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A series of experiments were conducted to develop least cost feed
formulations for red claw crayfish Cherax quadricarinatus broodstock based
on the gonad, egg protein and essential amino acids content . All diets were
developed using least cost feedstuffs and a linear interactive and discrete

optimiser software (LINDO).

Prior to e valuation of different formulated diets, the protein and a mino acid
contents of red claw crayfish broodstock tissues, eggs and newly hatched
juvenile under a culture condition were analysed. Increases in ovarian and
embryonic proteins content from 10.48 to 65.29 % were observed with the
maturation stages of red claw crayfish C. quadricarinatus. These results
emphasized the critical role of protein as a main structural component in

maturation. However, amino acid compositions of gonad and embryonic



v
tissue of C. quadricarinatus were generally remained constent with the

possible exception of histidine.

A comparative study on performance of five dietary protein levels (30-50%) on
red claw crayfish was carried out. Based on spawning rate, fecundity,
hatchability and egg size, a range of 40-45% crude protein a‘nd 16.72 kJ g™
(400 kcal 100 g') energy were the best/optimal for red claw crayfish
broodstock. Eessential amino acids index (EAALI) of all test diets (developed
based on available least cost ingredients for red claw crayfish broodstock)
were within the best range (O..960-O.996) recommended for crustaceans.
Therefore, all test diets were best in terms of protein and essential amino
acids sources. In term of biocht.emical composition, an increase in dietary
protein |evel was also increased the protein contentin eggs and muscle. A

positive relationship between dietary protein level and protein contents of eggs

and muscle of red claw broodstock was found.

A following study later showed that a diet providing 40% protein and 16.72
kdg (400 kcal 100 g™') energy or 45% protein and 14.65 -16.72 kJ g™ (350-
400 Kcal 100 ¢') energy could support a higher eggs production and
hatchability in red claw broodstock. In this study, at a constant dietary protein
level, broodstock performance increased with an increase in dietary energy
level. Whereas, feeding red claw crayfish broodstock with.lower energy diets
resulted in a noticeable reduction in spawning rate and a delay of 2-3 weeks
in the time of onset of spawning. The extremely low perfokménce of red claw
crayfish broodstock fed with low dietary energy content suggested the

important role of energy in its reproduction and metabolism.
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This study also demonstrated that different protein-energy ratio diets
developed based on least cost ingredients were highly digestible for red claw
crayfish broodstock. This results indicated that protein digestibility
coefficients obtained for all formulated diets using external marker (Cr,O3)
and internal markers (crude fibre and ash) were very similar to one-another.
This suggested that crude fibre and ash ratio techniques alongside of Cr,0;
as a standard marker can also be used as reliable digestibility markers in red

claw crayfish nutrition study.
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Satu siri eksperimen telah dijalankan untuk menghasilkan rumusan makanan
berkos rendah berdasarkan protein gonad, telur dan kandungan asid amino
perlu pada induk udang Cherax quadricarinatus. Semua makanan dihasil
menggunakan bahan-bahan kos rendah dan dirumus dengan perisian

interaktif linear dan pengoptima diskrit (LINDO).

Sebelum menilai rumusan diet yang berlainan, satu kajian telah dijalankan ke
atas kandungan protein dan asid amino bagi tisu induk udang, telur dan
juwana yang baru menetas semasa pengkulturan. Satu peningkatan di dalam
kandungan protein ovari dan embrio dari 10.48 kepada 65.29 % didapati
dengan peningkatan peringkat kematangan induk udang C. quadricarinatus.
Keputusan ini menekankan peranan protein sebagai .s;atu komponen

- struktural di dalam kematangan. Walaubagaimanapun komposisi asid amino
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pada gonad dan tisu embrio C. quadricarinatus secara amnya adalah sama

kecuali asid amino histidina.

