





(1)

LIST OF CONTENTS

- Page
LIST OF TABLES i) «
LIST OF FIGURES (xiin) |
LIST OF PLATES (xvi)
LIST OF APPENDICES xvii)
ACKNOWLEDGEMENTS Ox)
ABSTRACT (xxi)
CHAPTER 1: GENERAL INTRODUCTION 1 -
CHAPTER 2; REVIEW OF ANIMAL BY-PRODUCTS 9
VA
2.1 SLAUGHTERHOUSE BY-PRODUCTS 10 1
2.1.1 Bone Meal 10
2.1.2 Meat Meal 11 <ﬂ
2.1.3 Meat and Bone Meal 13
2.1.4 Blood Meal 15 W
.
2.1.5 Leather By-product Meal 18 %ﬂﬁ
2.1.6 Animal Fat 19
2.2 POULTRY BY-PRODUCTS 23
f
2.2.1 Hydrolysed Feather Meal 23 4€i
2.2.2 Poultry By-product Meal 25
2.2.3 Poultry Offal Meal 29 44
2.2.4 poultry Offal and Hydrolysed Feather Meal 29 -
2.2.5 Poultry By-product and Hydrolysed Feather Meal 30
2.2.6 Hatchery By-products Meal 30 )
2.2.7 Chick Neal 32
HA
2.2.8 Chick Shell Meal 33
1
T.
2.3 DAIRY BY-PRODUCTS 36
2.4 FISH PRODUCTS 40 P
1
2.4.1 Fish Meal 40 a4
2.4.2 Fish Silage 43



di)

2.5 INVERTEBRATES

2.5.1 Fly Larvae
2.5.2 Worms

2 .5.3 Crustaceans

2.5.3=1 Shrimp Meal

2.5.3.2 Crab Meal

2.5.3.2 Antarctic Krill Meal
2.5.3.3 Amnphipods

2.6 BACTERIAL SINGLE CELL PROTEIN

CHAPTER 3: ANIMAL BY-PRODUCTS AVAILABLE IN PORTUGAL

CHAPTER 4: GENERAL MATERIALS AND METHODS

4.1 FISH
4.2 EXPERIMENTAL SYSTEM

4.3 ANALYTICAL METHODS

l. Moisture
I1. Protein
a) Crude protein
b) True protein
c) Nonprotein nitrogen
I11.  Amino Acids
IV. Lipid
V. Peroxide Value
Vl. Crude Fibre
VIl. Ash
VIII. Acid Insoluble Ash
IX. Chromic Oxide
X.  Minerals
Xl. Energy
X1l.  Blood

69

77



Gin

4.4 DIET PREPARATION
4.5 FEEDING TRIALS

4.6 FEED TRIAL ANALYSIS

CHAPTER 5: THE NUTRITIONAL EVALUATION OF A POULTRY BY-PRODUCT

AND HYDROLYSED FEATHER MEAL AS A FEED FOR RAINBOW 105

TROUT
5.1 INTRODUCTION 107
5.2 MATERIALS AND METHODS 109
5.2.1 Diets 109
5.2.2 Growth Trial 112
5.3 RESULTS 115
5.3.1 Diets 115
5.3.2 Growth Response and FeedUtilizationEfficiency 121
5.3.3 Digestibility 129
5.3.4 Liver Somatic Indexand BloodParameters 133
5.3.5 Carcass Composition 134
5.3.6 Histological Examination 138
5.4 DISCUSSION 139

CHAPTER 6; THE NUTRITIONAL EVALUATION OF SIX BROWN FISH MEALS AS
FEEDS FOR RAINBOW TROUT

6.1 INTRODUCTION
6.2 MATERIALS AND METHODS

6.2.1 Diets
6.2.2 Growth Trial

6.3 RESULTS

6.3.1 Diets

6 .3.2 Growth Performance and Feed Utilization
Efficiency 165



6.3.3 Digestibility
6.3.4 Liver Somatic Index and Blood Parameters

6.3.5 Carcass Composition

% DISCUSSION

CHAPTER 7 : NUTRITIONAL EVALUATION OF A MEAT AND BONE MEAL
AS A FEED FOR RAINBOW TROUT

7.1 INTRODUCTION
7.2 MATERIALS AND METHODS

7.2.1 Diets
7.2.2 Growth Trials

RESULTS

7 .3.1 Diets

7 .3.2 Growth Response and Feed Utilization Efficiency
7 .3.3 Digestibility

7 .3.4 Liver Somatic Index and Blood Parameters

7 .3.5 Carcass Composition

DISCUSSION

CHAPTER 8 : NUTRITIONAL EVALUATION OF A POULTRY BY-PRODUCT
AND HYDROLYSEDFEATHER MEAL AND OF A MEAT AND
BONE MEAL AS FEEDS FOR RAINBOW TROUT

8.1 INTRODUCTION
8.2 MATERIALS ANDMETHODS

8.2.1 Diets
8.2.2 Growth Trials

8.3 RESULTS

8.3.1 Diets
8.3*2 GrowthResponse and Feed Utilization Efficiency

8.3.3 Digestibility

181

197

199

199
204

211
214

215

219

227

228
229

229
232

235

235
240

240

\e

i
&«

*






TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

2.10

2.11

2.12

2.13

2.14

LIST OF TABLES

Proximate composition of Bone meal. Neat and
bone meals and Neat meals (% dry weight).

Amino acid profile of Bone meal. Neat and bone
meals and Neat meals and amino acid requirement
of rainbow trout (g/7/100g dry weight).

Proximate composition of five Blood meals
(X dry weight).

Amino acid profile of five Blood meals and amino
acid requirement of rainbow trout (g/100g dry
weight).

Proximate composition of two Leather by-product
meals (% dry weight).

Amino acid profile of two Leather by-product
meals and amino acid requirement of rainbow
trout (g/100g dry weight).

Proximate composition of three Hydrolysed
feather meals (% dry weight).

Amino acid profile of several Hydrolysed
feather meals and amino acid requirement of
rainbow trout (g/100g dry weight).

