; PCV = packed cell volume; RBC = red blood cell count; WBC = white blood cell count.
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Table 3.1.1.2.7. Fatty acid composition of plasma of Yellowtail Kingfish fed different fish oil, poultry oil and canola oil blend diets for 84 days.
Diet'? 1 2 3 4 5 6 ANOVA?

Saturated Fatty Acids

C14:0 Myristic 2.6+0.5 3.7£0.4 4503 3.5£1.0 3.240.1 4.3+0.4 P=0.161
C15:0 Pentadecanoic 1.1+0.1 1.5+0.2 1.740.1 1.5+0.3 1.4+0.1 1.7+0.1 P =0.066
C16:0 Palmitic 124.7+11.6 136.2+12.2 131.7+3.3 117.4+18.3 106.5+7.6 115.1+7.9 P =0.470
C17:0 Margaric 2.1+0.3 2.7+0.4 2.8+0.1 2.5+0.4 2.4+0.1 3.0+0.2 P=0.391
C18:0 Stearic 49.8+5.8 52.7£5.7 49.8+1.8 47.247.1 45.9+2.7 50.0+4.4 P =0.941
C20:0 Arachidic 0.4£0.1° 0.6+0.1% 0.60.1% 0.60.1% 0.9+0.1° 1.4+0.1° P <0.001
C22:0 Behenic 0.1+0.1° 0.2+0.0° 0.2+0.0° 0.3+0.1° 0.3+0.0° 0.5+0.0° P =0.004
C24:0 Lignoceric 5.2+0.4 5.4+0.5 5.3+0.2 5.0+0.7 4.8+0.4 5.5+0.4 P =0.868
Total Saturated 187.8+19.1 204.9+19.4 198.6+5.5 179.8+28.1 167.1+10.9 183.7+13.3 P =0.709
Mono-unsaturated Fatty Acids

C16:1n7 Palmitoleic 11.5+2.1 13.3+2.0 12.4+0.6 10.0+2.7 7.8+0.6 7.7+0.2 P =0.149
C18:1n9 Oleic 138.0+22.3 135.7+19.0 115.2+5.4 131.2+29.7 131.9+9.7 173.948.5 P =0.376
C18:1n7 Vaccenic 14.1+1.9 16.2+2.5 15.3+0.6 15.243.0 15.1+1.1 19.1+1.2 P =0.561
C20:1n9 Eicosenic 3.6+0.6° 6.740.8% 9.6+0.82 6.7+1.7® 7.040.2%® 9.240.6% P =0.007
C22:1n9 Erucic 0.2+£0.0° 0.7+0.1° 1.1+0.1° 0.60.2° 0.7+0.0° 0.9+0.0® P <0.001
C24:1 Nervonic 1.2+0.1° 2.00.0° 2.6+0.1 2.1+0.2° 2.1+0.1° 2.4+0.1%® P <0.001
Total Mono-unsaturated 168.5+27.1 174.6+£24.5 156.2+7.5 166.0+£37.5 164.4+11.6 213.2+£10.5 P =0.567
Poly-unsaturated Fatty Acids

C18:2n6 Linoleic 74.6x7.4 64.7+8.9 45.4+1.1 61.8+11.9 65.0£5.4 83.5+4.1 P =0.052
C18:3n6 Gamma-Linolenic 0.6+0.1 0.8+0.2 0.8+0.0 0.7+0.2 0.6+0.1 0.6+0.1 P =0.806
C18:3n3 Alpha-Linolenic 7.2+0.9% 6.5+0.9% 4.9+0.1¢ 10.3+2.5% 13.9+1.1° 21.6+0.7* P <0.001
C20:2n6 Eicosadienoic 2.7+0.3 2.5+0.2 2.1+0.2 2.6+0.5 2.6+0.3 3.240.3 P=0.379
C20:3n6 Eicosatrienoic 1.8+0.1% 1.60.2%® 1.320.1% 1.320.2% 1.00.1° 0.940.1° P =0.007
C20:4n6 Arachidonic 21.1+1.2 23.0+2.0 23.1+0.6 20.9+2.6 19.0+1.9 21.4+1.7 P =0.634
C20:5n3 Eicosapentaenoic 27.242.1° 38.8+3.6® 45,3+0.9% 36.2+5.6% 35.0+2.9% 40.9+3.3% P =0.043
C22:4n6 Docosatetraenoic 2.0+0.1 2.0+0.1 1.9+0.1 1.7+0.2 1.5+0.1 1.6x0.1 P =0.142
C22:5n3 Docosapentaenoic 13.5+0.5° 19.9+2.0% 22.2+0.7° 19.0£2.7% 17.4+1.9% 19.7+1.4%® P =0.053
C22:6n3 Docosahexaenoic 141.8+7.1° 188.2+15.6% 217.2+3.42 179.8+22.4% 168.9+14.3% 194.2+14.4%® P =0.047
Total Omega 3 189.8+10.6 253.5+22.0 289.7+4.1 245.3+33.1 235.2+19.8 276.4£19.5 P =0.057
Total Omega 6 102.8+9.2 94.7+11.6 74.6+2.0 89.0+15.6 89.8+7.8 111.2+6.4 P =0.215
Trans Fatty Acids

Ct18:1n-9 15+0.1 1.5+0.2 15+0.1 1.3+0.2 1.0£0.1 1.0£0.1 P =0.057
Ct18:1n-7 0.60.1° 2.0£0.3 2.6+0.1° 1.8+0.3? 1.8+0.1° 1.9+0.2° P =0.001
Total Trans Fatty Acids 2.1+0.2 3.3+0.6 4.1+0.2 3.1+0.5 2.6+0.3 2.7+0.4 P =0.057

! Values are mean + SE; n = 3.

2 Diet 1 - 0% fish oil + 100% poultry oil [added oil]; 1.42 g 100 g* LC n-3 PUFA, Diet 2 - 26.71% fish oil + 73.52% poultry oil [added oil]; 2.34 g 100 g* LC n-3 PUFA, Diet 3 - 50.35% fish oil +
50.06% poultry oil [added oil]; 3.33 g 100 g** LC n-3 PUFA, Diet 4 - 27.81% fish oil + 48.26% poultry oil + 24.13% canola oil [added oil], Diet 5 - 28.68% fish oil + 23.84% poultry oil + 47.68%
canola oil [added oil], Diet 6 - 29.37% fish oil + 0% poultry oil + 70.86% canola oil [added oil].

3 A significance level of P < 0.05 was used for all statistical tests, where significant differences were observed post-hoc tests were used (Student-Newman-Keuls test) to detect differences between
treatments, values without a common superscript are significantly different (a indicates the highest value; P < 0.05).
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Table 3.1.1.2.8. Fatty acid composition of red blood cells of Yellowtail Kingfish fed different fish oil, poultry oil and canola oil blend diets for 84 days.
Diet!2 1 2 3 4 5 6 ANOVA?

Saturated Fatty Acids

C14:0 Myristic 1.1+0.2 1.340.2 1.640.1 1.5+0.1 1.440.2 1.740.1 P =0.132
C15:0 Pentadecanoic 1.1+0.3 1.1+0.3 1.5+0.2 1.440.3 1.2+0.3 1.540.3 P=0.721
C16:0 Palmitic 60.6+6.5 56.8+5.0 63.1+3.2 66.0+2.1 64.0+6.4 57.1+3.1 P =0.673
C17:0 Margaric 0.940.1° 1.0£0.1% 1.2+0.1%® 1.240.0%® 1.320.1% 1.340.12 P =0.024
C18:0 Stearic 37.445.3 34.4+2.1 37.9+1.1 40.0+1.4 41.6+4.2 37.5+2.6 P =0.697
C20:0 Arachidic 0.5+0.0? 0.5+0.1* 0.7+0.1%® 0.8+0.0° 1.1+0.12 1.2+0.0° P <0.001
C22:0 Behenic 0.2+0.0 0.1+0.0 0.2+0.0 0.2+0.0 0.2+0.1 0.3+0.0 P =0.099
C24:0 Lignoceric 2.4+0.3 2.1+0.2 2.3+0.1 2.4+0.1 2.5+0.2 2.3+0.1 P =0.627
Total Saturated 107.7+13.8 100.9+7.6 113.3+3.7 118.1+2.5 117.1+12.2 107.246.9 P =0.725
Mono-unsaturated Fatty Acids

C16:1n7 Palmitoleic 2.3+0.3 2.2+0.2 2.5+0.2 2.1+0.1 2.0+0.1 1.740.2 P =0.162
C18:1n9 Oleic 26.7+2.7% 24.1%2.1° 23.8+2.1° 27.5+0.9% 30.7+1.2% 34.2+2.6° P =0.025
C18:1n7 Vaccenic 5.0£0.5 47+0.4 5.4+0.3 5.50.1 6.2+0.5 6.240.1 P =0.067
C20:1n9 Eicosenic 2.1+0.1° 3.240.3° 5.1+0.3* 4.0+0.1% 4.6+0.4° 4.5+0.1° P <0.001
C22:1n9 Erucic 0.3+0.1° 0.4+0.0? 0.7+0.17 0.5+0.0° 0.5+0.1° 0.6+0.0? P =0.012
C24:1 Nervonic 0.9+0.1¢ 1.2+0.0° 1.6+0.0% 1.240.0® 1.420.1% 1.4+0.1% P =0.001
Total Mono-unsaturated 37.3+3.8 35.8+3.0 39.0+2.9 40.9+1.1 45.442.3 48.6+2.7 P =0.056
Poly-unsaturated Fatty Acids

C18:2n6 Linoleic 30.1+2.8° 21.8+1.6° 18.3+1.1° 28.0+1.2° 29.7+1.9° 28.9+1.0° P =0.002
C18:3n6 gamma-Linolenic 0.2+0.0 0.2+0.0 0.3+0.0 0.2+0.0 0.2+0.0 0.2+0.0 P=0.131
C18:3n3 alpha-Linolenic 1.7+0.2¢ 1.2+0.1¢ 1.0+0.1° 2.3+0.1° 3.3+0.1° 4.0+0.3 P <0.001
C20:2n6 Eicosadienoic 0.940.1 0.840.1 0.9+0.0 1.0+0.0 1.0£0.1 1.1+0.0 P =0.055
C20:3n6 Eicosatrienoic 1.0+0.12 0.8+0.1%* 0.8+0.0® 0.8+0.0% 0.7+0.1%® 0.6+0.0° P=0.014
C20:4n6 Arachidonic 22.1+2.5 18.8+1.4 20.3+0.7 21.8+0.8 21.6+2.4 17.7+1.2 P =0.370
C20:5n3 Eicosapentaenoic 21.8+1.9 23.4+2.2 27.4+1.6 27.7£1.6 27.5+2.4 23.0+1.1 P=0.128
C22:4n6 Docosatetraenoic 0.9+0.1 0.8+0.1 0.8+0.1 0.8+0.1 0.8+0.1 0.6+0.0 P =0.272
C22:5n3 Docosapentaenoic 5.8+0.4 6.3+0.6 7.1+0.5 7.4+0.4 7.4+0.4 6.5+0.3 P =0.095
C22:6n3 Docosahexaenoic 64.1+6.4 69.245.4 82.615.7 79.743.1 83.5+6.8 78.0+4.4 P =0.145
Total Omega 3 93.4+8.8 100.1+8.0 118.2+7.8 117.145.2 121.649.7 111.445.6 P =0.130
Total Omega 6 55.2+5.6 43.243.2 41.442.0 52.7+2.0 54.0+4.6 49.1+2.0 P =0.072
Trans Fatty Acids

Ct18:1n9 0.4+0.0 0.4+0.0 0.4+0.0 0.3+0.0 0.3+0.0 0.3+0.0 P =0.318
Ct18:1n7 0.4%0.0° 0.3+0.0%° 0.4+0.0%® 0.2+0.0™ 0.2+0.0%° 0.2+0.0° P =0.009
Total Trans Fatty Acids 0.8+0.0° 0.6+0.0%® 0.7+0.1%® 0.6+0.1% 0.6+0.0° 0.5+0.0° P =0.010

1Values are mean + SE; n = 3.

2 Diet 1 - 0% fish oil + 100% poultry oil [added oil]; 1.42 g 100 g* LC n-3 PUFA, Diet 2 - 26.71% fish oil + 73.52% poultry oil [added oil]; 2.34 g 100 g* LC n-3 PUFA, Diet 3 - 50.35% fish oil +
50.06% poultry oil [added oil]; 3.33 g 100 g** LC n-3 PUFA, Diet 4 - 27.81% fish oil + 48.26% poultry oil + 24.13% canola oil [added oil], Diet 5 - 28.68% fish oil + 23.84% poultry oil + 47.68%
canola oil [added oil], Diet 6 - 29.37% fish oil + 0% poultry oil + 70.86% canola oil [added oil].

3 A significance level of P < 0.05 was used for all statistical tests, where significant differences were observed post-hoc tests were used (Student-Newman-Keuls test) to detect differences between
treatments, values without a common superscript are significantly different (a indicates the highest value; P < 0.05).
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Table 3.1.1.2.9.Visceral somatic parameters and gastrointestinal morphology of Yellowtail Kingfish fed different fish oil, poultry oil and canola oil blend diets for
84 days.

Diet!? 1 2 3 4 5 6 ANOVA3

Visceral somatic parameters

Intraperitoneal fat (%) 1.90+0.34 1.71+0.38 1.14+0.40 1.50+0.27 1.19+0.23 1.18+0.17 P =0.438
Viscerosomatic index (VSI; %) 6.84+0.41 6.70+0.34 6.58+0.43 6.74+0.26 6.68+0.31 6.50+0.27 P =0.985
Hepatosomatic index (HSI; %) 1.07+0.06 1.00+0.05 1.0540.05 1.01+0.04 1.03+0.08 0.99+0.04 P =0.869
Stomach morphology

Gastric dilation score? 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.22+0.11° P =0.023
Hindgut morphology

Muscularis thickness 834+16 817467 844+137 772456 757+29 782472 P =0.941
Submucosa thickness 25+3 39+13 37+20 26+5 28+3 23+2 P =0.818
Villi length 1254455 1089+41 1268+139 1201453 1153453 12124166 P =0.796
Villi thickness 10042 1076 103+10 103+3 99+7 9547 P =0.833
Lamina propria thickness 16+2 19+3 18+5 17+1 14+2 16+2 P =0.805
Lamina propria/villi thickness (%) 1642 1842 1743 1641 1441 1741 P =0.765
Mucus cells per 100pum 4.42+0.27 5.73+1.12 5.02+0.38 3.79+0.56 4.67+0.78 5.38+0.46 P =0.401
Eosinophilic droplets in epithelial cells 240 240 340 2+0 2+0 240 P =0.156
Melanomacrophage centres 1+1 1+1 2+1 140 140 140 P =0.944
Apparent digestibility coefficient (ADC; %)

Dry matter 56.4+1.4 47.7+£3.9 49.016.9 43.3+12.7 52.2+2.2 51.1+5.8 P =0.809
Crude protein 77.2+0.3 75.4+3.5 75.2+3.1 72.4+3.7 75.9+1.1 74.3+2.5 P =0.872
Gross energy 70.6+0.8 67.6+4.8 68.2+3.4 65.0+5.8 70.0+1.5 67.5+4.1 P =0.920

! Values are mean + SE; n = 3.

2 Diet 1 - 0% fish oil + 100% poultry oil [added oil]; 1.42 g 100 g** LC n-3 PUFA, Diet 2 - 26.71% fish oil + 73.52% poultry oil [added 0il]; 2.34 g 100 g LC n-3 PUFA, Diet 3 - 50.35% fish oil +
50.06% poultry oil [added oil]; 3.33 g 100 g** LC n-3 PUFA, Diet 4 - 27.81% fish oil + 48.26% poultry oil + 24.13% canola oil [added oil], Diet 5 - 28.68% fish oil + 23.84% poultry oil + 47.68%
canola oil [added oil], Diet 6 - 29.37% fish oil + 0% poultry oil + 70.86% canola oil [added oil].

3 A significance level of P < 0.05 was used for all statistical tests, where significant differences were observed post-hoc tests were used (Student-Newman-Keuls test) to detect differences between
treatments, values without a common superscript are significantly different (a indicates the highest value; P < 0.05).

4 Gastric dilation score based on Chown (2015).
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Figure 3.1.1.2.1. Water temperature profile during the 84 day experimental period (average 16.2 °C [range 13.0-20.0 °C]).
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3.1.2. Chapter - Emulsifiers and protein and energy levels for large Yellowtail Kingfish.

3.1.2.1. Manuscript - Evaluation of dietary lipid levels and emulsifiers on growth and feed utilisation
in large Yellowtail Kingfish (Seriola lalandi) at winter water temperatures.

David A.J. Stone ¢ d Matthew S. Bansemer 2, Paul Skordas?, Nicole Ruff ¢

@ South Australian Research and Development Institute, South Australian Aquatic Sciences Centre, West
Beach, SA 5024, Australia.

b Flinders University, College of Science and Engineering, GPO Box 2100, Adelaide, SA 5001,
Australia.

¢ University of Adelaide, School of Animal and Veterinary Sciences, Roseworthy, SA 5371, Australia
dMarine Innovation Southern Australia.

¢ Skretting Australia, Cambridge, TAS 7170, Australia.

This manuscript may be referenced as: Stone, D.A.J., Bansemer, M.S., Skordas, P. and Ruff, N. (2019).
3.1.2.1. Manuscript - Evaluation of dietary lipid levels and emulsifiers on growth and feed utilisation in
large Yellowtail Kingfish (Seriola lalandi) at winter water temperatures (N3; Output 2b and 2e). In:
Stone, D.A.J., Booth, M.A. and Clarke, S.M. (eds). South Australian Research and Development
Institute (Aquatic Sciences) 2019, Growing a Profitable, Innovative and Collaborative Australian
Yellowtail Kingfish Aquaculture Industry: Bringing ‘White’ Fish to the Market (DAWR Grant
Agreement RnD4Profit-14-01-027), Adelaide, June. pp.67-83.

Abstract

Yellowtail Kingfish (Seriola lalandi; YTK) have a fast growth rate, and as a result, a high energy demand
that should ideally be satisfied by dietary lipids. Recent research has highlighted the knowledge gap in
dietary lipid requirements for large YTK at winter water temperatures. In this 84 day study, the effect
of dietary lipid levels and the addition of a dietary emulsifier (LYSOFORTE® Liquid, Kemin Industries,
Inc.) on the growth, feed utilisation, and gut health of YTK (> 1.5 kg) were investigated at winter water
temperatures. This was a factorial experiment (2 x 2; n = 4 dietary treatments) which evaluated dietary
lipid level (high, 30% and low, 20%) as the first factor and lipid emulsifier (with or without
LYSOFORTE® Liquid) as the second factor. Fish were fed the 9 mm diameter pellets to apparent
satiation once daily at 09:00 h. The specific growth rate (SGR; % d*) and protein deposition (PD) of
YTK fed the 30% lipid diets were significantly higher than fish fed the 20% lipid diets. Dietary
LYSOFORTE® Liquid inclusion or the interaction between dietary lipid level and LYSOFORTE®
Liquid inclusion did not significantly influence SGR or PD Feed intake (% body weight d?) was not
significantly influenced by dietary lipid level, dietary LYSOFORTE® Liquid inclusion or the interaction
between the two variables. However, the feed conversion ratio (FCR) of fish fed the 30% lipid diet was
significantly lower (improved) compared to those fed the 20% lipid. In contrast, dietary LYSOFORTE®
Liquid inclusion did not significantly influence FCR. Intraperitoneal fat (%) and viscerosomatic index
(VSI; %) were significantly affected by lipid level (30 > 20%). However, dress-out yields (gutted, head
on and gills in) of processed fish were not significantly affected by lipid level. Results of the current
study suggest that YTK may be fed a 30% dietary lipid level at winter water temperatures to improve
growth and feed utilisation. However, given differences in whole weight versus dress-out yields weights,
the use of high lipid diets to increase total final weight will ultimately come down to a marketing decision
by YTK producers. We recommend further research investigating high (30%) dietary lipid diets under
commercial conditions at winter temperatures before implementing this practice on-farm. In contrast,
there was no apparent benefit to growth or feed utilisation by feeding a 40 mg kg lipid-*dietary inclusion
of LYSOFORTE® Liquid for YTK at winter water temperatures. After discussions with project
participants, we do not recommend any further investigation of LYSOFORTE® Liquid for YTK at winter
water temperatures.
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Introduction

Yellowtail Kingfish (Seriola lalandi; YTK) are well suited to aquaculture due to their fast growth rate
(reaching 3 kg in 12-18 months). As a result of their fast growth rate, YTK have a high energy demand
(Pirozzi and Booth, 2009). Fish are able to deaminate protein for energy, however, this should be avoided
as this reduces protein deposition and growth, and ultimately increases feed costs (Philips, 1972; Bowyer
et al., 2013). As dietary carbohydrate has been reported to be poorly utilised by YTK (Booth et al.,
2013), dietary lipids should ideally be used to satisfy the energy requirements (Booth et al., 2013; Stone
et al., 2016). Recent research has identified that YTK may be fed a higher lipid, lower protein diet to
achieve a protein sparing effect at warm summer water temperatures (19.5-26.0 °C) (Stone et al., 2016).
The authors reported superior growth of YTK fed a 28% crude lipid (CL) and 42% crude protein (CP)
compared to fish fed a 24% CL and 44% CP (Stone et al., 2016). However, cultured YTK in South
Australia are exposed to fluctuating water temperatures that reach above 24 °C during summer and
below 12 °C in winter (Miegel et al., 2010). YTK and other Seriola spp., may be less tolerant to high
lipid diets at cool winter water temperatures compared to warm summer water temperatures (Talbot et
al., 2000; Bowyer et al., 2012a; Bowyer et al., 2012b). Furthermore, high lipid diets, in addition to a
number of other factors, have also been reported to be associated with the development of enteritis at
cooler water temperatures (Sheppard, 2004; Bansemer et al., 2015).

YTK at sub-optimal winter water temperatures fed a commercial diet (24% CL [as fed]; 25.8% CL [dry])
to apparent satiation 6 d week™ exhibited similar SGR to fish fed an Australian Sardine diet (4.1% [as
fed]; 14.7% CL [dry]) to apparent satiation every second day (Stone et al., 2016). Furthermore,
Mediterranean Yellowtail (Seriola dumerilii; 95 g) at sub-optimal water temperatures (18 °C) fed a high
30% CL diet had significantly increased visceral fat deposition (23.5% visceral fat), compared to those
fed a low CL diet (18% CL level; 16% visceral fat) (Talbot et al., 2000). This trait is undesirable, as it
contributes to reduced product yield and increased production costs (Talbot et al., 2000). To develop
YTK diets to improve productivity, there is potential to improve our understanding of the effects of
dietary lipid levels on growth performance, feed utilisation, product yield and gut health for YTK at
winter water temperatures.

Improving lipid emulsification in the gastrointestinal tract has been suggested to improve the digestion
and absorption of lipids in a number of aquaculture species (Ward and Carter, 2009; Perera and Simon,
2014; Zhao et al., 2015). Lipid absorption in YTK may be improved by the incorporation of emulsifiers
in the diet. Emulsifiers are compounds that have a hydrophilic component that dissolves in a water phase,
and also a hydrophobic component that dissolves in a lipid phase (Zhao et al., 2015). Due to their
combined hydrophilic and hydrophobic properties, emulsifying agents may promote the dispersion of
oil through a continuous phase of water (“oil-in-water”) or water in a continuous phase of oil (“water-
in-0il”). This beneficial chemical property may improve lipid and energy digestion. There are a number
of commercially available emulsifiers including carboxymethylcellulose, polysorbate-80, mono- and di-
glycerides, vegetable lecithins (corn, rapeseed, soy and sunflower), and also proprietary
lysophospholipid products, including LYSOFORTE® and LYSOFORTE® Liquid (Kemin Industries,
Inc., Singapore, Republic of Singapore) (Hung et al., 1997; Guiotto et al., 2015; Sugumar et al., 2015).
In addition to being commercially available, LYSOFORTE® Liquid has been reported to be cost-
effective and can be mixed with lipids prior to feed kernels top-coating (post-pelleting application), thus
avoiding heat related losses of activity. Dietary inclusions of LYSOFORTE® Liquid have been reported
to improve the growth performance and nutrient digestibility for Tra Catfish (Pangasianodon
hypophthalmus) and White Shrimp (Litopenaeus vanammei) at optimal growing temperatures (Sugumar
et al., 2014; Sugumar et al., 2015). However, the benefits of incorporating LYSOFORTE® Liquid in
diets for YTK on diet digestibility and utilisation, gastrointestinal tract health and growth are unknown.

Aim
The aim of this study was to evaluate the effects of dietary lipid level, LYSOFORTE® Liquid inclusion

and their interactive effects on diet digestibility and utilisation, gastrointestinal tract health and growth
of large YTK at winter water temperatures.
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Methods
Experimental design and diets

This was a factorial experiment (2 x 2; n = 4 dietary treatments) investigating lipid level and
LYSOFORTE® Liquid inclusion. YTK were fed a 30% or 20% total lipid diet, with or without
LYSOFORTE® Liquid (Kemin Industries, Inc., Singapore, Republic of Singapore). The pellet kernel (9
mm diameter), fish oil and poultry oil were supplied by Skretting Australia (Cambridge, Tasmania,
Australia). The pellet kernel was formulated to contain 30% fish meal, and contained ~10% crude lipid.
The pellet kernels were top coated at Aquafeeds Australia (Mount Barker, South Australia, Australia)
with a blend of fish oil and poultry oil to achieve a total dietary lipid level of 20 or 30%. Diets were
formulated to contain 2.12 g 100 g™ dietary long chain omega-3 polyunsaturated fatty acids levels (3LC
n-3 PUFA; eicosapentaenoic acid [20:5n-3, EPA], docosapentaenoic acid [22:5n-3, DPA] and
docosahexaenoic acid [22:6n-3, DHA]) to meet the requirements for optimal growth of large YTK at
summer water temperatures (Stone et al., Manuscript 3.1.1.1). To ensure diets contained the desired total
lipid level, poultry oil was selected as the alternative lipid source, as it is currently used in commercial
YTK diets. With regard to the emulsifier, LYSOFORTE® Liquid was added at a concentration of 40 mg
kg lipid™. This concentration was recommended for carnivorous fish by Kemin Industries (Chinnadurai
Sugumar, Kemin Industries, Inc.; personal communication). LYSOFORTE® Liquid was added to the
fish oil and poultry oil blend prior to top-coating kernels. The nutritional composition of the four
experimental diets are displayed in Table 3.1.2.1.1.

Fish were fed to apparent satiation at 09:00 h daily, which involved feeding fish for four min tank™* or
until a feed refusal response was observed. Feed intake was recorded daily, and tanks were cleaned every
second day. This study ran for a total of 84 days.

Experimental fish

Experimental work was conducted in the pool-farm facility at SARDI SAASC. YTK (n = 276; 1.12 +
0.11 kg; 426 + 13 mm (fork length; mean * standard deviation) were obtained from Clean Seas Seafood
(Port Lincoln, South Australia, Australia). Upon arrival at the SARDI SAASC facility, YTK were
transferred to 5000 L tanks supplied with partial flow-through/recirculating (100% system water
exchange d1), sand filtered, UV treated, aerated sea water at ambient temperature and held for ~2 months
and fed a standard Ridley Pelagica diet (crude protein 46%; crude lipid 24%; gross energy 19.30 MJ kg
1) once daily.

Fish treatment

Before the commencement, and during the experiment, YTK were treated for skin flukes (Benedenia
seriola) and gill flukes (Zeuxapta seriola) with formalin (250 ppm for 30 min), and blood flukes
(Paradeontacylix spp.) with in-feed praziquantel (~10-15 mg kg?t). Fish were also treated for
epitheliocystis with in-feed oxytetracycline (75 mg kg) for 10 days during the experiment. Treatment
was prescribed by Dr Matt Landos (Future Fisheries Veterinary Service Pty Ltd., Ballina, New South
Wales, Australia).

Experimental stocking and intermediate weight checks

At the commencement of the current experiment (August 2016), YTK were anaesthetised in 5000 L
tanks (total water volume 2500 L) using AQUI-S® (AQUI-S® New Zealand Ltd., Lower Hutt, New
Zealand) at a concentration of 14 mg L of seawater. Twenty three fish were removed from their tank,
measured, weighed and stocked into one of the three replicate 5000 L tanks per treatment combination
(n = 4 treatments; n = 12 tanks). Tanks were supplied with partial flow-through/recirculating (100%
water exchange d), sand filtered, UV treated sea water at ambient temperature. All tanks were supplied
with aeration and oxygenation throughout the study. As required, mortalities were removed form the
tanks, weighed, measured and recorded and replaced with tagged fish (T-tags) of a similar weight.
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Tagged fish were included in biomass calculations for FCR (see Performance indice section), but
excluded from all other analyses.

At four and eight weeks post-stocking, all fish were anaesthetised using AQUI-S® at a concentration of
14 mg L* of seawater and weighed and measured before being returned to their respective tanks.

Water quality analyses

Water quality parameters were measured daily at 10:30 h, and maintained at appropriate levels for
acceptable growth of YTK throughout the study (Table 3.1.2.1.2). Water temperature was measured
using a thermometer. Dissolved oxygen (mg L and % saturation) was measured using a dissolved
oxygen meter (OxyGuard International A/S, Birkergd, Denmark). The pH was measured daily using a
meter (Oakton pHtestr 20; Oakton Instruments, Vernon Hills, Illinois, United States of America).
Salinity (g L) was measured weekly using a portable salinity refractometer (model RF20, Extech
Instruments, Nashua, New Hampshire, United States of America).

Final harvest sampling

At day 84, all fish were anaesthetised using AQUI-S® at a concentration of 14 mg L of seawater and
weighed and measured. Four fish from each tank (n = 4 fish tank™; n = 12 tanks; n = 48 fish) were
collected whole and stored frozen at -20 °C for analysis of proximate composition and fatty acids profile.
Blood from three separate fish per tank (n = 3 fish tank™®; n = 12 tanks; n = 36 fish) were collected using
a 19 G needle with a 5 mL syringe, and transferred to two separate Vacuette® tubes (Z serum clot
activator, EDTA or SST™ II advance tubes). Blood haematocrit was analysed at SARDI SAASC, and
blood haematology and biochemistry at IDEXX (Unley, South Australia, Australia). These blood
sampled fish were then dissected and the visceral, liver and visceral fat was weighed in order to calculate
visceral index (VSI; %), hepatosomatic index (HSI; %) and intraperitoneal fat (%), respectively. In
addition, a one cm? longitudinally opened midgut section were collected for histology. In brief, midgut
samples were fixed in 10% seawater formalin for > 48 h, processed and embedded in paraffin wax.
Tissue sections were cut using a microtome and floated onto Starfrost® glass slides and dried for > 24
h at room temperature before being stained. Midgut sections were stained with both hematoxylin and
eosin (H and E) and high iron diamine/alcian blue pH 2.5 (HID/AB pH 2.5). Villus height, width and
area, total goblet cell number and composition (sialylated and sulphated) were measured.

Apparent digestibility coefficients and nutrient digestion

At the conclusion of the 84 day growth experiment, a two week digestibility experiment was undertaken.
After fish (n = 17 tank?) were weighed and measured they were returned to their tank, and fed their
respective diet daily to apparent satiation for six days. After six days, fish were anaesthetised using
AQUI-S® at a concentration of 20 mg L of seawater (to enable handling and faecal matter collection),
manually stripped and the faecal matter was collected. In brief, manual stripping involved placing the
forefinger and thumb on either side of the fish abdomen at the pelvic fin. Moderate pressure was applied
by the forefinger and thumb, and at the same time moved towards the anus, this process was repeated
six times. Uncontaminated faecal samples (free from blood, urine and mucus) were collected in a 250
mL container and stored frozen at -20 °C. Fish were then revived in their respective tank, and fed their
respective diet daily to apparent satiation for a further six days. Fish were manually stripped again to
ensure adequate samples were collected. Faecal material from all fish from a tank from both stripping
events were pooled for analysis.

Biochemical and histological analyses

The proximate composition analyses of diets, whole body tissue, and faeces were conducted according
to methods in the British Pharmacopoeia Commission (2004) or German Institute for Standardization
(DIN) (2000). A one kg sample of each diet was collected, ground and analysed for proximate
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composition (moisture, protein, fat, ash, carbohydrate and energy), fatty acids profile and cholesterol
level. In addition, a total of twelve fish (n = 12 fish) at the start of the experiment, and four fish from
each tank (n = 3 fish tank*; n = 12 tanks; n = 36 fish) at the conclusion of the experiment were collected
and stored frozen at -20 °C. Whole fish samples were partially thawed, homogenised and analysed for
proximate composition (moisture, protein, fat, ash, carbohydrate and energy) and fatty acid profile.

Performance indices
All data reported for each treatment for animal performance were based on the mean of the replicate
tanks. All calculations using fish weight and diets were based on wet or as fed values, respectively:

»  Weight gain = final weight - initial weight

« Biomass gain (kg tank®) = (final weight + Y mortality weight) - (initial weight + Y replacement
weight)

« Specific growth rate (SGR, % d*) = ([In final weight - In initial weight] / d) x 100

* Length growth rate (mm d*) = (final fish length - initial fish length) / d

« Condition factor = (fish weight [g] / fish length [cm]®) x 100

» Apparent feed conversion ratio (FCR) = feed consumed / fish weight gain

+ Apparent protein deposition = ([final whole protein - initial whole protein] / protein intake) x 100
» Apparent energy deposition = ([final whole energy - initial whole energy] / energy intake) x 100

» Haematocrit count = red blood cell (mm) / total blood (red blood cell and plasma [mm]) 100 x
100

 Visceral index (VSI; %) = wet visceral wt x 100 / final wet fish wt
» Dress-out yield (gutted, head on and gills in) = (100% - VSI [%]) % final wet fish wt
» Hepatosomatic index (HSI; %) = wet liver wt x 100 / final wet fish wt

The apparent digestibility coefficient (ADC) for dietary dry matter, protein and energy was calculated
using the following equation and methods described by Maynard and Loosli (1969) and Miegel et al.
(2010):

ADC (%) = 100 = (100 X [%Mfeed / %Mfaeces] X [%Nfaeces / %Nfeed])

Where M refers to inert marker (acid insoluble ash [AIA]); and N nutrient of interest.

Statistical analyses

IBM SPSS (version 24 for Windows; IBM SPSS Inc., USA) was used for all statistical analyses.
Homogeneity of variances and normality among mean values were assessed using Levene’s test for
equality of variance errors and Shapiro-Wilk test, respectively. To assess the effect of lipid level (30 or
20%) and LYSOFORTE® Liquid inclusion (with or without) on YTK performance, data were analysed
using two-factor ANOVA. A significance level of P < 0.05 was used for all statistical tests. All values
are presented as means + standard error (SE) of the mean unless otherwise stated.
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Results
General observations

The nominal target dietary lipid levels for all diets were achieved (Table 3.1.2.1.1). For Diets 1 and 2,
the dietary lipid levels were 30.0 and 28.6%, respectively, with protein levels of 41.9 and 41.0%,
respectively (Table 3.1.2.1.1). For Diets 3 and 4, dietary lipid levels were 19.6 and 19.0%, respectively,
with protein levels of 47.4 and 47.1%, respectively (Table 3.1.2.1.1).

There were no significant differences in the initial weight and fork length of YTK between treatments
(P > 0.05; two-factor ANOVA,; Table 3.1.2.1.3). The average initial weight and fork length were 1.12 +
0.11 kg and 426 + 13 mm (mean * standard deviation; n = 276), respectively. Fish fed actively during
the experiment with no apparent differences in behaviour were observed between treatments. The overall
mortality for fish in the study was low (3.26%), and was not significantly influenced by dietary lipid
level, dietary LYSOFORTE® Liquid inclusion or the interaction between these two factors (P > 0.05).