Satu kajian bandingan ke atas prestasi lima peringkat (30-50%) protein diet
berkos rendah telah dijalankan. Berdasarkan kadar pembialfan, fekunditi,
penetasan dan saiz telur, satu julat 40-45% protein kasar dan 16.72 kJ g™
(400 kcal 100g’') tenaga telah didapati sebagai julat optima di dalam
perumusan diet b erkos rendah untuk induk udang. Indek asid amino perlu
(EAAI) dalam semuadiet berdasarkan kepada bahan-bahan berkos rendah
yang ada untuk induk udang berada di dalam julat yang terbaik (0.960-0.996)
yang dicadangkan untuk krustasea. Oleh itu, diet yang dirumus adalah
terbaik dari segi sumber protein dan asid amino perlu. Dari segi komposisi
biokimia, secara amnya, peningkatan takat protein dalam akan diet
meningkatkan kandungan protein dalam telur dan otot. Terdapat hubungan
positif di antara kendungsan dalam diet dan kandungan p rotein telur serta

otot induk udang.

Kajian turut menunjukkan bahawa diet yang mengandungi 40% protein dan
16.72 kJ g"' (400 kcal 100g™") tenaga atau 45% protein dan 14.62 -16.72 kJ
g' (350400 Kcal 100g™") tenaga boleh membantu pengeluaran telur dan
penetasan yang lebih tinggi oleh induk udang. dalam kajian ini, pada takat
protein diet yang tetap, prestasi induk turut meningkat dengan meningkatnya
takat tenaga dalam diet. Pemberian makanan dengan diet bgrtenéga rendah
kepada induk udang menghasilkan penurunan kadar pembiakan dan
melambatkan permulaan pembiakan selama 2-3 minggu. Prestasi rendah

oleh induk udang yang diberi makan diet dengan kandungan tenaga rendah
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telah menunjukkan penting tenaga di dalam pembiakan dan

metabolismenya.

Kajian ini juga menunjukkan nisbah tenaga p rotein yang berbeza di dalam
diet yang dirumuskan dari bahan-bahan berkos rendah adalah §angat mudah
dihadamkan oleh induk udang. Kajian seterusnya juga menunjukkan bahawa
koefisien kadar penghadaman untuk semua diet yang dirumus dengan
menggunakan penanda luar (CrO3) dan penanda dalaman (gentian kasar
dan abu) adalah sama (P>0.05). Keputusan ini mencadangkan di samping
Cr.03 sebagai penanda piawai, teknik nisbah gentian kasar dan abu turut
boleh digunakan sebagai penarida penghadaman untuk kajian makanan

udang.



ACKNOWLEDGEMENTS

Firstof all, I would like to express my deepest gratitude, a ppreciation and
thanks to Dr. Che Roos Saad, chairman of my supervisory committee, for his
kind supervision, assistance and encouragement during the ‘period of my
doctoral studies. | am also deeply indebted to him for provision of the
necessary funding, laboratory and hatchery facilities and the friendly
environment during my study. My sincere thanks are also extended to Assoc.
Prof. Dr. Abd. Razak Alimon whose assistance and support were essential

factors in commencement and completion of my Ph.D. degree.

| would also like to thank Assoc. Prof. Dr. Mohd. Salleh Kamarudin who
provided me with an ample opportunity to explore research ideas in his well-
equipped laboratory. | am also gratefully acknowledging his critical reading
and suggestions of my Ph.D. thesis. | gratefully acknowledge constructive
advice of my co-supervisor Dr. Hishamuddin Omar. Staff of Faculty of
Agriculture and Institute of Bioscience at Universiti Putra Malaysia receive my

appreciation for their support during my studies in Malaysia as well.

| would also like to express my sincerest appreciation and thanks to:

e Mr. Ismail from Food Analysis Laboratory of Malaysian Veterinary
Department, Petaling Jaya, Kuala Lumpur who sincerely trained and

helped me in amino acids analysis;

e The staff of Aquatic Resources Technology Laboratory, Faculty of
Agriculture, UPM especially Mr. Jasni for their valuable assistance;



Dr. Paymon Roustaian, Dr. Hamid Rezai and Dr. Farshad Shishechian for

their pure friendship and support;

My lab mates in Aquatic Biotechnology Laboratory, Dr. Annie Christianus,
Mannuel, Emil, Dr. Reza Rafiee and Carina for their sincere friendship

and assistance during the conduct of this study;

My mother and my father for their love, understanding, support, principle

guide and encouragement ;

My sister Yasmin for her. everyday moral and spiritual support,
encouragement, guidance and her concemn during my study; Mr. Kambiz
Shamsi for his critical review of my thesis and his editorial assistance, my
only brother Alireza for his kind and lovly support

My husband, Dr. Samad, for his support and encouragements. It was with
his company which enabled me to overcome every obstacle in the way of

my study;

And above all, to the GOD almighty for making this study possible.