Proximate composition of some meals of Poultry
by-products (% dry weight).

Amino acid profile of some meals of Poultry by-
products and amino acid requirement of rainbow
trout (g/100g dry weight).

Proximate composition of Hatchery by-products
meal. Chick meal, and Chick shell meal (X dry
weight).

Amino acid profile of Hatchery by-products meal.
Chick meal. Chick shell meal and amino acid
requirement of rainbow trout (g/100g dry weight).

Amino acid requirement of five Dailry by-products
and amino acid requirement of rainbow trout
(g/100g dry weight).

Proximate composition of six Fish meals (% dry
weight).

12

12

16

16

20

24

27

27

31

vl



TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

2.15

2.16

2.17

2.18

2.19

2.20

2.21

2.22

2.23

2.24

2.25

2.26

2.27

2.28

2.29

i)

Amino acid profile of five Fish meals and amino
acid requirement of rainbow trout (g/100g dry
weight).

Proximate composition of some Fish silages
(% dry weight).

Amino acid profile of some Fish silages and
amino acid requirement of rainbow trout (g/100g
dry weight)".

Proximate composition of a Fly and of two Fly
meals {% dry weight).

Amino acid profile of two Fly meals and amino
acid requirement of rainbow trout (g/100g dry
weight).

Proximate composition of some Worms and Worm meals
{% dry weight).

Amino acid profile of some Worms and Worm
meals and amino acid requirement of rainbow
trout (g/100g dry weight).

Proximate composition of some Shrimp wastes and
Whole shrimp {% dry weight).

Amino acid profile of a Shrimp meal and amino
acid requirement of rainbow trout (g/7100g dry
weight).

Proximate composition of Red Crab euid Red Crab
meal (P. olanipes) {% dry weight).

Amino acid profile of Red Crab (P. planipes) and
amino acid requirement of rainbow trout (g/100g
dry weight).

Proximate composition of two Antarctic krill
meals (% dry weight).

Amino acid profile of two Antarctic krill
meals and amino acid requirement of rainbow
trout (g/100g dry weight).

Proximate composition of the Amphipod
G. lacustris (6 dry weight).

Amino acid profile of the Amphipod
G. lacustris and amino acid requirement of
rainbow trout (g/100g dry weight). 72

43



TABLE 2.30

TABLE 2.31

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

3.1

4.1

4.2

4.3

4.4

4.5

5.1

5.2

5.3

3.4

5.5

5.6

5.7

Proximate composition of five bacterial Single
cell proteins (% dry weight).

Amino acid profile of three bacterial Single cell
proteins and Activated sludge single cell protein
(ASCP) and amino acid requirement of rainbow
trout (g/100g dry weight).

Animal by-products available In Portugal.

Water quality parameters monitored during the
experimental trial (means of monthly values
recorded over two and a half years period between
March 1983 and September 1983)e

Summary of chemical analysis carried out on
samples of by-products, diets, fTish carcasses,
faeces and blood.

Ingredients used In diet preparation.
Vitamin premix (after Tacon and Ferns,1976).
Mineral premix (after Tacon andBeveridge, 1982).

Formulation of the experimental diets {% dry
weight).

Water temperat\ire (*C) and standard deviation
over the feeding period.

Proximate composition, Cr203 and energy content
of Brown fish meal and Poultry by-product and
hydrolysed feather meal (PBHFm) and experimental
diets (% dry weight).

Amino acid profile of Bro%m fish meal and
Poultry by-product and hydrolysed feather meal
(PBHFmM), experimental diets and amino acid
requirement of rainbow trout (g/100g dry weight).

Concentration of mineral elements 1In Brown fish
meal and Poultry by-product and hydrolysed
feather meal (PBHFm) and mineral requirement of
rainbow trout.

Growth performance, feed utilization efficiency,
liver somatic iIndex, and blood parameters of
rainbow trout (280 fish, 33g) fod the experi-
mental diets after 18 weeks.

Weekly deaths per net cage and overall percentage
mortality over the 18 week feeding period.

72

72

80

90

91

97

99

99

114

116

118

120

122

123



TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

5.8

5.9

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.11

7.1

()

Proximate composition and Cr20) content of faeces
taken from rainbow trout after 18 weeks on the
experimental diets (% dry weight).

Carcass composition of rainbow trout (280 fish,
35g) at the start and end of the experiment
(18 weeks) based on 12 fish per treatment
wet weight).

Formulation of the experimental diets {% by
weight).

Water temperature (*C) and standard deviation
over the feeding period.

Proximate composition and energy content of
M. methylotrophus "Pruteen”™ and of six Brown
fish meals ( dry weight).

Amino acid profile of N. methylotrophus
"Pruteen” and of six Bro%m fish meals and
amino acid requirement of rainbow trout
(g/100g dry weight).

Concentration of mineral elements In N.
methylotrophus "Pruteen*™ and In six Brown fish
meals and mineral requirement ofrainbow trout.

PTOxImate composition, CrzOs and energy content
of experimental diets {% dry weight).

Amino acid profile of experimental diets and
amino acid requirement of rainbow trout (g/100g
dry weight).

Growth performance, feed utilization efficiency,
liver somatic Index, and blood parameters of
rainbow trout (280 fish, 23g) fed the experi-
mental diets after 18 weeks.

Weekly deaths per net cage and overall percentage
mortality over the 18 week feeding period.

Proximate compositions and CrjOj content of
faeces tcicen from rainbow trout after 18 weeks on
the experimental diets {% dry weight).

Carcass composition of rainbow trout (280 fish,
23g) at the start and end of the experiment

(18 weeks), based on 12 fish per treatment %
wet weight).

Formulation of the experimental diets (X by
weight).

130

135

154

156

158

159

162

163

164

173

178

196

J4s



TABLE 7.2

TABLE 7.3

TABLE 7A

TABLE 7.5

TABLE 7.6

TABLE 7.7

TABLE 7.8

TABLE 8.4

TABLE 8.5

TABLE 8.6

(69

Water temperature (*C) and standard deviation
over the feeding period.