Growth performance

Final weight, biomass gain and SGR of YTK fed the 30% lipid diets were significantly higher than fish
fed the 20% lipid diet (P < 0.05; two-factor ANOVA, Table 3.1.2.1.3). Dietary LYSOFORTE® Liquid
inclusion or the interaction between dietary lipid level and LYSOFORTE® Liquid inclusion did not
significantly influence final weight, biomass gain or SGR of fish (P > 0.05; two-factor ANOVA; Table
3.1.2.1.3).

Final fork length, length growth rate and final condition factor were not significantly affected by dietary
lipid level, dietary LYSOFORTE® Liquid inclusion or the interaction between the two factors (P > 0.05;
two-factor ANOVA, Table 3.1.2.1.3).

Feed utilisation

Apparent feed consumption (kg tank™®) and feed intake (% BW d*) were not significantly influenced by
dietary lipid level, dietary LYSOFORTE® Liquid inclusion or the interaction between the two factors
(P > 0.05; two-factor ANOVA,; Table 3.1.2.1.3). The fish fed the 30% lipid diets had a significantly
lower (improved) apparent FCRs compared to those fed the 20% lipid diets (P = 0.001; two-factor
ANOVA; Table 3.1.2.1.3). Dietary LYSOFORTE® Liquid inclusion or the interaction between dietary
lipid level and LYSOFORTE® Liquid inclusion did not significantly influence the FCR of fish (P > 0.05;
two-factor ANOVA, Table 3.1.2.1.3).

Whole fish proximate and energy composition

The moisture and protein contents of YTK fed the 20% lipid diets were significantly higher than those
fed the 30% lipid diets (P = 0.001 and 0.006, respectively; two-factor ANOVA; Table 3.1.2.1.3). Dietary
LYSOFORTE® Liquid inclusion or the interaction between dietary lipid level and LYSOFORTE®
Liquid inclusion did not significantly influence moisture and protein contents (P > 0.05; two-factor
ANOVA; Table 3.1.2.1.3). The lipid and energy contents of YTK fed the 30% lipid diets were
significantly higher than those fed the 20% lipid diets (P < 0.001; two-factor ANOVA,; Table 3.1.2.1.3).
The lipid and energy contents of YTK were not significantly influenced by dietary LYSOFORTE®
Liquid inclusion or the interaction between dietary lipid level and LYSOFORTE® Liquid inclusion (P
> 0.05; two-factor ANOVA,; Table 3.1.2.1.3). The ash and carbohydrate contents of fish were not
affected by dietary lipid level, dietary LYSOFORTE® Liquid inclusion or the interaction between the
two factors (P > 0.05; two-factor ANOVA; Table 3.1.2.1.3).
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Nutrient retention

Dietary lipid level, dietary LYSOFORTE® Liquid inclusion or the interaction between the two factors
did not significantly affect apparent protein deposition (18.11-20.45%; P > 0.05; two-factor ANOVA;
Table 3.1.2.1.3). Apparent energy deposition was significantly higher for YTK fed the 30% lipid diets
than those fed the 20% lipid diets (P < 0.001; two-factor ANOVA; Table 3.1.2.1.3). Dietary
LYSOFORTE® Liquid inclusion or the interaction between dietary lipid level and LYSOFORTE®
Liquid inclusion did not significantly influence apparent energy deposition (P > 0.05; Table 3.1.2.1.3).

Whole fish fatty acid composition

There were numerous significant differences of the whole fish fatty acid levels between dietary
treatments (P < 0.05; one-factor ANOVA; Table 3.1.2.1.4). In general, a number of these fatty acids
mirrored the differences observed in lipid levels between fish fed the different lipid level diets. For
example, YTK fed the 30% lipid diet series had significantly higher Palmitic (C16:0), Stearic (C18:0),
Myristoleic (C14:1), Palmitoleic (C16:1), Octadecenoic (C18:1n7), Oleic (C18:1n9), Linoleic
(C18:2n6) and alpha-Linolenic (C18:3n3) levels than fish fed the 20% lipid diet series (P < 0.05; two-
factor ANOVA; Table 3.1.2.1.4).

Blood biochemistry and haematology

Blood urea levels and platelets were significantly higher in YTK fed the 20% lipid diets than those fed
the 30% lipid diets (P < 0.05; two-factor ANOVA; Table 3.1.2.1.5). YTK fed the 30% lipid diets had
significantly higher blood alkaline phosphatase, triglyceride, and bile acid levels compared to fish fed
the 20% lipid diets (P < 0.05; two-factor ANOVA; Table 3.1.2.1.5). These parameters were not
significantly influenced by dietary LYSOFORTE® Liquid inclusion or the interaction between dietary
lipid level and LYSOFORTE® Liquid inclusion (P > 0.05; Table 3.1.2.1.5). Furthermore, dietary lipid
level, dietary LYSOFORTE® Liquid, or the interaction between these two factors did not significantly
influence other blood haematology and biochemistry parameters measured (P > 0.05; two-factor
ANOVA,; Table 3.1.2.1.5).

Visceral somatic parameters and gastrointestinal tract morphology

Intraperitoneal fat, visceral index (VSI; %) and hepatosomatic index (HSI; %) of YTK fed the 30%
dietary lipid diets were significantly higher than those fed the 20% lipid diets (P = 0.004, 0.006 and
0.009, respectively; two-factor ANOVA; Table 3.1.2.1.6). Dietary LYSOFORTE® Liquid inclusion and
the interaction between dietary lipid level and LYSOFORTE® Liquid inclusion did not significantly
influence intraperitoneal fat, VSI and HSI (P > 0.05). Dress-out yield (gutted, head on and gills in) was
not significantly affected by dietary lipid level, dietary LYSOFORTE® Liquid inclusion or the
interaction between the two factors (P > 0.05; two-factor ANOVA,; Table 3.1.2.1.6).

Villus height, villus width, villus area, total goblet cell number, and sialylated goblet cell number in the
midgut were not significantly affected by dietary lipid level, dietary LYSOFORTE® Liquid inclusion or
the interaction between the two factors (P > 0.05; two-factor ANOVA,; Table 3.1.2.1.6). While the
number of sulphated goblet cell number was low (<1 cell per millimetre), fish fed diets containing
LYSOFORTE® Liquid inclusions had significantly higher number of sulphated goblet cell number than
those fed diets with no emulsifier (P = 0.040; two-factor ANOVA; Table 3.1.2.1.6). Dietary lipid level
and the interaction between dietary lipid level and LYSOFORTE® Liquid inclusion did not significantly
influence sulphated goblet cell number (P > 0.05; two-factor ANOVA; Table 3.1.2.1.6).

Apparent digestibility coefficients

The apparent dietary digestibility coefficients for crude protein for fish fed the 20% dietary lipids were
significantly higher than those fed the 30% lipid diets (P = 0.020; two-factor ANOVA; Table 3.1.2.1.6).
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Apparent dietary digestibility coefficients for crude protein were not significantly influenced by dietary
LYSOFORTE® Liquid inclusion or the interaction between dietary lipid level and LYSOFORTE®
Liquid inclusion (P > 0.05). Apparent dietary digestibility coefficient for dry matter and gross energy
were not significantly affected by dietary lipid level, dietary LYSOFORTE® Liquid inclusion or the
interaction between the two factors (P > 0.05; two-factor ANOVA; Table 3.1.2.1.6).

Discussion

Sparing dietary protein by increasing dietary energy (lipids or carbohydrates), has been successful in
other aquaculture species including Silver Perch (Bidyanus bidyanus; Stone et al., 2003), Blunt Snout
Bream (Megalobrama amblycephala; Li et al., 2012) and more recently in YTK at summer water
temperatures (Stone et al., 2016). However, as cultured YTK in South Australia are exposed to
seasonally fluctuating water temperatures that reach above 24 °C during summer and below 12 °C in
winter (Miegel et al., 2010), there was a need to improve our understanding on the effects of dietary
lipid level on the growth, feed utilisation and health of large YTK at winter water temperatures. We also
investigated the effects of a dietary LYSOFORTE® Liquid inclusion as an emulsifying agent to improve
lipid and energy digestibility and utilisation, feed utilisation, growth, and health of YTK at winter water
temperatures.

In a recent study run at SARDI SAASC, Stone et al. (2016) reported superior growth of YTK fed a 28%
crude lipid (CL) and 42% crude protein (CP) diet compared to fish fed a 24% CL and 44% CP diet at
summer water temperatures (19.5-26.0 °C). The increased dietary lipid levels reported in the study of
Stone et al. (2016) were achieved by increasing the dietary poultry oil inclusion levels, while keeping
fish oil levels constant to balance LC n-3 PUFA levels. Similar to Stone et al. (2016), in the current
study the 30% lipid levels in diets were achieved by increasing the poultry oil, relative to the levels used
in the 20% lipid diets, while fish oil levels in both series of diets were held constant to balance LC n-3
PUFA levels. In the current study, it was hypothesised that large YTK at lower winter water temperatures
(15.8 °C [range 14-20 °C]) may not be able to efficiently digest and utilise lipid and energy from high
lipid/high poultry oil diets due to the following two factors: 1) decreased lipase activity of YTK during
periods of cool water temperatures in winter compared to summer; and 2) the increased degree of fatty
acid saturation of poultry oil compared to fish oil (Bowyer et al., 2012a; Bowyer et al., 2012b). Although
we did not measure lipase activity in the current study, results for dietary energy digestibility, energy
deposition, FCR and SGR indicate that large YTK are able to efficiently utilise energy from high lipid
(30%)/high poultry oil diets at winter water temperatures. This finding is also consistent with subsequent
positive results reported by Stone et al. (Manuscript 3.1.1.2) where high dietary inclusion levels of
poultry oil (12.7% total poultry oil; 73.5% of total added lipid) supported good growth, feed utilisation
and health of large (2 kg) YTK at cool water temperatures.

Upon closer scrutiny of results in the current study, the increased growth of fish fed the 30% lipid diets
was in-part due to increased organ weight (VSI) combined with increased intraperitoneal fat levels,
however, dress-out yields (gutted, head on and gills in) remained unchanged. This presents the YTK
producer with several important production, processing and marketing decisions. It may be beneficial
for producers to feed high fat diets to promote a higher total yield to target markets for whole fish.
However, due to increased waste associated with processing, producers may choose to use diets
containing lower lipid levels if targeting markets that require processed fish (heads on gills in, or steaks
or fillets). Either way, this is ultimately a commercial decision for YTK producers.

Long chain omega-3 polyunsaturated fatty acids are essential for carnivorous fish to promote optimal
growth and health, and biological functions (Tocher, 2010), and adequate levels must be provided in the
diet. This experiment was undertaken utilising diets which were formulated to contain dietary LC n-3
PUFA level (2.12 g 100 g*) which promoted optimum growth of large (2.67 kg) YTK at summer water
temperatures (Stone et al., Manuscript 3.1.1.1) and also for large (2 kg) fish at winter water temperatures
(Stone et al., Manuscript 3.1.1.2). This was achieved in Diets 1, 3 and 4 (2.09-2.20 g 100 g*; Table
3.1.2.1.1), however, due to constraints with the commercial mixing and diet manufacture, the analysed
LC n-3 PUFA level of Diet 2 was higher (2.78 g 100 g*). Stone et al. (Manuscript 3.1.1.1) reported that
there was no benefit of increasing LC n-3 PUFA levels from 2.12 g 100 g, up to 2.95 g 100 g* at
summer water temperatures (up to 0.027% BW d™of LC n-3 PUFA, feed intake of ~0.90% BW d;
initial weight 2.67 kg). Additionally, there were no apparent differences in terms of growth performance,
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feed utilisation, nutrient deposition or whole body composition for YTK fed Diet 1 or Diet 2 in the
current study. Therefore, it is unlikely that discrepancies in LC n-3 PUFA levels impacted on results in
this study.

In terms of fish health, there were no diet related alterations to digestive tract histology, or the majority
of blood biochemical and haematological parameters. Interestingly, blood urea levels and platelets were
significant higher in YTK fed the 20% lipid diets than those fed the 30% lipid diets, whereas, YTK fed
the 30% lipid diets had significantly higher blood alkaline phosphatase, triglyceride, and bile acid levels
compared to fish fed the 20% lipid diets. It is not unexpected for the high lipid diets to promote increases
in blood triglyceride and bile acid levels, as increased lipid processing and transport is required to
metabolise nutrients from the high fat diets. Differences in blood urea levels and platelets in YTK in
response to the low lipid diets warrants further investigation.

Lipids need to be emulsified by gastric juice for proper digestion, particularly in species that exhibit
higher lipase/esterase activity in the organ that synthesises these enzymes (phylic caeca) compared to
the chyme (Perera and Simon, 2014). Lipase activity has been reported to be significantly higher in the
phylic caeca of large YTK compared to other regions of the digestive tract (Doherty, 2016; Chapter
2.3.2). Improving emulsification in the gastrointestinal region may be improved by supplying exogenous
emulsifying agents through inclusions in the diet (Sugumar et al., 2014; Sugumar et al., 2015). In the
current study however, dietary LYSOFORTE® Liquid inclusion (40 mg kg lipid?) did not improve
dietary digestibility, nutrient deposition, SGR or FCR. In contrast, in previous studies dietary inclusions
of LYSOFORTE® liquid have been reported to improve growth performance and nutrient digestibility
for Tra Catfish (Pangasianodon hypophthalmus) and White Shrimp (Litopenaeus vanammei) (Sugumar
et al., 2014; Sugumar et al., 2015). However, these studies were conducted when the growth rates of
these species were high (juvenile fish at optimal temperatures), as a result it is difficult to compare these
results to the current study, which was run at sub-optimal winter water temperatures for YTK (Sugumar
et al., 2014; Sugumar et al., 2015; Miegel et al., 2010). It should also be noted that the reports by
Sugumar et al. (2014) and Sugumar et al. (2015) were non-peer reviewed in-house reports supplied by
Kemin Inc., the producer of LYSOFORE Liquid®. There may be potential for the inclusion of
emulsifiers at optimal growing temperatures for YTK and further research may be warranted in this area.

Conclusions and Recommendations

In conclusion, YTK grew well on all diets tested in this study. There were no diet related alterations to
digestive tract histology, or the majority of blood biochemical and haematological parameters measured.
With regard to lipid dietary inclusion level, YTK may be fed a diet containing 30% lipid to improve
growth rates and feed utilisation, compared to feeding a 20% dietary lipid level at winter water
temperatures. However, in terms of production and dietary lipid levels, target market needs to be
considered as the weight increase was in-part related to increase in visceral and intraperitoneal fat
weights and not dress-out yield (gutted, head on and gills in). YTK grew well during cooler water
temperatures on diets containing high dietary inclusion levels of poultry oil (up to ~18%). This suggests
poultry oil is a suitable lipid source to provide energy for commercial YTK diets for large fish at cool
water temperatures. Increased poultry oil inclusion, to reduce the reliance on fish oil will lead to
immediate diet cost reductions and provide feed manufacturers with greater feed formulating flexibility.
We would also recommend future studies investigate the optimum lipid types and levels, and protein to
lipid (energy) ratio at both summer and winter water temperatures for large YTK. This information
would assist feed companies in providing YTK producers with more cost effective and sustainable diets.

The dietary inclusion of LYSOFORTE® Liquid at a concentration of 40 mg kg lipid? did not
significantly influence the growth or feed utilisation parameters at both lipid levels (30 and 20%)
investigated in the current study with large YTK at winter water temperatures. Based on results from the
current study, we recommend further research under commercial conditions to investigate the effect of
high dietary lipid (30%) and poultry oil levels at winter temperatures before implementing this
nutritional strategy on-farm during winter. After discussions with project participants, we do not
recommend any further investigation of LYSOFORTE® Liquid for YTK at winter water temperatures.
However, further investigation of the potential use of emulsifiers to improve lipid utilisation at optimal
growth rates at summer water temperatures may be warranted.
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Findings

» Based on results from the current study, Stone et al. (2016) and also from Bowyer et al. (2012a),
large YTK appear to be able to efficiently utilise dietary poultry oil at both winter and summer
water temperatures, without negatively impacting digestive tract histology or health.

» Levels of up to ~18% poultry oil may be used successfully to provide energy in diets for large
YTK. This will reduce our reliance on more valuable and limited supplies of fish oil, and in-turn,
improve the economical and sustainable production of YTK

 High lipid diets (up to 30%) led to improvements in weight gain and FCR, while health was not
negatively impacted.

» Apparent feed conversion ratio (FCR) was significantly influenced by lipid level at cool winter
water temperatures, and was 2.08 in fish fed 30% lipid diets vs 2.37 in fish fed 20% lipid diets.

+ An improvement in FCR based on the information provided within this Manuscript, will assist
feed manufacturers in formulating commercial diets that achieve one of the overarching goals of
the K4P project, which was to provide information to assist producers to achieve FCRs of < 2.2
for large YTK between 1.5-3.5 kg.

+ High dietary lipid level also improved whole fish yield but not dress-out yield (gutted, head on
and gills in). This has implications for dietary lipid/energy selection for production, processing
and market selection.

« The incorporation of LYSOFORTE® Liquid at a concentration of 40 mg kg lipidin high or low
lipid/energy diets did not improve lipid utilisation for YTK at cool water temperatures.

Publications

No publications have resulted from this R&D to date.
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Table 3.1.2.1.1. Analysed composition of the experimental diets containing high or low lipid levels,
with or without an emulsifier (LYSOFORTE® Liquid).

Diet! 1 2 3 4
Nominal dietary lipid level (%) 30 30 20 20
Dietary emulsifier (mg lipid kg?) 0 40 0 40
Analysed proximate composition (g 100 g*)

Moisture 4.8 7.7 6.6 7.5
Crude protein 41.9 41.0 47.4 47.1
Crude lipid 30.0 28.6 19.6 19.0
Ash 9.7 9.7 11.0 10.9
Carbohydrate? 13.6 13.0 15.4 15.5
Gross energy (MJ kg™) 20.50 19.80 17.90 17.70

Analysed fatty acids (mg 100 g1)
Saturated Fatty Acids

C4:0 Butyric <10 <10 <10 <10
C6:0 Caproic <10 <10 <10 <10
C8:0 Caprylic <10 <10 <10 <10
C10:0 Capric <10 <10 <10 <10
C12:0 Lauric <10 <10 <10 <10
C13:0 Trisdecanoic <10 <10 <10 <10
C14:0 Myristic 660 810 570 560
C15:0 Pentadecanoic 69 80 58 57
C16:0 Palmitic 6370 6010 4030 3920
C17:0 Margaric 70 110 74 66
C18:0 Stearic 1920 1790 1320 1300
C20:0 Arachidic 54 44 43 46
C22:0 Docosanoic 31 32 33 34
C24:0 Tetracosanoic 22 22 16 26
Mono-unsaturated Fatty Acids

C10:1 Decenoic <10 <10 <10 <10
C14:1 Myristoleic 62 56 38 38
C15:1 Pentadecenoic <10 <10 <10 <10
C16:1 Palmitoleic 1680 1660 1080 1030
C17:1 Heptadecenoic 85 120 90 83
C18:1n-6 Octadecenoic <10 <10 <10 <10
C18:1n-7 Octadecenoic 770 750 510 490
C18:1n-9 Oleic 10780 9330 5940 5720
C20:1n-9 Eicosenoic 180 180 130 120
C20:1n-11,13 Eicosenoic 57 59 43 42
C20:1 Eicosenoic (total) 240 240 170 160
C22:1n-9 Docosenoic 20 24 20 20
C22:1n-11,13 Docosenoic <10 <10 <10 <10
C24:1 Tetracosenoic 45 59 48 49
Poly-unsaturated Fatty Acids

C18:2n-6 Linoleic 3270 2850 1940 1910
C18:2n 9c 11t Octadecadienoic Conjugate <10 <10 <10 <10
C18:3n-6 Gamma Linolenic 46 44 28 26
C20:2n-6 Eicosadienoic 35 22 23 27
C20:3n-6 Dihomo-gamma-linoleic 39 34 30 28
C20:4n-6 Arachidonic 180 190 160 160
C22:4n-6 Docosatetraenoic 35 48 51 38
C22:5n-6 Docosapentaenoic 46 61 43 48
C18:3n-4 Octadectrenoic acid <10 <10 <10 <10
C18:3n-3 Alpha Linolenic 530 480 330 320
C18:4n-3 Steridonic 150 190 140 130
C20:3n-3 Eicosatrienoic <10 <10 <10 <10
C20:4n-3 Eicosatetraenoic 75 93 79 74
C20:5n-3 Eicosapentanaeoic 1050 1450 1090 1040
C21:5n-3 Heneicosapentaenoic <10 <10 <10 <10
C22:5n-3 Docosapentaenoic 170 220 180 170
C22:6n-3 Docosahexaenoic 870 1110 930 900
>LC n3 PUFA 2090 2780 2200 2110

Other (mg 100 g%)
Cholesterol 293 297 277 275

! The kernels, fish oil and poultry oil used to make diets were supplied by Skretting Australia (Cambridge, Tasmania, Australia).
2 Carbohydrate = 100 - (moisture + lipid + protein + ash).
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Table 3.1.2.1.2. Summary of measured water quality parameters throughout the 84 day study.

Dissolved

Dissolved

ltemt Temperature oxygen oxygen pH Salinity Ammonia CO:
o, -1 -1
(°C) (mg L) (% saturation) (mg L) (ppm) (mg L)
Mean 158+14 78+04 100.2 £3.9 78+0.1 38+1 0.00 £ 0.00 1+0
Range 14.0-20.0 6.6-94 88.0 - 118.0 75-83 36 - 38 0.00 - 0.00 0-2

Values means * standard deviation.
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Table 3.1.2.1.3. Growth performance, feed utilisation, proximate composition and nutrient retention of Yellowtail Kingfish fed different dietary lipid levels, with or
without an emulsifier for 84 days at winter water temperatures.

Diet! 1 2 3 4
Nominal dietary lipid level (%) 30 20 Two factor ANOVA?
Dietary emulsifier (mg lipid kg™?) 0 40 0 40 Lipid level (A) Emulsifier (B) AxB

Growth performance

Initial weight (kg) 1.12+0.01 1.13+0.00 1.12+0.01 1.12+0.00 0.837 0.929 0.846
Final weight (kg) 1.48+0.02 1.51+0.01 1.460.02 1.44+0.02 0.031 (30% > 20%) 0.796 0.273
Biomass gain (kg tank)* 8.44+0.62 8.83+£0.27 7.87+0.27 7.33£0.53 0.038 (30% > 20%) 0.866 0.328
SGR (% d?) 0.34+0.02 0.35+0.01 0.32+0.01 0.30£0.02 0.048 (30% > 20%) 0.756 0.355
Initial fork length (mm) 426+1 426+1 424+2 426+1 0.515 0.352 0.709
Final fork length (mm) 452+3 4571 453+1 452+1 0.529 0.543 0.117
Length growth rate (mm d?) 0.31+0.03° 0.36+0.022 0.35+0.01° 0.31+0.02° 0.750 0.750 0.050
Final Condition factor 1.61+0.03 1.59+0.01 1.57+0.00 1.56+0.02 0.079 0.666 0.682
Feed utilisation (as fed)

Apparent feed consumption (kg tank™?) 17.64+0.95 18.16+0.29 18.10£0.10 17.79+0.47 0.935 0.846 0.474
Apparent feed intake (% BW d) 0.78+0.04 0.79+0.01 0.80+0.01 0.79+0.01 0.408 1.000 0.651
Apparent FCR 2.10+0.05 2.06+0.04 2.30+0.07 2.44+0.12 0.001 (30% < 20%) 0.380 0.064
Whole proximate composition (wet basis)®

Moisture (%) 64.7+0.6 63.8+0.2 66.7+0.8 66.5+0.2 0.001 (30% < 20%) 0.296 0.513
Protein (%) 18.9+0.3 19.2+0.4 20.0£0.2 20.1+0.3 0.006 (30% < 20%) 0.437 0.831
Lipid (%) 14.2+0.5 14.5+0.4 11.9+0.3 11.9+0.1 <0.001 (30% > 20%) 0.578 0.658
Ash (%) 2.2+0.0 2.1+0.0 2.0£0.1 2.1+0.1 0.237 0.431 0.237
Carbohydrate (%) <15 <15 <15 <15 NA NA NA
Energy (MJ kgt) 8.55+0.07 8.65+0.10 7.79+0.10 7.88+0.04 <0.001 (30% > 20%) 0.259 0.937
Nutrient retention*

Apparent PD 18.11+1.70 20.45+1.76 18.52+0.26 18.31+0.66 0.513 0.411 0.345
Apparent ED 35.10+1.23 37.31+1.13 29.81+1.37 30.26+0.42 <0.001 (30% > 20%) 0.250 0.447

! Values are mean + SE; n = 3.

2 A significance level of P < 0.05 was used for all statistical tests, where significant differences were observed post-hoc tests were used (Student-Newman-Keuls test) to detect differences between
treatments, values without a common superscript are significantly different (a indicates the highest value; P < 0.05), NA not statistically analysed.

3 Initial fish proximate composition (wet basis): Moisture 68.9%, protein 19.9%, lipid 8.2%, ash 2.3%, carbohydrate < 1.5%, energy 6.42 MJ kg.

4 ED = energy deposition; PD = protein deposition.
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Table 3.1.2.1.4. Fatty acid composition (mg 100 g*) of whole Yellowtail Kingfish fed different dietary lipid levels, with or without an emulsifier for 84 days at winter
water temperatures.

Diet!? 1 2 3 4
Nominal dietary lipid level (%) 30 20 Two factor ANOVA®
Dietary emulsifier (mg lipid kg?) 0 40 0 40 Lipid level (A) Emulsifier (B) AxB

Saturated Fatty Acids

C14:0 Myristic 343+13° 390+10° 350+15° 340+6° 0.100 0.155 0.041
C15:0 Pentadecanoic 44+4 47+2 45+2 45+2 0.782 0.563 0.706
C16:0 Palmitic 2157+91 2260+89 1943+80 1903+33 0.003 (30% > 20%) 0.688 0.379
C17:0 Margaric 4714 52+3 50+2 5545 0.490 0.184 0.965
C18:0 Stearic 783+32 817+32 713+32 697+7 0.005 (30% > 20%) 0.768 0.394
C20:0 Arachidic 24+3 27+2 26x1 24+1 0.777 0.621 0.226
C24:0 Lignoceric 20+1 3540 30+1 3240 0.152 0.006 (0 < 40) 0.053
Mono-unsaturated Fatty Acids

C14:1 Myristoleic 19+0 20x1 17+0 18+1 0.001 (30% > 20%) 0.078 0.715
C16:1 Palmitoleic 857+28 877+17 710£31 703£15 <0.001 (30% > 20%) 0.776 0.588
C17:1 Heptadecenoic 34x1° 42412 34+1° 35+1° 0.002 0.001 0.002
C18:1n7 Octadecenoic 430+15 447412 370+17 37046 <0.001 (30% > 20%) 0.534 0.549
C18:1n9 Oleic 4700+219 4517+124 3490+165 3473+110 <0.001 (30% > 20%) 0.532 0.618
C20:1 Eicosenic 293+34 310+12 260+46 247441 0.164 0.962 0.684
C20:1n9 Eicosenoic 170£15 180+6 163+9 15747 0.135 0.867 0.423
C20:1n-11,13 Gadoleic 127+18 133+7 130+6 12349 0.743 1.000 0.554
C22:1n9 Docosenoic 21+3 23+1 22+1 20+1 0.630 0.927 0.327
C24:1 Nervonic 5148 49+4 44+1 43+3 0.209 0.730 0.896
Poly-unsaturated Fatty Acids

C18:2n6 Linoleic 1410+61 1333+29 1047+37 1070435 <0.001 (30% > 20%) 0.552 0.270
C18:3n3 alpha-Linolenic 22719 22016 1777 17343 <0.001 (30% > 20%) 0.434 0.803
C18:4n3 Steridonic 93+4° 110+0° 93+3° 95+2° 0.016 0.007 0.023
C20:2n6 Eicosadienoic 31+2 31+1 2842 28+1 0.024 0.898 0.904
C20:3n6 Eicosatrienoic 21+1 2311 19+1 19+1 0.011 0.519 0.195
C20:4n3 Eicosatetraenoic 173+20 190+6 187+9 180+10 0.896 0.680 0.377
C20:4n6 Arachidonic 137+7 153+3 140+6 137+3 0.282 0.278 0.081
C20:5n3 Eicosapentaenoic 570+21° 683+13* 570+20° 580+6° 0.013 0.005 0.013
C22:4n6 Docosatetraenoic 55+6 57+2 55+2 54+3 0.698 0.782 0.662
C22:5n3 Docosapentaenoic 24717 2739 25715 247+7 0.528 0.542 0.176
C22:6n3 Docosahexaenoic 1060495 1183+35 1107441 1097447 0.747 0.347 0.293
>LC n3 PUFA 1877+129 214057 1933+72 1923+54 0.402 0.189 0.140

! Values are mean + SE; n = 3.

2 Values for the following fatty acids < 10 mg 100 g-1 and were excluded from the table: C4:0 Butyric, C6:0 Caproic, C8:0 Caprylic, C10:0 Capric, C12:0 Lauric, C13:0 Trisdecanoic, C22:0 Behenic,
C10:1 Decenoic, C15:1 Pentadecanoic, C18:3n6 gamma-Linolenic, C20:3n3 Eicosatrienoic.

3 A significance level of P < 0.05 was used for all statistical tests, where significant differences were observed post-hoc tests were used (Student-Newman-Keuls test) to detect differences between
treatments, values without a common superscript are significantly different (a indicates the highest value; P < 0.05). NA = not analysed.
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Table 3.1.2.1.5. Blood haematology and biochemistry of Yellowtail Kingfish fed different dietary lipid levels, with or without an emulsifier for 84 days at cool water

temperatures.
Diet! 1 2 3 4
Nominal dietary lipid level (%) 30 20 Two factor ANOVA?
Dietary emulsifier (mg lipid kg?) 0 40 0 40 Lipid level (A) Emulsifier (B) AxB
Biochemistry®
Sodium (mmol L) 195+1 192+1 194+3 195+1 0.488 0.615 0.418
Potassium (mmol L) 4.1+0.2 4.6%0.2 4.8+0.5 5.6+0.5 0.055 0.078 0.755
Urea (mmol L?) 6.0+0.7 6.7+0.3 8.0+1.0 8.1+0.7 0.029 (30% < 20%) 0.538 0.718
Creatinine (mmol L) 0.03+£0.01 0.03+0.00 0.02+0.00 0.03+0.01 0.395 0.784 0.430
Calcium (mmol L™) 29+0.1 2.9+0.0 3.0£0.2 3.0£0.0 0.197 0.669 1.000
Protein (g L) 34+2 34+1 34+1 360 0.317 0.481 0.495
Albumin (g L?) 10+1 9+0 9+0 10+0 0.664 0.678 0.217
Globulin (g L) 24+1 25+1 24+2 260 0.676 0.317 0.691
Total Bilirubin (mmol L?) 2+0 542 2+0 2+0 0.265 0.176 0.257
ALT (IU LY) 9+1 12+3 9+2 12+3 0.837 0.292 0.949
ALP (IU LY 356 40+3 30+2 27+0 0.022 (30% > 20%) 0.820 0.307
Magnesium (mmol L) 1.9+0.0 1.8+0.1 1.840.1 1.940.1 0.729 0.742 0.189
Cholesterol (mmol L) 4.3+0.3 5.0+0.1 4.8+0.3 4.7+0.3 0.712 0.259 0.175
Triglyceride (mmol L) 5.0+0.5 5.1+0.3 41404 3.4+0.1 0.007 (30% > 20%) 0.424 0.296
Bile Acids (mmol L?) 29.9+12.8 16.9+5.2 9.7+£3.2 5.0+14 0.047 (30% > 20%) 0.230 0.574
Haematology*
RBC (x10'?) 2.3+0.2 2.0+0.1 1.840.2 23401 0.692 0.555 0.039*
HGB (g L?) 9545 86+12 93+2 101+3 0.346 0.923 0.237
PCV (LL?Y 0.42+0.03 0.38+0.03 0.36+0.06 0.43+0.02 0.849 0.718 0.213
MCV (fl) 181+2 176+2 17847 18243 0.626 0.938 0.291
MCH (pg) 4242 50+6 51+8 45+3 0.752 0.764 0.210
MCHC (g LY) 232+12 287+36 282457 245+23 0.924 0.805 0.232
WBC (x10°) 5.5+0.2 5.3+0.1 5.6+0.1 5.5+0.1 0.318 0.460 1.000
Granulocytes (%) 8+1 7+0 9+1 8+0 0.231 0.219 0.461
Lymph (%) 91+1 91+1 90+1 90+0 0.082 1.000 1.000
Mono (%) 1+0 2+1 1+1 2+0 0.700 0.065 0.715
Eosin (%) 0+0 0+0 00 00 - - -
Baso (%) 0+0 0+0 00 00 - - -
Platelets (x10°%) 1743 16+0 26+1 22+0 0.001 (30% < 20%) 0.236 0.527

! Values are mean * SE; n = 3. SE less than 0.01 are reported as “0.00”.

2 A significance level of P < 0.05 was used for all statistical tests, where significant differences were observed post-hoc tests were used (Student-Newman-Keuls test) to detect differences between treatments, values without a
common superscript are significantly different (a indicates the highest value; P < 0.05). * A significant interaction was detected; however, no differences between treatments were observed using post-hac tests (Student-Newman-
Keuls tests).

3 ALT = alanine aminotransferase; ALP = alkaline phosphatase;

4 Blood smear content: red and white cell normal; Baso = basophil; Eosin = eosinophil; HGB = haemoglobin; Lymph = lymphocytes; MCH = mean corpuscular haemoglobin; MCHC = mean corpuscular haemoglobin
concentration; MCV = mean corpuscular volume; Mono = monocytes; PCV = packed cell volume; RBC = red blood cell count; WBC = white blood cell count.
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Table 3.1.2.1.6. Visceral somatic parameters, midgut morphology and apparent digestibility coefficient for Yellowtail Kingfish fed different dietary lipid levels, with
or without an emulsifier for 84 days at winter water temperatures.

Diet! 1 2 3 4
Nominal dietary lipid level (%) 30 20 Two factor ANOVA?
Dietary emulsifier (mg lipid kg™?) 0 40 0 40 Lipid level (A) Emulsifier (B) AxB

Visercal somatic parameters

Intraperitoneal fat (%) 2.53+0.34 2.41+0.32 1.53+0.23 1.25+0.38 0.004 (30% > 20%) 0.521 0.802
Viscerosomatic index (VSI; %) 7.83+0.30 8.18+0.53 6.73+0.25 6.83+0.41 0.006 (30% > 20%) 0.564 0.758
Hepatosomatic index (HSI; %) 1.44+0.05 1.35+0.12 1.15+0.06 1.12+0.11 0.009 (30% > 20%) 0.485 0.759
Dress-out yield (kg) 1.37+0.02 1.39+0.00 1.37+£0.01 1.34+0.01 0.108 1.000 0.093
Midgut morphology

Villus height (um) 1109.9+13.6 1204.4+56.9 1147.7+44.7 1165.3+68.5 0.990 0.257 0.466
Villus width (um) 518.7+£31.2 517.1+19.9 467.7£29.0 524.7+£85.3 0.655 0.533 0.564
Villus area (um?) 26497049633 277956424144 238186+7576 277604162780 0.686 0.420 0.709
Total goblet cell number? 141.3+22.1 124.2+14.4 121.9+12.2 156.0+13.8 0.728 0.621 0.150
Sialylated goblet cell number* 141.0£22.1 123.3+14.3 121.6+12.1 155.5+13.9 0.722 0.637 0.147
Sulphated goblet cell number® 0.3+0.0 0.8+0.2 0.3£0.0 0.5+0.2 0.376 0.040 (0 < 40) 0.199
Apparent digestibility coefficient

(ADC; %)

Dry matter 36.2+6.6 42.4+4.0 53.9+2.2 46.1+7.6 0.077 0.896 0.241
Protein 65.2+3.2 67.8+£3.2 77.4+1.2 72.2+3.9 0.020 (30% < 20%) 0.697 0.240
Energy 48.6+4.4 54.6+£2.0 56.9+3.2 53.0£7.0 0.461 0.832 0.304

! Values are mean + SE; n = 3.