TABLE OF CONTENT

DEDICATION

ABSTRACT

ABSTRAK
ACKNOWLEDGEMENTS
APPROVAL
DECLARATION

LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS

CHAPTER

| INTRODUCTION
The Background of Study
Statement of Problem
The Significance of Study
Objectives

i LITERATURE REVIEW

The Biology, Culture and Nutrition of Red Claw Crayfish Cherax
quadricarinatus

Taxonomy

Distribution

Ecology

Reproduction

Hatchery

Egg Incubation

Morphology of Eggs

Fecundity

Water Quality for Red Claw Crayfish

Nutrition of Crayfish

Natural Food
Formulated Food

The Role of Protein Compounds in Crustaceans
The Role of Protein Compounds in Crustacean’s Broodstock
The Role of Protein Compounds in Fish Broodstock
Least Cost Feed Formulation
Digestion

ni GENERAL METHODOLOGY
Location of Study
Experimental Crayfish
Fibreglass Experimental Tank
Biological Filter
Least Cost Feed Formulations
Food Preparation

Xiv

page

iii
Vi

Xi
Xiii
XVii
XX
XXi

NAAW-a -

(o)

10
10
1
12
13
14
14
15
16
16
17
18
20
22
24
26

30
30
30
31
31
31
35



Vi

Xv

Crude Protein 35

Lipids 36
Moisture Determination 37
Crude Fibre 37
Ash Determination 38
Gross Energy Determination 39
Amino Acid Analysis 40
Preparation of Glassware 40
Determination of Amino Acid 40
Acid Hydrolysis 41
Performic Acid Oxidation 41
Alkaline Hydrolysis 42
Start up and operation 42
Chromic Oxide 43
Water Quality Monitoring 43
Statistical Analyses 44

PROTEIN AND AMINO ACID CONTENTS OF BROODSTOCK TISSUES,
EGGS AND NEWLY HATCHED JUVENILE OF CULTURED RED CLAW

CRAYFISH, CHERAX QUADRICARINATUS 45
Introduction . 45
Materials and Methods 46
Results 47
Discussion 53
Conclusion 56

EFFECTS OF DIETARY PROTEIN LEVEL ON SPAWNING
PERFORMANCE AND EGG PROTEIN COMPOSITION OF RED CLAW

CRAYFISH CHERAX QUADRICARINATUS BROODSTOCK 57
Introduction 57
Materials and Methods 59
Test Diets 59
Experimental Animals 61
Experimental Tanks 61
Experimental Procedure 61
Water Quality 62
Chemical Analysis 63
Evaluation 63
Statistical Analysis 64
Results 64
Discussion 76
Conclusion 82

EFFECTS OF DIETARY PROTEIN ENERGY RATIO ON
REPRODUCTION PERFORMANCE AND BIOCHEMICAL
COMPOSITION OF EGGS OF RED CLAW CRAYFISH CHERAX

QUADRICARINATUS BROODSTOCK ' 83
Introduction 83
Materials and Methods 85

Diets 85

Experimental Animals 89



XVi

Experimental Tanks 89

Experimental Procedure 89
Water Quality 90
Chemical Analyses 90
Feed Evaluation 91
Statistical Analysis 91
Results 92
Discussion 103
Conclusion 108

VIl APPARENT NUTRIENT DIGESTIBILITY OF LEAST COST DIETS BY
AUSTRALIAN RED CLAW CRAYFISH, CHERAX QUADRICARINATUS

USING INTERNAL AND EXTERNAL MARKERS 109
Introduction 109
Materials and Methods 111
Experimental Diet 111