Proximate composition, CrxOj and energy content
of Brown fish meal* Meat and bone meal and
experimental diets (% dry weight).

Amino acid profile of Bro%m fish meal« Neat and
bone meal, experimental diets and amino acid
requirement of rainbow trout (g/100g dry weight).

Concentration of mineral elements of Brown Ffish
meal and Meat and bone meal and mineral require*
ment of rainbow trout.

Growth performance, feed utilization efficiency,
liver somatic index, and blood parameters of
rainbow trout (240 fish, 36g) fed the experi-
mental diets after 12 weeks.

Proximate composition and Cr20s content of
faeces taken from rainbow trout after 12 weeks
on the experimental diets (% dry weight).

Carcass composition of rainbow trout (240 fish,
36g) at the start and end of the experiment

(12 weeks) based on 12 fish per treatment (% wet
weight).

Formulation of the experimental diets {% by
weight). -
Water temperature (*C) and standard deviation
over the feeding period.

Proximate composition, Cri0Oj and energy content
of Brown fish meal. Poultry by-product and
hydrolysed feather meal (PBHFm), Neat and bone
meal (NBm) €uid experimental diets (X dry weight).

Amino acid profile of Brown fish meal. Poultry
by-product and hydrolysed feather meal (PKIFm),
Neat and bone meal (NBm), experimental diets and
requirement of rainbow trout (g/7/100g dry weight).

Concentration of mineral elements in Brown fish
meal. Poultry by-product and hydrolysed feather
meal (PBHFm), Neat and bone meal, commercial diet
and mineral requirement of rainbow trout.

Growth performance, feed utilization efficiency,
liver somatic iIndex and blood parameters of
rainbow trout (280 fish, 19g) fsd the experi-
mental diets after 12 weeks.

198

200

201

203

205

212

216

231

234

236

238

239

242

[ S



TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

8.7

8.8

8.9

9.1

9.2

9.3

9.5

9.6

9.7

9.8

9.9

9.10

D

Weekly deaths per net cage and overall percentage

mortality over the 12 week, trial.

Proximate composition of faeces taken from

rainbow trout after 12 weeks on the experimental

diets and commercial ration {% dry weight).

Carcass composition of rainbow trout (280 fish,
19g) at the start and end of the experiment

(12 weeks) based on 12 fish per treatment (%
wet weight).

Monthly proximate composition and energy content

of samples of Brown fish meal A between
March 1984 and February 1985 1% dry weight).

Monthly proximate composition and energy
content of samples of Brown fish meal B
between March 1984 and February 1985 (% dry
weight).

Monthly proximate composition and energy
content of samples of Broim fish meal C between
March 1984 and February 1985 1% dry weight).

Monthly proximate composition and energy
content of samples of Brown fish meal D between
March 1984 and February 1985 (% dry weight).

Monthly proximate composition and energy
content of samples of Bro%m fish meal E between
March 1984 and February 1985 (X dry weight).

Monthly proximate composition and energy
content of samples of Brown fish meal F between
March 1984 and February 1985 (X dry weight).

Amino acid profile of feedstuffs In April (A),
July (Ju), November (N) and January (Ja).

Concentration of mineral elements of feedstuffs
In April (A)t July (Ju), November (N) and
January (Ja).

Monthly proximate composition and energy content of

samples of Poultry by-product and hydrolysed
feather meal between May 1983 and April 1984
(X dry weight).

Monthly proximate composition and energy content

of Neat and bone meal between December 1984 and
November 1985 (X dry weight).

244

249

254

273

274

275

276

277

278

282/
283

287

291

295






FIGURE 1.1

FIGURE 4.1

FIGURE 4.2a

FIGURE 4.2b

FIGURE 4.3

FIGURE 4.4

FIGURE 5.1

FIGURE 5.2

FIGURE 5.8

FIGURE 6.1

xili)

LIST OF FIGURES

Location of private and state trout farms In
Portugal .

Location of trout farms In Portugal.

Location of the Experimental Aquaculture
Station at Rio Caldo.

Location of the net cages In Canlcada Dam
(scale 1:25000).

Schematic diagram of a single net cage
(scale 1:8).

Schematic diagram of the Experimental System
(scale 1:20).

Overall mean weight gain (g) of rainbow trout
at successive fortnightly Intervals over the
experimental test period.

Overall mean weight gain (g) of fish fed diets
containing Increasing levels of Poultry by-
product and hydrolysed feather meal as a
replacement for Brown fish meal.

Specific growth rate ()S/day) of fish fed the
seven experimental diets.

Food conversion ratio of fish fed the seven
experimental diets.

Protein efficiency ratio of fish fed the seven
experimental diets.

Apparent net protein utilization {%) of fish
fed the seven experimental diets.

Proximate composition of the faeces from fish
fed each of the seven experimental diets.

a) Moisture; b) Crude protein; c¢) Lipid;

d) Ash.

Proximate composition of the carcasses from fish

fed each of the seven experimental diets and of
the Initial sample, a) Moisture; b) Lipid;
c) Crude protein; d) Ash.

Overall mean weight gain (g) of rainbow trout
at successive fortnightly Intervals over the
experimental test period.

87

88

123

124

127

127

128

128

131

135

167

»

M



FICRIRE 6.7

FICME 7.1

FIGURE 7.2

FIGURE 7.8

Specific growth rate (J5/day) of fish fed the seven
experimental diets.

Food conversion ratio of fish fed the seven
experimental diets.

Protein efficiency ratio of fish fed the seven
experimental diets.

Apparent net protein utilization (S5) of fish
fed the seven experimental diets.

Proximate composition of the faeces from fish
fed each of the seven experimental diets.

a) Moisture; b) Crude protein; c¢) Lipid;

d) Ash.

Proximate composition of the carcasses from
fish fed each of the seven experimental diets
and of the Initial sample, a) Moisture;

b) Lipid; c¢) Crude protein; d) Ash.

Overall mean weight gain (g) of rainbow trout
at successive fortnightly intervals over the
experimental test period.

Overall mean weight gain (g) of fish fed diets
containing Increasing levels of Meat and bone
meal as a replacement for Brown fish meal.