2 A significance level of P < 0.05 was used for all statistical tests.

3 Expressed as the sum of goblet cells observed in samples stained with PAS/AB pH 2.5 and HID/AB pH 2.5 per millimetre villus height.
4 Expressed as total number of sialylated goblet cells per millimetre height.

5 Expressed as total number of sulphated goblet cells per millimetre villus height.
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Abstract

Growth is initially limited by dietary protein availability and digestion, and also amino acid profile and
availability. Yellowtail Kingfish (Seriola lalandi; YTK) have a fast growth rate, and as a result, a high
energy demand that should ideally be satisfied by dietary lipids. The aim of this experiment was to
determine the optimum dietary protein and lipid levels for large YTK production at warm water
temperatures. In this 84 day experiment (3 x 2 factorial design), the growth, feed utilisation and health
of YTK (2.13 kg) fed three nominal crude protein (CP) levels (40, 44 and 48%) at two nominal gross
energy (GE) levels (20 MJ kg [25% crude lipid; CL] and 21 MJ kg™ [30% CL]) were investigated. The
health of fish was not significantly affected by CP or CL levels. Generally, fish fed the 25% CL diets
grew better than those fed the 30% CL diets. The specific growth rate of fish was significantly affected
by the interaction between dietary CP and CL level. This interaction was primarily driven by the
significant increase in growth for fish fed Diet 1 (40% CP x 25% CL) and Diet 2 (44% CP x 25% CL)
compared to their respective 30% CL diets (Diet 4 [40% CP x 30% CL] and Diet 5 [44% CP x 30%
CL]). The growth of fish fed Diet 3 (48% CP x 25% CL) and Diet 6 (48% CPx 30% CL) was not
significantly different. Apparent feed conversion ratio (FCR) was not significantly influenced by diet,
but tended to be improved in fish fed the 44% CP x 25% CL diet, compared to other diets. Typically,
fish fed the 25% CL diet series consumed more feed than those fed the 30 CL diet series. Fish fed the
25% CL series increased their feed intake with decreasing dietary CP level, to potentially compensate
for reduced dietary CP. In contrast, fish fed the 30% CL series did not. Crude protein intake was higher
when fish were fed the 48% CP diets, and was reduced when fed the 40% and 44% CP diets. This
response was more pronounced in the 30% CL diet series. Based on these results, we recommend that
diets for 2.0-3.5 kg YTK at warm water temperatures contain 44% CP (37% digestible protein [DP]),
25% CL (24% digestible lipid [DL]), 20.5 MJ kg GE (16.9 MJ kg™ digestible energy [DE]) and a CP
to GE ratio of 21.6 g MJ* (21.8 g DP MJ* DE). In terms of actual protein and energy intake required to
promote optimal growth, there appears to be a “sweet spot” of 5.2 g CP* kg BW'd* (4.5 g DP* kg BW-
td?1) and 242 KJ* GE kg BW* d! (207 KJ* DE kg BW* d!) for large YTK (2-3 kg). High dietary lipid
level (30% CL) impacted feed, protein and energy intake, feed utilisation and ultimately growth. Further
research in pilot scale commercial trials are needed before implementing diets containing the
recommended levels of protein, lipid and energy on-farm.

84



Stone, D.A.J., Booth, M.A. and Clarke, S.M. (eds) (2019) Kingfish for Profit (K4P) Report

Introduction

In Australia, Yellowtail Kingfish (Seriola lalandi; YTK) are cultured in South Australia, Western
Australia and New South Wales. YTK are well suited to aquaculture due to their excellent flesh quality
and fast growth rate and may reach > 3 kg in 12-18 months (Stone et al., 2016). Dietary protein and lipid
play major roles in the nutritional value of aquafeeds. Growth is initially limited by dietary protein
availability and digestion, and also amino acid profile and availability. However, protein is an expensive
dietary macronutrient. Dietary protein levels of 45-55% are considered ideal for optimal growth in the
grow-out phase of sub-adult temperate marine species such as juvenile YTK, European Seabass
(Dicentrarchus labrax), Japanese Yellowtail (Seriola quinqueradiata), Mediterranean Yellowtail
(Seriola dumerilii) and Gilthead Seabream (Sparus aurata) (Alvarez et al. 1998; Peres and Oliva-Teles
1999; Koven 2002; Masumoto 2002; Booth et al., 2010). When provided in excess to their requirements,
fish are able to deaminate protein to supply energy for metabolism rather than tissue growth. However,
as protein is expensive this should be avoided as it increases feed costs, reduces protein deposition and
growth and increase ammonia production (Molina-Poveda, 2016). To reduce protein deamination, the
minimum dietary protein level required to promote optimal growth should be provided to ensure protein
is used for tissue growth rather than energy. To spare protein and reduce diet costs, dietary energy should
be provided in the form of either lipid or carbohydrate (NRC, 2011), the degree of which is dependent
on the target species. YTK have a limited ability to digest dietary carbohydrates for energy, and reduced
growth performance is typically observed at dietary inclusions of > 10% carbohydrate (Booth et al.,
2013). Therefore, dietary lipids, rather than carbohydrate, should ideally be used to satisfy the energy
requirements of YTK (Booth et al., 2010; Stone et al., 2016).

When formulating diets to provide optimum levels of protein and energy there are several important
production issues to consider. A diet with deficient levels of energy will result in decreased growth due
to a proportion of the protein being used for energy rather than body protein synthesis. On the other
hand, a diet with excess energy may result in reduced feed intake and also excessive fat deposition in
fish (Talbot et al., 2000; Masumoto, 2002; Johansen et al., 2003; Oliva-Teles, 2012). Previous research,
on other marine fish species and the closely related Japanese Yellowtail, indicated that dietary crude
lipid (CL) levels of 15-20% were considered ideal for optimal growth (Peres and Oliva-Teles, 1999;
Koven, 2002; Masumoto, 2002). Currently commercial diets for Australian YTK contain ~25% lipid
(Stone et al., 2016). However, Pirozzi and Booth (2009) suggested that due to their fast growth rate and
high energy demand, YTK may have the ability to utilise higher lipid (energy) diets.

There is a trend in aquaculture to use high lipid, energy dense, diets to improve growth rates and feed
conversion ratios and ultimately productivity (NRC, 2011). The use of such diets with fish is size and
species dependent. Studies on salmonids such as Rainbow Trout (Oncorhynchus mykiss) and Atlantic
Salmon (Salmo salar), have indicated that high lipid intake results in increases lipid content in muscle
and intestinal tissue (Jobling, 1998; Refstie et al., 2001; Jobling et al., 2002). However, Atlantic Salmon
were able to tolerate higher levels of dietary lipid than Rainbow Trout, as measured by higher fillet lipid
levels and reduced levels of visceral fat. Stone et al. (2016) reported that large YTK fed a low protein
(42% crude protein [CP]), high lipid diet (28% CL) at warm water temperatures (19.5-26.0 °C) exhibited
higher energy deposition and tended to have higher body fat levels, suggesting increased levels of muscle
and visceral fat compared to those fed a 44% CP 24% CL diet. More recently, results from Bansemer et
al. (Manuscript 3.1.2.1) have indicated large YTK exhibited increased visceral fat when fed high lipid
diets at cool water temperatures. Increased fat deposition in visceral tissues may ultimately lead to
reductions in production yields during processing (Talbot et al., 2000; Weihe et al., 2018; Bansemer et
al., Manuscript 3.1.2.1).

Typically, in arange of fish species the dietary protein to energy ratio decreases inversely with increasing
body weight (NRC, 2011; Molina-Poveda, 2016). This also appears to be the case for small YTK (size
range: 50 g to < 2 kg) at warm water temperatures (21-24 °C) (Booth et al., 2010). As such, it was
hypothesised that YTK > 2 kg would continue to follow this trend. Further research to investigate dietary
protein and lipid levels required to promote optimum growth of large YTK at warm water temperatures
is needed.
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Aim

The aim of this experiment was to determine the optimum dietary protein and lipid levels for large YTK
production at warm water temperatures.

Methods
Experimental design and diets

This study used a 3 x 2 factorial design, with crude protein level as the first factor (40, 44 and 48%) and
crude lipid (25% CL [20 MJ kg™] and 30% CL [21 MJ kg™]) level as the second factor. The six diets
were formulated with input from all project participants, and then manufactured by Ridley (Narangba,
Queensland, Australia). Diets were formulated to contain highly palatable and digestible ingredients at
realistic commercial inclusion levels. Analysed diet composition is displayed in Table 3.1.2.2.1 and
Table 3.1.2.2.2. Fish were fed to apparent satiation daily at 09:00 h, which involved feeding fish for four
min tank* or until a feed refusal response was observed. Feed input was measured daily. Tanks were
cleaned every second day.

Experimental fish

Experimental work was conducted in the pool-farm facility at the South Australian Research and
Development Institute, South Australian Aquatic Science Centre (SARDI SAASC; West Beach, South
Australia, Australia). YTK (n = 360; 2.13 £ 0.23 kg; 504 + 19 mm fork length; mean + standard
deviation) were obtained from Clean Seas Seafood (Port Lincoln, South Australia, Australia). Upon
arrival at the SARDI SAASC facility, YTK were transferred to 5000 L tanks supplied with partial flow-
through/recirculating (100% system water exchange d*), sand filtered, UV treated, aerated sea water at
ambient temperature and held for ~1 month. During this period fish were fed a standard Ridley Pelagica
diet (CP 46%; CL 24%; GE 19.30 MJ kg™?).

Gill fluke treatment

Upon arrival at SARDI SAASC, YTK were inspected, and were observed to have a low burden of gill
flukes (Zeuxapta seriola). Treatment was deemed necessary, and was prescribed by Dr Matt Landos
(Future Fisheries Veterinary Service Pty Ltd., Ballina, New South Wales, Australia).

Experimental stocking and intermediate weight checks

At the commencement of the experiment (January 2018), YTK were anaesthetised in 5000 L tanks (total
water volume 2500 L) using AQUI-S® (AQUI-S® New Zealand Ltd., Lower Hutt, New Zealand) at a
concentration of 14 mg L of seawater. Twenty fish were removed from their tank, measured, weighed
and stocked into one of the three replicate 5000 L tanks per treatment combination (n = 6 diet treatments;
n = 18 tanks).

Tanks were supplied with partial flow-through/recirculating (100% system water exchange d*), sand
filtered, UV treated sea water at ambient temperature. All tanks were supplied with aeration and
oxygenation throughout the study.

As required, mortalities were removed form the tanks, weighed, measured and recorded and replaced
with tagged fish (T-tags) of a similar weight. Tagged fish were included in biomass calculations for FCR
(see Performance indice section), but excluded from all other analyses.

At 4 weeks and 8 weeks post-stocking, all fish were anaesthetised using AQUI-S® at a concentration of
14 mg L* of seawater. YTK were weighed and measured, and returned back to their respective tanks.
Feeding commenced the following day.
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Water quality analyses

Water quality parameters were measured daily at 12:30 h, and maintained at appropriate levels for
acceptable growth of YTK throughout the study (Table 3.1.2.2.3). Water temperature was measured
using a thermometer (Figure 3.1.2.2.1). Dissolved oxygen (mg L™ and % saturation) was measured using
a dissolved oxygen meter (OxyGuard International A/S, Birkergd, Denmark). The pH was measured
daily using a meter (Oakton pHtestr 20; Oakton Instruments, Vernon Hills, lllinois, United States of
America). Salinity (g L™) was measured weekly using a portable salinity refractometer (model RF20,
Extech Instruments, Nashua, New Hampshire, United States of America).

Final harvest sampling

At day 84, all fish were anaesthetised using AQUI-S® at a concentration of 14 mg L™ of seawater and
weighed and measured. Three fish from each tank (n = 3 fish tank’; n = 18 tanks; n = 54 fish) were
collected whole and stored frozen at -20 °C for biochemical analysis. Blood samples from three separate
fish per tank (n = 3 fish tank™®; n = 18 tanks; n = 54 fish) were collected using a 19 G needle with a 5
mL syringe. Blood samples were transferred to two separate Vacuette® or BD vacutainer® tubes (Z serum
clot activator or EDTA tubes). Blood serum was analysed for biochemistry parameters and whole blood
was analysed for blood haematology parameters conducted by IDEXX (Unley, South Australia,
Australia). These blood sampled fish were then dissected and the visceral organs, liver and visceral fat
were weighed in order to calculate visceral index (VSI; %), hepatosomatic index (HSI; %) and
intraperitoneal fat (%), respectively. The stomach from these fish were opened longitudinally, and were
subjectively scored for gastric dilation (Chown, 2015). Briefly, Stage 0 is defined as having
pronounced/well defined folds throughout the pylorus, anterior and distal stomach, while Stage 1 is
defined as having minimal or absent folds throughout the pylorus and anterior stomach, but has
pronounced/well defined folds in the distal stomach (Chown, 2015). In addition, one cm? longitudinally
opened hindgut sections were collected from blood sampled fish for histology. In brief, hindgut samples
were fixed in 10% seawater formalin for > 48 h, processed and embedded in paraffin wax. Tissue
sections were cut using a microtome and floated onto Starfrost® glass slides and dried for > 24 h at room
temperature before being stained with hematoxylin and eosin (H and E) and periodic acid-schiff alcian
blue (PAS/AB pH 2.5). Gastrointestinal morphological parameters in the hindgut including muscle and
serosa thickness, villi length and thickness, lamina propria thickness, total goblet cell number,
eosinophilic droplets in epithelial cells and melanomacrophage centres were measured.

Biochemical and histological analyses

The proximate composition analyses of diets and whole body tissue were conducted according to
methods in the British Pharmacopoeia Commission (2004) or German Institute for Standardization
(DIN) (2000). A one kg sample of each diet was collected, ground and analysed for proximate
composition (moisture, protein, fat, ash, carbohydrate and energy), rancidity (p-anisidine value and
peroxide value), amino acid profile, taurine, cholesterol, minerals and fatty acid profile. In addition, a
total of twelve fish (n = 12 fish) at the start of the experiment, and three fish from each tank (n = 3 fish
tank™; n = 18 tanks; n = 54 fish) at the conclusions of the experiment were collected and stored frozen
at -20 °C. Whole fish samples were partially thawed, homogenised and analysed for proximate
composition (moisture, protein, fat, ash, carbohydrate and energy) and fatty acid profile.

Performance indices

All data reported for each treatment for animal performance were based on the mean value of the
replicate tanks. All calculations using fish weight and diets were based on wet or as fed values,
respectively:

« Biomass gain (kg tank?) = (final weight + Y mortality weight) - (initial weight + Y replacement
weight)
« Specific growth rate (SGR, % d*) = ([In final weight - In initial weight] / d) x 100
87



Stone, D.A.J., Booth, M.A. and Clarke, S.M. (eds) (2019) Kingfish for Profit (K4P) Report

« Length growth rate (mm d*) = (final fish fork length - initial fish fork length) / d

« Condition factor = (fish weight [g] / fish fork length [cm]®) x 100

» Apparent feed conversion ratio (FCR) = feed consumed / fish weight gain

* Dressed weight (head on, gills out and gutted) = (gill weight + visceral wt) / final wet fish wt
* Intraperitoneal fat (%) = wet intraperitoneal fat wt / final wet fish wt x 100

 Visceral index (VSI; %) = wet visceral wt / final wet fish wt x 100

» Hepatosomatic index (HSI; %) = wet liver wt / final wet fish wt x 100

Statistical analyses

The IBM SPSS (version 24 for Windows; IBM SPSS Inc., USA) statistical program was used for all
statistical analyses. Homogeneity of variances and normality among mean values were assessed using
Levene’s test for equality of variance errors and Shapiro-Wilk test, respectively. Data was analysed
using two-factor ANOVA, with CP level as the first factor (40, 44 and 48%) and CL (25% and 30%)
level as the second factor. When significant effects were observed, the Student-Newman-Keuls post-hoc
test was used to detect significant differences between all treatments. When a significant interaction was
observed, one-factor ANOVA was used to determine the difference between all treatments for a given
variable. A significance level of P < 0.05 was used for all statistical tests. All values are presented as
means + standard error (SE) of the mean, unless otherwise stated.

Results
General observations

There were no significant differences in the initial weight and fork length of YTK between treatments
in the current study (P > 0.05; two-factor ANOVA,; Table 3.1.2.2.4). The average initial weight and fork
length were 2.13 + 0.23 kg and 504 = 19 mm (mean + standard deviation; n = 360), respectively. Fish
fed actively during the experiment, with no apparent differences observed between dietary treatments.
The overall mortality for fish in the study was low (1.94%), and there were no apparent signs of disease.

Growth performance

Dietary CP level did not significantly influence growth parameters (final weight, biomass gain, specific
growth rate, length growth rate and final condition factor) (P > 0.05; two-factor ANOVA; Table
3.1.2.2.4). However, these growth parameters were significantly influenced by CL level and the
interaction between CP level and CL level (P < 0.05; two-factor ANOVA; Table 3.1.2.2.4). Generally,
the growth for fish fed the 25% CL diets was higher than those fed the 30% CL diets The interaction
between CP and CL level was primarily driven by the significant increase in growth for fish fed Diet 1
(40% CP x 25% CL) and Diet 2 (44% CP x 25% CL) compared to their respective 30% CL diets (Diet
4 [40% CP x 30% CL] and Diet 5 [44% CP x 30% CL]). In contrast, the growth of fish fed Diet 3 (48%
CP x 25% CL) and Diet 6 (48% CP x 30% CL) was not significantly different. Final fork length was
significantly affected by CL level (P = 0.029; two-factor ANOVA; 25 < 30% CL; Table 3.1.2.2.4), but
not by CP level or the interaction between the two factors (P > 0.05; two-factor ANOVA,; Table
3.1.2.2.4).

Feed utilisation

Apparent feed intake (% BW d1) of YTK was significantly influenced by CP level (P = 0.01), CL level
(P <0.001), and their interaction (P = 0.003; two-factor ANOVA; Table 3.1.2.2.4). Generally, apparent
feed intake for fish fed the 25% CL diets was higher than those fed the 30% CL diets. The interaction
between CP and lipid level was primarily driven by the significant increased feed intake for fish fed Diet
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1 (40% CP x 25% CL) and Diet 2 (44% CP x 25% CL) compared to fed Diet 4 (40% CP x 30% CL)
and Diet 5 (44% CP x 30% CL), respectively. In contrast, there was no significant difference between
the feed intake of fish fed Diet 3 (48% CP x 25% CL) and Diet 6 (48% CP x 30% CL).

For the 25% dietary CL series, there was also a significant negative linear relationship between analysed
dietary CP level and feed intake (% BW d?) (y = -0.016x + 1.924, R2 = 0.646, P = 0.012; Figure
3.1.2.2.2). For the 30% dietary CL series, there was no significant linear relationship between dietary
CP level and feed intake (P = 0.364; Figure 3.1.2.2.2). With regards to dietary protein intake (g protein
kg fish d?), for both the 25 and 30% dietary CL series, there were significant positive linear
relationships between analysed dietary CP level and CP intake (25% CL series, y = 0.057x + 2.832, R2
=0.583, P = 0.017; 30% CL series, y = 0.141x - 1.334, R2 = 0.772, P = 0.002; Figure 3.1.2.2.4). The
response was more pronounced in fish fed the 30% dietary CL series.

The apparent feed conversion ratio (FCR) of YTK was not significantly influenced by CP level (P =
0.242), CL level (P = 0.557), or their interaction (P = 0.147; two-factor ANOVA; Table 3.1.2.2.4). The
apparent FCR of fish fed Diet 2 (44% CP x 25% CL) tended to be superior to those fed other diets.

Whole fish proximate and energy composition

Crude protein level, CL level, and the interaction between the two factors did not significantly influence
moisture (59.2-61.4%), protein (19.6-20.6% wet), lipid (16.6-18.8% wet), ash (2.2-2.8% wet),
carbohydrate (< 1% wet) or energy (9.6-10.4 MJ kg wet) content (P > 0.05; two-factor ANOVA; Table
3.1.2.2.4).

Nutrient deposition

Apparent protein deposition (22.08-24.72%) and apparent energy deposition (27.51-31.67%) of YTK
were not significantly affected by CP level, CL level or the interaction between the two factors (P >
0.05; two-factor ANOVA,; Table 3.1.2.2.4).

Whole fish fatty acid composition

Total mono trans fatty acid levels were significantly higher in fish fed the 30% lipid diet series than
those fed the 25% lipid diet series (P = 0.017; two-factor ANOVA; Table 3.1.2.2.5). Dietary CP level
or the interaction between CP level and CL level did not significantly influence total mono trans fatty
acid level (P < 0.05; two-factor ANOVA,; Table 3.1.2.2.5). Other whole fish fatty acid levels were not
significantly influenced by CP level, CL level or the interaction between these two factors (P > 0.05;
two-factor ANOVA, Table 3.1.2.2.5).

Blood biochemistry and haematology

There were a number of minor, but significant differences detected in blood biochemistry and
haematology. Sodium, urea and haemoglobin levels were significantly higher in fish fed the 25% CL
diet series compared to those fed the 30% CL diet series (P < 0.05; two-factor ANOVA; Table 3.1.2.2.6).
Crude protein level or the interaction between CP level and CL level did not significantly influence
sodium, urea and haemoglobin levels (P > 0.05; two-factor ANOVA; Table 3.1.2.2.6). Total bilirubin
level was significantly higher in fish fed 44% CP diets than those fed 48% CP diets (P < 0.05), while
the total bilirubin level in fish fed the 40% CP diets were statistically similar to those fed the 44% and
48% CP diets (P > 0.05). CL level or the interaction between CP level and CL level did not significantly
influence total bilirubin levels (P > 0.05; two-factor ANOVA; Table 3.1.2.2.6). Other blood
biochemistry and haematology parameters measured were not significantly influenced by CP level, CL
level or the interaction between these two factors (P > 0.05; two-factor ANOVA,; Table 3.1.2.2.6).
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Liver and gastrointestinal tract morphology

The hepatosomatic index (1.22-1.44%) of YTK were not significantly influenced by CP level, CL level
or the interaction between these two factors (P > 0.05; two-factor ANOVA, Table 3.1.2.2.7).

Dietary CP level, CL level or the interaction between these two factors did not significantly affect the
gastric dilation score (P > 0.05; two-factor ANOVA; Table 3.1.2.2.7). All fish, except for two which
were scored as Stage 1 (one fed 40% CP x 25% CL, and one fed 48% CP x 25% CL), were determined
to be Stage 0 (healthy/no gastric dilation). Muscularis and submucosa thickness, villi length and
thickness, lamina propria thickness, total goblet cells number, eosinophilic droplets in epithelial cells
and melanomacrophage centres in the hindgut were not significantly affected by CP level, CL level or
the interaction between these two factors (P > 0.05; two-factor ANOVA,; Table 3.1.2.2.7).

Dressed weight, intraperitoneal fat and visceral index

The dressed weight (89.72-90.40%), intraperitoneal fat (1.47-1.99%) or visceral index (6.96-7.80%) of
YTK were not significantly influenced by CP level, CL level or the interaction between these two factors
(P > 0.05; two-factor ANOVA; Table 3.1.2.2.7).

Discussion

The aim of this experiment was to determine the optimum dietary protein and lipid levels for large YTK
production at warm water temperatures. In the current study, YTK readily accepted and consumed all
experimental diets. In terms of health, there were some minor differences in blood biochemical (sodium,
urea and bilirubin) and haematological (haemoglobin) parameters. All other health parameters remained
unaffected by diet.

In the current study, the best growth of large YTK was observed in fish fed the 44% CP x 25% CL diet.
This diet contained 42.9% CP, 25.3% CL and 19.90 MJ GE kg with a protein to energy ratio of 21.6 ¢
MJ? (Table 3.1.2.2.1). On a calculated digestible basis, this equated to 36.9% DP, 24.4% DL and 16.9
MJ DE kg with a digestible protein to energy ratio of 21.8 g DP MJ DE. (Tables 3.1.2.2.1 and Table
3.1.2.2.8). In terms of the actual protein and energy intake required to promote optimal growth, there
appears to be a “sweet spot” of 5.2 g CP kg BW' d* (4.5 g DP* kg BW* d?) and 242 KJ* GE kg BW-
1d* (207 KJ* DE kg BW* d?) for large YTK (2-3 kg) (Figure 3.1.2.2.4). Results are in line with data
derived from the model developed by Booth et al. (2010) using smaller YTK cultured under a similar
temperature regime (Table 3.1.2.2.8). Booth et al. (2010) reported decreasing dietary DP, increasing
dietary DE and decreasing dietary DP:DE ratios as fish weight increased to 2 kg (Table 3.1.2.2.8).

Booth et al. (2010) estimated the DP and DE requirements for juvenile and small sub-adult YTK (size
range: 50 g to 2 kg) at warm water temperatures (21-24 °C) using two commercial diets (Table 3.1.2.2.8).
Booth et al. (2010) reported the daily amount of dietary DP required for growth was up to five times
greater for smaller 50 g YTK (22.8 g DP. kg* BW d*) in comparison to the DP maintenance
requirements (4.2 g DP. kg* BW d%). The current study did not attempt to measure the maintenance
requirements of large YTK at warm water temperatures. However, there were large differences in the
daily amount of dietary DP required for optimal growth between the 50 g fish used in the study of Booth
et al. (2010) and the larger 2-3 kg fish in the current study (4.5 g CP* kg BW d?). Differences may be
explained by the higher metabolic rate and protein requirement of the smaller fish (Pirozzi and Booth,
2009; Booth et al. 2010). The differences in results emphasises the importance of evaluating the
nutritional requirements for a species based on a range of fish sizes relevant to the entire production
cycle. Further research is needed in this area.

In the current study feed intake, protein intake and energy intake were all influenced by dietary protein
and lipid inclusion levels (Figure 3.1.2.2.2; Table 3.1.2.2.4). For the 25% CL diet series, fish increased
their feed intake as dietary CP level decreased. The increased feed intake was likely due to fish fed this
series of diets attempting to compensate to meet their daily protein requirements. Interestingly, in the
25% CL diet series, even though fish consumed more food when fed the lower protein diets, equivalence
in protein intake was not achieved (Figure 3.1.2.2.3). In contrast, fish fed the 30% CL diets did not
appear to regulate their feed intake based on dietary protein level (Figure 3.1.2.2.2). This is likely due
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to the supply of excess dietary energy in the 30% CL diets suppressing feed intake, which consequently
negatively impacted daily protein intake, especially in fish fed the 40 and 44% CP diets (Figure
3.1.2.2.3). The reduced daily protein intake may have contributed to the reduced growth performance
observed in large YTK fed these diets (Table 3.1.2.2.4). It appears that in order to increase gross energy
intake, fish fed the 25% CL series (nominal GE level 20.5 MJ kg™) consumed more feed than fish fed
the 30% CL series (nominal GE level 21.5 MJ kg?) (Figure 3.1.2.2.2). Generally, with the exception for
fish fed the 48% CP x 30% lipid diet, this resulted in higher energy intake rates for fish fed the 25% CL
diets compared to those fed the 30% CL diets (Figure 3.1.2.2.4).

When fish were cultured at warm water temperatures in the current experiment, dressed weight, visceral
somatic index, hepatosomatic index, and intraperitoneal fat levels were not altered in response to dietary
lipid level. This is contrary with results from previous studies with large YTK fed high lipid diets at
warm (Stone et al., 2016) or cool water temperatures (Bansemer et al., Manuscript 3.1.2.1). In the
previous studies high lipid level diets tended to improve weight gain. However, the results reported by
Bansemer et al. (Manuscript 3.1.2.1), where dress-out weight was measured, suggested the increased
growth may have been, in part due, to increased levels of intraperitoneal fat and increased visceral mass.
This suggests that large YTK are able to utilize lipid as an energy source for growth more efficiently
during periods of warm water temperatures as opposed to cool water temperatures (Manuscript 3.1.2.1).
However, Stone et al. (2016), also reported higher energy deposition, suggesting increased levels of
muscle and visceral fat, in large YTK fed a 28% lipid diet at warm water temperatures. Diets in all
studies were formulated to contain sufficient levels nutrients, including long chain n-3 fatty acids and
taurine. Differences in responses observed between studies may have been due to differences
metabolism at different water temperatures, or differences in dietary lipid contents between studies.
Thus, when assessing overall growth performance and feed efficiency it may be beneficial to use the
carcass weight as a biometric measurement of dietary effects. Processing method and target markets
should also be taken into consideration.

The diets in this experiment were formulated using commercially available ingredients and
manufactured using the standard industrial practice of cooking extrusion. Oil was then applied to the
pellet kernels using vacuum infusion coating. Practically speaking, the high lipid level used in this study
presented several problems. Initially, due to formulation constraints associated with energy density it
was very difficult to formulate the diet containing 48% CP and 30% lipid. In fact, although it was
required for experimental purposes, the feed company involved suggested this formulation was not
commercially viable. The second problem was associated with pellet oil leakage in diets of the 30% lipid
series. In the current study this was dealt with by storing the feeds in the freezer prior to feeding. This is
not a viable commercial practice and steps need to be made to optimise the pellet structure if levels of
30% CL are to be successfully used in commercial feeds for YTK production.

Diets for large YTK in the current study were formulated using specific nutritional information derived
from limited information pertaining to large YTK and a range of related and non-related species (Stone
and Bellgrove, 2013). The methionine content of the diets for large YTK in the current study were
formulated to be 1.3%, with analysed levels ranging from 1.3-1.7% (Table 3.1.2.2.1). Throughout the
K4P project, and after we commenced the current study, new amino acid requirement information for
juvenile YTK was developed. Booth et al. (Manuscript 3.1.5.3) investigated the methionine
requirements of juvenile YTK and based on growth performance and feed utilisation estimated it to be
~2% of the diet. Regardless, of the lower dietary levels methionine used in the current study, overall
growth rates of fish were good (Table 3.1.2.2.4). Similar to other fin fish species (NRC, 2011), new
evidence that suggests that cysteine can spare a significant proportion of essential methionine for
juvenile YTK has also come to light (Booth et al., Manuscript 3.1.5.3). Given the higher nutritional
requirements for faster growing smaller fish (NRC, 2011), it is possible that the methionine requirement
of large fish may be lower than those reported for small fish by Booth et al. (Manuscript 3.1.5.3). This
amino acid requirement may have been satisfied by the combination of dietary methionine and cysteine
in the current study. Regardless, we should acknowledge that recommended protein levels may be
further reduced by optimising dietary amino acid profiles (e.g. methionine, lysine and histidine) based
on new information obtained from this project and also into the future. This demonstrates the importance
of our ongoing quest to improve our understanding of the nutrient requirements for YTK at all stages of
development.
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Conclusions and Recommendations

Based on results from the current experiment, on a practical basis we recommend that diets for large
(2.0-3.5 kg) YTK at warm water temperatures contain a CP level of 43% (DP 37%), a CL level of 25%
(DL 24%), a GE level of 20 MJ kg (DE 17 MJ kg'?) with a CP:GE ratio of 21.6 g CP MJ! GE (21.8 g
DP MJ* DE). Based on the current feed intake rates, this provided fish with 5.2 g CP* kg BW* d* (4.5
g DP* kg BW? d') and 242 KJ* GE kg BW* d* (207 KJ* DE kg BW d*). Further research in pilot
scale commercial trials are needed before implementing these diet specification recommendations on-
farm.

We do not recommend the use of high lipid levels (30% CL) in commercial diets for large (>2 kg) YTK
at warm water temperatures. High dietary lipid levels (30% CL) appear to interfere with daily feed,
protein and energy intake rates and feed utilisation and ultimately growth, especially at lower dietary
protein levels. It is also commercially impractical to formulate and manufacture diets containing high
CP and CL levels (~48% CP, 30% CL).

Dietary lipid level did not affect product yield of large YTK at warm water temperatures. This suggests
that fish are able to utilize lipid as an energy source for growth more efficiently during periods of warm
water temperatures as opposed to periods of cool water temperatures (Manuscript 3.1.2.1). More
research is required in this area of physiology for large YTK.

Findings

» Based on results from the current experiment, on a practical basis we recommend that diets for
large (2.0-3.5 kg) YTK at warm water temperatures contain a CP level of 43% (DP 37%), a CL
level of 25% (DL 24%), a GE level of 20 MJ kg* (DE 17 MJ kg*) with a CP:GE ratio of 21.6 ¢
CP MJ! GE (21.8 g DP MJ! DE).

» This information improves our knowledge of the protein, lipid and energy requirements for large
YTK cultured at warm water temperatures.

* Results confirm that current commercial diets are adequately formulated, in terms of protein, lipid
and energy levels, for optimal growth of large YTK at warm water temperatures. However, further
gains in growth performance may be achieved with advancements in our knowledge of specific
essential amino acid requirements.

* All FCRs in the current Manuscript ranged from 2.18 down to 1.95. Apparent feed conversion
ratio (FCR) was not significantly influenced by diet, but tended to be improved in fish fed the
44% CP x 25% CL diet (1.95), compared to other diets (2.09-2.18).

* An improvement in FCR based on the information provided within this Manuscript, will assist
feed manufacturers in formulating commercial diets that achieve one of the overarching goals of
the K4P project, which was to provide information to assist producers to achieve FCRs of < 2.2
for large YTK between 1.5-3.5 kg.

Publications

No publications have resulted from this R&D to date.
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Table 3.1.2.2.1. Analysed proximate composition, rancidity tests, amino acid and mineral composition
of the six experimental diets formulated to contain two nominal crude lipid levels and three nominal
crude protein levels.

Diet 1 2 3 4 5 6
Nominal crude lipid level (%) 25 30
Nominal crude protein level (%) 40 44 48 40 44 48

Analysed proximate
composition (g 100 g%)

Moisture 6.8 5.7 6 5.6 4.6 45
Crude protein 38.5 429 46.4 40.5 442 46.9
Calculated digestible protein 34.2 36.9 40.0 33.8 37.0 40.1
Crude lipid 254 25.3 25.7 29.3 320 29.0
Calculated digestible lipid 249 24.4 24.3 29.8 29.8 29.8
Ash 7.6 7.3 6.9 6.9 6.8 6.6
Carbohydrate* 217 18.8 15.0 17.7 124 13.0
Gross energy (MJ kg™ 19.70 19.90 19.90 20.80 21.40 20.90
Calculated digestible energy 16.89 16.94 17.21 18.60 18.79 19.00
(MJkg?)