Fibreglass Experimental Tanks 112
Experimental Animals 112

General Design 112

Biochemical Analysis and Calculation 113

Chromic Oxide : 114

Statistical Analyses 115

Results 115
Discussion 126
Conclusion 131

VIl GENERAL DISCUSSION 132
REFFRENCES 137
APPENDICES 160

BIODATA OF THE AUTHOR 170



Xvii
LIST OF TABLES

Table page

4.1: Protein contents of gonad of C. quadricarinatus at different ovarian
stages 48

4.2: Morphological charecteristics and percentage of protein for various
stages of C. quadricarinatus embryonic development. 49

4.3: The amino acid compositions of gonad, egg and newly hatched juvenile
of red claw crayfish (¢ 100 g™' sample) 50

4.4: Essential amino acid (A/E) ratios of gonad, egg and newly hatched
juvenile of red claw crayfish C. quadricarinatus. 52

5.1: Composition and proximate composition of the experimental diets for red
claw crayfish C. quadricarinatus (g 100 g') expressed in percent dry
weight and cost of the diets 60

5.2: Essential amino acid (EAA) composition of different diets (g 100g™ feed)
expressed in dry weight 66

5.3: Effect of different protein level on fecundity, hatchability, spawning and
egg quality of crayfish broodstock C. quadricarinatus 67

5.4: Results of multiple regression analysis between spawning rate,
fecundity, egg size and hatchability of red claw broodstock (Dependent
variables) and dietary nutritional factors. 69

5.5: Biochemical composition of egg, gonad and muscle of red claw crayfish
C. quadricarinatus fed with different protein level diets 72

5.6: EAA composition of egg (g 100 g sample) with different protein levels
diets 73

5.7: EAA composition of larvae (g 100 g' sample) of red claw crayfish
broodstock fed on diet with different protein levels 74

5.8: EAA composition of muscle (g 100 g sample) of red claw crayfish
broodstock fed on diet with different protein levels 75



XViii

6.1: Composition and proximate composition of the experimental diets for red
claw crayfish C. quadricarinatus (g 100 g'') expressec in percent dry

weight and cost of the diets 86
6.2: Essential amino acid (EAA) composition of different diets (g 100 g™ feed)
expressed in dry weight 88

6.3: Effect of different protein (energy) level on fecundity, hatchability,
spawning and egg quality of crayfish broodstock C. quadricarinatus 93

<

6.4: Results of two-way ANOVA and mean multicomparisons (Tukey test)
that were performed to calculate the effects of experimental diets
variables by protein and energy level on red claw crayfish b roodstock
performance 94

6.5. Results of multiple regression analysis between spawning rate,
fecundity, egg size and hatchability of red claw broodstock (Dependent
variables) and dietary nutritional factors 96

6.6: Biochemical composition of egg, gonad and muscle of red claw crayfish
C. quadricarinatus fed with different protein (energy) level diets 97

6.7: EAA composition of eggs (g 100 g sample) with different protein
(energy) level diets 98

6.8: EAA composition of Larvae (g 100 g'1 sample) with different protein
(energy) level diets 99

6.9: EAA composition of muscle (g 100 g™ sample) with different protein
(energy) level diets 100

6.10: Results of two-way ANOVA and mean multicomparisons (Tukey test)
that were performed to 101

7.1: Composition and proximate composition of the experimental diets in red
claw crayfish C. quadricarinatus (g 100 g") expressed in percent dry
weight 118

7.2: Composition and proximate composition of the experimental diets for red
claw crayfish C. quadricarinatus (g 100 g"') expressed in percent dry
weight, which used in experiment trail 2 . 119

7.3: Proximate composition of red claw crayfish faeces fed with different
protein (energy) level diets 120

7.4: Protein digestibility coefficients (+SE) of different diets using different
external and internal markers 121



7.5:

7.6:

7.7:

7.8:

XiX

Comparative protein digestibility coefficients (+SE) in different dietary
protein (energy) level using several digestibility markers 121