Specific growth rate (X/day) of fish fed the
six experimental diets.

Food conversion ratio of fish fed the six
experimental diets.

Protein efficiency ratio of fish fed the six
experimental diets.

Apparent net protein utilization {%) of fish
fed the six experimental diets.

Proximate composition of the faeces from fish
fed each of the six experimental diets,

a) Moisture; Db) Crude protein; c¢) Lipid;

d) Ash.

Proximate compositions of the carcasses from
fish fed each of the six experimental diets and
of the Initial sample, a) Moisture; b) Lipid;
c) Crude protein; d) Ash.

17

179

206

210

213

217

] «



FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

8.1

8.2

8.3

8.4

8.5

8.6

8.7

9.1

9.2

9.3

9.4

9.5

V)

Overall mean weight gain (g) of rainbow
trout at successive fortnightly Intervals over
the experimental test period.

Specific growth rate (%/day) of fish fed the
six experimental diets and the commercial
ration.

Food conversion ratio of fish fed the six
experimental diets emd the commercial ration.

Protein efficiency ratio of fish fed the six
experimentaldiets and the commercial ration.

Apparent net protein utilization {%) of fish fed
the six experimental diets and the commercial
ration.

Proximate composition of the faeces from fish
fed each of the experimental diets and the

commercial ration, a) Moisture; b) Crude protein;

c) Lipid; d) Ash.

Proximate composition of the carcasses from
fish fed the six experimental diets and the
commercial ration and of the Initial sample,
a) Moisture; Db) Crude protein; c¢) Lipid;
d) Ash.

Location of the feedstuff processing plants In
Portugal.

Monthly particle size distributions of Brown
fish meals A to F between March 1984 and
February 1985.

Monthly proximate composition of Broim
fish meals between March 1984 and
February 1985.

Monthly particle size distribution and
proximate composition of Poultry by-product
and hydrolysed feather meal between March 1983
and April 1984.

Monthly particle size distribution and
proximate composition of Meat and bone meal
between December 1984 and November 1985«

243

246

246

247?

247

250

255

269

272

279

290

291






APPENDIX 1.

APPENDIX 1I1.

APPENDIX 111.

APPENDIX 1IV.

APPENDIX V.

APPENDIX VI.

APPENDIX VII.

APPENDIX VIILI.

APPENDIX [IX.

APPENDIX X.

LIST OF APPENDICES

Growth performance, feed utilization, liver
somatic Index, and blood parameters of rainbow
trout replicates (280 fish, 35g) f«d the
Poultry by-product and hydrolysed feather meal
experimental diets after 18 weeks.

Overall mean weight gain (g) of rainbow trout
replicates at successive fortnightly intervals
over the Poultry by-product and hydrolysed
feather meal experimental test period.

Proximate composition of faeces of rainbow trout
at the end of the Poultry by-product and
hydrolysed feather meal experimental test period.

Carcass composition of rainbow trout replicates
(280 fish, 35g) at the end of the Poultry by-
product and hydrolysed feather meal experimental
test period.

Growth performance, feed utilization efficiency,
liver somatic index, and blood parameters of
rainbow trout replicates (280 fish, 23g) fed the
Fish meals experimental diets after 18 weeks.

Overall mean weight gain (g) of rainbow trout
replicates at successive fortnightly Intervals
over the Fish meals experimental test period.

Proximate composition of faeces of rainbow trout
replicates at the end of the Fish meals experi-
mental test period.

Carcass composition of rainbow trout

replicates (280 fish, 23g) at the end of the Fish
meals experimental test period.

Growth performance, feed utilization efficiency,
liver somatic index, and blood parameters of
rainbow trout replicates (240 fish, 36g) fed the
Meat and bone meal experimental diets after 13
weeks.

Overall mean weight gain (g) of rainbow trout
replicates (240 fish, 36g) at successive
fortnightly intervals over the Meat and bone
meal experimental test period.

361

362

363

363

364

363

366

366

367

368



APPENDIX

APPENDIX

APPENDIX

APPENDIX

APPENDIX

APPENDIX

APPENDIX

APPENDIX

APPENDIX

APPENDIX

APPENDIX

APPENDIX

X1

X1l

X,

XIV.

XVI.

XVIL.

XVILI.

XVIX.

XX.

XXI.

XX11.

Proximate composition of faeces of rainbow
trout replicates at the end of the Meat and
bone meal experimental test period.

Carcass composition of rainbow trout repli-
cates (240 fish, 36g) at the end of the Neat
and bone meal experimental test period.

Growth performance, feed utilization efficiency,
liver s(xnatlc Index, and blood parameters of
rainbow trout replicates (280 fish, 19g) fed the
PBHFm and Meat and bone meal experimental diets
after 12 weeks.

Overall mean weight gain (g) of rainbow trout
replicates at successive fortnightly Intervals
over the PBHFm and Neat and bone meal experi-
mental test period.

Proximate composition of faeces of rainbow
trout replicates at the end of the PBHFm and
Neat and bone meal experimental test period.

Carcass composition of rainbow trout
replicates (280 fish, 19g) at the end of the
PBHFm and Neat and bone meal experimental test
period.

Monthly particle size analysis of samples of
Brown fish meal A between March 1984 and
February 1985*

Monthly particle size analysis of samples of
Brown fish meal B between March 1984 and
February 1985.

Monthly particle size analysis of samples of
Brown fish meal C between March 1984 and
February 1985.

Monthly particle size analysis of samples of
Brown fish meal D between March 1984 and
February 1985.

Monthly particle size analysis of samples of
Brown fish meal E between March 1984 and
February 1985.

Monthly particle size analysis of samples of
Broim fish meal F between March 1984 and
February 1985.

369

369

370

371

372

372

373

374

375

376

377

378



APPENDIX XXIT1.

APPENDIX XXIV.

APPENDIX XXV.

APPENDIX XXVI.

APPENDIX XXVII.

APPENDIX XXVI11

Monthly particle size analysis of samples of
Poultry by-product and hydrolysed feather meal
between Maty 1983 and March 1984.