Protein:energy ratio
(g CP MJ'GE)
Calculated digestible
Protein:digestible energy ratio 20.3 21.8 23.2 18.2 19.7 211
(g DP MJ'DE)

19.5 21.6 23.3 19.5 20.7 224

Rancidity test

p-Anisidine Value 53 55 4.7 52 5.7 51
Peroxide Value (MEqO2 kg™?) 4.3 5.7 4.2 54 6.6 54
Analysed amino acids (g 100 g%)

Alanine 2.30 2.50 2.70 2.30 2.70 2.60
Arginine 2.50 2.50 2.60 2.30 2.40 2.40
Aspartic Acid 3.90 4.10 4.30 3.60 4.30 4.10
Glutamic Acid 7.20 8.10 8.60 6.90 7.90 7.80
Glycine 2.10 2.20 2.30 2.10 2.30 2.20
Histidine 1.00 1.10 1.30 1.10 1.30 1.40
Hydroxyproline 0.27 0.26 0.21 0.21 0.22 0.22
Isoleucine 1.30 1.30 1.40 1.20 1.30 1.30
Leucine 2.90 3.10 3.50 2.90 3.40 3.30
Lysine 2.80 3.10 3.20 2.70 3.20 3.10
Methionine 1.30 1.30 1.70 1.30 1.40 1.40
Phenylalanine 2.10 2.30 2.60 2.20 2.70 3.00
Proline 2.00 2.20 2.40 2.00 2.30 2.20
Serine 1.90 2.10 2.20 1.90 2.10 2.10
Threonine 1.30 1.40 1.50 1.30 1.50 1.50
Tyrosine 1.20 1.30 1.40 1.20 1.50 1.60
Valine 2.10 2.30 2.50 2.20 2.50 240
Taurine 1.20 1.30 1.40 1.20 1.40 1.30
Cholesterol (mg 100 g%) 290 250 280 270 280 330
Analysed minerals (mg kg™)

Calcium 12000 11000 9900 10000 10000 10000
Copper 9.5 8.1 7.7 7.2 7.6 75
Iron 290 310 480 280 370 450
Magnesium 1700 1700 1600 1500 1500 1500
Manganese 46 45 33 36 44 36
Phosphorus 15000 14000 14000 15000 15000 14000
Potassium 5300 4900 5100 5100 4800 4600
Selenium 25 2.8 3.2 3.1 3.2 3.2
Sodium 7800 8200 8300 7700 8300 7800
Zinc 130 130 130 130 130 140

1 Carbohydrate = 100 - (moisture + lipid + protein + ash).
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Table 3.1.2.2.2. Analysed fatty acid composition of the six experimental diets formulated to contain two
nominal crude lipid levels and three nominal crude protein levels.

Diet 1 2 3 4 5 6
Nominal crude lipid level (%) 25 30
Nominal crude protein level (%) 40 44 48 40 44 48

Analysed fatty acids (mg 100 g%)
Saturated Fatty Acids

C4:0 Butyric <10 <10 <10 <10 <10 <10
C6:0 Caproic <10 <10 <10 <10 <10 <10
C8:0 Caprylic <10 <10 <10 <10 <10 <10
C10:0 Capric 51 51 26 29 64 58
C12:0 Lauric <10 <10 <10 <10 <10 <10
C14:0 Myristic 686 734 771 791 864 783
C15:0 Pentadecanoic 76 76 77 88 96 87
C16:0 Palmitic 5537 5541 5603 6446 7072 6438
C17:0 Margaric 102 101 103 117 128 116
C18:0 Stearic 1397 1392 1414 1612 1760 1624
C20:0 Arachidic 51 51 51 59 64 58
C22:0 Behenic 51 51 51 29 32 29
C24:0 Lignoceric <10 <10 <10 <10 <10 <10
Total Saturated 8026 8020 8147 9259 10144 9222
Mono-unsaturated Fatty Acids

C14:1 Myristoleic 51 25 26 59 64 58
C16:1 Palmitoleic 1473 1493 1491 1699 1888 1711
C17:1 Heptadecenoic <10 <10 <10 <10 <10 <10
C18:1 Oleic 8255 8071 8070 9698 10688 9686
C18:1 Vaccenic 610 582 591 703 736 667
C20:1 Eicosenic 229 228 231 264 256 261
C22:1 Cetoleic 102 101 129 147 128 116
C22:1 Docosenoic 25 25 26 29 32 <10
C24:1 Nervonic 51 51 51 59 64 29
Total Mono-unsaturated 10795 10601 10666 12599 13856 12557
Poly-unsaturated Fatty Acids

C18:2n6 Linoleic 3277 3137 3161 3575 3904 3509
C18:3n6 gamma-Linolenic 25 51 26 29 32 29
C18:3n3 alpha-Linolenic 432 430 437 498 544 493
C20:2n6 Eicosadienoic 51 51 51 29 32 29
C20:3n6 Eicosatrienoic 25 25 26 29 32 29
C20:3n3 Eicosatrienoic <10 <10 <10 <10 <10 <10
C20:4n6 Arachidonic 178 202 206 205 224 203
C20:5n3 Eicosapentaenoic 991 1139 1182 1172 1248 1131
C22:2n6 Docosadienoic <10 <10 <10 <10 <10 <10
C22:4n6 Docosatetraenoic 25 25 26 <10 <10 <10
C22:5n3 Docosapentaenoic 203 202 206 205 224 203
C22:6n3 Docosahexaenoic 991 1088 1182 1172 1248 1131
>LC n-3 PUFA 2184 2429 2570 2549 2720 2465
Total Poly-unsaturated 6401 6502 6708 7237 7776 7047
Omega 6 Fatty Acids 3607 3466 3495 3956 4288 3857
Omega 3 Fatty Acids 2769 3011 3187 3252 3456 3161
Total Mono Trans Fatty Acids 76 51 51 59 96 58
Total Poly Trans Fatty Acids 102 127 129 117 128 116
P:M:S Ratio 0.8:1.3:1 0.8:1.3:1 0.8:1.3:1 0.8:1.4:1 0.8:14:1 0.8:1.4:1
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Table 3.1.2.2.3. Summary of water quality parameters measured throughout the 84 day experiment.

ltem!  |emperature Dcls(sg\e/ﬁd D(;f(s;g:ﬁd oH Salinity Ammonia COz
o, 1 It
C) (mg LY (% saturation) (mg L) (ppm) (mg L)
Mean 21.7+15 6.9+0.6 97.3+£6.9 7.94 +0.12 380 0.03 +£0.09 1+1
Range 19.0-25.5 56-9.0 81.0-120.0 7.64 - 8.26 37-38 0.00 -0.25 0-2

1 Values means + standard deviation.
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Table 3.1.2.2.4. Growth performance, feed utilisation, proximate composition and nutrient deposition of Yellowtail Kingfish fed different dietary protein and lipid
levels at warm water temperatures for 84 days.
Dietary crude lipid level 25 30 Two-factor ANOVA?

Dietary crude protein level 40 44 48 40 44 48 Lipid (A) Protein (B) AxB

Growth performance

Initial weight (kg) 2.13+0.01 2.13+0.03 2.13+0.03 2.13+0.02 2.13+0.01 2.13+0.02 P=0.714 P =0.995 P =0.996
Final weight (kg) 3.44+0.08® 3.50+0.04° 3.31+0.01%° 3.21+0.05* 3.15+0.06° 3.30+0.08%* P =0.001 P =0.930 P =0.042
Biomass gain (kg tank™®) 26.20+1.60° 27.32+0.40° 23.55+0.33%® 21.60+0.82° 20.39+0.91° 23.44+1.18% P <0.001 P =0.902 P =0.013
SGR (%) 0.57+0.03° 0.58+0.01° 0.52+0.01% 0.49+0.01° 0.46+0.02° 0.52+0.02% P <0.001 P =0.956 P =0.013
Initial fork length (mm) 506+1 500+3 504+4 504+2 506+2 503+1 P =0.579 P=0.511 P =0.307
Final fork length (mm) 589+3 582+4 580+3 578+3 57612 579+2 P =0.029 (>) P=0.324 P =0.229
Length growth rate (mm d) 0.97+0.04* 0.97+0.02* 0.90+0.02% 0.87+0.03%® 0.83+0.01° 0.89+0.01% P <0.001 P=0.574 P =0.034
Final Condition factor 1.69+0.01° 1.77+0.02% 1.70+£0.02%* 1.66+0.01° 1.65+0.03° 1.70+£0.03* P =0.013 P =0.191 P =0.021
Feed utilisation (as fed)

Apparent feed intake (% BW d?) 1.31+0.03% 1.22+0.01° 1.19+0.02% 1.11+0.01« 1.05+0.01¢ 1.16+0.01% P <0.001 P =0.010 P =0.003
Apparent FCR 2.18+0.07 1.95+0.01 2.13+0.03 2.13+0.07 2.13+0.08 2.09+0.08 P =0.557 P =0.242 P =0.147
Proximate composition (wet basis)®

Moisture (%) 59.20.7 60.9+1.1 61.4+0.5 60.0£0.8 61.0£0.2 60.2+0.1 P=0.871 P =0.092 P =0.343
Protein (%) 19.8+0.3 20.1+0.3 20.6+0.4 19.6+0.2 20.2+0.4 20.4+0.4 P =0.609 P =0.058 P =0.787
Lipid (%) 18.8+1.2 18.0+1.5 16.6+0.2 18.6+1.1 18.1+0.6 16.8+0.2 P =0.951 P =0.086 P =0.984
Ash (%) 2.5+0.4 2.2+0.4 2.4+0.2 2.840.2 2.5+0.3 2.5+0.2 P =0.282 P=0.576 P=0.914
Carbohydrate (%) <1 <1 <1 <1 <1 <1 NA NA NA
Energy (MJ kg™ 10.4+0.4 10.1+0.6 9.6+0.0 10.2+0.4 10.1+0.3 9.7+0.1 P =0.935 P =0.151 P =0.964
Nutrient deposition*

Apparent PD 23.95+1.67 24.72+0.78 22.61+1.07 22.43+1.30 22.71+2.03 22.08+1.00 P =0.205 P =0.573 P =0.862
Apparent ED 31.67+1.78 32.67+3.48 28.07+0.52 31.37+3.66 30.17+2.79 27.51+0.99 P =0.568 P =0.212 P =0.892

! Values are mean + SE; n = 3.

2 A significance level of P < 0.05 was used for all statistical tests, where significant differences were observed post-hoc tests were used (Student-Newman-Keuls test) to detect differences between
treatments. Values without a common superscript are significantly different (a indicates the highest value; P < 0.05). For lipid ANOVA P values, the > symbol indicates the 25% lipid level response was
significantly greater than the 30% lipid level response. When a significant interaction was observed, one-factor ANOVA was used to determine the difference between all treatments for a given variable
(n=23).

3 Initial fish proximate composition (wet basis): Moisture 64.8%, protein 19.7%, lipid 13.8%, ash 2.1%, carbohydrate < 1%, energy 8.40 MJ kg-L.

4PD = protein deposition; ED = energy deposition.
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Table 3.1.2.2.5. Fatty acid composition (mg 100 g?) of Yellowtail Kingfish fed different dietary protein and lipid levels at warm temperatures for 84 days.

Dietary crude lipid level 25 30 Two-factor ANOVAS®

Dietary crude protein level*? 40 44 48 40 44 48 Lipid (A) Protein (B) AxB
Saturated Fatty Acids

C14:0 Myristic 568+76 510+46 492+1 504+36 506+18 454+8 P =0.277 P =0.282 P =0.760
C15:0 Pentadecanoic 56+4 54+5 50+0 56+3 54+2 50+1 P =0.959 P =0.083 P =0.991
C16:0 Palmitic 3345+155 3301+285 306056 3377+183 3264+127 304632 P =0.960 P=0.125 P =0.977
C17:0 Margaric 68+3 7246 661 754 66+7 62+6 P =0.706 P =0.309 P =0.416
C18:0 Stearic 899+47 894+76 83048 911+39 878+15 829+14 P =0.958 P =0.131 P =0.942
C20:0 Arachidic 38+2 36+3 3340 3045 36+1 28+6 P =0.146 P =0.298 P =0.555
C22:0 Docosanoic 19+1 18+2 11+6 <10 12+6 11+6 P =0.110 P =0.683 P =0.425
Total Saturated Fat 5036+277 4897+424 4560+59 5002+263 4853+170 451447 P =0.827 P=0.111 P =1.000
Mono-unsaturated Fatty Acids

C16:1 Palmitoleic 118058 114695 1046+19 1182+86 1150+43 1081+6 P =0.773 P =0.116 P =0.956
C18:1 Oleic 6276+268 6208+542 5590+120 6527+380 6322+199 5942+86 P =0.326 P =0.099 P =0.928
C18:1 Vaccenic 550+34 535+50 482+13 540+32 536+21 504+5 P =0.848 P =0.152 P =0.860
C20:1 Eicosenoic 312466 246+22 243+3 255+20 265+4 23014 P =0.487 P =0.301 P =0.480
C22:1 Cetoleic 200£59 138+14 144+10 144+14 163+6 13417 P =0.550 P =0.479 P =0.355
C22:1 Docosenoic 45+9 36+3 3340 37+2 36+1 340 P =0.465 P =0.199 P =0.560
C24:1 Tetracosenoic 5149 36+3 330 372 4245 34+0 P =0.549 P =0.130 P =0.110
Mono Unsaturated Fat 8626+496 8369+729 7599+147 87474532 8532+279 7963+80 P =0.528 P =0.097 P =0.958
Poly-unsaturated Fatty Acids

C18:2n-6 Linoleic 2370+95 2295174 214114 2392+146 2306+82 216227 P =0.828 P =0.082 P =0.998
C18:3n-3 Alpha Linolenic 333+£34 288+24 277+3 311+24 301+15 269+3 P =0.744 P =0.062 P =0.701
C18:3n-6 Gamma Linolenic 19+1 18+2 17+0 19+1 24+6 17+0 P =0.332 P =0.263 P =0.531
C20:2n-6 Eicosadienoic 38+2 36+3 3340 3742 36+1 340 P =0.940 P =0.107 P =0.965
C20:3n-6 Dihomo-gamma-linoleic 19+1 18+2 170 19+1 18+1 17+0 P =0.879 P =0.088 P=0.921
C20:4n-6 Arachidonic 99+4 108+9 8845 112+7 96+6 906 P =0.902 P =0.051 P =0.189
C20:5n-3 Eicosapentaenoic 644+98 564+47 531+12 566+39 543+29 487+8 P=0.221 P =0.156 P =0.845
C22:4n-6 Docosatetraenoic 19+1 18+2 170 19+1 12+6 17+0 P =0.363 P =0.364 P=0.321
C22:5n-3 Docosapentaenoic 252432 234420 21618 224+13 211412 20212 P=0.124 P =0.232 P =0.916
C22:6n-3 Docosahexaenoic 951+124 837+54 796+35 882152 820+45 734+26 P =0.333 P =0.070 P =0.912
>'LC n3 PUFA 1847+253 1635+120 1543153 1671+104 1574486 1423+33 P =0.248 P=0.111 P =0.908
Poly Unsaturated Fat 4953+424 4596+350 4314445 47474295 4543+199 4195467 P =0.547 P =0.083 P =0.961
Total Omega 3 2294+302 2031+153 1924458 2076+133 1972+103 1787+40 P =0.269 P=0.119 P =0.882
Total Omega 6 2589+110 2511+192 2335+11 2603+159 2505+94 2352+30 P =0.927 P =0.084 P =0.994
Trans Fatty Acids

Total Mono Trans Fat Acids 38+2 41+3 330 5047 48+7 4516 P =0.017 (<) P =0.440 P =0.864
Total Poly Trans Fatty Acids 108+20 90+8 94+5 93+5 96+6 9015 P =0.573 P =0.592 P =0.582

! Values for the following fatty acids < 10 mg 100 g and were excluded from the table: C4:0 Butyric, C6:0 Caproic, C8:0 Caprylic, C10:0 Capric, C12:0 Lauric, C24:0 Tetracosanoic, C14:1 Myristoleic,
C17:1 Heptadecenoic and C20:3n-3 Eicosatrienoic.

2Values are mean + SE; n = 3.

3 A significance level of P < 0.05 was used for all statistical tests, where significant differences were observed post-hoc tests were used (Student-Newman-Keuls test) to detect differences between
treatments. Values without a common superscript are significantly different (a indicates the highest value; P < 0.05). For lipid ANOVA P values, the < symbol indicates the 30% lipid level response was
significantly greater than the 25% lipid level response.
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Table 3.1.2.2.6. Blood biochemistry of serum and blood haematology on whole blood of Yellowtail Kingfish fed different dietary protein and lipid levels at warm
water temperatures for 84 days.
Dietary crude lipid level 25 30 Two factor-ANOVA?

Dietary crude protein level 40 44 48 40 44 48 Lipid (A) Protein (B) AxB

Biochemistry®

Sodium (mmol L) 197.07+£2.75 203.65+£1.09 202.174£3.02 194.99+0.73 195.21+1.93 197.98+3.05 P =0.024 (>) P =0.201 P =0.397
Potassium (mmol L?) 2.22+0.27 2.16+0.04 2.32+0.16 2.49+0.22 2.41+0.07 2.45+0.34 P =0.186 P =0.879 P =0.929
Urea (mmol L?) 3.7+0.1 3.6+0.3 3.4+0.1 3.310.2 2.8+0.2 2.940.1 P =0.001 (>) P =0.110 P =0.525
Creatinine (mmol L) 0.042+0.017 0.027+0.003 0.029+0.008 0.022+0.002 0.023+0.002 0.032+0.011 P =0.338 P =0.700 P =0.504
Calcium (mmol L) 3.24+0.08 3.28+0.07 3.18+0.06 3.14+0.06 3.17+0.03 3.23+0.02 P =0.204 P =0.800 P =0.351
Protein (g L) 39+1 39+1 36+l 36+1 3810 37+1 P =0.384 P =0.309 P =0.306
Albumin (g L) 1241 1241 1140 11+1 1140 1240 P =0.138 P =1.000 P =0.272
Globulin (g L?) 27+1 27+1 25+1 25+1 260 26+0 P =0.385 P =0.116 P =0.414
Total Bilirubin (mmol L%)* 2+0 2+0 1+0 1+0 1+0 1+0 P =0.605 P =0.046 P =0.783
ALT (IU LY 7+2 940 8+1 1142 10+2 9+2 P =0.083 P =0.821 P =0.616
ALP (IU LY 19+1 19+1 2242 19+1 2245 24+2 P =0.356 P =0.161 P =0.800
Magnesium (mmol L) 1.31+0.02 1.50+0.08 1.36+0.03 1.29+0.03 1.35+0.04 1.46+0.06 P =0.626 P =0.074 P =0.072
Cholesterol (mmol L) 3.5+0.3 3.6+0.2 3.4+0.1 3.9+0.2 3.940.1 3.5+0.3 P =0.122 P =0.370 P =0.673
Triglyceride (mmol L) 1.40+0.04 1.49+0.07 1.85+0.12 1.50+0.07 1.62+0.40 1.86+0.05 P =0.573 P =0.063 P =0.944
Bile Acids (mmol L?) 2.6+0.6 8.1+2.4 10.3+3.7 9.1+1.6 10.0+5.0 17.4+6.5 P =0.132 P =0.126 P =0.768
Haematology®

RBC (x10'?) 3.13+0.17 3.12+0.17 2.84+0.43 3.02+0.05 3.17£0.04 2.73+£0.25 P=0.732 P =0.222 P =0.916
HGB (g LY 11044 111+3 11145 104+3 110+1 9745 P =0.032 (>) P =0.244 P =0.237
PCV (LL?Y 0.52+0.01 0.55+0.02 0.49+0.07 0.47+0.05 0.55+0.01 0.48+0.05 P =0.565 P =0.235 P =0.833
MCV (fl) 174.0+4.1 165.2+11.8 173.4+1.8 173.2£1.9 174.440.6 177.3£1.3 P =0.323 P =0.543 P =0.645
MCH (pg) 35.2+1.1 35.8+1.2 36.8+1.8 34.6+0.4 34.7+£0.5 42.0£7.7 P =0.666 P =0.307 P =0.573
MCHC (g L?) 203+2 2034 21249 20014 199+3 233£39 P =0.727 P =0.296 P =0.683
WBC (x10°) 6.7+0.1 6.9+0.1 7.0+0.0 6.9+0.1 6.9+0.2 6.9+0.1 P =1.000 P =0.342 P =0.443
Granulocytes (%) 7+4 5+0 1145 3+1 9+3 3+0 P =0.348 P =0.856 P =0.162
Lymph (%) 85+8 91+1 7816 90+2 84+6 89+1 P =0.429 P =0.683 P =0.223
Mono (%) 6+4 4+1 9+4 5+1 5+2 5+1 P =0.556 P =0.417 P =0.698
Eosin (%) 2+1 1+1 3+l 2+1 2+1 2+1 P =0.722 P=0.574 P =0.763
Baso (%) 00 00 0+0 0+0 0+0 0+0 NA NA NA
Platelets (x10°) 85+6 85+3 74+11 7516 8212 84+11 P =0.869 P =0.815 P =0.414

1 Values are mean + SE; n = 3. SE less than 0.01 are reported as “0.00”.

2 A significance level of P < 0.05 was used for all statistical tests, where significant differences were observed post-hoc tests were used (Student-Newman-Keuls test) to detect differences between
treatments. Values without a common superscript are significantly different (a indicates the highest value; P < 0.05). For lipid ANOVA P values, the > symbol indicates the 25% lipid level response was
significantly greater than the 30% lipid level response. NA = not statistically analysed due to zero values.

3 ALT = alanine aminotransferase; ALP = alkaline phosphatase.

4 Bilirubin Two factor-ANOVA results level were significantly affected by crude protein inclusion (44% CP?, 40% CP2®, 48% CP®).

5 Smear content: red and white cell normal; Baso = basophil; Eosin = eosinophil; HGB = haemoglobin; Lymph = lymphocytes; MCH = mean corpuscular haemoglobin; MCHC = mean corpuscular
haemoglobin concentration; MCV = mean corpuscular volume; Mono = monocytes; PCV = packed cell volume; RBC = red blood cell count; WBC = white blood cell count.
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Table 3.1.2.2.7. Visceral somatic parameters, stomach morphology and gastrointestinal morphology of Yellowtail Kingfish fed different dietary protein and lipid
levels at warm water temperatures for 84 days.

Dietary crude lipid level 25 30 Two-factor ANOVA?
Dietary crude protein level 40 44 48 40 44 48 Lipid (A) Protein (B) AxB

Visceral somatic parameters

Dressed weight (%) 90.13+0.30  89.73#0.53  89.79+0.16 90.40+0.28  89.89+0.28  89.72+0.61 P =0.69%4 P=0.332 P =0.907
Visceral somatic index (VSI; %) 7.40+0.38 7.80+0.55 7.43+0.19 6.96+0.22  7.58+0.33 7.70+0.57 P =0.683 P =0.392 P =0.669
Hepatosomatic index (HSI; %) 1.42+0.12 1.34+0.05 1.22+0.04 1.44+0.03 1.43+0.11 1.27+0.13 P =0.443 P =0.105 P=00912
Intraperitoneal fat (%) 1.60+0.11 1.85+0.23 1.92+0.22 1.47+0.12 1.99+0.21 1.81+0.13 P =0.812 P =0.064 P =0.705
Stomach morphology

Gastric dilation score® 0.11+0.11 0.00£0.00 0.11+0.11 0.00£0.00  0.00+0.00 0.00+0.00 P =0.150 P =0.595 P =0.619
Hindgut morphology

Muscularis thickness 900+29 900+29 863+10 838+110 82042 899457 P =0.390 P =0.925 P =0.527
Submucosa thickness 22.0x4.2 23.7+8.3 20.6x1.2 21.1+1.9 19.1+1.4 18.8+1.3 P =0.407 P =0.862 P =0.888
Villi length 138857 1412+105 135087 1392+110 1200+36 1301+126 P =0.252 P =0.633 P =0.497
Villi thickness 90+8 92+3 89+6 9245 84+5 91+3 P=0.735 P =0.827 P =0.582
Lamina propria thickness 10+2 10+1 10+1 11+1 10+2 9+1 P=0.779 P =0.667 P=0.732
Lamina propria/villi thickness (%) 10.24+1.21  11.18+1.32  10.42+0.68 12.18+0.83  12.10+2.04  9.53+0.84 P =0.517 P=0.372 P =0.528
Mucus cells per 100pum 2.80+0.48 3.36+0.19 3.64+0.51 3.74+0.31  3.44+0.13 3.50+0.68 P =0.390 P=0.783 P =0.437
Eosinophilic droplets in epithelial cells 340 340 340 240 340 240 P=0.372 P =0.830 P =0.848
Melanomacrophage centres 1+0 240 240 240 2+1 3+0 P =0.138 P =0.443 P =0.546

1 Values are mean + SE; n = 3.

2 A significance level of P < 0.05 was used for all statistical tests, where significant differences were observed post-hoc tests were used (Student-Newman-Keuls test) to detect differences between
treatments, values without a common superscript are significantly different (a indicates the highest value; P < 0.05).

8 Gastric dilation score based on Chown (2015).
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Table 3.1.2.2.8. Estimated optimal dietary digestible energy (DE) and digestible protein (DP) levels and
digestible protein to energy ratios for Yellowtail Kingfish of different sizes.

Item? Fish weight (g)>®

50 100 200 300 600 _ 900 _ 1000 2000 _ 2000-3000
I(El\s/ltsrrIZ]?ItEeEgREdiet)“ 120 120 120 150 150 150 180 180 16.9
Estimated DP (%)° 456 456 456 465 465 465 432 432 37.0
DP:DE (g DP: MJ DE-)8 380 380 380 310 310 310 240 240 218

1 Means (n = 3).

2 Data for fish ranging in size from 50 to 2000g from Booth et al. (2010).

3 Data for fish sized between 2000 to 3000 g derived from the current study.
4 DE = digestible energy.

5 DP = digestible protein.

6 DP:DE = digestible protein to digestible energy ratio.
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Figure 3.1.2.2.1. Water temperature profile for the duration of the 84 day experimental period. (Average 21.7 °C [range 19.0-25.5°C]).
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Figure 3.1.2.2.2. Feed intake (% BW d?) of Yellowtail Kingfish fed graded nominal dietary crude
protein (40, 44 and 48%) and dietary crude lipid (25 and 30%) levels at warm water temperatures for 84
days. Values are tank means, n = 3 tanks per treatment combination. Linear relationship: 25% crude
dietary lipid series, y =-0.016x + 1.924, R2 = 0.646, P = 0.012; 30% crude dietary lipid series, P = 0.364.
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Figure 3.1.2.2.3. Crude protein intake (g protein kg fish™ d*) of Yellowtail Kingfish fed graded nominal
dietary crude protein (40, 44 and 48%) and dietary crude lipid (25 and 30%) levels at warm water
temperatures for 84 days. Values are tank means, n = 3 tanks per treatment combination. Linear
relationships: 25% crude dietary lipid series, y = 0.057x + 2.832, R?2 = 0.583, P = 0.017; 30% crude
dietary lipid series, y = 0.141x - 1.334, R2=0.772, P = 0.002.
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Figure 3.1.2.2.4. Effect of daily crude protein intake (g protein kg BW d!) and gross energy intake (kJ energy kg BW d*) on the specific growth rate of Yellowtail
Kingfish feed nominal dietary crude protein (40, 44 and 48%) and dietary crude lipid (25 and 30%) levels at warm water temperatures for 84 days. Values are tank

means, n = 3 tanks per treatment combination.
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3.1.3. Chapter - Wild derived fish meal replacement for large Yellowtail Kingfish.
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Abstract

Further research to understand dietary wild derived fish meal (WD FM) substitution with
commercially relevant alternative ingredients for large Yellowtail Kingfish (Seriola lalandi; YTK)
was needed. This 36 week study was designed to investigate the effects of replacing dietary
inclusions of WD FM with alternative protein rich ingredients (Poultry meal, PM; Soy protein
concentrate, SPC; and FM by-product) on the growth performance, feed utilisation, and health of
YTK (2.52 kg) at ambient water temperatures (average 16.6 °C; range 23.5-13.0 °C). Six diets were
formulated on a digestible basis to contain 39% digestible protein (~45-47% crude protein), 24%
digestible lipid (~25% crude lipid), and a digestible energy level of 16.9 MJ kg (~20.1 MJ kg
gross energy level). Fish were fed to apparent satiation once daily at 10:00 h. Diet did not
significantly influence fish growth, feed utilisation, gastrointestinal health, or blood hematology
and biochemistry indices measured. Indices associated with bile acid metabolism and liver
histology also indicated no significant effects of WD FM substitution. Results from the current
study are encouraging and provide valuable commercially relevant information to reduce the dietary
WD FM inclusion levels and costs of diets and improve the sustainable production of large YTK.
The inclusion of the alternative protein sources resulted in improvements in the fish in-fish out
ratios of between 4.8 to 17.9% and 25.4 to 35.1%, respectively, for fish fed diets where WD FM
was substituted by 33.3% or 66.7%. We recommend that when using SPC, diets contain no less
than 20% WD FM. When using PM, we may recommend that diets contain no less than 20% FM
(WD or FM by-product). When using FM by-product, we may recommend that diets contain a total
of 30% FM, where at least 10% is derived from wild stocks, and no more than 20% is FM by-
product. These recommendations are dependent on the changing cost of raw materials. This is a
commercial decision for YTK producers and the feed manufacturers. The available information
points toward flexibility in formulation. We recommend that trends with some of the alternatives
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to WD FM be followed up with further pilot scale commercial on-farm trials before the full
formulation flexibility is realised.

Introduction

As aquaculture production increases, increased demand for wild derived fish meal (WD FM) and
fish oil may result in substantial increases in price, while further demand for these ingredients may
exceed supply (Gatlin et al., 2007). Yellowtail Kingfish (Seriola lalandi; YTK) are cultured
globally, and are currently typically fed commercial diet formulations that contain ~30% WD FM
inclusion levels. To improve the sustainability and reduce diet costs, alternative ingredients will be
required to reduce dietary WD FM inclusion levels in production diets for YTK (Gatlin et al., 2007;
Stone and Bowyer, 2013; Stone et al., 2016). Currently however, little published information
relating to the effect of reducing dietary WD FM levels with the inclusion of alternative ingredients
on production is available for large YTK (Stone et al., 2016).

A number of studies have investigated the potential of alternative dietary ingredients to reduce WD
FM levels in aquaculture diets for fish, including land animal protein by-products (e.g. poultry meal
(PM), meat meal, feather meal and blood meal), land plant proteins (e.g. soy protein concentrate
(SPC), solvent extracted soybean meal (SE SBM), wheat and corn gluten meal, de hulled lupin
meal and faba bean meal/concentrate), and also fish meal (FM) by-products (Gatlin et al., 2007;
Ouraji et al., 2013; Bowyer et al, 2013a, Bowyer et al., 2013b; Stone and Bowyer, 2013; Bansemer
et al., 2015; Skretting Australia, 2015; Davidson et al., 2016; De Santis et al., 2016). These studies
have met with varying levels of success. Based on the aforementioned studies, and following
discussions with Australian Aquafeed companies, YTK producers and research providers
associated with the K4P project, PM, SPC and FM by-product were identified to have the greatest
potential to partially replace dietary inclusions of WD FM in production diets for large YTK. These
alternative ingredients also have the added benefit of being considerably cheaper (PM, ~$1000;
SPC, ~$1200-1700; and FM by-products ~$2000 tonne™) than WD FM (> $2300 tonne™) (Mr Joel
Scanlon, Aquafeeds Australia, Mount Barker, South Australia, Australia; personal communication;
Dr Nicole Ruff, Skretting Australia, Cambridge, Tasmania, Australia; personal communication).

Poultry meal is high in protein (~65%), has an excellent amino acid profile and has been
successfully used to reduce dietary WD FM inclusions for a number of aquaculture species (Sealey
etal., 2011; Zhou et al., 2011; Davidson et al., 2016). Juvenile Cobia (Rachycentron canadum; 5.8
g) fed a 50% WD FM diet had a similar growth rate as fish fed a 35% WD FM and 15% PM (Zhou
et al., 2011). However, further reductions in dietary WD FM inclusion level to 20% (30% PM) led
to reduced growth rates compared to fish fed the 50% WD FM control diet (Zhou et al., 2011). In
contrast, juvenile Atlantic Salmon (Salmo salar; 281 g) fed a 0% WD FM + 30% PM diet exhibited
inferior growth, compared to those fed a 19.5% WD FM diet (Davidson et al., 2016). While these
studies have successfully used PM as protein source, a species-dependent response to replacing WD
FM with PM is apparent. Current commercial Australian YTK diets contain varying levels of PM
as a protein source; however, the effect of replacing WD FM with PM in diets for large YTK is not
clearly understood (Bowyer et al., 2013a; Bowyer et al., 2013b; Stone and Bowyer, 2013; Stone et
al., 2016) and further research was required.

Dietary inclusions of soy products in aquafeeds for a range of finfish species has received
considerable attention (van den Ingh et al., 1991; Baeverfjord and Krogdahl 1996; Barrows et al.,
2007; Gatlin et al., 2007; Bowyer et al., 2013a; Bowyer et al., 2013b; Bansemer et al., 2015; Stone
et al., 2018). Dietary inclusions of SE SBM in YTK diets has been reported to reduce growth, feed
utilisation, and also led to the development of sub-acute enteritis (Bowyer et al., 2013a; Bansemer
etal., 2015; Stone et al., 2018). As such, recommendations from the previous studies have suggested
that SE SBM should be excluded from YTK diets (Stone and Bowyer, 2013; Bowyer et al., 2013a;
Bansemer et al., 2015; Stone et al., 2016; Stone et al., 2018), In contrast, Bowyer et al. (2013b)
reported that the growth rate and nutrient utilisation of juvenile YTK (initial weight 22 g) fed a 20%
dietary inclusion of SPC was similar to a fish meal control diet. Soy protein concentrate, a highly
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refined and more expensive product derived from SBM, has undergone extensive processing via
heat and alcohol extraction to remove and reduce certain types and levels of antinutritional factors
(Gatlin et al., 2007; Bowyer et al., 2013a; Bowyer et al., 2013b; Bansemer et al., 2015). While the
inclusion of SPC in diets for fingerling YTK has met with success (Bowyer et al., 2013b; Bansemer
et al., 2015), the effect of replacing dietary WD FM with SPC for large YTK (> 1.5 kg) required
further research.

The fish oil component inherent in fish meal, although variable, may contain appreciable levels of
the essential long chain omega-3 highly polyunsaturated fatty acids (LC n-3 PUFA),
eicosapentaenoic acid [20:5n-3, EPA], docosapentaenoic acid [22:5n-3, DPA] and
docosahexaenoic acid [22:6n-3, DHA]), while alternative ingredients derived from terrestrial
animal or plant sources typically lack these LC n-3 PUFA (Higgs et al., 2006; Bowyer et al., 2012a).
While, fish meal by-products obtained from seafood processing wastes may contain appreciable
levels of LC n-3 PUFA. Fish meal by-products are not only less expensive than WD FM, they also
have the added marketing benefit of being considered as sustainable ingredients as they are
excluded from the fish in-fish out ratio calculation (Tacon and Metian, 2008; Jackson, 2009;
Terpstra, 2015). Hernandez et al. (2014) reported high apparent lipid (~99%) and protein (~80%)
digestibility for spotted rose snapper (Lutjanus guttatus) fed a 26% dietary inclusion of FM by-
product, compared to fish fed a WD FM control diet (lipid and protein digestibility were 86 and
98%, respectively). However, the higher ash content of FM by-product meal may be problematic
in diet formulations (Hernandez et al., 2014).

Aim

Research investigating dietary inclusions of alternative ingredients to replace WD FM have been
positive for juvenile YTK (< 1 kg), and other aquaculture species. However, little published
information is available regarding reducing WD FM levels in commercial diets for large YTK (>
1.5 kg). The aim of the current study was to investigate the effects of replacing dietary inclusions
of WD FM with alternative protein rich ingredients (PM, SPC and FM by-product) on the growth
performance, feed utilisation, and health of YTK over an extended period.