Lipid digestibility coefficients (+SE) using different external and internal
markers 122
Energy digestibility coefficients (+SE) using different external and

internal markers. 122

[

Results of two-way ANOVA that were performed to calculate the
interaction effect of dietary protein and energy content on digestibility of
dietary protein, lipid and digestible energy in red claw crayfish
broodstock using different external and internal marker 125



XX

LIST OF FIGURES

Figure page
4.1:Protein content of various stages of gonads and embryo 49

5.1:Relationship between dietary protein level and a) egg protein content, b)
gonad protein content and ¢) muscle protein content 70

[

7.1:Relationship between dietary fibre content and &) Protein digestibility
coefficient b) Lipid digestibility coefficient and c) Energy digestibility
coefficient 123

7.2:Relationship between a) Dietary energy content and Energy digestibility
coefficient b) Dietary lipid content and lipid digestibility coefficient 124



AABA
AND
ANOVA
AOAC
AQB
Arg
BHT
BM
BW
CAP
CF
CH3OH
CMC
CoP
COoT
CcP
DE
DMD
DMRT
DO
DP
DW
EAA

EAAI

LIST OF ABBREVIATIONS

L-a-Amino—rj—Butric Acid
Apparent Nutrient Digestibility
Analysis of Variance
Association of Official Analytical Chemist
Aquabind

Arginine

Butylated hydroxy toluene
Bone meal

Body weight

Calcium Propionate

Crude fbre

Methanol

Carboxy methy! a cellulose
Copra meal

Cottonseed meal

Crude protein

Digestible energy

Dry Matter Digestibility
Duncan Multiple Range Test
Dissolved oxygen

Digestible protein

Dry weight

Essential amino acid

Essential amino acid index

XXi



FM

ha
HCL
His
lleu
Kcal
Leu
LINDO
LV
Lys
pm
Meth
MN
MT

N
NaOH
NRC
P/E
P: E ratio
P30
Phe
PO
pPpm
RB
RM

SAS

Fish meal
hectare
Hydrochloric acid
Histidine

Iso leucine

Kilo calorie

lLeucine

Linear interactive and discrete optimiser

Lipovitellin

Lysine

Microgram
Methionine

Mineral

Metric tonne
Normality

Sodium hydroxide
National research council
Protein / Energy
Protein: Energy ratio
Protein 30 percent
Phenylalanine

Palm oil

Part per million

Rice bran

Ringgit Malaysia

Statistical Analysis System

XXii



SBM
sD
SE
SEAFDEC
SEM
SM
TAP
Thr
TRT
Trypt
UPM
Val
vC
VG
VITP

VP

Soybean meal

Standard deviation
Standard error
Southeast Asian Fisheries Development Centre
Standard error of mean
Shrimp meal

Tapioca flour

Threonine

Treatment

Tryptophan

Universiti Putra Malaysia
Valine

Vitamin C

Vitelloenin

Vitamin premix

Vitellin, egg yolk protein

XXiii



CHAPTER |

INTRODUCTION

The Background of Study

The total harvest of the world capture fishery reached a max;mum level in
1989 (New, 1991) and has recently entered a period of decline (Garcia and
Newton, 1994). The decline has been brought by muitiple factors including
increasing demand, development of wide ranging fishing and processing
vessels (Larkin, 1991), enviror;mental degradation and climate change
(Donaldson, 1996). Thus, aquaculture production of various fish and shellfish
species has been developed as an alternative for fishery industries in many
countries, and further development is expected as the demand for fishery
products continues to increase and supply from natural sources becomes
more limited (Gatlin, 1996). Aquaculture is increasingly recognized as a
sustainable means of producing high quality aquatic food for human
consumption. Production has increased rapidly during the | ast decade and
especially over the last half decade to the extent that aquaculture accounts
for over 20% of the world production of aquatic foods of marine and

freshwater origin (Donaldson, 1996).

Among the aquaculture industries, crayfish farming is one of the few
industries developed in the United States, European countries and Australia
in the latter half of this century (Brown, 1995). Total world production of
freshwatér crayfish is estimated to be around 70,000 to 100,000 metric tons

(MT) per annum (Huner, 1989). Although, the single most important species