Monthly particle size analysis of samples of
Meat and bone meal between December 1984 and
November 1983«.

Cost of experimental diets per Kilogramme
weight gain of Poultry by-product and hydrolysed
feather meal (PBHFm) trial (prices refer to

December 1985; 1 Sterling pound « Escudos
230.00).

Cost of experimental diets per Kg and
Kg/weight gain of Bro%m fish meals trial
(prices refer to December 1985; 1 Sterling
pound s Escudos 230.00).

Cost of experimental diets per Kg and
Kg/weight gain of Neat and bone meal trial
(prices refer to December 1985; 1 Sterling
pound s Escudos 230.00).

Cost of experimental diets per Kg and
Kg/weight gain of Poultry by-products and
hydrolysed feather meal (PBHFm) and Neat and
bone meal (NBm) trial, (prices refer to

December 1985; 1 Sterling pound > Escudos
230.00).

379

361

382

383

384



(€2

ACKNOWLEDGEMENTS

Sincere thanks are due to Dr Barbara Rosa for her encouragement,

understanding and supervision of this work.

Special thanks are also due to Professor Machado Cruz for his
Portuguese supervision and to Professor Maria Helena Galhano for

her support in available facilities.

For cooperation and support my thanks to all the Staff of the
Institute de Zoologia e Estayao de Zoologia Maritima "Dr Augusto
Nobre™ da Faculdade de Ciencias do Porto, particularly to Mr Rogarlo

dos Santos iIn the field work and Mr Pedro Correia in the laboratory.

To my colleagues and friends my sincere thanks for their

encouragement during this project.

1 wish above all to most gratefully acknowledge my wife for
her encouragement, support and understanding throughout the duration

of this thesis. To both my wife and son | therefore dedicate this

thesis.

This research was conducted under the partial financial support

of the Instituto Nacional de Investigacao Cientifica.



(xxi)

ABSTRACT

The chemical composition and the i7otential nutritive value
of two Portuguese Animal by-products. Poultry by-product and hydro-
lysed feather meal and Meat and bone meal were evaluated in diets
for rainbow trout replacing fish meal protein at levels of up to
100%. In addition six Portuguese Brown Tfish meals produced by
different Tfish meal processing plants were also evaluated. Their
effects on growth performance, feed utilization efficiency, liver
somatic i1ndex, blood parameters, and carcass composition of Tfish
fed diets containing these products were assessed. Based on the
results of these experiments a further trial was carried out iIn
order to evaluate the three Animal by-products iIn a compound diet
containing different combinations of these products. A commercial
trout ration produced on a small scale iIn Portugal was used as an

additional control.

In conjunction with these feeding trials monthly samples of
the Poultry by-product and hydrolysed feather meal. Meat and bone
meal and the six Brpwn fish meals were analysed over a one year

period iIn order to evaluate their degree of variability.

The Poultry by-product and hydrolysed feather meal successfully
replaced up to 80% to 90% of the fish meal protein without any loss
of performance and feed utilization efficiency although a significant
alteration 1in Tfish carcass composition was indicated for fish fed

diets containing this by-product. It was apparent however that

the fish meal used In this iIn

tial trial was not of a particularly



o<1

high quality. Nevertheless, 1In a subsequent trial the performance

of fish fed a ration where Poultry by-product and hydrolysed feather

meal replaced half of the fish meal protein was slightly better

than that of fish fed a control ration based on a good quality Tish

meal . Furthermore the year long survey indicated that the chemical

composition of this by-product was consistent.

Five of the six Brown fish meals evaluated proved to be of

low quality and only one gave similar results compared with a control

ration based on the bacterial SCP "Pruteen'. Furthermore a wide

variation 1in the chemical composition of all six Brown fish meals

was also Indicated during the one year survey. A good quality Tfish

meal was eventually located which contained a locally produced meal

but which was blended with an i1mported high quality Tfish meal.

This meal was subsequently used to produce control rations in the

last two feeding trials.

The Meat and bone meal successfully replaced up to 801 of a

good quality fish meal protein without any significant loss of growth

performance and feed utilization efficiency although the partial

removal of the bone material during pretreatment produced a meal

with the characteristics of a meat meal rather than a meat and bone

meal . In the final feeding trial where this pretreatment was not

carried out, 1t was apparent that the maximum inclusion level of

this product was less than 30% of the protein component. As had

been the case with the Poultry by-product and hydrolysed feather

meal the chemical coeq;>osition of different batches of the Meat

and bone meal was ccmsistent.

7
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The evaluation of the three Animal by-products alone or in
different combinations iIndicated that Poultry by-product and hydro-
lysed feather meal 1Is a good protein source that can replace a large
proportion of a good quality brown fish meal without any loss of
growth performance and feed utilization efficiencye By contrast
growth performances and feed utilization efficiencies decreased
with increasing Inclusion levels of Meat and bone meal and therefore
inclusion levels below 30X of the protein 253 recommended iIn diets
for rainbow trout. The best growth performance and feed utilization
efficiency where the three Animal by-products were used iIn different
combinations was 1iIndicated for a diet containing these products
in the ratio 1.3 Brown fish meal; 1 Poultry by-product and hydrolysed

feather meal: 1 Meat and bone meal.

An economical appraisal of the diets produced in the four growth
trials using the three Animal by-products was carried out. The
costs of the three protein sources, the diets containing these
products and finally the cost of fish production using these rations
were compared. The Poultry by-product and hydrolysed feather meal
and the Meat and bone meal were 19% and 35X & respectively, less
expensive than Portuguese Brown fTish meals and therefore significant
savings could be expected where these products are included in diet
formulations. However, based on the cost of a Kilogramme of TFfish
production only certain formulations containing Poultry by-product
and hydrolysed feather meal. Meat and bone meal or combinations
of these animal by-products were cheaper than the Tfish meal control
rations. The i1mplications of the results obtained iIn this study

for commercial production of trout rations in Portugal are discussed.

r.J
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1. GENERAL INTRODUCTION

Portugal 1is the most eastern country iIn Europe situated between
377 and 42* North of the Equator. It has a temperate climate with
water temperatures ranging from 5 to 11 C (mean 8 O during winter
and from 12”7 to 22*C (mean 17*0 in the summer. Exceptionally,
water temperatures may rise to 27*C. Thus, although water tempera-
tures are often close to the upper tolerance limit for rainbow trout
(Hokanson et al., 1977; Elliot, 1982), environmental conditions
are nevertheless suitable for trout farming, particularly in the
North of Portugal where most of the reservoirs and rivers are located
and where temperatures are somewhat Blower than the average fTor the

country as a whole.