Methods
Experimental design and diets

Wild derived FM and three alternative protein source ingredients (PM, SPC and FM by-product
meal) were investigated in this study. The biochemical composition of the four protein source
ingredients are displayed in Tables 3.1.3.1.1 and 3.1.3.1.2. The fish meal by-product, PM and SPC
ingredients were included into a control diet (30% wild derived fish meal diet) by reducing wild
derived fish meal levels to 20% and 10%. This resulted in six separate diets in this study:

* Diet 1: Control
+ Contained 30% wild derived fish meal diet
» Diet 2: 20% wild derived fishmeal diet plus ~10% FM by-product
* Replaced 33.33% (= 10.00% wild derived fish meal dietary inclusion level) of
digestible wild derived fish meal protein with digestible fish meal by-product
protein (= 10.70% of fish meal by-product dietary inclusion level)
» Diet 3: 10% wild derived fishmeal diet plus ~20% FM by-product
* Replaced 66.67% (= 20.00% wild derived fish meal dietary inclusion level) of
digestible wild derived fish meal protein with digestible fish meal by-product
protein (= 21.40% of fish meal by-product dietary inclusion level)
» Diet 4: 20% wild derived fishmeal diet plus ~10% PM
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* Replaced 33.33% (= 10.00% wild derived fish meal dietary inclusion level) of
digestible wild derived fish meal protein with digestible poultry meal protein (=
11.32% of poultry meal dietary inclusion level)
» Diet 6: 10% wild derived fishmeal diet plus ~10% PM + ~10% FM by-product
* Replaced 66.67% (= 20.00% wild derived fish meal dietary inclusion level) of
digestible wild derived fish meal protein with digestible fish meal by-product
protein (= 10.70% of fish meal by-product dietary inclusion level) and digestible
poultry meal protein (= 11.32% of poultry meal dietary inclusion level)
» Diet 7: 20% wild derived fishmeal diet plus ~10% SPC
* Replaced 33.33% (= 10.00% wild derived fish meal dietary inclusion level) of
digestible wild derived fish meal protein with digestible soy protein concentrate
protein (= 10.88% of soy protein concentrate dietary inclusion level)

The biochemical composition of the six experimental diets are displayed in Tables 3.1.3.1.3 and
3.1.3.1.4 The six diets were formulated on a digestible basis, based on protein and energy
digestibility data reported for YTK (Booth et al., 2010; Stone and Bowyer, 2013), to contain 39%
digestible protein (~45-47% crude protein), 24% digestible lipid (~25% crude lipid), and a
digestible energy level of 16.9 MJ kg? (~20.1 MJ kg gross energy level). Diets were also
formulated to contain highly palatable and digestible ingredients at realistic commercial inclusion
levels.

The experimental diets (9 mm pellet diameter) were manufactured by Skretting Australia using
cooking extrusion technology. Fish were fed to apparent satiation daily at 09:00 h. Apparent
satiation feeding was achieved by providing feed to the tank and monitoring feed intake of fish over
a period of four min tank™. Care was taken to minimise waste by dispersing feed evenly and slowly
across each tank. Once small quantities of uneaten feed were observed on the tank bottom, fish were
judged to have reached apparent satiation. Feed inputs were recorded daily.

Experimental fish

Experimental work was conducted in the pool-farm facility at the South Australian Research and
Development Institute, South Australian Aquatic Science Centre (SARDI SAASC; West Beach,
South Australia, Australia). YTK (n = 306; 2.52 + 0.25 kg; 546 + 20 mm (fork length; mean £
standard deviation) were obtained from Clean Seas Seafood (Port Lincoln, South Australia,
Australia). Upon arrival at the SARDI SAASC facility, YTK were transferred to 5000 L tanks
supplied with partial flow-through/recirculating (100% system water exchange d), sand filtered,
UV treated, aerated sea water at ambient temperature and held for ~1 month and fed a standard
Ridley Pelagica diet (crude protein 46%; crude lipid 24%; gross energy 19.30 MJ kg™).

Skin and gill fluke treatment

Upon arrival at SARDI SAASC, YTK were inspected, and were observed to have a low burden of
skin flukes (Benedenia seriola) and gill flukes (Zeuxapta seriola). Treatment was deemed
necessary, and was prescribed by Dr Matt Landos (Future Fisheries Veterinary Service Pty Ltd.,
Ballina, New South Wales, Australia).

Experimental stocking and intermediate weight checks

At the commencement of the experiment (March 2017), YTK were anaesthetised in 5000 L tanks
(total water volume 2500 L) using AQUI-S® (AQUI-S® New Zealand Ltd., Lower Hutt, New
Zealand) at a concentration of 14 mg L* of seawater. Seventeen fish were removed from their tank,
measured, weighed and stocked into one of the three replicate 5000 L tanks treatment combination
! (n = 6 diets; n = 18 tanks). Tanks were supplied with partial flow-through/recirculating (100%
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system water exchange d?), sand filtered, UV treated sea water at ambient temperature. All tanks
were supplied with aeration and oxygenation throughout the study. As required, mortalities were
removed, weighed, measured and recorded required and replaced with tagged fish (T-tags) of a
similar weight. Tagged fish were included in biomass calculations for FCR (see Performance indice
section), but excluded from all other analyses. This study ran for a total of 84 days.

At 4,8, 12, 16, 20, 24, 28 and 32 weeks post-stocking, all fish were anaesthetised using AQUI-S®
at a concentration of 14 mg L™ of seawater. YTK were measured, weighed, visually inspected for
skin and gill flukes, and returned back to their respective tanks.

Water quality analyses

Water quality parameters were measured daily at 12:00 h, and maintained at appropriate levels for
acceptable growth of YTK throughout the study (Table 3.1.3.1.5). Water temperature was measured
using a thermometer. Dissolved oxygen (mg L™ and % saturation) was measured using a dissolved
oxygen meter (OxyGuard International A/S, Birkergd, Denmark). The pH was measured daily using
a meter (Oakton pHtestr 20; Oakton Instruments, Vernon Hills, Illinois, United States of America).
Salinity (g L) was measured weekly using a portable salinity refractometer (model RF20, Extech
Instruments, Nashua, New Hampshire, United States of America).

Final harvest sampling

At 36 weeks (252 days), all fish were anaesthetised using AQUI-S® at a concentration of 14 mg L-
! of seawater and weighed and measured. Three fish from each tank (n = 3 fish tank*; n = 18 tanks;
n = 54 fish) were whole collected and stored frozen at -20 °C for biochemical analysis. Blood from
three separate fish per tank (n = 3 fish tank; n = 18 tanks; n = 54 fish) were collected using a 19
G needle with a 5 mL syringe, in two separate Vacuette® or BD vacutainer ® tubes (Z serum clot
activator or EDTA tubes). Serum was analysed for blood biochemistry and whole blood was
analysed for blood haematology conducted by IDEXX (Unley, South Australia, Australia). These
blood sampled fish were then dissected and the viscera, liver and visceral fat was weighed in order
to calculate visceral index (VSI; %), hepatosomatic index (HSI; %) and intraperitoneal fat (%),
respectively. The stomach from these fish were opened longitudinally, and were subjectively scored
for gastric dilation (Chown, 2015). Briefly, Stage 0 is defined as having pronounced/well defined
folds throughout the pylorus, anterior and distal stomach, while Stage 1 is defined as having
minimal or absent folds throughout the pylorus and anterior stomach, but has pronounced/well
defined folds in the distal stomach (Chown, 2015). In addition, one cm? longitudinally opened
hindgut sections were collected from blood sampled fish for histology. In brief, hindgut samples
were fixed in 10% seawater formalin for > 48 h, processed and embedded in paraffin wax. Tissue
sections were cut using a microtome and floated onto Starfrost® glass slides and dried for > 24 h at
room temperature before being stained with hematoxylin and eosin (H and E) and periodic acid-
schiff alcian blue (PAS/AB pH 2.5). Gastrointestinal morphological parameters in the hindgut
including muscularis and submucosa thickness, villus length and thickness, lamina propria
thickness, total goblet cell number, eosinophilic droplets in epithelial cells and melanomacrophage
centres.

Biochemical and histological analyses

The proximate composition analyses of diets and whole body tissue were conducted according to
methods in the British Pharmacopoeia Commission (2004) or German Institute for Standardization
(DIN) (2000). A one kg sample of each diet was collected, ground and analysed for proximate
composition (moisture, protein, fat, ash, carbohydrate and energy), amino acid profile, taurine level,
fatty acids profile and rancidity (p-anisidine and peroxide value). In addition, a total of twelve fish
(n =12 fish) at the start of the experiment, and three fish from each replicate tank at the conclusions
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of the experiment were collected and stored frozen at -20 °C. Whole fish samples were partially
thawed, homogenised and analysed for proximate composition, fatty acids profile, amino acids
profile, taurine and mineral composition.

Performance indices

All data reported for each treatment for animal performance were based on the mean of the three
replicate tanks. All calculations using fish weight and diets were based on wet or as fed values,
respectively:

« Biomass gain (kg tank?®) = (final weight + Ymortality weight) - (initial weight +
> replacement weight)

« Specific growth rate (SGR, % d*) = ([In final weight - In initial weight] / d) x 100

« Length growth rate (mm d*) = (final fish fork length - initial fish fork length) / d

« Condition factor = (fish weight [g] / fish fork length [cm]®) x 100

» Apparent feed conversion ratio (FCR) = feed consumed / fish weight gain

» Apparent protein deposition = ([final soft body protein - initial soft body protein] / protein
intake x 100

» Apparent energy deposition = ([final soft body energy - initial soft body energy] / energy
intake x 100

 Intraperitoneal fat (%) = wet intraperitoneal fat wt x 100 / final wet fish wt
* Visceral index (VSI; %) = wet visceral wt x 100 / final wet fish wt
» Hepatosomatic index (HSI; %) = wet liver wt x 100 / final wet fish wt

+ Fish in-fish out ratio (FI-FO) = FCR x 0.75 x 0.5 x [(% fish meal in feed / 22.5) + ((% fish
oil in feed - 0.08 x 9% fish meal in feed) / 5)]

Where the FI-FO ratio is expressed in reduction fish equivalent and FCR is the feed conversion
ratio (kg feed kg fish). The yield of reduction fish is 22.5 % WD fish meal and 5 % fish oil. The
factor 0.75 takes into account that about 25% of the WD fishmeal and fish oil is nowadays produced
from fish processing by-products, and the factor 0.08 takes into account that WD fish meal contains
~8 % fish oil (Terpstra, 2015).

Statistical analyses

The IBM SPSS software package (version 24 for Windows; IBM SPSS Inc., USA) was used for all
statistical analyses. Homogeneity of variances and normality among mean values were assessed
using Levene’s test for equality of variance errors and Shapiro-Wilk test, respectively. Data were
compared across all treatments using a one-factor ANOVA. When significant effects were
observed, the Student-Newman-Keuls post-hoc test was used to detect significant differences
between all treatments. A significance level of P < 0.05 was used for all statistical tests. All values
are presented as means = standard error (SE) of the mean unless otherwise stated.

Results
General observations

There were no significant differences in the initial weight and fork length of YTK between
treatments (P > 0.05; one-factor ANOVA,; Table 3.1.3.1.6). The average initial weight and fork
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length were 2.52 + 0.25 kg and 546 + 20 mm (mean * standard deviation; n = 306), respectively.
YTK fed actively during the experiment, and there were no apparent differences in feeding activity
observed between diets. Throughout the experiment, fish appeared healthy and in good condition.
The mortality rate was low (< 1%). The water temperature profile throughout the experiment is
displayed in Figure 3.1.3.1.1 (average water temperature was 16.6 °C [range 23.5-13.0 °C]).

Growth performance

Final weight (P = 0.321), biomass gain (P = 0.157), specific growth rate (SGR; P = 0.120), final
fork length (P = 0.368), length growth rate (P = 0.163) and final condition factor (P = 0.272) of
YTK were not significantly influenced by diet (one-factor ANOVA; Table 3.1.3.1.6).

Feed utilisation

Apparent feed intake (% BW d!; P = 0.409) and apparent feed consumption rate (kg tank; P =
0.235) were not significantly affected by diet (one-factor ANOVA,; Table 3.1.3.1.6). Fish fed Diet
1 (30% wild derived fishmeal) and Diet 2 (20% wild derived fishmeal + 10.70% fish meal by-
product) had numerically lower feed intake rates than fish fed the other diets.

Feed conversion ratio (FCR) of YTK was not significantly influenced by diet (P = 0.193; one-factor
ANOVA; Table 3.1.3.1.6). Fish fed Diet 1 (30% wild derived fishmeal) and Diet 7 (20% wild
derived fishmeal + 10.88% soy protein concentrate) had a numerically superior FCR than those fed
other diets. In contrast, fish fed Diet 3 (10% wild derived fish meal + 21.40% fish meal by-product)
had a numerically lower FCR compared to those fed other diets.

Whole fish proximate, energy, fatty acid, amino acid and mineral composition

Tissue moisture (62.4-64.5%), protein (19.1-19.8% wet), lipid (15.2-15.8% wet) ash (1.9-2.5%
wet), carbohydrate (< 1% wet) and energy (8.97-9.20 MJ kg wet) contents of fish were not
significantly different between diets (P > 0.05; one-factor ANOVA; Table 3.1.3.1.6). The fatty acid
and amino acid composition of fish were also not significantly influenced by diet (P > 0.05; one-
factor ANOVA,; Table 3.1.3.1.7 and 3.1.3.1.8, respectively). With regard to the mineral
composition, the potassium content of fish fed Diet 3 (10% WD FM + 21.40% FM by-product) was
significantly lower (6.3-7.3%) than those fed Diet 1 (30% WD FM), Diet 2 (20% WD FM + 10.70%
FM by-product) and Diet 7 (20% WD FM + 10.88 SPC) (P = 0.019; one-factor ANOVA; Table
3.1.3.1.9). Potassium content was within normal ranges for similar fish from previous experiments
(Stone et al., 2016). Diet did not significantly influence other mineral levels measured (calcium,
copper, iron, magnesium, manganese, phosphorus, selenium, sodium, zinc (P > 0.05; one-factor
ANOVA,; Table 3.1.3.1.9).

Nutrient retention

Diet had no significant effect on apparent protein deposition (20.58-22.74%) or apparent energy
deposition (21.02-23.04%) of fish (P > 0.05; one-factor ANOVA; Table 3.1.3.1.6).

Blood haematology and biochemistry

All measured blood haematology and biochemistry parameters were not significantly affected by
diet (P > 0.05; Table 3.1.3.1.10).
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Visceral somatic parameters and gastrointestinal morphology

Intraperitoneal fat (1.52-1.78%), visceral index (5.86-6.67%) and hepatosomatic index (0.83-
0.91%) of fish were not significantly influenced by diet (P > 0.05; one-factor ANOVA; Table
3.1.3.1.11). Diet did not affect gastric dilation (P = 0.458; one-factor ANOVA,; Table 3.1.3.1.11).
All fish, except for one fed Diet 1 (Stage 1), were determined to be Stage 0 (healthy/no gastric
dilation; Table 3.1.3.1.9). Muscularis and submucosa thickness, villi length and thickness, lamina
propria thickness, total goblet cells, eosinophilic droplets in epithelial cells and melanomacrophage
centres in the hindgut were not significantly affected by diet (P > 0.05; one-factor ANOVA; Table
3.1.3.1.11).

Apparent digestibility coefficients

Apparent digestibility coefficients (ADC) for diet dry matter and protein were significantly affected
by diet (P = 0.023 and 0.016, respectively; one-factor ANOVA; Table 3.1.3.1.11). Dry matter and
protein ADC was significantly higher for fish fed Diet 2 (20% WD FM + 10.70% FM by-product)
and Diet 6 (10% WD FM + 10.70% FM by-product + 11.32% PM) than those fed Diet 3 (10% WD
FM + 21.4% FM by-product). Dry matter and protein ADC for fish fed Diet 1 (30% WD FM), Diet
4 (20% WD FM + 11.32% PM) and Diet 7 (20% WD FM + 10.88 SPC) were statistically similar,
and statistically similar to those fed Diet 2 (20% WD FM + 10.70% FM by-product), Diet 3 (10%
WD FM + 21.4% FM by-product) and Diet 6 (10% WD FM + 10.70% FM by-product + 11.32%
PM) (P > 0.05; one-factor ANOVA,; Table 3.1.3.1.11). Gross energy ADC was not significantly
affected by diet (P = 0.055; one-factor ANOVA; Table 3.1.3.1.11).

Discussion

The aim of the current study was to investigate the effects of replacing dietary inclusions of WD
FM with alternative protein rich ingredients (PM, SPC and FM by-product) on the growth
performance, feed utilisation, and health of YTK at ambient water temperatures. The ultimate
outcome was to provide information to improve the sustainability of current diet formulations and
economic viability for YTK production by reducing/optimising dietary WD FM inclusion levels.
In order to achieve this aim and outcome, YTK were fed diets that had WD FM replaced, with either
FM by-product, poultry meal (PM) or soy protein concentrate (SPC), or a combination of two
alternative ingredients in a series of six diets. Over the course of the 36 week experiment, there
were no significant differences in any of the growth, feed utilisation or blood hematology and
biochemistry or visceral somatic parameters, digestive tract morphology or hindgut histology
indices measured between the six diets tested. Indices associated with bile acid metabolism (total
bile acid in synthesis, storage, or excretion) and liver function and histology (unsaturated neutral
lipid storage within hepatocytes, total lipid storage within hepatocytes, hepatocyte vacuolisation)
also indicated no significant effects of WD FM substitution (Crowe et al., 2018).

The maximum inclusion levels of PM (11.32%) and SPC (10.88%) used in diet for large YTK in
the current study supported good growth. These results are in agreement for a range of other
carnivorous freshwater and marine species, such as Rainbow Trout (Oncorhynchus mykiss) (Sealey
et al., 2011), Atlantic Salmon (Salmo salar) (Davidson et al., 2016), Cobia (Rachycentron
canadum) (Zhou et al., 2011) and juvenile YTK (Bowyer et al., 2013b). With regards to FM by-
product, even though no significant differences for growth performance or feed utilisation were
observed in this study, there were tendencies for the performance to decline when YTK were fed
this ingredient at high levels (Diet 3, 10% WD FM + 21.4% FM by-product) compared to all other
diets. This finding is consistent with results from Kim et al. (2018) who reported the growth and
feed utilisation of Korean Rockfish (Sebastes schlegeli) also tended to be reduced as high ash tuna
by-product FM replaced WD FM as levels exceeded 50%. The ash content of the tuna by-product
FM was 21.4% as opposed to 13.7 for the WD FM (Kim et al., 2018).
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As FM by-product is derived from fish which have been processed to recover the edible portion of
flesh, bone and hence ash contents are typically high (Aksnes and Mundheim 1997; Caballero et
al., 1999; Kim et al., 2018), as is the case in the current study (~20%; Table 3.1.3.1.1). Gatlin et al.
(2007) recommended an optimum target level of 4-8% ash content for ingredients to be used as
fishmeal replacements. Protein quality of FM by-product is also low, as it is comprised of a large
proportion of connective tissue (Aksnes and Mundheim 1997; Caballero et al., 1999; Kim et al.,
2018). Kim et al. (2018) reported lower dry matter contents of the first two limiting amino acids,
lysine (4.3 vs 5.5%) and methionine (1.8 vs 2.2%) in tuna meal by-product compared to WD brown
fish meal. In the current study the lysine (4.09 vs 4.30%) and methionine (1.59 vs 1.70%) levels in
the FM byproduct meal were also lower than in the WD fish meal (Table 3.1.3.1.1).

Upon closer examination of results in the current study (Table 3.1.3.1.11), the apparent digestibility
for dry matter, protein and energy also tended to be lower for the YTK fed the Diet 3, which
contained the highest proportion of FM by-product (21.4% FM by-product). High ash levels have
been reported to interfere with nutrient digestion in a range of fish species. Stone et al. (2000)
reported a reduction in dry matter, energy and nitrogen apparent digestibility in Silver Perch
(Bidyanus bidyanus) fed high ash meat by-products. Protein digestibility has also been reported to
be negatively correlated with high ash content in high ash meat meals derived from food waste
streams for Rainbow Trout (Watanabe and Pongmaneerat, 1991), Gilthead Seabream (Sparus
aurata) (Nengas et al., 1995) and Olive Flounder (Paralichthys olivaceus) (Rahman et al., 2016).
Reduced nutrient digestibility may have contributed to the lower performance of the YTK fed the
diet containing 21.4% FM by-product. This suggest that FM by-product inclusion may be limited
in commercial diets for YTK. Additionally, consideration must always be given to the ash and
protein quality of animal ingredients derived from processing waste streams when selecting
ingredients for commercial YTK diets.

It is important for all aquaculture producers to reduce their reliance on marine derived dietary
ingredients in order to improve the sustainable production of fish. Sustainability is not only an
important environmental issue, it is also an important marketing tool, and may be measured by the
fish in-fish out ratio (Tacon and Metian, 2008; Jackson, 2009; Terpstra, 2015). The fish in-fish out
ratio is related to the level of wild derived marine ingredients required to produce one kg of fish
and takes into account the FCR (Tacon and Metian, 2008; Jackson, 2009; Terpstra, 2015). All
alternative protein sources used in this study, including the FM by-product, were derived from
sustainable sources. The inclusion of the alternative protein sources resulted in improvements in
the fish in-fish out ratios of between 4.8 to 17.9% and 25.4 to 35.1%, respectively, for fish fed diets
where WD FM was substituted by 33.3% or 66.7% (Table 3.1.3.1.6).

With regard to diet ingredient costs, all of the alternative protein ingredients used in this study were
cheaper than WD FM. This resulted in approximate savings in diet ingredient costs ranging from
60 to $150 tonne™, depending on the ingredient used and level of WD FM substitution (Table
3.1.3.1.1). Given, there were no significant differences in growth and FCR, actual savings realized
by producers may be considerable and would contribute to significant improvements in productivity
for the Australian YTK industry. However, cost savings and improvements in sustainability cannot
be fully realised until diets containing the alternative protein sources are validated in pilot-scale on-
farm trials.

Overall, the results in this study were encouraging. However, the growth performance of the large
YTK fed diets containing the tested alternative protein sources may be further improved with
enhanced essential amino acid fortification. Diets for large YTK in the current study were
formulated using specific nutritional information derived from a range of related and no-related
species (Stone and Bellgrove, 2013). The methionine content of the diets for large YTK in the
current study were formulated to be 1%, with analysed levels ranging from 1.01-1.13% (Table
3.1.3.1.3). Throughout the K4P project, and after we commenced the current study, new amino acid
requirement information for juvenile YTK was developed. Booth et al. (Manuscript 3.1.5.3)
investigated the methionine requirements of juvenile YTK and based on growth performance and
feed utilisation estimated it to be ~2% of the diet. Similar to other fin fish species (NRC, 2011),
there is also new evidence that suggests that cysteine can spare a significant proportion of essential
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methionine for juvenile YTK (Booth et al., Manuscript 3.1.5.3). Given the higher nutritional
requirements for faster growing smaller fish (NRC, 2011), it is possible that the methionine
requirement of large fish in the current study may be lower, and may have been satisfied by a
combination of methionine and cysteine. This demonstrates the importance of our ongoing quest to
improve our understanding of the nutrient requirements for YTK at all stages of development.

Conclusions and Recommendations

Results from the current study are encouraging and provide valuable commercially relevant
information to reduce the dietary WD FM inclusion levels in production diets for large YTK.
Reducing dietary WD FM inclusions in current commercial diets with alternative ingredients
derived from cheaper sustainable sources may lead to improved diet sustainability and diet cost
savings. Sustainability, as measured by the fish in-fish out ratio, was improved by up to ~35% by
the incorporation of a combination of PM and FM by-product. This may provide Australian YTK
producers with major advantages in terms of market access and improved consumer perception.
Diet cost were reduced considerably, which in turn, may lead to reductions in production costs for
the industry. In addition, information pertaining to the replacement of WD fish meal with alternative
protein sources will improve flexibility for feed manufactures to select raw materials that most
economically meet the nutrient criteria in diet formulations for YTK. This is particularly
advantageous, as availability and prices for fish feed ingredients vary greatly, especially in periods
of drought. Based on results from the current study, we may recommend that when using SPC that
diets contain no less than 20% WD FM. When using PM, we may recommend that diets contain
20% FM (derived from a combination of FM from wild stocks and seafood by-products). When
using FM by-product, we may recommend that diets contain a total of 30% FM, where 10% is
derived from wild stocks, and 20% is derived from seafood by-products. These results are for large
YTK of the size range investigated in the current study and these recommendations are dependent
on the changing cost of raw materials. We recommend that WD FM substitution with SPC, PM and
FM by-product in diets be followed up with further pilot scale commercial trials before full diet
formulation flexibility is realised.

Findings

* Reducing dietary WD FM inclusion levels with PM, FM by-product and SPC may lead to
improved diet sustainability and diet cost savings, compared to current commercial diets.

» With regard to diet ingredient costs, all of the alternative protein ingredients used in this
study were cheaper than WD FM. This resulted in approximate savings in diet ingredient
costs ranging from 60 to $150 tonne™, depending on the ingredient used and level of WD FM
substitution (Table 3.1.3.1.1).

» With regard to improved sustainability, the inclusion of the alternative protein sources
resulted in improvements in the fish in-fish out ratios of between 4.8 to 17.9% and 25.4 to
35.1%, respectively, for fish fed diets where WD FM was substituted by 33.3% or 66.7%
(Table 3.1.3.1.6).

» Based on results from the current study, we may recommend that when using SPC that diets
contain no less than 20% WD FM. When using PM, we may recommend that diets contain
20% FM (derived from a combination of FM from wild stocks and seafood by-products).

* When using FM by-product, we may recommend that diets contain a total of 30% FM, where
10% is derived from wild stocks, and 20% is derived from seafood by-products.

» An improvement in FCR based on the information provided within this Manuscript, will
assist feed manufacturers in formulating commercial diets that achieve one of the overarching
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goals of the K4P project, which was to provide information to assist producers to achieve
FCRs of < 2.2 for large YTK between 1.5-3.5 kg.

* In addition, this information improves flexibility for feed manufactures to select raw
materials that most economically meet the nutrient criteria for commercial diet formulations.
Ultimately, the extent of WD FM substitution is a commercial decision for YTK producers
and Australian feed manufacturers.

Publications

No publications have resulted from this R&D to date.
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Table 3.1.3.1.1. The proximate, amino acid and mineral composition of four protein test ingredients.

Item Wild derived Fish meal Poultry Soy protein
(as fed) fish meal by-product meal concentrate

Analysed proximate
composition (g 100 g1)

Moisture 79 51 5.6 7.9
Crude protein 64.4 60.2 65.0 59.4
Crude lipid 7.8 11.0 11.3 2.2
Ash 17.0 20.2 14.1 6.4
Carbohydrate! 3.0 4.0 4.0 24.0
Gross energy (MJ kgt) 14.30 15.00 15.90 15.00
Analysed amino acids (g 100 g)

Alanine 3.22 3.16 3.18 2.05
Arginine 3.62 3.60 4.08 4.02
Aspartic Acid 5.12 5.06 4.26 5.99
Glutamic Acid 7.35 6.75 7.00 9.75
Glycine 3.19 3.22 4.58 1.95
Histidine 1.47 1.79 1.12 1.33
Hydroxyproline 0.54 0.70 153 <0.04
Isoleucine 247 2.50 2.22 2.53
Leucine 4.23 4.18 4.06 4.09
Lysine 4.30 4.09 3.13 3.22
Methionine 1.70 1.59 1.01 0.54
Phenylalanine 2.44 2.37 2.37 2.84
Proline 2.36 2.42 3.80 2.57
Serine 2.13 2.07 291 2.56
Threonine 2.38 2.40 2.24 2.05
Tyrosine 1.86 1.71 151 1.58
Valine 3.01 2.99 3.07 2.71
Total amino acids 51.41 50.59 52.08 49.77
Analysed minerals (mg kg™)

Calcium 45000 68000 44000 3700
Copper 5.2 4.9 5.2 6.5
lodine 1.800 1.100 1.100 0.025
Iron 540 350 470 130
Magnesium 2900 2300 1400 3800
Manganese 15.00 4.80 11.00 36.00
Phosphorus 31000 39000 26000 7400
Potassium 8400 2900 6400 22000
Selenium 1.8 7.20 0.86 0.022
Sodium (mg 100 g1) 1100 660 390 <1
Zinc 83 170 95 44

! Carbohydrate = 100 - (moisture + lipid + protein + ash).
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Table 3.1.3.1.2. The fatty acid composition of four protein test ingredients.

Item Wild derived Fish meal Poultry Soy protein
(as fed) fish meal by-product meal concentrate

Analysed fatty acids (mg 100 g1)
Saturated Fatty Acids

C4:0 Butyric <10 <10 <10 <10
C6:0 Caproic <10 <10 <10 <10
C8:0 Caprylic <10 <10 <10 <10
C10:0 Capric <10 <10 <10 <10
C12:0 Lauric <10 <10 <10 <10
C14:0 Myristic 476 352 90 <10
C15:0 Pentadecanoic 47 143 23 <10
C16:0 Palmitic 1771 2497 2610 295
C17:0 Margaric 55 176 34 2
C18:0 Stearic 460 924 881 84
C20:0 Arachidic 23 55 23 9
C22:0 Behenic 16 44 <10 11
C24:0 Lignoceric <10 <10 <10 <10
Mono-unsaturated Fatty Acids

C14:1 Myristoleic <10 <10 23 <10
C16:1 Palmitoleic 507 462 667 <10
C17:1 Heptadecenoic <10 <10 <10 <10
C18:1 Oleic 811 1452 4622 411
C20:1 Eicosenic 101 132 45 4
C22:1 Docosenoic 16 22 <10 <10
C24:1 Nervonic <10 <10 <10 <10
Poly-unsaturated Fatty Acids

C18:2n6 Linoleic 133 143 1435 1188
C18:3n6 gamma-Linolenic 16 11 11 <10
C18:3n3 alpha-Linolenic 55 33 147 143
C20:2n6 Eicosadienoic 16 33 23 <10
C20:3n6 Eicosatrienoic 16 11 23 <10
C20:3n3 Eicosatrienoic 8 22 <10 <10
C20:4n6 Arachidonic 109 275 124 <10
C20:5n3 Eicosapentaenoic 1037 550 11 <10
C22:2n6 Docosadienoic <10 <10 <10 <10
C22:4n6 Docosatetraenoic 16 33 23 <10
C22:5n3 Docosapentaenoic 172 132 23 <10
C22:6n3 Docosahexaenoic 1537 2992 34 <10
>LC n-3 PUFA 2746 3674 68 0
Total Saturated 2863 4279 3684 407
Total Mono-unsaturated 1435 2178 5368 418
Total Poly-unsaturated 3104 4224 1865 1333
Omega 6 Fatty Acids 289 506 1639 1190
Omega 3 Fatty Acids 2816 3718 226 143
Total Mono Trans Fatty Acids 78 22 45 <10
Total Poly Trans Fatty Acids 39 22 34 7
P:M:S Ratio 1.1:0.5:1 1:0.5:1 0.5:15:1 3.3:1:1
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Table 3.1.3.1.3. The proximate composition, rancidity values and amino acid composition and
estimated cost savings compared to Diet 1 (control diet) of the six test diets.

Diet! Diet 1 Diet 2 Diet 3 Diet 4 Diet 6 Diet 7

Analysed proximate
composition (g 100 g1)

Moisture 8.7 7.5 7.4 7.7 7.2 7.8
Crude protein 454 45.7 46.0 449 46.1 46.1
Crude lipid 24.1 24.8 23.9 24.7 25.0 24.3
Ash 8.9 9.0 9.8 8.4 8.8 7.8
Carbohydrate? 13.0 13.0 13.0 14.0 13.0 14.0
Gross energy (MJ kg) 18.80 19.10 18.90 19.10 19.30 19.20
Rancidity test

p-Anisidine Value 5.3 5.2 3.7 45 5.9 5.4
Peroxide Value (mEgO2 kg) 6.3 5.9 6.5 7.5 8.3 9.1
Analysed amino acids (g 100 g)

Alanine 1.93 1.90 1.93 1.95 1.98 1.87
Arginine 2.26 2.26 2.31 2.31 2.32 2.30
Aspartic Acid 2.92 2.87 2.92 291 2.95 3.04
Glutamic Acid 6.63 6.60 6.64 6.60 6.75 6.99
Glycine 2.01 2.03 2.04 2.15 2.18 1.92
Histidine 1.28 1.24 1.28 1.31 1.27 1.31
Hydroxyproline 0.34 0.38 0.38 0.45 0.45 0.29
Isoleucine 141 1.39 1.42 1.39 1.40 1.44
Leucine 3.06 2.99 3.09 3.07 311 3.12
Lysine 2.41 2.34 2.38 2.34 2.40 2.35
Methionine 1.08 1.04 1.05 1.01 1.13 1.05
Phenylalanine 1.86 1.82 1.89 1.86 1.88 1.95
Proline 2.27 2.29 2.33 2.40 2.48 2.35
Serine 1.61 1.58 1.62 1.67 1.68 1.72
Threonine 1.47 1.44 1.48 1.46 1.48 1.47
Tyrosine 1.13 111 1.16 1.13 1.16 1.14
Total Amino Acids 35.60 35.20 35.90 36.00 36.60 36.30
Taurine 1.02 0.99 1.03 1.08 0.98 0.98
Approx. diet cost saving ($ tonne?)? - 70 150 120 150 60

! Diet 1, Control (30%WD FM); Diet 2, 20%WD FM +10.70% FM by-product; Diet 3, 10% WD FM + 21.40% FM by-
product; Diet 4, 20% WD FM + 11.32% PM; Diet 6, 10% WD FM +10.70% FM by-product dietary +11.32% PM; Diet 7,
20% WD FM +10.88% SPC (where WD = wild derived; FM = fish meal; PM = poultry meal and SPC = soy protein
concentrate)

2 Carbohydrate = 100 - (moisture + lipid + protein + ash).

3 Approximate diet cost savings data provided by Skretting Australia (Dr Leo Nankervis, Aug 2017).
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Table 3.1.3.1.4. The fatty acid composition of the six test diets.
Diet! Diet 1 Diet 2 Diet 3 Diet 4 Diet 6 Diet 7

Analysed fatty acids (mg 100 g1)
Saturated Fatty Acids

C4:0 Butyric <10 <10 <10 <10 <10 <10
C6:0 Caproic <10 <10 <10 <10 <10 <10
C8:0 Caprylic <10 <10 <10 <10 <10 <10
C10:0 Capric <10 <10 <10 <10 <10 <10
C12:0 Lauric <10 <10 <10 <10 <10 <10
C14:0 Myristic 795 769 693 716 775 753
C15:0 Pentadecanoic 72 74 72 74 75 73
C16:0 Palmitic 4989 5208 5043 5014 5075 4909
C17:0 Margaric 96 99 120 99 100 97
C18:0 Stearic 1542 1612 1601 1655 1675 1555
C20:0 Arachidic 48 50 48 49 50 49
C22:0 Behenic 48 25 24 25 50 24
C24:0 Lignoceric 24 25 48 49 50 49
Mono-unsaturated Fatty Acids

C14:1 Myristoleic 24 25 24 25 25 24
C16:1 Palmitoleic 1326 1364 1291 1309 1325 1337
C17:1 Heptadecenoic <10 <10 <10 <10 <10 <10
C18:1 Oleic 6965 7266 7098 7459 7150 6926
C20:1 Eicosenic 193 174 167 173 200 194
C22:1 Docosenoic 24 <10 <10 <10 <10 <10
C24:1 Nervonic 72 74 48 49 75 73
Poly-unsaturated Fatty Acids

C18:2n6 Linoleic 2531 2678 2677 2841 2725 2722
C18:3n6 gamma-Linolenic 24 25 24 25 50 49
C18:3n3 alpha-Linolenic 458 446 454 469 450 462
C20:2n6 Eicosadienoic 24 25 24 25 50 24
C20:3n6 Eicosatrienoic 24 25 24 49 50 24
C20:3n3 Eicosatrienoic <10 <10 <10 <10 <10 <10
C20:4n6 Arachidonic 193 198 215 222 250 194
C20:5n3 Eicosapentaenoic 1542 1463 1267 1433 1600 1652
C22:2n6 Docosadienoic <10 <10 <10 <10 <10 <10
C22:4n6 Docosatetraenoic <10 <10 <10 <10 <10 <10
C22:5n3 Docosapentaenoic 241 223 191 222 250 243
C22:6n3 Docosahexaenoic 1615 1637 1577 1482 1700 1604
>LC n-3 PUFA 3398 3323 3035 3137 3550 3499
Total Saturated 7664 7936 7696 7706 7875 7582
Total Mono-unsaturated 8628 8928 8676 9065 8800 8554
Total Poly-unsaturated 6724 6820 6501 6842 7150 7023
Omega 6 Fatty Acids 2844 3026 3011 3211 3150 3062
Omega 3 Fatty Acids 3880 3794 3489 3606 4000 3985
Total Mono Trans Fatty Acids 217 223 215 222 250 219
Total Poly Trans Fatty Acids 241 248 215 247 250 267
P:M:S Ratio? 0.9:1.1:1 0.9:1.1:1 048111 0.9:1.2:21  0.9:1.1:1 0.9:1.1:1

! Diet 1, Control (30%WD FM); Diet 2, 20%WD FM +10.70% FM by-product; Diet 3, 10% WD FM + 21.40% FM by-
product; Diet 4, 20% WD FM + 11.32% PM; Diet 6, 10% WD FM +10.70% FM by-product dietary +11.32% PM; Diet 7,
20% WD FM +10.88% SPC (where WD = wild derived; FM = fish meal; PM = poultry meal and SPC = soy protein
concentrate)

2 Ratio of poly-unsaturated fatty acids to mono-unsaturated fatty acids to saturated fatty acids.
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Table 3.1.3.1.5. Summary of water quality parameters from the 36 week experiment.