Fish consumption in Portugal 1is one of the highest 1In Europe
with an annual per capita iIntake of around 48.4 Kilogrammes (Coull,
1972). This 1level of Tfish consumption accounts fTor almost half
of the total iIntake of animal protein and represents 18X of dietary
calories (Coull, 1972). Currently most of the fish consumed iIn
Portugal 1is of marine origin, thus Tfishing iIs a major Portuguese
Industry. Since the market price of trout iIn Portugal 1is Ilower

than that of marine Ffish the future for rainbow trout Tfeuding is

promising.

Trout farming iIn Portugal began iIn the late 1960°s and by 1976
Portugal had only seven private farms culturing both rainbow trout
and brown trout (Brown, 1977). The total production from these

farms was 250 tons per year, nearly all of which was rainbow trout.
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Currently Portugal has five private and 11 state trout Tarms
(Fig. 1.1) which together produce around 1,000 tons per year (trout
farm managers” personal communications). Portugal also has a single
state carp farm and there have been attempts to cultivate eels 1iIn

the centre and the south of the country.

The rainbow trout spaiming season iIn Portugal i1s between November
and February (Brown, 1977). Fish are raised 1In concrete ponds and
raceways to a market size of 200-250 grammes when they are sold
on ice for the table. The average on-growing period from hatchery
to market size 1i1s between 12 and 15 months (Brown, 1977) although
market size 1is attained within 8-10 months on certain farms as a

result of favourable environmental conditions.

Rainbow trout in Portugal are fed pelleted diets all of which
are Imported with the exception of one private trout farm that pro-
duces i1ts own feeds. In view of the current level of farming and
its likely expansion it is highly desirable that Portugal develops
a Tish feed 1i1ndustry not only to create jobs and to save foreign

currency, but also to avoid delays in supply.

Animal 17M-products are impoi~tant in salmonid rations not only
nutritionally but also economically since they represent a large
proportion of their cost. Nowadays a nutritionally balanced diet
iIs provided at an economically competitive price relying upon the
cost and nutritional value of the range of iIngredients available.
As a result the dietary protein requirement of commercial trout

rations 1is generally supplied using several Ingredients of animal

sV



FIG. 1.1.
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# State trout farm

¢ Private trout farm
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origln. The unique value of feeds of animal origin iIn upgrading
the nutritional qualities of diets for monogastrie animals 1is well
recognized. In diets based on cereal grains and other plant products
it is difficult to avoid a deficiency of essential amino acids and
some vitamins. Animal products, even when used 1n small amounts,
can vastly improve the nutritional value of the entire diet (Gohl,

1981).

Fish meals have been traditionally used as the major protein
source 1In rations for rainbow trout (Ketola, 1975; Fowler and Banks,
1976; Reinitz ~ al., 1978a; Nose, 1979; Splnelli et al., 1979;
Watanabe et al., 1979; Dabrowski et al., 1980; Reinitz and Hitzel,
1980; Cowey, 1981; Tacén and Jackson, 1985). The nutritive value
of a dietary protein source 1iIs governed principally by the extent
to which 1ts content of essential amino acids simulate the needs
of the animal iIn question. The closer the composition of the protein
to the pattern of requirements the greater will be 1ts nutritive
value (Cowey and Tacon, 1983), thus fish meal C€m be considered
as an almost 1ideal protein source for fish In terms of its balanced
amino acid profile (Reinitz, unpublished). Unfortunately, with
the exception of fish meal, there i1s no single animal or plant protein
source available to the fish feed compounder with an essential amino
acid profile approximating to the dietary essential amino acid
requirement of Tfarmed Tfish. Alternatives to fTish meal often have
unbalanced amino acid profiles, particularly iIn the case of plant
protein sources. Furthermore variation 1i1n the bio-availability

of nutrients and problems associated with antlnutritional Tfactors

FI



can also restrict the use of many potential protein sources (Tacén,

1981; Chubb, 1982; Tacén et al., 1984; Tacén and Jackson, 1985).

For a number of reasons many attempts have been made over the
past decade to reduce the dependence of Tfish fTeed manufacturers
on Tish meals. As a result of the growing world demand for animal
protein and as a consequence of Tfish shortages such as the 1972/73
Peruvian anchovy crisis, 1t 1is becoming increasingly difficult to
obtain good quality Tfish meal for inclusion iIn fish rations iIn many
parts of the world (Fowler and Banks, 1976; Dabrowska and Wojno,
1977; Reinitz et al., 1978a; Nose, 1979; Spinelli et al., 1979;
Dabrowski et al., 1980; Reinitz and Hitzel, 1980; Tacdén, 1981; Jackson
et al., 1982). One response to the world demand for animal protein
has been an 1iIncrease 1iIn production from aquaculture. World aqua-
culture production doubled between 1971 and 1975 to more than 5
million tons per year Milne, 1976). Furthermore the Food and
Agriculture Organization of the United Nations has predicted that
in order to provide food for the world"s population the requirement
will be 40 million tons per year by the year 2000 (Milne, 1976).
This 1ncreased demand for Tfish production from aquaculture will
also have the effect of 1increasing the requirement for TfTish meal

as a component of compounded rations.