- Temperature  Dissolved oxygen  Dissolved oxygen H Salinity Ammonia CO2
(°C) (mg L) (% saturation) P (mg L) (ppm) (mg L)

Mean 16.7+2.8 8.1+0.6 102.9£5.3 7.80+0.16 3810 0.07+0.11 1+0

Range  13.0-235 5.9-10.7 79.0-131.0 7.40-8.28 36-38 0.00-0.25 0-3

1 Values means + standard deviation.
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Table 3.1.3.1.6. Growth performance, feed utilisation, proximate body composition, nutrient retention and the fish in-fish out ration of Yellowtail
Kingfish fed different wild derived fish meal replacement diets for 36 weeks.

Diet!? 1 2 3 4 6 7 ANOVA?

Growth performance

Initial weight (kg) 2.52+0.01 2.52+0.02 2.53+£0.02 2.52+0.01 2.53+0.01 2.52+0.01 P =0.981
Final weight (kg) 4.31+0.04 4.29+0.05 4.28+0.07 4.31+0.07 4.33+0.01 4.44+0.04 P=0.321
Biomass gain (kg tank1)* 30.45+0.52 30.23+0.75 29.76x0.77 30.40+1.10 30.71+0.29 32.66+0.65 P =0.157
SGR (% d1) 0.21+0.00 0.21+0.00 0.21+0.00 0.21+0.01 0.21+0.00 0.22+0.00 P =0.120
Initial fork length (mm) 544+2 545+1 545+1 549+1 547+2 546+1 P =0.165
Final fork length (mm) 6304 630+2 629+3 635+3 6375 636+1 P =0.368
Length growth rate (mm d1) 0.17+0.01 0.17+0.01 0.16+0.00 0.16+0.01 0.18+0.00 0.17+0.00 P=0.163
Final Condition factor 1.72+0.02 1.72+0.01 1.72+0.00 1.68+0.02 1.68+0.04 1.73+0.01 P=0.272
Feed utilisation (as fed)

Apparent feed consumption (kg tank™» 68.90+0.93 69.99+2.25 72.62+0.73 70.84+2.10 71.69+0.73 74.02+1.18 P =0.235
Apparent feed intake (% BW d1) 0.50+0.01 0.51+0.01 0.53+0.00 0.52+0.01 0.52+0.01 0.53+0.01 P =0.409
Apparent FCR 2.26+0.04 2.32+0.04 2.44+0.05 2.33+0.05 2.33+0.01 2.27+0.08 P=0.193
Proximate composition (wet basis)*

Moisture (%) 63.9+0.8 63.6£0.4 63.4£0.4 62.4+1.1 64.5+£0.7 63.8+£0.7 P =0.494
Protein (%) 19.8+0.2 19.1+0.7 19.8+0.1 19.5+0.3 19.3+0.3 19.7+0.1 P =0.647
Lipid (%) 15.5+0.2 15.8+0.3 15.4+0.7 15.8+0.8 15.4+0.7 15.2+0.5 P =0.958
Ash (%) 2.0£0.2 2.0£0.1 2.3+0.3 2.5+0.3 2.4+0.1 1.9+0.3 P=0.378
Carbohydrate (%) <1 <1 <1 <1 <1 <1 P =1.000
Energy (MJ kg) 9.10+0.10 9.07+0.03 9.10+0.25 9.20+0.31 8.97+0.27 8.97+0.18 P =0.967
Nutrient retention®

Apparent PD 22.74+0.17 20.58+1.79 21.07+0.54 21.72+0.35 20.66+0.68 21.95+0.96 P =0.546
Apparent ED 23.04+0.35 22.02+0.49 21.31+1.53 22.56+1.23 21.02+1.38 21.71+0.76 P =0.758
Fish in-fish out ratio® 2.30 1.89 1.49 2.19 171 2.13 NA
Difference to Diet 1 (%) - -17.9 -35.1 -4.8 -25.4 -7.1 NA

1 Values are mean = SE; n = 3.

2 Diet 1, Control (30%WD FM); Diet 2, 20%WD FM +10.70% FM by-product; Diet 3, 10% WD FM + 21.40% FM by-product; Diet 4, 20% WD FM + 11.32% PM; Diet 6, 10% WD FM
+10.70% FM by-product dietary +11.32% PM; Diet 7, 20% WD FM +10.88% SPC (where WD = wild derived; FM = fish meal; PM = poultry meal and SPC = soy protein concentrate)

3 A significance level of P < 0.05 was used for all statistical tests.

4 Initial fish proximate composition (wet basis): Moisture 65.1%, protein 17.2%, lipid 15.4%, ash 1.9%, carbohydrate < 1%, energy 8.60 MJ kg*.

5 ED = energy deposition; PD = protein deposition.

6 Fish in-fish out ratio (FI-FO) = FCR x 0.75 x 0.5 x [(% fish meal in feed / 22.5) + ((% fish oil in feed - 0.08 x % fish meal in feed) / 5)] (Terpstra, 2015).
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Table 3.1.3.1.7. Fatty acid composition (mg 100 g-1) of whole Yellowtail Kingfish fed different wild derived fish meal replacement diets for 36 weeks.

Diet!2®

Initial 1 2 3 4 6 7 ANOVA?*
Saturated Fatty Acids
C14:0 Myristic 462 408.2+8.4 405.6+9.8 369.7+8.6 395.6+18.7 410.8+21.5 414.0+12.2 P=0.310
C15:0 Pentadecanoic 77 46.5+0.6 47.4+0.8 46.3£2.1 47.5£2.3 46.2+2.2 45.5+1.6 P =0.958
C16:0 Palmitic 3295.6 2661.6+87.1 2711.7+61.1 2567.5+119.9 2692.2+136.7 2652.7£171.6 2631.4+70.5 P =0.958
C17:0 Margaric 7 51.7+5.4 63.2£1.0 61.7+2.8 47.5+2.3 61.6+2.9 55.6+5.6 P =0.059
C18:0 Stearic 954.8 827.0£30.3 853.1+21.3 816.5+20.5 849.2+36.1 842.8+50.6 812.5+15.1 P =0.901
C20:0 Arachidic 46.2 15.5+0.2 15.8+0.3 15.4+0.7 15.8+0.8 21.0+6.3 15.2+0.5 P=0.614
C24:0 Tetracosanoic? 154 20.745.3 26.4¢54 20.3+4.5 20.7+4.4 25.845.5 25.3#5.2 P =0.887
Saturated Fat 5005 4072.5+131.6 4149.4+101.3 3929.0+160.7 4100.5+195.6 4086.9+262.5 4034.3+98.6 P =0.957
Mono-unsaturated Fatty Acids
C16:1 Palmitoleic 693 857.7+13.7 864.0+25.5 817.9+36.5 855.1+49.1 852.3+44.4 843.2+24.6 P =0.944
C18:1 Oleic 5590.2 5199.3+138.6 5376.1+99.0 5303.3+229.9 5411.3+280.0 5168.6+358.7 5076.6+126.3 P =0.885
C18:1 Vaccenic NA 408.2+8.4 416.2+145 390.7+£14.8 417.2+25.1 401.2+28.1 398.8+£11.9 P =0.895
C20:1 Eicosenoic 308 175.746.2 184.4+7.0 169.8+7.6 179.348.9 175.0£13.5 172.2+10.8 P =0.896
C22:1 Cetoleic 46.2 82.7+5.5 89.6+6.0 77.2+3.4 89.2+1.9 82.0+5.6 81.2+7.8 P =0.561
C22:1 Docosenoic NA 15.5+0.2 26.4+5.4 15.4+0.7 21.0+5.1 15.4+0.7 15.2+0.5 P =0.112
C24:1 Tetracosenoic 61.6 31.0x0.4 422455 30.9+1.4 31.7%1.5 30.8+1.5 35.7+6.3 P =0.229
Mono Unsaturated Fat 6699 6790.9+172.3 7014.5+143.3 6846.5+298.2 7026.4+361.4 6756.2+449.3 6652.8+175.5 P =0.926
Poly-unsaturated Fatty Acids
C18:2n-6 Linoleic 1386 1834.1+24.5 1859.0+32.2 1872.5+83.5 1904.0+79.7 1830.7+68.3 1804.2+53.2 P =0.883
C18:3n-3 Alpha Linolenic 154 211.845.3 216.0£7.8 216.1+9.6 221.7+10.8 210.0£5.3 202.248.2 P =0.651
C18:3n-6 Gamma Linolenic 154 15.5+0.2 15.8+0.3 15.4+0.7 15.8+0.8 15.4+0.7 15.2+0.5 P =0.958
C20:2n-6 Eicosadienoic 46.2 31.0+04 36.8+4.9 35.7+4.2 36.6+3.9 36.4+7.0 40.1+4.0 P =0.823
C20:3n-6 Dihomo-gamma-linoleic 30.8 31.0+0.4 31.6+0.5 30.9+1.4 31.7£1.5 30.8+1.5 25.6+5.7 P =0.551
C20:4n-6 Arachidonic 107.8 113.5+£3.7 121.0£9.8 123.545.5 120.9+1.9 117.6+1.8 111.8+13.2 P =0.843
C20:5n-3 Eicosapentaenoic 261.8 583.0+44.2 542.8+47.9 519.9+26.6 553.9+25.8 551.3+26.5 548.3+59.7 P =0.931
C22:4n-6 Docosatetraenoic 30.8 20.7+5.3 21.0+5.1 30.9+1.4 21.0+5.1 20.4+4.9 15.2+0.5 P =0.268
C22:5n-3 Docosapentaenoic 154.0 232.347.1 231.9+£15.3 231.5%£10.3 2375115 224.8+8.5 218.2423.3 P =0.936
C22:6n-3 Docosahexaenoic 770.0 980.2+66.6 1006.3+89.1 1060.7+58.0 986.5+47.0 948.9+62.1 910.3+133.6 P =0.843
>LC n3 PUFA 1185.8 1795.5+117.7 1781.0£151.9 1812.0+94.7 1777.9£79.3 1725.0+£96.8 1676.8+216.4 P =0.979
Poly Unsaturated Fat 2987.6 4512.7+143.3 4498.5+205.8 4532.7+208.5 4567.5+189.4 4430.7+105.0 4351.7+311.4 P =0.977
Total Mono Trans Fat Acids 46.2 41.5+5.6 42255 30.9+14 47.5%2.3 36.47.0 35.1+3.9 P =0.240
Total Poly Trans Fatty Acids 215.6 82.5+25.7 95.4+32.2 83.7£27.5 97.3+£34.2 89.6+28.1 87.7£30.3 P =0.999
Total Omega 3 1355.2 2410.0£141.6 2360.5+177.7 2377.6+116.2 2373.5+99.7 2322.8+107.3 2279.2+253.0 P =0.993
Total Omega 6 1617.0 2056.1+23.4 2085.4+36.2 2108.9+90.3 2135.8+85.6 2066.7+77.7 2027.2469.3 P =0.892

1Values are mean + SE; n = 3.

2 Diet 1, Control (30%WD FM); Diet 2, 20%WD FM +10.70% FM by-product; Diet 3, 10% WD FM + 21.40% FM by-product; Diet 4, 20% WD FM + 11.32% PM; Diet 6, 10% WD FM
+10.70% FM by-product dietary +11.32% PM; Diet 7, 20% WD FM +10.88% SPC (where WD = wild derived; FM = fish meal; PM = poultry meal and SPC = soy protein concentrate)

3 Values for the following fatty acids < 10 mg 100 g and were excluded from the table: C4:0 Butyric, C6:0 Caproic, C8:0 Caprylic, C10:0 Capric, C12:0 Lauric, C14:1 Myristoleic, C17:1
Heptadecenoic, C20:3n-3 Eicosatrienoic

4 A significance level of P < 0.05 was used for all statistical tests, NA = not statistically analysed due to < 10 values.
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Table 3.1.3.1.8. Essential and non-essential amino acid composition (g 100 g*) of Yellowtail Kingfish fed different wild derived fish meal replacement
diets for 36 weeks.

Diet!?

Initial 1 ANOVA3
Essential
Arginine 0.820 0.803+0.123 1.000+0.053 0.910+0.071 0.963+0.032 0.933+0.041 0.977+0.003 P =0.388
Histidine 0.690 0.997+0.052 1.153+0.130 0.987+0.061 0.983+0.058 1.037+0.063 0.977+0.062 P=0574
Isoleucine 0.670 1.087+0.127 1.063+0.123 1.133+0.167 1.143+0.157 1.003+0.149 0.937+0.141 P =0.903
Leucine 1.200 1.300+0.058 1.300%0.100 1.200+0.000 1.200%0.000 1.267+0.067 1.200+0.058 P =0.875
Lysine 1.600 1.580+0.340 1.430%0.276 1.123+0.189 1.280+0.223 1.350+0.275 1.367+0.219 P =0.624
Methionine 0.440 0.587+0.047 0.587+0.044 0.537+0.007 0.533+0.003 0.560+0.021 0.540+0.021 P =0.623
Phenylalanine 0.590 0.697+0.043 0.760+0.078 0.650+0.064 0.693+0.039 0.720+0.053 0.690+0.056 P =0.832
Threonine 0.690 0.750+0.010 0.797+0.041 0.700+£0.050 0.733+0.007 0.747+0.012 0.683+0.044 P =0.259
Valine 0.710 1.163+0.179 1.120+0.133 0.983+0.060 0.947+0.077 1.053+0.101 0.960+0.120 P=0.719
Non-essential
Alanine 0.820 1.433+0.233 1.333+0.088 1.200+0.115 1.233+0.033 1.267+0.067 1.133+0.067 P =0.583
Aspartic acid 1.400 1.300+0.513 2.033+0.233 1.600+0.289 1.733+0.133 1.900+0.153 1.700+0.200 P=0.571
Glutamic acid 1.900 1.900+0.458 2.400+0.153 2.233+0.176 2.400+0.115 2.333+0.088 2.333+0.033 P =0.599
Glycine 0.590 1.133+0.033 1.267+0.176 1.220+0.194 1.167+0.120 1.257+0.184 1.067+0.067 P =0.907
Proline 0.530 0.576+0.274 0.963+0.120 0.843+0.208 0.930+0.085 0.943+0.080 0.897+0.019 P =0.537
Hydroxy proline 0.065 0.113+0.061 0.337+0.103 0.293+0.120 0.257+0.087 0.290+0.118 0.210+0.021 P =0.608
Serine 0.620 0.513+0.203 0.810+0.117 0.600+0.173 0.673+0.088 0.767+0.088 0.607+0.122 P=0.671
Tyrosine 0.490 0.603+0.029 0.617+0.041 0.553+0.018 0.563+0.013 0.583+0.035 0.563+0.033 P =0.626
Taurine 0.140 0.220+0.020 0.217+0.009 0.210+0.010 0.207+0.007 0.213+0.009 0.247+0.042 P=0.764

1 Values are mean = SE; n = 3.

2 Diet 1, Control (30%WD FM); Diet 2, 20%WD FM +10.70% FM by-product; Diet 3, 10% WD FM + 21.40% FM by-product; Diet 4, 20% WD FM + 11.32% PM; Diet 6, 10% WD FM
+10.70% FM by-product dietary +11.32% PM; Diet 7, 20% WD FM +10.88% SPC (where WD = wild derived; FM = fish meal; PM = poultry meal and SPC = soy protein concentrate)
3 A significance level of P < 0.05 was used for all statistical tests.
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Table 3.1.3.1.9. Mineral composition (mg kg-1) of Yellowtail Kingfish fed different wild derived fish meal replacement diets for 36 weeks.

Diet!2

Initial 1 2 3 4 6 7 ANOVA3
Calcium 5000 3700+321 4000+1222 4033+845 3800+289 4167+338 3567+669 P =0.989
Copper 0.38 0.59+0.01 0.55+0.02 0.57+0.03 0.58+0.03 0.60+0.03 0.62+0.04 P =0.634
Iron 18 18+1 20+1 2447 20+1 18+1 1910 P =0.694
Magnesium 310 27349 283428 273420 26749 28046 270+12 P=0.976
Manganese 0.39 0.350.02 0.41+0.05 0.38+0.07 0.39+0.03 0.37£0.01 0.350.07 P =0.919
Phosphorus 4200 3500+58 3700+800 3600+624 34004231 3733+186 3467+463 P =0.994
Potassium 3000 3200+0° 3167+332 2967+33P 3100+58% 3100+58% 3167+332 P =0.019
Selenium 0.46 0.49+0.02 0.51+0.01 0.50+0.02 0.46+0.01 0.49+0.00 0.460.00 P =0.129
Sodium NA 827+30 837+13 813+46 86317 843+9 833+19 P=0.798
Zinc 9.7 10.9+1.2 10.1+0.4 9.7+0.8 10.2+0.4 9.8+0.2 10.4+0.6 P =0.822

! Values are mean + SE; n = 3.

2 Diet 1, Control (30%WD FM); Diet 2, 20%WD FM +10.70% FM by-product; Diet 3, 10% WD FM + 21.40% FM by-product; Diet 4, 20% WD FM + 11.32% PM; Diet 6, 10% WD FM
+10.70% FM by-product dietary +11.32% PM; Diet 7, 20% WD FM +10.88% SPC (where WD = wild derived; FM = fish meal; PM = poultry meal and SPC = soy protein concentrate)

3 A significance level of P < 0.05 was used for all statistical tests, where significant differences were observed post-hoc tests were used (Student-Newman-Keuls test) to detect differences
between treatments, values within each row without a common superscript are significantly different (2 indicates the highest value; P < 0.05).
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Table 3.1.3.1.10. Blood biochemistry and haematology of Yellowtail Kingfish fed different wild derived fish meal replacement diets for 36 weeks.

Diet!* 1 2 3 4 6 7 ANOVA®

Biochemistry*

Sodium (mmol L%) 203.68+2.70 202.96+0.65 203.67+0.43 203.40+0.42 201.88+1.23 202.30+1.67 P =0.920
Potassium (mmol L?) 2.07+0.06 3.16x0.70 2.36x0.30 3.41+0.63 2.20£0.17 2.65+0.44 P=0.273
Urea (mmol LY) 3.06+0.16 2.91+0.19 3.24+0.28 3.60+0.35 3.13+0.30 2.97+0.23 P =0.494
Creatinine (mmol L) 0.023+0.003 0.024+0.005 0.019+0.001 0.024+0.002 0.020+0.001 0.023+0.003 P =0.682
Calcium (mmol L) 3.12+0.02 3.20+0.15 3.06+0.05 3.13+0.04 3.03+£0.03 3.22+0.14 P =0.635
Protein (g L) 38+0 39+2 39+1 40+1 37+1 38+1 P =0.658
Albumin (g L™ 11+0 12+1 12+0 12+0 11+0 11+0 P=0571
Globulin (g L?) 27+0 28+2 28+1 28+1 261 271 P=0.614
Total Bilirubin (mmol L) 1+0 240 240 1+0 1+0 1+0 P =0.234
ALT (lU LY 8+1 8+1 9+1 9+1 7+1 9+0 P =0.519
ALP (IU LY 28+2 29+4 31+0 3243 28+2 26+3 P =0.585
Magnesium (mmol L?) 240 240 1+0 1+0 1+0 240 P =0.253
Cholesterol (mmol L) 5+0 6+0 5+0 5+0 5+0 5+0 P =0.495
Triglyceride (mmol L) 240 240 310 240 240 240 P =0.329
Bile Acids (mmol L) 22+16 12+5 18+12 14+11 16+11 26+23 P =0.983
Haematology?®

RBC (x10%?) 2.51+0.09 2.03+0.26 2.3040.16 2.49+0.03 2.11+0.06 2.30+£0.04 P =0.149
HGB (g L?) 107+6 113+3 103+2 111+3 106+2 106+2 P =0.286
PCV (LLY) 0.56+0.01 0.57+0.02 0.57+0.02 0.57+0.01 0.57+0.01 0.58+0.00 P =0.933
MCV (fl) 184.2+1.9 187.2+2.1 184.5+3.0 184.0+1.9 173.7+£115 186.4+1.5 P =0.499
MCH (pg) 42.8+1.0 68.5+15.1 44.8+6.1 45.8+1.6 53.3£0.2 47.8+1.0 P =0.148
MCHC (g L?) 233+8 380+96 256+29 248+10 290+3 2557 P=0.212
WBC (x10°%) 7.0£0.1 6.6£0.5 7.0£0.2 6.940.1 6.7£0.1 6.940.1 P =0.720
Granulocytes (%) 5+1 5+0 5+1 5+1 5+0 4+1 P =0.936
Lymph (%) 95+1 95+0 95+1 95+1 95+0 96+1 P =0.979
Mono (%) 0+0 0+0 0+0 0+0 0+0 0+0 NA
Eosin (%) 0+0 0+0 0+0 0+0 0+0 0+0 NA

Baso (%) 0+0 0+0 0+0 343 0+0 0+0 P =0.458
Platelets (x10°) 19+6 13+2 16+3 15+1 12+2 15+1 P=0.674

! Values are mean + SE; n =3, SE less than 0.01 are reported as “0.00”.

2 Diet 1, Control (30%WD FM); Diet 2, 20%WD FM +10.70% FM by-product; Diet 3, 10% WD FM + 21.40% FM by-product; Diet 4, 20% WD FM + 11.32% PM; Diet 6, 10% WD FM
+10.70% FM by-product dietary +11.32% PM; Diet 7, 20% WD FM +10.88% SPC (where WD = wild derived; FM = fish meal; PM = poultry meal and SPC = soy protein concentrate).

3 Asignificance level of P < 0.05 was used for all statistical tests, where significant differences were observed post-hoc tests were used (Student-Newman-Keuls test) to detect differences
between treatments, values without a common superscript are significantly different (a indicates the highest value; P < 0.05). NA = not statistically analysed due to zero values.

4 ALT = alanine aminotransferase; ALP = alkaline phosphatase.

5 Baso = hasophil; Eosin = eosinophil; HGB = haemoglobin; Lymph = lymphocytes; MCH = mean corpuscular haemoglobin; MCHC = mean corpuscular haemoglobin concentration;
MCV = mean corpuscular volume; Mono = monocytes; PCV = packed cell volume; RBC = red blood cell count; WBC = white blood cell count.
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Table 3.1.3.1.11. Visceral somatic parameters, gastrointestinal tract morphology and apparent digestibility coefficients for Yellowtail Kingfish fed
different wild derived fish meal replacement diets for 36 weeks.

Diet!? 1 2 3 4 6 7 ANOVA3

Visceral somatic parameters

Intraperitoneal fat (%) 1.68+0.20 1.52+0.25 1.78+0.09 1.62+0.13 1.77+0.16 1.71+0.31 P =0.944
Visceral index (VSI; %) 5.94+0.20 5.86+0.28 6.67+0.25 6.20+0.18 6.36+0.13 6.18+0.38 P =0.303
Hepatosomatic index (HSI; %) 0.85+0.06 0.85+0.04 0.91+0.07 0.90+0.05 0.83+0.03 0.89+0.08 P =0.890
Stomach morphology

Gastric dilation score? 0.11+0.11 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 P =0.458
Hindgut morphology

Muscularis thickness (um) 998481 11314114 1109437 1040+37 1050445 1012471 P=0.717
Submucosa thickness (um) 50+18 3312 4248 56114 46111 29+3 P =0.536
Villi length (um) 1419445 130277 1249+141 1363168 1384442 1220432 P =0.427
Villi thickness (um) 106+10 1041 120+£13 108+3 102+3 11449 P =0.598
Lamina propria thickness (um) 1743 1442 21+4 1543 1343 1846 P =0.691
Lamina propria/villi thickness (%) 14.84+1.42 13.46+1.41 16.53+1.55 13.75+2.21 12.17+2.63 14.53+3.53 P =0.862
Mucus cells per 100pm 4.39+1.02 3.05+0.65 4.73+1.30 3.61+0.53 3.18+0.27 3.11+0.69 P =0.625
Eosinophilic droplets in epithelial cells 2+0 2+0 20 2+0 3+0 2+0 P = 0.656
Melanomacrophage centres 31 2+1 3+1 30 2+0 2+0 P =0.162
Apparent digestibility coefficient (ADC; %)

Dry matter 44.4+9.8% 56.5+0.82 33.3£0.0° 40.4+4.2% 59.2+2.42 49.015.0% P =0.023
Protein 73.75.4% 84.5+2.42 68.4+3.4° 80.7+1.4% 86.2+0.3? 81.3+3.7% P =0.016
Energy 61.4+6.6 65.5+2.5 49.0£2.1 53.5+3.1 67.3+4.3 64.6+3.2 P =0.055

! Values are mean + SE; n = 3.

2 Diet 1, Control (30%WD FM); Diet 2, 20%WD FM +10.70% FM by-product; Diet 3, 10% WD FM + 21.40% FM by-product; Diet 4, 20% WD FM + 11.32% PM; Diet 6, 10% WD FM
+10.70% FM by-product dietary +11.32% PM; Diet 7, 20% WD FM +10.88% SPC (where WD = wild derived; FM = fish meal; PM = poultry meal and SPC = soy protein concentrate).

3 A significance level of P < 0.05 was used for all statistical tests, where significant differences were observed post-hoc tests were used (Student-Newman-Keuls test) to detect differences
between treatments, values without a common superscript are significantly different (a indicates the highest value; P < 0.05).

4 Gastric dilation score based on Chown (2015).
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Figure 3.1.3.1.1. Water temperature profile between stocking and final weight check at harvest of the 36 week experiment (average 16.6 °C [range 23.5-
13.0 °C)).
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Figure 3.1.3.1.2. Mean individual weight of Yellowtail Kingfish fed different wild derived fish meal replacement diets at week 0, 4, 8, 12, 16, 20, 24, 28,

32 and 36.

Values are mean + SE; n = 3.

Diet 1, Control (30%WD FM); Diet 2, 20%WD FM +10.70% FM by-product; Diet 3, 10% WD FM + 21.40% FM by-product; Diet 4, 20% WD FM + 11.32% PM; Diet 6, 10% WD FM
+10.70% FM by-product dietary +11.32% PM; Diet 7, 20% WD FM +10.88% SPC (where WD = wild derived; FM = fish meal; PM = poultry meal and SPC = soy protein concentrate).
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3.1.4. Chapter - Digestibility of raw materials by sub-adult Yellowtail Kingfish.

3.1.4.1. Manuscript - Apparent digestibility of common raw materials by Yellowtail Kingfish (Seriola
lalandi).
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Abstract

The apparent digestibility of 14 raw materials by Yellowtail Kingfish (Seriola lalandi; YTK) was
examined using the diet substitution method and yttrium oxide as the inert marker. Each raw material
was examined in triplicate and faecal material was collected from fish using manual stripping
techniques. All raw materials were tested at 30% inclusion, except for blood meal (BLM), which was
tested at 15% inclusion. The reference diet was primarily composed of fishmeal (FM). The raw materials
examined included: two sources of FM (FM-1, prime quality and FM-2, recycled tuna trimmings);
poultry by-product meal (PBM-1 and PBM-2); lupin kernel meal (LKM-1 and LKM-2) and soy protein
concentrate (SPC-1 and SPC-2) and a single source of krill meal (KRM), meat meal (MM), BLM, faba
beans (FBM), corn gluten meal (CGM) and wheat (WH). With the exception of FM-2 and BLM, marine
and land animal protein sources were well digested, recording protein ADCs between 66.5-79.2%. The
energy from marine and land animal protein sources was also well digested, ranging from 67.0-83.5%,
with the exception of BLM, which recorded a very low energy ADC of 43.0%. Digestibility of protein
from plant sources was highest in WH (97.7%), LKM-2 (95.0%), FBM (94.7%) and LKM-1 (86.3%).
The energy from LKM-1, LKM-2 and FBM was also well digested (67.4-76.9%); however, energy
digestibility was poor in SPC-1 (35.5%), SPC-2 (31.7%), WH (34.0%) and CGM (19.4%). Generally,
the ADCs recorded from plant protein sources were more variable than the ADCs recorded from marine
and land animal protein sources. Apparent digestibility of amino acids (AAs) from marine and land
animal protein sources was fairly consistent and reflected the crude protein ADCs of these raw materials.
The recorded ADCs of AAs from plant protein sources was more erratic and the error variance among
replicates was higher than observed among replicated marine and land animal protein sources. Mean
ADCs of many AAs were > 100% in FBM, LKM-2 and WH whereas the mean ADCs of AAs recorded
from YTK fed CGM were close to zero and in some cases negative. The results from this study indicate
that YTK are generally efficient at digesting nutrients and energy from marine and land animal protein
sources. Plant protein sources such FBM, LKM-1 and LKM-2 appear to have relatively high protein and
energy digestibility in YTK and may prove useful as secondary protein and energy sources in aquafeeds.
The poor digestibility of the BLM and CGM used in this study suggests these products interfere with
digestibility in YTK or there was some form of interaction between these raw materials and other raw
materials in the reference diet. The ADCs derived for the raw materials examined in this study will assist
in the formulation of research and commercial aquafeeds for this developing aquaculture species.
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Introduction

One of the major objectives of the global aquaculture feed sector is to reduce its dependency on fishmeal
(FM) and fish oil (FO). This is particularly important for feed producers and farmers of carnivorous fish
species which have historically relied on FM and FO to fulfil the protein and energy demands of these
valuable aquatic animals (Carter and Hauler, 2000; Wang et al., 2006; Hardy, 2010; Jirsa et al., 2015;
Biswas et al., 2017; Moutinho et al., 2017). There are many alternative, commercially available raw
materials in the global feed market. These include terrestrial animal by-product meals (e.g. poultry by-
product meal (PBM), meat meal (MM), meat and bone meal (MBM), feather meal (FeM), blood meal
(BLM) and numerous plant derived feedstuffs (e.g. soybean meal (SBM), canola meal (CM), lupin
kernel meal (LKM) and corn gluten meal (CGM). Globally, and in Australia, there are large volumes of
the aforementioned commodities produced. Therefore it seems logical they should be the primary focus
of research and development by manufacturers supplying the aquafeed sector.

Formulation of a nutritionally adequate diet for any species depends critically on knowledge of the basic
nutrient and energy requirements of the target animal and the judicious use of nutrient and energy
digestibility data derived from the raw materials used to formulate their diets (Glencross et al., 2007).
Only by having this information can the feed formulator limit the risk of formulating an inadequate feed
that fails to promote or maximize growth rate and feed efficiency. Feed formulations based on highly
digestible raw materials also have obvious benefits for the environment by reducing the waste generated
from the undigested feeds.

Many studies have reported apparent digestibility coefficients for commercially available raw materials
fed to different fish species (Storebakken et al., 1998; Bureau et al., 1999; Allan et al., 2000; Booth et
al., 2001; Cheng and Hardy, 2002; Zhou et al., 2004; Tibbetts et al., 2006; Martins et al., 2009; Wang et
al., 2012; Hernandez et al., 2015; de Carvalho et al., 2016; Che et al., 2017; Chi et al., 2017). The
majority of these studies conclude that the digestibility of raw materials are, and can be, significantly
influenced by the origin of the raw material as well as the processing methods applied to it during
production (e.g. grinding, cooking, rendering, extrusion, dehulling, protein concentration, fractionation
etc.). Moreover, different species have different capacities to digest and utilise nutrient and energy from
raw materials, generally dependent on their natural trophic feeding habits (i.e. herbivore, omnivore or
carnivore).

Yellowtail Kingfish (Seriola lalandi; YTK) is an emerging marine aquaculture species in Australia and
other parts of the world (Nakada, 1999; Kolkovski and Sakakura, 2004; Symonds et al., 2014; Martinez-
Montafio et al., 2016). It is an economically profitable species (e.g. farm gate value of <AUD$15 kg),
which is well suited to sea-cage farming due to its rapid growth and ravenous feeding behaviour. In
warmer conditions YTK can reach a marketable size of > 3-4 kg in as little as 12-15 months. In Australia,
YTK have been farmed in South Australia (SA) since 2000 and this state remains the dominant producer.
Annual production of YTK in SA was estimated to be approximately 2650-2850 metric tonnes in 2017
and is expected to increase steadily in the next five years (David Head; Clean Seas Seafood, personal
communication). Offshore farming of YTK is being trialled in New South Wales (NSW) and Western
Australia (WA), where small pilot farms are evaluating the potential of this species.

Despite the potential growth of the YTK industry in Australia and the increased demand for high quality
sustainable aquafeeds there remains a dearth of knowledge with regard to the digestibility of raw
materials by this species. Significant gains in knowledge have been made in previous years with regard
to understanding the basic nutritional requirements of YTK (Booth et al., 2010a; Booth et al., 2013b;
Stone and Bellgrove, 2013), but a comprehensive data-base on the digestibility of common raw materials
is yet to be collated. This is most likely due to the inherent difficulty in determining the digestibility of
raw materials from problematic species like YTK (see Booth and Pirozzi, 2017). Despite the well
documented challenges involved in conducting digestibility experiments with YTK, the growth of the
YTK industry in Australia will be constrained unless more information on the digestibility of raw
materials becomes available. Only then can new commercial aquafeeds be formulated on a digestible
nutrient and energy basis. Formulating aquafeeds on this basis will ensure there is less risk of
undersupplying the nutrient and energy requirements of farmed YTK which in turn should lead to
increased levels of production and greater economic benefit for farmers. It will also be difficult to
reliably decrease the use of FM and FO in commercial feeds for YTK unless data on other raw materials
becomes available.
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The aim of this study was to determine the digestibility of 14 common raw materials for YTK and to
provide the Australian YTK industry with a raw material data-base that documents the apparent
digestibility coefficients (ADCs) of dry matter, crude protein, fat, gross energy and amino acids for each
product. The raw materials examined included: two sources of FM (FM-1, prime quality and FM-2,
recycled tuna trimmings); two PBM (PBM-1 and PBM-2); two LKM (LKM-1 and LKM-2) and two
soybean meal concentrates (SPC-1 and SPC-2) and a single source of krill meal (KRM), MM, BLM,
faba beans (FBM), CGM and wheat (WH). All raw materials examined in this study are commonly used
in Australian aquafeeds and were obtained from the one source (Ridley, Narangba, QLD).

Materials and Methods

Animal ethics statement

Experiments were done under the authority granted by the NSW Department of Primary Industries
(NSW DPI) Fisheries Animal Care and Ethics Committee (Aquaculture Nutrition ACEC Authority 93/5-
Port Stephens) and the Animal Ethics Committee of the University of the Sunshine Coast (AN/S/16/46).

Overview of experimental approach

Two 4-week digestibility experiments were conducted. Experiment 1 determined the digestibility of
FM-1, FM-2, PBM-1, MM, LKM-1, FBM and CGM. Experiment 2 determined the digestibility of
KRM, PBM-2, BLM, LKM-2, SPC-1, SPC-2 and WH. The same reference (REF) diet was used in both
experiments. With the exception of BLM (15% inclusion), the dietary inclusion content of all raw
materials examined was set at 30%. The digestibility of the diets and ingredients were determined
applying indirect methodology and yttrium oxide (Y20s; Merck, Technipur™, Darmstadt, Germany)
was employed as the non-digestible marker. The YTK used in both experiments were from the same
cohort and were obtained from the NSW DPI Port Stephens Marine Finfish Hatchery. The average water
temperature, pH and dissolved oxygen concentration of both experiments were 20.3 + 0.1 °C; 7.7 £ 0.1
and 9.33 + 0.3 mg L respectively. Faecal material was collected from sedated YTK on a weekly basis
using manual stripping methods similar to that described by Booth and Pirozzi (2017). Three replicate
cages of YTK (n = 3) were assigned to each of the test diets examined in Experiment 1 and Experiment
2, respectively.

Raw materials and diet preparation

The common reference mash was composed predominantly of prime FM (68%), wheat flour (27%) and
FO (3.5%) as well as a vitamin / mineral premix (0.66%). Yttrium oxide was added into the reference
mixture at a rate of 20 g yttrium oxide kg* diet. The formula and nutrient composition of the reference
diet is presented in Table 3.1.4.1.1.

The measured proximate and energy composition of raw materials is presented in Table 3.1.4.1.2 and
the amino acid composition of raw materials is presented in Table 3.1.4.1.3.

In preparation for diet manufacture the raw materials were milled through a high speed Retsch rotor-
mill fitted with a 750 um screen prior to incorporation in test diets. Raw materials were then mixed with
the reference mash at the appropriate ratio (Table 3.1.4.1.4 and Table 3.1.4.1.5) on a dry matter basis
before being manufactured into extruded pellets using a twin-screw extruder with intermeshing, co-
rotating screws (MPF24:25, Baker Perkins, Peterborough, United Kingdom). All diets were extruded
operationally through an 8 mm pellet die at the same operating parameters for consistency. Newly
manufactured diets were oven dried at 45 °C to lower moisture content to < 12%, cooled and sealed in
plastic bags and stored frozen (-20 °C) until used. Diets were manufactured at the CSIRO Bribie Island
Research Centre (Woorim, 4507, QLD, Australia) and shipped to PSFI prior to use in experiments. All
diets were stored at -17 °C prior to use in experiments.
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Experimental systems, allocation of replicates and faecal collection

Yellowtail Kingfish were progeny of wild broodstock held at the NSW DPI Port Stephen Fisheries
Institute (PSFI). Prior to trials YTK were reared in large holding tanks (10 kL) and fed a commercial
marine finfish diet (Ridley, Narangba, QLD, Australia.

Each digestibility experiment was done in two 20 KL recirculating aquaculture systems (RAS). Each
RAS consisted of two large circular 10 kL tanks (height 1.1 m; diameter 3.5 m) connected to ancillary
equipment including a 2 kw pool pump, large sand filter and a 1kL rotating biological contactor (i.e. a
bio-filter). Tanks were aerated with compressed air as well as oxygen using fine bubble diffusers. Water
was circulated through the tanks at a flow rate of 600 L h* and approximately 40% was directed to waste
to allow a similar amount of fresh top-up water to be continuously added to each system. The 10 kL
tanks were also vacuum siphoned on a daily basis to remove settled solids and ensure water quality was
maintained at suitable levels. Water temperature in each RAS was controlled to + 2 °C using a reverse
cycle heat exchanger.

Six 200 L floating cylindrical cages made from 10 mm oyster mesh were placed in each of the 10 kL
tanks and secured in place to the rim of the tank. All cages were fitted with lids to prevent the escape of
fish. This arrangement provided n = 3 replicate cages for each of the 8 dietary treatments evaluated in
Experiment 1 and Experiment 2 (i.e. the reference diet and 7 test diets per experiment). Dietary
treatments were assigned to cages such that no replicate cage from the same dietary treatment occurred
in the same 10 KL tank more than once. In addition, replicate cages were re-allocated to a different tank
after each faecal stripping event. These procedures were employed to avoid confounding effects on
treatments due to the pseudo-replication of cages.

Six sub-adult YTK weighing 573.9 £ 17.6 g (mean + S.D) were placed into each replicate cage at the
beginning of the experiment. Fish were hand fed their respective test diets twice daily (i.e. 09:00 h and
14:00 h) to excess at a fixed rate of 2.5% of the total biomass per cage. All fish were allowed to
acclimatise to their dietary treatment for one week prior to handling and collection of faecal material.

Faecal samples were collected from each fish within each cage using stripping techniques similar to
those described by Booth and Pirozzi (2017). Fish were netted directly from their respective cage and
placed immediately into a 200 L aerated tank containing anaesthetic (AQUI-S®) until they lost
equilibrium. Fish were removed from the sedation tank and the ventral surface was wiped clean before
a small amount of pressure was applied to the abdomen to expel urinary products. The ventral area was
again wiped clean before faecal material was expelled from the distal intestine into a clean 70 mL
container using gentle abdominal pressure. Hands were rinsed between the handling of fish and care was
taken to ensure that the faecal samples were not contaminated by urine or mucous. Faecal samples were
immediately stored in a freezer at -17 °C. After stripping fish were returned to their respective
experiment cages to recover. Faecal samples were generally collected about 6 h after the last meal and
fish were never stripped on consecutive days. Faecal samples from the same cage were pooled over time
and kept frozen at -17 °C before being freeze-dried in preparation for analysis.

Chemical analysis

Raw materials, diets and faecal samples were analysed for dry matter, nitrogen, crude lipid, ash, gross
energy and amino acids. In addition, all diets and faecal samples were analysed for yttrium. Where
presented carbohydrate content (NFE) was calculated by difference (NFE = 1000 — crude protein — crude
lipid — ash). Sample dry matter was calculated by gravimetric analysis following oven drying at 105 °C
for 24 h. Crude protein (N x 6.25) of samples was based on the determination of total-nitrogen by Leco
auto-analyser. Amino acid composition of samples was determined using high-pressure liquid
chromatography (HPLC) following acid hydrolysis; therefore amino acids destroyed by acid hydrolysis
are not reported. Crude lipid content was determined gravimetrically following extraction of lipids by
chloroform and methanol (2:1 v/v) according to the method of Folch et al. (1957). Ash content was
determined gravimetrically following loss of mass after combustion in a muffle furnace at 550 °C for 12
h. Gross energy was measured by adiabatic bomb calorimetry. Yttrium was determined based on the
method of McQuaker et al. (1979) using inductively coupled plasma mass-spectrophotometry following
mixed-acid digestion (ICP-MS: ELAN DRC II, Perkin Elmer).
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Calculation of apparent digestibility coefficients of diets and raw materials

The apparent digestibility of nutrients and energy in the reference and test diets (i.e. ADCrest diet) Was
calculated using the following formula:

Y ... x Parameter
ADCgiet =(1-| -2 feess 1) %100
Y aeces X Parametery;,,

where Ygierand Yraeces represent the yttrium content of the diet and faeces respectively, and Parameter gie
and Parameterseces represent the nutritional parameter of interest (i.e. dry matter, crude protein, lipid,
gross energy or amino acid) in the diet and faeces, respectively (Maynard et al., 1979). The apparent
digestibility of nutrients and energy in raw materials was calculated according to the formulae:

- (AD Nutr P
NUtr .AD i gregien: = (ADtest X NULF o ( ref X NUtrer X ref)
(Pingredient X NUtringredient)

where Nutr.ADingredient IS the apparent digestibility of a given nutrient or energy in the raw material; ADxest
is the apparent digestibility of the test diet; ADye is the apparent digestibility of the reference diet;
Nutringredient, NUtrest and Nutr s are the level of the nutrient or energy of interest in the raw material, test
diet and reference diet, respectively (Sugiura et al., 1998). Pingredient and Prer are the proportional amount
of test ingredient and reference diet respectively. The nutrient and energy content of all test diets was
corrected for minor discrepancies in analytical results to ensure the dry matter ratio of the reference diet
and raw material summed to 100% (Bureau et al., 1999).

Statistical analysis

Differences in the apparent digestibility of diets were examined using one-way ANOVA after ensuring
data satisfied the assumptions of normality and homogeneity of variances. Where ANOVA proved
significant a Dunnett’s two-sided multiple comparison test with control was used to compare the
apparent digestibility coefficients of the test diets to the reference diet (i.e. the control) in each
experiment in order to simplify dietary comparisons. Raw material ADCs were compared based on their
origin (i.e. marine and land animal protein sources or plant based protein sources) using ANOVA and if
ANOVA proved significant the Tukey-Kramer multiple comparison test was used to separate treatment
means. Statistical tests were undertaken using SPSS version 22.0 (SPSS, Michigan Avenue, Chicago,
IL, USA). Limits for all critical ranges were set at P < 0.05.

The overall digestibility of raw materials was explored using hierarchical clustering. This was done by
jointly examining the dry matter, protein and lipid ADCs of all raw materials in a single analysis in order
to form a broader view of the similarity / dissimilarity among raw materials. Energy was not considered
as it is derived from these macronutrients. The analysis was done on unscaled data using Euclidian
distances and a group average (unweighted pair-group) clustering method. The cluster cut-off value was
set at 20. The fit of the model was confirmed with a high value for the Cophenetic correlation coefficient
of 0.793 (NCSS).
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Results
Apparent digestibility of the reference diet in Experiment 1 and Experiment 2

The same reference diet was used in Experiment 1 and Experiment 2, however the experiments were
done at different times using different animals. Therefore, ANOVA was used to examine whether there
was any difference between the respective ADCs of the reference diet between experiments. ANOVA
on each parameter indicated there was no significant difference in the dry matter (F14=0.38; P = 0.57),
protein (F14=2.21; P =0.21), lipid (F14=1.13; P = 0.36), gross energy (F14= 0.46; P = 0.53) or average
amino acid ADCs (F14= 0.07; P = 0.81) of the reference diet from either experiment. The mean + SE
dry matter, protein, lipid and gross energy ADCs of the reference diet in Experiment 1 were 42.1 + 3.8,
65.1 £ 3.0, 84.7 + 2.6 and 56.8 + 4.0, respectively (Table 3.1.4.1.6). The mean + SE dry matter, protein,
lipid and gross energy ADCs of the reference diet in Experiment 2 were 39.2 £ 2.6, 58.7 £ 3.1, 81.6 +
1.5 and 53.9 * 1.6, respectively (Table 3.1.4.1.8). In addition there was close agreement between the
average amino acid digestibility recorded for the reference diet in either experiment (Exp.1 = 65.8% vs
Exp.2 = 64.7%; Table 3.1.4.1.7 and Table 3.1.4.1.9).

Apparent digestibility of test diets in Experiment 1

The ADCs of dry matter, protein, lipid and gross energy of test diets from Experiment 1 are tabulated in
Table 3.1.4.1.6 and the apparent ADCs of dietary amino acids is presented in Table 3.1.4.1.7. There
were highly significant differences among the dry matter ADCs of test diets in Experiment 1 (Fz16=
7.45; P =0.0005), however according to the Dunnett’s comparison only the dry matter ADC of the CGM
diet was different to the dry matter ADC of the reference diet (i.e. control diet). There was a significant
difference among the protein ADCs of test diets (F7,16= 6.54; P = 0.0009). According to the Dunnett’s
comparison the protein ADC of CGM diet was significantly lower than that of the reference diet.
Similarly, while there were significant differences among the average AA ADCs of test diets (F7,16=
15.16; P < 0.0001), only the average AA ADC of the CGM diet (lower) and the FBM diet (higher) were
different to the reference control diet (Dunnett’s comparison). There was a significant difference among
the lipid ADCs of diets (F716= 19.07; P < 0.0001). In this case the Dunnett’s comparison indicated the
lipid ADC of the CGM and MM diets were significantly lower than the lipid ADC of the reference diet.
The gross energy ADC of test diets was also different (F7.16= 10.05; P <0.0001). The gross energy ADC
of the CGM diet was significantly lower than the gross energy ADC of the reference control diet
(Dunnett’s comparison).

Apparent digestibility of test diets in Experiment 2

The ADCs of dry matter, protein, lipid and gross energy of test diets from Experiment 2 are tabulated in
Table 3.1.4.1.8 and the apparent ADCs of dietary amino acids is presented in Table 3.1.4.1.9. There
were significant differences among the dry matter ADCs of test diets in Experiment 2 (Fz16=6.5; P =
0.0009), however Dunnett’s comparison test found no significant difference between the dry matter
ADC of the reference diet and the DM ADC of the other seven diets. There was a significant difference
among the protein ADCs of test diets in Experiment 2 (F716 = 4.94; P = 0.004). According to the
Dunnett’s comparison the protein ADC of LKM-2 diet was significantly higher than that of the reference
diet. Similarly, while there were significant differences among the average AA ADCs of test diets (F7,16
= 8.96; P = 0.0002), only the average AA ADC of the LKM-2 diet was significantly higher than the
average AA ADC of reference diet (Dunnett’s comparison). There was a significant difference among
the lipid ADCs of diets (Fr7,16= 3.0; P = 0.032), but no difference between the lipid ADC of the reference
diet and that of any other diet (Dunnett’s comparison). The gross energy ADC of test diets was also
different (F7.16=8.09; P = 0.0003), however there was no difference between the gross energy ADC of
the reference diet compared to the gross energy ADC of any other diet in Experiment 2 (Dunnett’s
comparison).
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Apparent proximate digestibility of raw materials

The raw materials examined in this study were grouped into two categories based on their origin; marine
and land animal based protein and energy sources (Table 3.1.4.1.10) or plant based protein and energy
sources (Table 3.1.4.1.11). Generally, there were less error variances associated with the replicate ADCs
for marine and land animal protein sources than there was among the plant protein sources. One spurious
replicate associated with the dry matter and gross energy ADC of BLM and one protein ADC from the
MM group was excluded from interpretation as the calculated coefficients were extremely low compared
to their sister replicates. One replicate value associated with the lipid ADC of WH and the lipid ADC of
FBM was also excluded from interpretation due to each value being unusually low. Calculated ADCs
for CGM were highly variable, recording both positive and negative coefficients with respect to lipid
and gross energy ADCs. CGM also recorded one unusually low value for the ADC of crude protein. All
data on the digestibility of CGM was subsequently excluded from statistical analysis. All details
regarding the inclusion and exclusion of replicate raw material ADCs are included in the footnotes to
Table 3.1.4.1.10 and Table 3.1.4.1.11. Lipid ADCs for BLM, SPC-1, SPC-2 and CGM were not
determined as the lipid content of these raw materials was negligible.

Examination of the ADCs of the raw materials grouped into the marine and animal meal category (Table
3.1.4.1.10) indicated there was a significant difference (Fs13= 3.39; P = 0.030) between the dry matter
ADC of FM-2 (43.8%) and the dry matter ADC of MM (69.6%). There was a significant difference
among the protein ADCs of the raw materials in this category (Fs13 = 8.25; P = 0.0008). Protein ADC
was lowest in BLM (50.6%) and highest in MM (92.4%). The lipid ADCs of the raw materials
(excluding BLM) were different (Fs 1= 11.58; P = 0.0003), with the lipid ADC of MM (52.2%) being
significantly lower than FM-1 (93.8%). Gross energy ADCs of marine and land based protein sources
were also different (Fe13 = 3.81; P = 0.021). In this case the energy ADC of BLM (43.0%) was
significantly lower than FM-1 (74.9%) and MM (83.5%).

The dry matter ADCs of raw materials grouped into the plant protein source category were different
(Fs12= 6.65; P = 0.004). Dry matter ADCs for SPC-1, SPC-2, CGM, WH and FBM were all < 36%,
whereas the dry matter of LKM-2 and LKM-1 were > 53% (Table 3.1.4.1.11). The protein ADCs of
plant sources were also different (Fs12 = 6.04; P = 0.005). Protein digestibility was lowest in CGM
(31.4%) and SPC-2 (45.3%), intermediate in SPC-1 (62.5%) and LKM-1 (89.9%) and slightly above
100% in LKM-2, FBM and WH (Table 3.1.4.1.11). Fat digestibility was significantly different among
the limited number of plant protein sources (Fss = 8.95; P = 0.012). Fat digestibility was lowest and
most variable in WH (44.0%), intermediate in FBM (70.6%) and LKM-1 (88.9%) and highest in LKM-
2 (93.1%). The gross energy ADCs among plant sources were different (Fs12= 8.60; P = 0.0012). CGM
recorded the lowest gross energy ADC (19.4%), whereas the energy ADCs of SPC-2, WH and SPC-1
were tightly grouped between 31.6% and 35.6% (Table 3.1.4.1.11). The energy ADCs of LKM-2, FBM
and LKM-1 were highest and ranged from 67.3% to 76.8%.

The AA digestibility of raw materials categorised into marine and land animal based protein and energy
sources or plant based protein and energy sources are presented in Table 3.1.4.1.12 and Table 3.1.4.1.13,
respectively. Amino acid ADCs were reasonably stable among the marine and animal protein sources
and somewhat more erratic among the plant sources. There was a large degree of variation among the
digestibility of AAs. Exploration of the relationship between protein ADCs and average AA ADCs of
the marine and land animal sources found there was a highly significant linear relationship between the
variables (P < 0.05). The equation of the straight line relating average AA ADCs and protein ADCs was
estimated as: average AA ADC = 1.1321 x protein ADC -15.2199 (R?=0.80; n = 20) (Figure 3.1.4.1.1a).
Exploration of the relationship between protein ADCs and average AA ADCs of the plant sources also
found a highly significant linear relationship between the variables (P < 0.05). The equation of the
straight line relating average AA ADCs and protein ADCs of plants was estimated as: average AA ADC
=1.0022 x protein ADC -4.1565 ( (R?=0.88; n = 20) (Figure 3.1.4.1.1b).

The overall digestibility of the raw materials was explored using hierarchical clustering. The dendrogram
is presented in Figure 3.1.4.1.2. Based on the aforementioned dendrogram inputs the analysis indicated
there were five distinct clusters; one that grouped most of the marine and land animal sources together
(i.e. FM-1, FM-2, KRM, PBM-1, PBM-2, BLM); one that grouped the lupin sources together (LKM-1,
LKM-2); one that grouped the refined plant protein sources together (i.e. SPC-1, SPC-2 and CGM) and
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one that grouped FB and WH. MM appeared to be dissimilar to most other cluster groups (Figure
3.1.4.1.2).

Discussion

Determination of the nutrient and energy digestibility coefficients of common raw materials is critical
to appropriately formulate cost-effective and sustainable feeds for high value species such as YTK
(Glencross et al., 2007; Booth and Pirozzi, 2017). However, the accuracy and reproducibility of
digestibility coefficients is often questionable and is known to be influenced by the collection method
(e.g. either active or passive collection). Active collection methods include manual stripping and
dissection which potentially underestimate digestibility because of incomplete digestion and potential
contamination of faeces with endogenous material. Active collection also estimates an instantaneous
measure of digestibility because samples are usually collected once daily at a similar time point. In
contrast, faecal material collected by passive techniques such as settlement (Allan et al., 1999) can
potentially overestimate the digestibility of diets and raw materials because of nutrient leaching.

The reproducibility of the techniques adopted in this study was examined by including the same
reference diet in each experiment. The results indicated the absolute difference between dry matter,
protein, lipid and gross energy ADCs, respectively, of the reference diet from either experiment was
only 2.9, 6.4, 3.1 and 2.9 percentage units. These minor numerical differences in ADCs resulted in no
statistical differences being identified in the respective proximate categories and energy digestibility of
the reference diet between experiments. Furthermore, there was also very close agreement between the
ADCs of individual amino acids and the average amino acid ADCs of the reference diet from each
experiment (i.e. 65.8% vs 64.7%). Considered together these results greatly increased the level of
confidence held in the reference diet ADCs and their subsequent use in the calculation and estimation
of raw material digestibility coefficients.

Of great interest in the present study was whether the methodology used with YTK was sensitive enough
to discriminate between similar raw materials that were perceived to have lower or higher digestibility.
For example, the prime quality FM (FM-1) was expected to be more digestible than the FM made from
recycled fish trimmings (FM-2). While there was no statistical difference between the dry matter, protein
(and amino acid) or gross energy ADCs of the two FM products (due to the high standard errors), there
was clearly a decrease of about 10% in the ADCs of the recycled fishmeal compared to the prime FM.
Little difference was found between the proximate ADCs of the PBM, but the dry matter and protein
ADCs of PBM-2 tended to be higher than PBM-1. Both FM-1 and PBM-2 had higher content of crude
protein and lower content of ash than FM-2 and PBM-1, which indicates these products are probably of
higher quality. This might partly explain the improvement in ADCs of these raw materials. The dehulled
lupin kernel meals were of different origin. LKM-1 was slightly higher in protein and fat content than
LKM-2 and importantly lower in NFE content. The elevated NFE of LKM-2 may explain the lower dry
matter and gross energy ADCs recorded for it and why the protein and lipid ADCs of these products
were almost similar. Finally, there was little discrepancy between the dry matter and energy ADCs of
SPC-1 and SPC-2 and although the difference in protein ADC of the products was not significant, the
protein ADC of SPC-1 was far higher. Again, SPC-1 was lower in NFE and slightly higher in crude
protein than SPC-2. These results indicate that the faecal collection methods employed in this study are
robust enough to broadly discriminate between the digestibility of similar raw materials, at least when
using apparent digestibility as a measure of raw material quality. Greater confidence in the apparent
ADCs will come from increasing the number of replicates assigned to dietary treatments.

Little comparable data has been published on the digestibility of raw materials by YTK, however a
recently published study that used similar methodology indicated the dry matter, protein, fat and gross
energy ADCs of extruded wheat were approximately 40.2%, 81.5%, 67.1% and 42.1%, respectively
when included at 40% of the diet (Booth and Pirozzi, 2017). These values are reasonably similar to the
values found for wheat flour included at 30% in this study. Other reports on the digestibility of raw
materials by YTK also determined using stripping techniques are available (Booth et al., 2010b). That
study indicated the dry matter, protein, energy and fat ADCs for Peruvian fishmeal were 66%, 80.5%,
81.7% and 92.4% respectively. Interestingly, the apparent digestibility of a CGM from the study of
Booth et al. (2010b) was very low compared to that of a wheat gluten product. The low ADCs found for
CGM in both the present study and that of Booth et al. (2010b) reflects similar results for Japanese
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Flounder (Paralichthys olivaceus) (Deng et al., 2010), Silver Perch (Bidyanus bidyanus) (Allan et al.,
2000) and juvenile Pseudobagrus ussuriensis (Che et al., 2017). In contrast digestibility of CGM was
higher in Cobia (Rachycentron canadum) (Zhou et al., 2004), Atlantic Salmon (Salmo salar) (Anderson
et al., 1992) and Rainbow Trout (Oncorhynchus mykiss) (Glencross et al., 2005; Glencross et al., 2003).
The individual AA digestibility of CGM was also low and highly variable, which is consistent with the
results of Masumoto et al. (1996) who reported low AA availability of CGM (46.8%) in Japanese
Yellowtail (Seriola quinqueradiata). These authors hypothesized this was due to the low pH of CGM
(pH = 3.2) and its interference with amino acid digestibility, which is supposedly better when pH was >
5.0 (Masumoto et al., 1996). In light of the consistently poor digestibility of CGM in this and previous
studies, it would appear prudent to restrict the amount of CGM in the diets of YTK, at least until reasons
for the low digestibility can be confirmed. In addition, the relatively poor ADCs recorded for the SPC-
1 and SPC-2 suggest incorporation of plant proteins having a high level of refinement may overwhelm
the digestive system of YTK. Whether this effect is due to the presence of residual anti-nutritional factors
in SPC or simply caused by the high level of substitution (i.e. 30%) remains unclear. These specific raw
materials were also grouped by the hierarchical cluster analysis, indicating the overall value of these raw
materials to YTK was similar when based on their collective dry matter, protein and lipid ADCs,
respectively.

Overall, the average proximate ADCs presented in this study tend to be lower than those cited in other
published work. However when considered in terms of the 95% upper confidence limits (95% UCL,;
Table 3.1.4.1.11 and 3.1.4.1.12), they reflect those commonly cited in the literature. For example
Masumoto et al. (1996) reported that protein digestibility of brown fishmeal was 88.7% in Japanese
Yellowtail. Similarly, the protein digestibility cited for fishmeal products tested on species such as Rose
Spotted Snapper (Lutjanus guttatus) (Hernandez et al., 2015), Cobia (Zhou et al., 2004; Chi et al., 2017),
Mulloway (Argyrosomus japonicas) (Booth et al., 2013a), Atlantic Salmon (Salmo salar) (Storebakken
etal., 1998; Sugiuraet al., 1998) and Rainbow Trout (Oncorhynchus mykiss) (Alexis et al., 1998; Bureau
et al., 1999; Cheng and Hardy, 2002) were greater than 80%. The average digestibility of the two most
limiting AAs to animals, lysine and methionine, of FM-1 were 70.5% and 80.2%, respectively. These
values are somewhat lower than that reported for Japanese Yellowtail fed brown FM (93.1% vs 92.2 %)
(Masumoto et al., 1996). The differences in nutrient digestibility of FM-1 and FM from other
international studies is likely related to several factors such as the source of FM, processing method,
size of fish, environmental conditions or the faecal collection method.

Apart from BLM, the apparent digestibility of the rendered animal proteins in this study was similar to
the ADCs recorded for the marine and land animal proteins. The protein ADC of MM was particular
high compared to the other rendered meals, but there is no simple explanation for this result.
Nonetheless, the results highlight the potential of using rendered animal meals to replace significant
levels of fishmeal in diets for YTK and they support the conclusions made by previous studies on marine
fish (Booth et al., 2013c; Hatlen et al., 2015; Ji et al., 2017; Moutinho et al., 2017; Dawson et al., 2018).
Digestibility of dry mater and protein from BLM was inferior to the other marine and land animal meals,
indicating that YTK could not digest this particular batch of BLM effectively. The average amino acid
digestibility of BLM was also somewhat lower than that predicted using crude protein (nitrogen x 6.25).
This suggests there was possibly a small amount of non-protein nitrogen present in this batch of BLM.
In contrast, results reported by Chi et al. (2017) for Cobia and other species including Rainbow Trout
(Bureau et al., 1999; Bureau et al., 2000), Red Drum (Sciaenops ocellatus) (McGoogan and Reigh,
1996), Silver Perch (Allan et al., 2000) and Mulloway (Booth et al., 2013a) indicate BLM has high
digestibility. The low digestibility of BLM can be due to excessive heat during the rendering and drying
process which can lead to damaged proteins and induce covalent cross-linking protein (Cho et al., 1982).

In line with most studies, dry matter and gross energy ADCs measured in YTK were lower for plant
products having higher carbohydrate (NFE) content (Masumoto et al., 1996; Allan et al., 2000; Zhou et
al., 2004; Yuan et al., 2010; Zhang et al., 2013; Chi et al., 2017). The decline in dry matter and energy
digestibility appears to be more significant where the NFE is in the form of non-starch polysaccharides
(Lupatsch et al., 1997; Glencross et al., 2012). Regardless, the protein and amino acid ADCs of FBM,
LKM-1, LKM-2 and WH approached 100%, meaning these raw materials may be used as background
protein sources which aid in control of the bulk-density of finished feeds (Table 3.1.4.1.13). The high
protein digestibility of legumes has been reported by others. For example, omnivorous silver perch could
digest about 90.5% of protein from FBM (Allan et al., 2000) and ADC protein of 97.1% and 95.9%,
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respectively of protein from Lupinus angustifolius meal and L. albus meal (Booth et al., 2001). Glencross
et al. (2004) reported that protein digestibility of LKM was 130.4% in Atlantic salmon.

Strong linear relationships were found between crude protein ADCs and the average amino acid
digestibility of marine and land animal proteins sources and plant protein sources (Figure 3.1.4.1.1a and
Figure 3.1.4.1.1b). These relationships lend some weight to the veracity of the protein and amino acid
data-set and allow prediction of the average digestibility of amino acids in raw materials. However,
individual amino acid ADCs varied widely among and within different raw materials, indicating they
should not be approximated from protein ADCs or the average value of amino acid ADCs. Therefore,
where available, data on individual AAs should be used to populate feed formulation software. This will
reduce the risk of undersupplying digestible AAs to YTK when combining different raw materials.

Conclusions and Recommendations

The digestibility coefficients determined in this study will be useful in formulating new commercial
feeds for YTK as well as designing specific feeds for use in nutrition experiments with YTK. The data
presented here will serve as an extremely useful starting point for constructing a larger data base of raw
material digestibility coefficients for this species.

Key findings

e The ADCs derived for the raw materials examined in this study will assist in the formulation of
research and commercial aquafeeds for this developing aquaculture species.
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Table 3.1.4.1.1. Formulation and nutrient composition of the reference diet used in Experiment 1 and
Experiment 2 (g kg or MJ kg! dry matter basis; mean + SEM; n = 2).

Reference diet

Raw material inclusion (g kg or (MJI kgt

Fishmeal - prime quality 680.0
Wheat flour 270.0
Fish oil 35.0
Choline chloride (70%) 6.0
Vitamin C (Stay-C 35®) 0.6
Vitamin / mineral premix 6.0
Yttrium oxide 2.3

Nutrient composition

Dry matter 1000
Nitrogen 91.30.3
Crude protein 570.8+2.0
Ash 125.0+3.8
Lipid 83.7t1.4
Gross energy (MJ kg?) 20.8+0.2
Yttrium 1.76+0.01
Amino acid composition

Alanine 34.7+0.3
Arginine 26.4+0.7
Aspartic acid (+ asparagine) 52.8+3.9
Cysteine 5.8+0.5
Glutamic acid (+ glutamine) 83.3+4.9
Glycine 38.9+0.8
Histidine 9.8+1.4
Isoleucine 19.94+2.9
Leucine 39.7+£3.7
Lysine 35.2+5.7
Methionine 13.1+0.4
Phenylalanine 23.9+14
Proline 26.6+2.5
Serine 28.1+1.5
Taurine 13.6+0.6
Threonine 24.0£2.5
Tyrosine 18.8+3.0
Valine 26.4+3.3
> reported amino acids + taurine 520.9+38.6

145




Stone, D.A.J., Booth, M.A. and Clarke, S.M. (eds) (2019)

Table 3.1.4.1.2. Nutrient and energy composition of the raw materials used in Experiment 1 and Experiment 2 (g kg or MJ kg* dry matter basis).

Kingfish for Profit (K4P) Report

. . Crude Gross
Exp. Raw material* Nitrogen oy Fat Ash NFE* energy
protein (MJ kg)

1 Fishmeal prime (FM-1) 114.9 718.4 92.6 180.0 9.0 20.6
1 Fishmeal recycled tuna trims (FM-2) 109.2 682.2 1155 198.0 4.3 20.8
1 Poultry by product meal - 1 (PBM-1) 1115 696.7 137.8 163.0 25 21.5
1 Meat meal (MM) 76.0 475.2 98.3 380.6 45.9 15.8
1 Dehulled lupin kernel meal -1 (LKM-1) 70.7 442.0 122.9 43.7 391.4 21.7
1 Faba bean meal (FBM) 55.2 345.0 32.6 39.5 582.9 19.1
1 Corn gluten meal (CGM) 113.0 706.4 42.1 24.0 227.6 23.3
2 Krill meal (KRM) 95.6 597.8 253.0 105.7 43.6 25.1
2 Blood meal (BLM) 156.7 979.3 121 14.0 - 23.2
2 Poultry by product meal - 2 (PBM-2) 135.1 844.6 147.6 417 - 25.1
2 Dehulled lupin kernel meal - 2 (LKM-2) 63.1 394.1 87.6 35.5 482.7 21.2
2 Soybean protein concentrate - 1 (SPC-1) 106.9 668.0 5.7 69.6 256.7 19.9
2 Soybean protein concentrate - 2 (SPC-2) 95.2 594.9 18.0 75.6 311.5 20.5
2 Wheat flour (WH) 35.6 222.5 38.9 34.7 703.9 19.2

¥Crude protein content = measured nitrogen content x 6.25.
INitrogen free extract (NFE) calculated by difference.

L All raw materials supplied by Ridley, Narangba, QLD, Australia.
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Table 3.1.4.1.3. Measured amino acid composition of the raw materials used in Experiment 1 and Experiment 2 (g kg dry matter basis).

Amino acid
Exp. Raw material¥ ALA ARG ASP* | CYS GLU* | GLY HIS 1SO LEU LYS MET PHE PRO SER TAU THR TYR VAL YAA
1 FM-1 45.6 354 68.2 5.0 923 453 15.1 28.3 49.7 52.7 21.0 29.8 29.7 336 7.2 322 25.8 35.0 651.7
1 FM-2 42.0 334 64.5 4.9 824 42.6 18.2 26.9 49.0 47.1 18.5 28.2 28.8 29.6 37 305 243 339 607.9
1 PBM-1 40.3 33.9 54.5 5.9 83.2 59.6 9.5 20.9 40.2 34.4 114 24.1 39.9 31.8 3.3 26.4 20.9 28.6 568.7
1 MM 35.2 317 35.1 2.6 55.8 72.7 44 10.3 22.9 21.0 5.8 14.0 43.5 18.0 0.6 13.7 10.1 17.1 414.3
1 LKM-1 141 394 47.5 7.8 91.2 18.0 7.9 16.0 28.8 17.7 29 15.9 17.2 24.2 0.0 15.9 221 16.1 402.6
1 FBM 15.8 23.7 36.6 35 54.8 15.4 6.0 11.8 244 19.8 41 14.6 14.7 17.6 0.5 12.6 12.1 15.7 303.8
1 CGM 58.7 16.7 445 94 150.0 19.8 9.4 235 100.0 9.9 15.2 41.7 62.3 38.2 0.0 238 38.6 29.9 691.5
2 KRM 27.2 24.7 58.8 4.3 72.7 24.8 9.1 25.4 40.2 331 145 25.0 22.8 24.0 24 25.2 26.9 27.1 488.3
2 BLM 71.1 29.2 94.6 8.8 85.2 38.6 36.5 7.5 103.8 78.4 12.1 66.6 35.9 50.9 0.0 49.0 31.3 72.7 872.1
2 PBM-2 50.3 49.2 78.2 12.2 116.3 52.7 16.2 35.6 62.6 59.0 20.6 35.7 435 50.6 2.0 395 328 44.0 801.0
2 LKM-2 16.7 49.4 48.9 7.1 103.3 21.0 11.8 16.5 29.2 21.5 31 17.7 19.2 23.7 0.1 174 19.0 175 443.0
2 SPC-1 27.8 375 78.6 7.9 1194 28.7 11.9 26.9 46.5 34.7 8.8 32.9 32.6 355 0.0 26.1 25.8 29.4 610.9
2 SPC-2 28.2 34.9 73.9 8.4 108.5 29.8 11.2 25.6 44.3 28.8 8.1 31.7 31.0 44.9 0.3 28.4 37.0 29.0 604.2
2 WH 8.9 8.1 15.8 3.8 53.3 10.5 4.3 6.2 135 7.6 3.2 9.4 16.9 10.8 0.4 7.0 7.6 9.1 196.3

¥ Raw material codes as per description in table 3.1.4.1.1.