Fish meal 1s usually the most expensive ingredient in complete
feeds for fish (Dabrowska and Wojno, 1977; Reinitz and Hitzel, 1980;
Hilton, 1983; Tacon and Jackson, 1985). According to Dabrowski
et al. (1980). it is expensive and is also often short in supply

as many industrial Tfisheries are overworked and the cost, in fossil-



fuel terms, of catching fish i1s gradually increasing. These authors

claim that ninety-three percent of rainbow trout production costs are

involved in feeding and 70% of this is due to fish meal. Tacon

and Jackson (1985) further pointed out that in view of the high cost

of good quality Tfish meals of relatively constant chemical compo-

sition, it 1is not surprising that feed costs can amount to 40%-

60% of total operating costs 1iIn 1iIntensive aquaculture enterprises.

In addition to variations 1iIn availability of fish meal there can

also be wide variation in the quality. Such [limited information

as exists indicates that this is the case i1n Portugal.

In view of the increasing shortage of fish meal on the world

market for fish feed formulation, the inflated prices, and the higher

world demand for animal protein, alternative protein sources need

to be assessed iIn an effort to reduce the dependence of the Tfish

farming iIndustry on this single commodity (Halver, 1976). Plausible

alternatives to fTish meal should be locally and readily available,

both physically and economically. They should also be non toxic

and cost effective. In addition they must be acceptable and palatable

to fish and have a good nutritional quality (Tuse®, 1984). Much
work has been carried out on Tfish meal free feeds over the Ilast
ten years but so far none has been produced commercially since in
general they do not perform as well as those based on Ffish meal

(Tacon and Jackson, 1985)«

The aim of this study 1i1s to review the work carried out to

date on the use of animal by-products in diets for rainbow trout.

This will then act as a basis for selecting the most promising animal



by-products available in Portugal for evaluation as major protein

sources 1In diets fTor rainbow trout. In addition, the quality of

those products and that of the available fish meals will be monitored
over a period of a year iIn order to establish the degree of variation

in chemical composition. Finally an economic evaluation of the

findings will be carried out with a view to recommending diet formula-

tions for the production of rainbow trout rations in Portugal.

«
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A wide range of materials are produced as by-products from
animal processing iIndustries. Some are currently used 1In rations
both for terrestrial animals and for fish, although many need further
evaluation as potential protein sources iIn diets for fish. In this
review of the use of animal by-products in diets for rainbow trout,
the range of products has been divided into the following categories:
slaughterhouse 1ly-products, poultry by-products, dairy by-products,

fish products, 1nvertebrates and bacterial single cell protein.

2.1 SLAUGHTERHOUSE BY-PRODUCTS

The raw materials of slaughterhouse by-products are animals
that have died from disease, carcasses or parts of carcasses that
have not passed meat Inspections, technical blood, inedible parts
of the digestive tract, (e.g. bibles), reproductive organs, bones
and other trimmings that are not acceptable as food for aesthetic r-
reasons (G3hl, 1981). From these raw materials a wide range of
animal by-products such as bone meal, meat meal, meat and bone meal,

blood meal, leather by-products and animal fat are produced.

2.1.1 Bone Meal

Bones suitable for processing can come not only from slaughter-
houses but also from municipal dumps, hotels and restaurants. They
are cooked under steam pressure and Tfinally ground to produce a

meal (Gohl, 1981).
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Bone meal has a weiry low crude protein content of between 6%
and 10% (Table 2.1), mainly i1n the form of collagen (Eaatoe and
Long, 1i960), and an amino acid profile deficient in idmost all
essential amino acids with the exception of arginine (Table 2.2).
It 1s however a rich source of minerals and trace elements (Eastoe
and Long, 1960; Lall, 1979; Gohl, 1981) and, as such has been included
at very low dietary levels (@%) but is generally mixed with other

slaughterhouse by-products for fish feeds (King and Campbell, 1978).

2.1.2 Meat Meal 11

Meat meal 1i1s defined by the Fertilizers and Feeding Stuffs

Regulations (HMSO, 1973) as:

"the product containing not less than 55% of protein and

not more than 4% of salt, obtained by drying and grinding

animal carcasses or portions thereof (excluding hoof and

horn) to which no other matter has been added, but which

may have been preliminarily treated for the removal of

fat." .

Meat meal has a protein content, varying between 57% and 72%

(Table 2.1) but i1t is deficient iIn both the essential amino acids
methionine and tryptophan (Table 2.2; Summers e”™ al., 1964; McDonald
et al., 1981). It has a lipid content of between 13% and 30%, and
it i1s this high lipid content which precludes its inclusion at high

dietary levels. It 1s a good source of vitamins of the B complex,

particularly riboflavin, choline, nicotinamide, and "™ *

Meat meals have been successfully Included 1iIn rations for
salmonlds iIn conjunction with other animal by-products at levels

not exceeding 10% by weight (Tacén et al., 1983a).



TABLE 2.1

Proaisata cospoaition

{% dry weight)

Moisture

Crude protein

Lipid (O

Ash (0

TABLg 2.2

Asino acid

(g/100 g dry wt.)

Arginlft*
Histidine
Isolauein*
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Tryptophan
Valin*
Alanine
Aspartic acid
Cystine
Glutasie acid
Glycine
Prolin*
Serin*

Tyrosine

Parcantag* of cruda protain

Bon*
seal
5

A.O
0.A
0.3
0.7
1.3

0.05
0.A

io

A.
1.
1.
3.
3.
0.
2.
1.

0.
2.

7.
7.

1

) After NeOonald £t
fi.

) After Skrada fi
) After Taeon

Proaisata cosposltion of Bon*

Bon* seal
1

78-92

Asino acid proni* of Bon* m**I_
rainbow trout (g/100 g dry weight)

_12.

seal .