*Aspartic acid + asparagine,
fGlutamic acid + glutamine,

ZAmino acid value includes only the amino acids listed in this table, including taurine.
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Table 3.1.4.1.4. Formulation and nutrient composition of the diets used in Experiment 1 (g kg* or MJ
kg? dry matter basis).

Experimental diet

FM-1| FM-2 | PBM-1| MM | LKM-1 | FBM | CGM

Reference mash 700 700 700 700 700 700 700

Fishmeal prime quality (FM-1) 300

Fishmeal reclaimed (FM-2) 300

Poultry by product meal - 1 (PBM-1) 300

Meat meal (MM) 300

Dehulled lupin kernel meal -1 (LKM-1) 300

Faba bean meal (FBM) 300

Corn gluten meal (CGM) 300

Nutrient composition

Nitrogen 96.9 95.8 95.8 88.4 85.9 81.2 | 96.6
Crude protein 605.9 | 598.6 598.6 552.6 537.2 | 507.7 | 603.7
Ash 1440 | 1475 135.2 206.9 99.3 98.9 | 94.5
Lipid 76.5 86.9 99.7 87.3 90.7 489 | 70.8
NFE 1736 | 167.1 166.6 153.2 2729 | 3445 | 230.9
Gross energy (MJ kg™?) 20.6 20.7 21.1 19.0 21.0 20.3 | 217
Amino acid composition (g kg™)

Alanine 36.8 35.7 35.2 33.6 27.3 27.8 | 40.7
Arginine 30.5 29.9 30.1 29.4 31.7 27.1 | 249
Aspartic acid (+ asparagine) 58.0 56.9 53.9 48.1 51.8 48.6 | 50.9
Cysteine 4.5 4.4 4.7 3.7 5.3 4.0 5.8

Glutamic acid (+ glutamine) 86.4 83.4 83.7 75.5 86.1 75.2 | 103.7
Glycine 38.9 38.0 43.1 47.1 30.7 299 | 31.2
Histidine 10.6 115 8.9 7.3 8.4 7.8 8.9

Isoleucine 21.5 21.1 19.3 16.1 17.9 16.6 | 20.1
Leucine 41.9 41.7 39.1 33.9 35.6 343 | 57.0
Lysine 41.9 40.2 36.4 324 314 320 | 291
Methionine 16.4 15.7 135 11.9 11.0 11.3 14.7
Phenylalanine 24.7 24.2 23.0 19.9 20.5 20.1 | 28.3
Proline 27.4 27.1 30.4 315 23.6 229 | 37.1
Serine 30.0 28.8 294 25.3 27.2 252 | 313
Taurine 14.7 13.6 135 12.7 125 12.7 125
Threonine 26.5 26.0 24.8 21.0 21.6 206 | 24.0
Tyrosine 21.1 20.6 19.6 16.4 20.0 17.0 | 249
Valine 28.5 28.2 26.6 23.2 22.8 227 | 27.0
> reported amino acids + taurine 560.2 | 547.0 535.7 | 488.9 485.4 | 455.8 | 572.1
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Table 3.1.4.1.5. Formulation and nutrient composition of the diets used in Experiment 2 (g kg* or MJ
kg? dry matter basis).

Experimental diet

KRM | BLM | PBM-2 | LKM-2 | SPC-1 | SPC-2 | WH
Reference mash 700 850 700 700 700 700
Krill meal (KRM) 300
Blood meal (BLM) 150
Poultry by product meal - 2 (PBM-2) 300
Dehulled lupin kernel meal - 2 (LKM-2) 300
Soybean protein concentrate - 1 (SPC-1) 300
Soybean protein concentrate - 2 (SPC-2) 300
Wheat flour (WH) 300
Nutrient composition
Nitrogen 90.2 | 101.6 | 1045 87.6 93.6 92.7 73.1
Crude protein 563.8 | 635.1 | 653.0 547.7 585.2 | 579.6 | 457.2
Ash 118.5 | 109.9 | 100.9 97.9 109.8 | 109.4 | 98.2
Lipid 135.5 | 69.1 100.1 81.3 61.2 59.2 69.0
NFE 182.2 | 185.9 | 145.9 273.1 243.8 | 251.7 | 375.6
Gross energy (MJ kg™?) 223 | 214 22.0 20.9 20.8 20.9 20.3
Amino acid composition (g kg™)
Alanine 31.2 | 38.7 38.2 28.1 314 315 25.7
Arginine 273 | 28.6 34.7 34.7 31.2 30.4 22.4
Aspartic acid (+ asparagine) 55.2 | 59.8 61.0 52.2 61.1 59.7 42.3
Cysteine 4.2 4.9 6.7 5.1 5.3 55 4.1
Glutamic acid (+ glutamine) 80.6 | 84.1 93.6 89.7 94.6 91.3 74.7
Glycine 32.7 | 365 41.1 31.6 33.9 34.2 28.4
Histidine 8.8 12.8 10.9 9.6 9.6 9.4 7.3
Isoleucine 20.7 17.0 23.7 18.0 21.1 20.7 14.9
Leucine 39.0 | 483 45.8 35.7 40.9 40.3 31.0
Lysine 36.0 | 434 43.8 325 36.5 34.7 28.4
Methionine 14.5 14.1 16.3 11.1 12.8 12.6 11.1
Phenylalanine 232 | 29.1 26.4 21.0 25.6 25.3 18.5
Proline 253 | 278 315 24.2 28.2 27.8 235
Serine 27.1 | 318 35.1 27.0 30.5 334 23.1
Taurine 13.3 | 15.2 131 125 125 12.6 12.6
Threonine 244 | 278 28.7 221 24.7 25.4 19.0
Tyrosine 214 | 20.9 23.2 191 21.1 245 15.6
Valine 26.1 | 32.8 31.2 23.3 26.8 26.7 20.8
> reported amino acids + taurine 511.1 | 573.6 | 605.0 497.6 547.9 | 545.9 | 4235
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Table 3.1.4.1.6. Apparent proximate digestibility coefficients (ADC) of the test diets used in
Experiment 1.

Test diet n | Coefficient '\?;S” SE 95% LCL | 95% UCL
REF-1 3 | Dry matter 42.1 3.8 25.7 58.5
3 | Protein 65.1 3.0 52.4 77.8
3 | Lipid 84.7 2.6 73.6 95.8
3 | Gross energy 56.8 4.0 39.7 73.9
FM-1 3 | Dry matter 46.4 1.7 39.2 53.5
3 | Protein 66.4 2.7 54.9 77.8
3 | Lipid 87.4 2.0 78.9 95.8
3 | Gross energy 62.2 1.9 54.1 70.2
FM-2 3 | Dry matter 42.6 1.4 36.4 48.8
3 | Protein 63.1 0.7 60.0 66.2
3 | Lipid 80.2 0.5 77.9 825
3 | Gross energy 60.0 1.8 52.2 67.8
PBM-1 3 | Dry matter 46.3 0.8 43.1 49.5
3 | Protein 65.6 0.8 62.3 68.8
3 | Lipid 82.1 0.9 78.2 86.0
3 | Gross energy 61.4 2.6 50.1 72.7
MM 3 | Dry matter 50.3 0.7 47.5 53.2
3 | Protein 68.8 35 53.9 83.6
3 | Lipid 74.7 0.5 724 77.0
3 | Gross energy 63.3 1.0 59.2 67.5
LKM-1 3 | Dry matter 49.0 29 36.5 61.6
3 | Protein 71.3 3.7 55.5 87.0
3 | Lipid 86.2 2.4 75.9 96.5
3 | Gross energy 63.0 34 48.5 77.4
FBM 3 | Dry matter 40.2 0.6 37.6 42.9
3 | Protein 72.9 2.0 64.5 81.4
3 | Lipid 81.4 1.6 74.6 88.1
3 | Gross energy 61.0 1.0 56.8 65.2
CGM 3 | Dry matter 31.7 29 19.3 44.2
3 | Protein 50.3 3.6 35.0 65.6
3 | Lipid 63.3 24 53.1 735
3 | Gross energy 39.7 25 28.8 50.5

150



Stone, D.A.J., Booth, M.A. and Clarke, S.M. (eds) (2019)

Kingfish for Profit (K4P) Report

Table 3.1.4.1.7. Apparent amino acid digestibility coefficients (ADC) of diets in Experiment 1.

Apparent amino acid digestibility coefficient of diet (%) Experiment 1

Diet Parameter ALA | ARG ASP CYS GLU GLY HIS 1ISO LEU LYS MET PHE PRO SER TAU THR TYR VAL Ave.

REF-1 Mean 70.8 76.1 54.8 32.0 74.2 66.0 55.3 68.1 70.8 70.8 73.9 67.9 67.2 65.7 76.5 62.8 68.3 63.3 65.8
SE 2.3 2.3 3.7 5.2 2.6 3.2 1.7 3.2 3.1 2.6 2.6 2.8 2.9 3.3 1.2 35 1.9 3.6

FM-1 Mean 73.5 77.6 55.4 28.0 74.4 66.7 51.6 66.1 71.7 70.4 75.9 69.4 66.5 64.8 73.6 63.6 67.1 63.4 65.5
SE 1.7 2.3 2.0 1.0 1.7 1.9 1.3 2.9 2.2 1.6 0.9 1.9 15 3.0 3.6 2.2 2.2 2.9

FM-2 Mean 67.7 70.9 54.2 46.3 72.5 61.4 49.8 64.1 67.4 65.4 75.9 65.6 61.6 55.8 72.4 58.6 59.5 61.3 62.8
SE 2.3 1.4 2.8 2.0 0.7 35 2.9 2.0 1.6 2.3 11 2.1 1.9 10.6 1.2 3.8 3.9 2.3

PBM-1 Mean 68.8 72.3 52.7 28.5 71.0 65.2 43.2 61.9 66.0 65.7 75.3 65.0 60.2 60.7 77.6 57.9 62.1 58.0 61.8
SE 0.6 1.8 1.7 1.6 0.9 1.0 2.3 1.3 15 0.4 0.7 0.7 11 0.5 0.8 11 0.5 1.6

MM Mean 75.2 79.9 62.9 29.0 77.3 70.3 56.3 71.7 74.2 74.9 81.1 73.9 67.7 71.9 81.6 69.2 74.0 67.9 69.9
SE 1.0 0.9 11 1.4 0.7 11 2.4 0.6 0.5 11 13 0.9 1.8 1.6 2.3 13 13 0.7

LKM-1 Mean 76.1 82.7 63.0 36.5 77.3 70.5 65.1 67.5 73.9 72.4 82.5 73.1 70.6 71.6 73.8 65.4 718 65.1 69.9
SE 3.0 2.8 43 6.1 2.7 3.8 35 49 3.8 3.3 2.0 35 2.9 3.9 1.0 4.4 4.2 5.0

FBM Mean 78.5 80.7 65.5 54.6 80.5 73.9 66.9 77.8 78.1 81.7 84.7 76.0 76.5 779 75.9 77.1 74.5 74.6 75.3
SE 2.0 2.1 3.2 55 1.9 3.0 3.6 2.3 2.0 2.3 1.8 1.8 2.1 2.2 4.7 25 1.9 2.6

CGM Mean 43.3 54.0 41.8 30.2 47.0 48.2 35.9 41.3 43.2 64.4 65.4 43.9 45.7 42.3 65.5 49.3 38.1 40.3 46.7
SE 1.8 2.2 1.8 3.8 2.6 1.3 41 2.1 2.7 0.8 1.6 2.2 1.9 17 41 1.6 22 22
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Table 3.1.4.1.8. Apparent proximate digestibility coefficients (ADC) of the test diets used in

Experiment 2.

Test diet n | Coefficient '\?;S” SE 95% LCL | 95% UCL
REF-2 3 | Dry matter 39.2 2.6 28.0 50.5
3 | Protein 58.7 3.1 45.2 72.2
3 | Lipid 81.6 15 75.3 87.8
3 | Gross energy 53.9 1.6 47.1 60.7
KRM 3 | Dry matter 46.2 2.1 37.3 55.1
3 | Protein 62.3 0.5 60.3 64.3
3 | Lipid 80.1 1.9 71.8 88.5
3 | Gross energy 59.3 1.2 54.2 64.3
BLM 3 | Dry matter 41.8 14 35.7 47.9
3 | Protein 56.8 11 52 61.6
3 | Lipid 80.6 0.7 77.6 83.6
3 | Gross energy 50.8 14 44.9 56.6
PBM-2 3 | Dry matter 46.5 1.3 41 51.9
3 | Protein 63.6 11 59 68.2
3 | Lipid 74.7 24 64.6 84.8
3 | Gross energy 58.3 15 51.7 65
LKM-2 3 | Dry matter 43.5 11 38.7 48.4
3 | Protein 68.3 2.1 59.4 77.3
3 | Lipid 84.8 15 78.5 91.1
3 | Gross energy 58 24 47.7 68.2
SPC-1 3 | Dry matter 32.2 0.9 28.3 36.1
3 | Protein 60 2.8 48 72
3 | Lipid 83.3 1.8 75.7 91
3 | Gross energy 48.6 0.9 44.5 52.6
SPC-2 3 | Dry matter 34.5 4 17.1 51.9
3 | Protein 54.6 2.7 42.8 66.4
3 | Lipid 76.5 4.5 57.2 95.8
3 | Gross energy 47.3 3.1 34 60.6
WH 3 | Dry matter 37.8 0.7 35 40.6
3 | Protein 65.2 1.2 60.1 70.3
3 | Lipid 73.9 2.3 64 83.7
3 | Gross energy 48.3 0.2 47.4 49.1
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Table 3.1.4.1.9. Apparent amino acid digestibility coefficients (ADC) of diets in Experiment 2.

Apparent amino acid digestibility coefficient of diet (%) Experiment 2

Diet Parameter ALA | ARG ASP CYS GLU GLY HIS I1ISO LEU LYS MET PHE PRO SER TAU THR TYR VAL Ave.

REF-2 Mean 70.7 73.4 52.9 25.4 71.8 68.2 51.2 67.1 68.4 70.0 70.9 66.3 66.4 67.0 77.6 62.9 72.6 62.6 64.7
SE 2.2 2.6 55 6.8 3.1 3.1 3.7 2.7 29 2.5 3.7 2.7 2.8 2.7 15 3.1 0.5 3.3

KRM Mean 70.1 71.2 58.1 20.2 73.0 66.9 50.1 65.2 70.5 74.5 73.1 68.8 70.8 66.5 74.0 64.1 70.9 63.8 65.1
SE 0.7 2.6 0.9 6.2 11 0.2 4.7 0.9 0.6 0.9 2.2 0.7 11 0.7 1.7 1.0 0.7 0.7

BLM Mean 59.1 71.2 495 21.0 67.5 63.4 30.5 67.4 57.4 63.4 68.8 55.1 63.4 59.7 74.0 56.7 66.4 49.8 58.0
SE 2.2 15 2.2 2.9 1.8 1.8 1.9 1.8 2.5 25 11 2.4 1.9 1.6 0.2 1.9 0.6 2.9

PBM-2 Mean 70.4 72.2 55.8 24.9 71.3 67.9 64.1 68.5 71.1 74.6 72.6 68.3 66.4 65.5 76.4 65.4 72.5 65.6 66.3
SE 15 0.6 2.4 2.2 0.3 0.9 2.5 15 1.4 1.0 11 2.0 11 24 0.6 2.2 2.6 1.7

LKM-2 Mean 78.4 84.6 67.8 49.1 81.3 75.9 66.3 75.3 79.0 81.5 83.1 77.1 76.9 76.1 83.0 74.3 81.0 73.8 75.8
SE 1.0 1.9 0.6 14 0.4 0.8 1.2 1.2 0.8 11 0.6 11 1.0 2.6 0.8 11 1.0 0.9

SPC-1 Mean 66.9 69.5 50.5 18.2 66.9 57.8 53.6 62.6 68.5 69.8 75.0 67.8 60.8 63.4 744 59.3 721 59.1 62.0
SE 11 2.1 1.8 53 1.6 11 3.0 1.6 11 2.2 15 13 1.2 15 1.0 1.6 13 14

SPC-2 Mean 65.6 70.3 56.5 259 68.2 61.1 51.9 62.4 67.3 64.5 64.5 66.2 64.0 64.9 73.4 58.5 70.6 59.1 61.9
SE 2.9 49 3.0 6.3 2.6 2.4 31 3.0 2.6 2.4 3.4 2.8 2.7 2.8 2.0 3.0 1.8 2.9

WH Mean 73.4 77.0 60.4 30.0 79.3 70.9 51.9 72.0 75.0 76.0 7.7 72.7 75.9 69.7 7.7 68.8 7.7 67.7 69.7
SE 0.3 1.2 0.3 0.8 0.3 0.2 57 0.4 0.4 0.9 0.9 0.4 0.4 0.9 15 0.5 0.7 0.4
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Table 3.1.4.1.10. Apparent proximate digestibility coefficients (ADC) of marine and land animal
protein and energy sources (raw materials).

Origin | n Raw Coefficient | Viean SE 95% LCL | 95% UCL
material (%)
Marine 3 FM-1 Dry matter ® 56.3 5.5 32.8 79.9
3 Protein 2 68.7 7.6 35.8 101.5
3 Lipid © 93.8 6.6 65.3 122.3
3 Gross energy ® 74.9 6.3 47.9 102.0
Marine 3 FM-2 Dry matter @ 43.8 4.8 23.2 64.5
3 Protein 59.3 2.1 50.2 68.5
3 Lipid ® 71.6 15 65.1 78.2
3 Gross energy 67.5 6.1 41.3 93.8
Marine 3 KRM Dry matter ® 62.3 6.9 32.7 92.0
3 Protein ° 70.4 15 63.8 77.0
3 Lipid " 78.9 3.7 63.1 94.7
3 Gross energy 69.8 34 55.2 84.4
Animal 3 PBM-1 Dry matter ® 56.2 2.6 45.0 67.3
3 Protein 66.5 2.2 56.9 76.1
3 Lipid " 77.9 2.4 67.7 88.1
3 Gross energy 72.0 8.6 35.0 109.0
Animal 3 PBM-2 Dry matter 2 63.3 4.2 45.2 81.4
3 Protein ¢ 713 2.8 59.3 83.2
3 Lipid 64.4 5.9 38.9 90.0
3 Gross energy 67.0 45 47.7 86.3
Animal 3 MM Dry matter ° 69.6 2.2 60.0 79.2
2 Protein ¢ 92.4 2.8 57.4 127.3
3 Lipid @ 52.2 1.7 44.8 59.6
3 Gross energy ® 835 4.0 66.3 100.8
Animal 2 BLM* Dry matter 2 65.4 2.6 32.4 98.4
3 Protein @ 50.6 4.8 29.9 713
0 Lipid na na na na
2 Gross energy ? 43.0 3.3 11 84.9

Different superscript letters associated with each coefficient category indicate means are significantly different (ANOVA,;

Tukeys Test; P < 0.05). Lipid ADC for BLM not compared statistically.

Note: one replicate dry matter ADC value of 37.8% and one replicate gross energy ADC value of 18.3% excluded from the

BLM group. One replicate protein ADC value of 52.8% excluded from the MM group.
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Table 3.1.4.1.11. Apparent proximate digestibility coefficients (ADC) of plant based protein and
energy protein sources (raw materials).

Origin n Raw | - etficient Mean SE 95% LCL | 95% UCL
material (%)
Legume 3 FBM Dry matter 3¢ 35.9 1.9 27.6 44.1
3 Protein ° 103.5 9.7 61.7 145.3
2 Lipid ® 70.6 4.9 8.3 132.9
3 Gross energy © 717 35 56.6 86.9
Legume 3 LKM-1 Dry matter ° 65.3 9.7 23.5 107.1
3 Protein ® 90.0 14.8 26.2 153.7
3 Lipid ® 88.9 6.7 59.9 117.8
3 Gross energy © 76.9 10.9 30.1 123.6
Legume 3 LKM-2 Dry matter > 534 3.8 37.1 69.8
3 Protein ° 101.3 9.2 61.9 140.8
3 Lipid ® 93.1 5.1 70.9 115.2
3 Gross energy ™ 67.4 7.9 335 101.2
Oilseed 3 SPC-1 Dry matter @ 15.8 3.0 2.8 28.8
3 Protein ® 62.5 8.4 26.5 98.5
0 Lipid na na na na
3 Gross energy ® 355 3.2 21.9 49.1
Oilseed 3 SPC-2 Dry matter ® 23.3 135 -34.7 81.4
3 Protein 2 45.3 9.0 6.6 83.9
0 Lipid na na na na
3 Gross energy 2 31.7 10.5 -13.6 76.9
Gluten 1 CGM Dry matter 26.8 na na na
2 Protein 314 7.8 -67.7 130.5
0 Lipid na na na na
1 Gross energy 194 na na na
Cereal 3 WH Dry matter 3¢ 34.4 2.3 24.7 44.1
3 Protein ® 104.7 8.3 69.2 140.2
2 Lipid 2 44.0 12.1 -109.7 197.7
3 Gross energy ® 34.0 0.8 30.6 373

Different superscript letters associated with each coefficient category indicate means are significantly different (ANOVA,
Tukeys Test; P < 0.05). Lipid ADCs for SPC-1, SPC-2 and CGM not compared statistically.

Note: one replicate lipid ADC value of 34.7% excluded from the FBM group. Two replicate dry matter ADC values (-0.07%
and -3.4%), one replicate protein ADC value (3.5%) and two replicate gross energy ADC values (-3.6% and -4.0%) excluded
from the CGM group. One replicate lipid ADC value of 3.0% excluded from the WH group. Please note that data on CGM
was not analysed statistically.
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Table 3.1.4.1.12. Apparent amino acid digestibility coefficients (ADC) of marine and land animal protein and energy sources (raw materials).

Apparent amino acid digestibility coefficient of raw materials (%)

Origin S]Z\;V Param. ALA | ARG ASP CYS GLU GLY HIS 1SO LEU LYS MET PHE PRO SER TAU THR TYR VAL Ave.
Marine FM-1 Mean 78.4 82.6 58.4 27.2 77.6 65.9 49.7 63.8 75.8 70.5 80.2 73.5 65.9 61.7 63.7 64.9 61.9 64.0 65.9
SE 4.7 6.2 5.9 2.0 5.7 5.9 2.6 7.4 6.6 4.3 2.0 53 4.5 8.8 14.0 5.8 5.6 7.9
LCL 58.1 56.2 33.1 18.6 53.1 40.7 38.4 32.0 47.5 52.1 717 50.8 46.4 23.7 3.5 39.9 37.6 30.0
UCL 98.7 109.1 83.6 35.7 102.1 91.1 61.0 95.7 104.0 88.8 88.6 96.2 85.5 99.7 123.9 89.9 86.2 98.0
Marine FM-2 Mean 61.5 63.9 55.0 65.6 71.4 48.8 46.5 58.6 63.0 56.3 80.6 62.8 50.9 66.7 52.7 51.1 41.7 58.2 58.6
SE 6.9 3.9 8.5 4.1 24 11.2 5.6 53 4.8 6.5 2.7 6.1 5.9 0.3 6.2 10.4 10.3 6.5
LCL 32.0 47.2 18.3 48.0 60.9 0.5 22.3 35.7 425 28.4 69.1 36.7 25.5 65.5 25.9 6.3 -2.6 30.4
UCL 91.1 80.6 91.8 83.2 81.9 97.2 70.7 81.4 83.4 84.3 92.0 88.9 76.2 67.8 79.5 95.9 86.0 86.0
Marine KRM Mean 68.0 62.9 67.6 10.1 73.0 66.2 45.1 61.1 72.6 84.7 74.2 72.4 81.0 67.0 58.9 66.7 71.6 65.4 64.9
SE 2.6 8.6 2.8 13.5 4.2 1.0 12.4 2.4 2.0 3.2 5.7 2.2 3.8 2.5 10.2 3.0 1.7 2.2
LCL 56.8 25.9 55.6 -48.1 54.8 61.8 -8.1 50.9 63.9 71.1 49.7 62.8 64.7 56.4 15.0 54.0 64.2 55.8
UCL 79.2 99.9 79.6 68.2 91.1 70.6 98.3 71.3 81.2 98.3 98.7 82.0 97.3 77.6 102.7 79.4 79.0 75.1
Animal PBM-1 Mean 64.6 68.1 50 28.3 65.8 62.2 27.5 50.4 57.5 54.6 81.1 60.4 50.1 49.3 80 48 46.7 47.7 55.1
SE 2 51 5.9 3.2 3.2 2.6 6.0 4.0 4.9 15 2.2 2.2 2.7 15 4.2 3.3 1.5 4.9
LCL 56.1 46.2 24.6 14.6 52.1 50.8 1.9 33.3 36.5 48.2 71.8 51.0 38.4 42.8 62.0 34 40.2 26.5
UCL 73.1 89.9 75.4 42 79.4 73.5 53.1 67.6 78.5 60.9 90.3 69.8 61.7 55.7 98.0 62.1 53.2 69
Animal PBM-2 Mean 69.6 69 59.2 22.7 68.2 69.3 75.4 69.6 73.6 80.7 72.9 70.2 65.8 64.5 72.7 69.1 75.1 69.2 67.6
SE 4.1 1.4 6.5 3.5 0.8 2.4 5.1 3.4 3.6 2.5 2.5 5.0 2.7 5.6 3.6 5.2 5.9 4.1
LCL 52.1 63.1 31 7.6 64.8 58.9 53.3 55.1 58.1 69.9 62.2 48.5 54.3 40.3 57.2 46.7 49.7 51.7
UCL 87.1 74.9 87.3 37.7 71.6 79.7 97.5 84.1 89.1 91.4 83.7 91.9 77.4 88.6 88.3 91.5 100.6 86.7
Animal MM Mean 85.3 89.6 95.8 29.5 93.7 74.6 64.3 86.1 92.3 91.4 108.3 97 69.1 90.4 114.3 91.4 85.6 83.7 85.7
SE 3.4 2.6 5.1 3.6 3.5 2.5 8.4 2.8 2.6 5.4 5.3 3.9 4.3 6.9 19.0 59 5.5 3.0
LCL 70.9 78.2 73.8 14.2 78.6 63.9 28.3 74.2 81.1 68.3 85.7 80 50.8 60.7 32.5 66.1 62.1 71
UCL 99.8 1009 | 1177 44.8 108.8 85.3 100.2 98 103.4 | 1146 131 113.9 87.4 120.2 | 196.1 | 116.6 109 96.4
Animal BLM Mean 24.8 53.6 34.3 6.9 33.7 415 2.0 64.8 28.8 44.4 52.5 30.1 49.4 38.3 12.1 39.7 53.4 21.6 35.1
SE 8.7 9.1 9.9 8.4 12.6 12 4.2 21.2 8.4 9.4 5.9 7.5 9.8 6.6 3.2 7.2 2.6 9
LCL -12.5 14.6 -8.4 -29.1 -20.5 -10.3 -16.2 -26.5 -7.5 4.1 26.9 -2.2 7.4 9.8 -1.5 8.5 42.4 -17
UCL 62 92.7 76.9 42.8 87.9 93.3 20.2 156.2 65.1 84.6 78.1 62.4 91.4 66.8 25.7 70.9 64.4 60.1
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Table 3.1.4.1.13. Apparent amino acid digestibility coefficients (ADC) of plant protein and energy sources (raw materials).

Kingfish for Profit (K4P) Report

Apparent amino acid digestibility coefficient of raw materials (%0)

Origin 5]:\:/ Param. ALA | ARG ASP CYS GLU GLY HIS 1SO LEU LYS MET PHE PRO SER TAU THR TYR VAL Ave.
Legume FBM Mean 113.9 95.2 106.2 88.4 109.5 | 1104 95.8 109.7 | 109.8 | 125.7 | 131.7 | 105.2 | 112.2 | 116.5 67.6 129.7 86.1 1144 | 107.1
SE 11.2 7.1 14.1 12.6 9.4 18.7 114 9.7 9.2 11.3 8.6 7.7 9.8 9.4 39.6 11.6 75 11.3
LCL 65.7 64.6 455 34.0 69.2 30.0 47.0 68.1 70.3 76.9 94.8 72.2 69.9 75.9 -103 79.6 53.7 65.6
UCL 162.1 | 1259 | 166.9 | 142.7 | 149.8 | 190.8 | 144.7 | 151.2 | 1493 | 1744 | 168.7 | 138.2 | 1545 157 238.1 | 179.8 | 1185 | 163.1
LKM-1 | Mean 102.8 95.2 88 42.9 87.7 86.6 86.3 67.2 87.9 80.9 127.7 91.3 82.8 85.1 47.1 73 74.1 72.2 82.2
SE 18.2 7.1 16 11.1 9.3 21.6 9.6 17.1 15.8 17.5 10.7 14.3 12.2 14.1 9.2 17.9 11.7 21.8
LCL 24.4 64.8 19 -4.8 47.7 -6.4 44.8 -6.6 19.7 5.8 81.4 29.7 30.3 24.6 7.7 -4.0 23.7 -21.8
UCL 181.2 | 125.7 157 90.5 127.7 | 179.6 | 127.8 | 140.9 156 156 1739 | 1529 | 1353 | 145.6 86.6 150 1246 | 166.1
LKM-2 | Mean 111.6 97 105.1 66.8 98.7 112.4 83.6 94 108.8 | 1216 | 1295 | 1051 | 106.8 | 101.6 131 107.1 | 102.1 108 105.0
SE 54 4.2 2.2 2.7 11 3.9 2.7 4.3 3.2 5.2 3.4 4.1 3.8 9.6 7.3 4.2 2.9 3.9
LCL 88.6 78.9 95.8 55.3 93.9 95.6 71.8 75.6 94.9 99.2 115 87.5 90.2 60.5 99.5 88.8 89.5 91.2
UCL 1347 | 1151 | 1145 78.2 1035 | 129.2 95.4 1124 | 122.7 | 1441 144 122.7 | 1233 | 1427 | 162.6 | 1253 | 1147 | 1249
Oilseed SPC-1 Mean 55.7 60.9 44.9 9.6 55.8 28.5 54.1 54.7 66.2 68.4 81.1 68.9 49.6 58 53 52.2 74.6 51.4 54.9
SE 4.2 5.6 4.8 9.6 4.4 4.7 7.0 4.1 3.4 7.5 5.0 3.6 3.5 4.1 9.5 4.9 3.3 4.3
LCL 37.7 36.7 24.5 -31.7 36.7 8.2 23.7 36.9 51.7 36.3 59.4 53.5 34.6 40.3 12.1 31 60.6 33
UCL 73.8 85 65.4 50.9 74.8 48.7 84.4 72.5 80.6 100.5 | 102.8 84.2 64.6 75.8 94 73.4 88.6 69.8
SPC-2 Mean 51.1 62.6 61.4 23.7 58.6 43.1 50 53.7 62.4 47.9 44.5 64.7 58.4 62.6 45.5 50.5 70.8 51.1 53.5
SE 10.9 13.4 8.4 11.2 7.9 9.6 7.4 8.1 8.2 9.1 11.8 7.4 7.9 7.0 16.9 8.6 3.7 8.7
LCL 4.1 4.9 25.2 -24.6 24.7 1.7 18.1 19 27.3 8.7 -6.2 32.8 24.5 32.5 -27.1 13.4 54.7 13.7
UCL 98.1 120.2 97.5 71.9 92.5 84.4 81.9 88.4 97.6 87.1 95.2 96.7 92.4 92.8 118.1 87.6 86.9 88.4
Gluten CGM* Mean 3.6 -14.0 6.6 31.3 8.9 -334 8.5 -5.9 16.7 24.7 54.3 13.2 24 11 -30.8 19.5 3 -4.8 7.0
SE 4.5 9.3 7.0 6.6 6.5 6.9 10.5 6.0 5.4 6.4 4.2 52 3.9 4.7 38.3 5.0 4.5 6.5
LCL -15.7 -54.2 -23.7 3.0 -18.9 -63.2 -36.8 -31.7 -6.7 -2.9 36.1 -9.0 7.0 -19.0 -195 -1.9 -16.4 -32.7
UCL 23.0 26.2 36.8 59.6 36.6 -3.7 53.8 19.9 40.1 52.2 72.4 35.4 41 21.2 134.1 41 22.5 23.2
Cereal WH Mean 92.3 89.8 107.5 31.7 104.2 97.9 48.4 93.6 108 121.4 | 100.6 98.3 106 86.3 82.4 101.9 107 92.3 92.8
SE 2.8 8.1 2.7 1.7 1.4 1.3 20.3 2.4 2.5 7.9 4.8 2.1 1.7 5.2 12.5 3.3 3.4 2.6
LCL 80.2 55.1 95.8 24.2 98.4 92.1 -39.0 83.2 97.2 87.5 80.1 89.3 98.6 63.8 28.7 87.8 92.4 81
UCL 104.3 | 1246 | 119.2 39.2 110.1 | 103.7 | 1358 | 103.9 | 1187 | 1553 | 121.1 | 107.3 | 1134 | 108.8 | 136.1 | 1159 | 121.6 | 103.6

*Data on CGM was not analysed statistically.
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Figure 3.1.4.1.1. Relationships between protein ADCs and average amino acid ADCs of raw materials; left figure describes the linear relationship between marine
and land animal sources (average AA ADC = 1.1321 x protein ADC -15.2199; R2= 0.80; n = 20) and right figure describes relationship between plant sources
(average AA ADC = 1.0022 x protein ADC -4.1565; R?= 0.88; n = 20).
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Figure 3.1.4.1.2. Dendrogram indicating the similarity between the overall digestibilities of raw
materials as based on three variables; dry matter, protein and lipid ADCs.
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Abstract

There are no published studies quantifying the choline requirements of Yellowtail Kingfish (Seriola
lalandi; YTK). Therefore, the first aim of this study was to determine the digestible choline requirement
of juvenile YTK in the presence of 2-amino-2methyl-1-propanol (AMP), an inhibitor of choline
biosynthesis. The second aim was to determine if choline supplementation of a commercial-like diet
made from common raw materials is necessary to mitigate the performance of YTK and if the choline
supplementation rate is affected by water temperature. Two eight-week experiments were done. The
first was a dose-response experiment in which juvenile YTK (mean + SD = 156.3 + 15.3 g) were reared
at 16 °C and fed five isonitrogenous - isoenergetic diets containing 3 g AMP kg diet and either 0.42
(Diet-1), 1.10 (Diet-2), 1.37 (Diet-3), 2.96 (Diet-4) or 6.05 g digestible choline kg* diet (Diet-5); diets
were made from semi-purified ingredients and additional choline was supplied as choline chloride (CC;
commercial grade 70%). A sixth diet (Diet-6), comparable to Diet-4, was made without AMP in order
to estimate the de-novo synthesis of choline by YTK. The second study was a factorial experiment in
which juvenile YTK (157.3 + 11.9 g) were reared at 16 °C or 24 °C and fed a commercial-like diet
supplemented with zero, 3.0 or 6.0 g of CC kg™. This resulted in three diets with an average digestible
choline concentration of 1.77, 3.54 and 4.66 g kg* diet, respectively. Based on a segmental-linear-
regression model the results from Experiment 1 indicated the break-point in choline deposition rate
occurred when digestible choline intake reached 27.3 mg kg BW day™. The break-point in specific
growth rate (SGR) occurred when digestible choline intake reached 26.1 mg kg BW* day*. On a dietary
basis the breakpoint in choline deposition rate and SGR occurred when diets provided 1.94 and 1.93 g
digestible choline kg diet, respectively. The de novo rate of choline synthesis was estimated to be 4.2
mg choline kgBW-! d* which is about 15% of the estimated req