Neat and bon* seal

15
19
35
69
07
68
02
8A

35
Al

-AA

82
0

-39

(1981)
(1980)

(198A)

3.01

2.55

2.75
2.05
0.70
1.50
1.55
0.25
2.10
3.56
3.36
1_AA
5.31
6.71
A.26
2.25

0.95

in tlia diat

Meat and bon* seals and Neat seals

Meat aitd boml seal

2 3
6.5 8.6
50.1 50.0
11.9 2.5
32.0 33.2

Nea
1

5.25
0.9A
3.9A
6.88
2.57
0.7A

0.57

6.17

3.88
3.18
6.26
6.87
5.7A
2.32

2.23

A)
5)

t neal

3.83
0.89
1.A5
3.13
2.78
0.56
1.98

2.26
A.6A

A. 12

After Fowler and Banka (1976)

50.A

10.8

30.7

(X dry waight)

Neat saal

1 5
9.02 3.57
72.2 57.8
13.2 30.3
3.8 7.0

(t**t *nd bon* me*1* and Haat aaala and asirte acid ratiuiraswnt of

Requlresent of rainbow trout

1983

(X diet)

1.A0, AOX (Ogino, 1980)
0.6A, AOX (Ogino. 1980)
0.96. AUX (Ogino. 1980)
1.76. AOX (Ogino, 1980)
2.12, AOX (Ogino. 1980)
0.55-0.75, 35X (Russay et al.
1.2A, AOX (Ogino. 1980)
1.36. AOX (Ogino, 1980)
0.20. AOX (Ogino. 1980)
1.2A. AOX (Ogino. 1980)
0.30. 35X (Russay et al.
0.8A. AOX (Ogino, 198v)

After SaaCoa and Long (1960)



Proxiaata coapoaition

2.1

Bona aaal

(X dry walglit) 1

Molatura (X) 7-8
Cruda protain (X) 6*10
Lipid X 1-7
Aah (X) 78-92
TABLE 2.2 Aalno acid profila of Bona Mal,

rainboM crout (g/100 g dry waigiit)

- 12-

Bono
Aaino acid aaal Moat and bona maal
) 5 1 3 2

Arginino %.0 % .15 %1 3.01
Hiatidina 0.% 1.19 1.0 2.55
laolaucina 0.3 1.35 1.3 1.%0
Lauclna 0.7 3.69 2.% 2.75
Lyaina 1.3 3.07 2.8 2.05
Mathionina 0.05 0.66 0.6 0.70
Ptianylalanina 0.% 2.02 1.% 1.50
Thraonina 1.3 1.8% 1.5 1.55
Tryptophan 0.35 0.3 0.25
Valina 0.6 2.%1 2.1 2.10
Alanina 2.% 3.56
Aapartic acid 1.1 3.36
Cyatina 0. %% 1. %%
Clutaaic acid 1.6 5.31
Glycina 6.3 7.82 6.71
Prolina 2.% 7.0 %.26
Sarino 0.8 2.25
Tyroaino 0.2 1.39 0.95

1) Afear McDonald
2) Aftar Sfcrada fi
3) After Tacébn

Parcantaga of cnida protain

(1961)
(1960)
(196%)

in clia diat

Maat and bona aeal

1 2
9.35 6.5
51.5 50.1
11.2 11.9
27.5 32.0

Maat aaal

1
5.25
0.9%
3.9%
6.88
2.57
0.7%
3.95

6.26
6.87
5.7%
2.32

2.23

%) Aftar
5) Aftar

3

3.83
0.89
1.%5
3.13
2.78
0.56
1.98

2.26
% . 6%

%.12

t.0%

ProsiMC* coecosltloo of Bono Malt Hoat and bona aaala and Naac aaala

(S dry waight)

Maat aaal

% 1 5
6.1 9.02 3.57
50.% 72.2 57.8
10.8 13.2 30.3
30.7 3.8 7.0

Naat and bona aaala and NaaC aaala and anlnc acid raqulraaant of

Raquiraaent of rainbow trout

<»4iat)
1.40, %0X (Ogino. 1980)
0.6%. %0X (Ogino, 1980)
0.96. %UX (Ogino. 1960)
1.76. %0X (Ogino. 1980)
2.12. «0X (Ogino. 1960)
0.55-0.75, 35X (Ruaaay at al.
1.2%, %0X (Ogino. 1980)
1.36, %0X (Ogino. 1960)
0.20. %0X (Ogino, 1960)
1.2%. %0X (Ogino, 1960)
0.30. 35X (Ruaaay at al. 1983
0.8%, %0X (Ogino. 1980)

Fowlar and Banka (1976)
iaatoa and Long (1960)
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2.1.3 Meat and Bone Meal

Meat and bone meal has for many years been Included In combina-
tion with meat meal In rations for terrestrial animals (Henson et
al.. 195"; Eastoe and Long, 1960; Burgos et al., 197™)» According
to the Fertilizers and Feeding Stuffs Regulations (HMSO, 1973) meat
and bone meal Is defined as:

"the product, containing not less than ~0% of protein and
not more than of salt, obtained by drying and grinding
emlmals carcasses or portions thereof (excluding hoof and
horn) and bone, to which no other matter has been added
but which may have been preliminarily treated for the
removal of fat."

Meat and bone meal has a crude protein content of around 50%
(Table 2.1) with an amino acid profile deficient iIn methionine,
tryptophan and lysine (Table 2.2; Bloss et al., 1953; Henson et
al., 195"; Mead and Teter, 1957; Luce ~ al., 1970; Stockland et
al.,, 1978; McDonald et al., 1981). Methionine i1s the first limiting
amino acid (Tacén and Jackson, 1985). It has a lipid content varying
between 2.5% and 12% and an ash content of between 27% and 33%.
Meat and bone meal 1i1s an excellent source of Ca, P, and Mg and of

the vitamins of the B complex, particularly of riboflavin, choline,

nicotinamide and 872 » (McDonald et al., 1981).

Fowler and Banks (1976) evaluated the nutritional quality of
a meat and bone meal for Chinook salmon (Oncorhynchus tshawytscha)
replacing 77% and 88% of herring meal protein. The growth rate
of fTish fed these experimental rations was significantly lower than
that of those fed a herring meal based control diet. Furthermore

some Tish fed diets containing the highest meat and bone meal level
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exhlbited a poorer protein and lipid deposition them those fed the

control diet and In addition developed a mild nephrocalclnosls.

Tiews et al. (1976) also reported reduced growth performance
and fTeed utilization efficiency when meat emd bone meed protein
replaced 38% of the herring meal protein in diets for rainbow trout.
By contrast Tacén (1982b) reported that meat and bone meal (48.35%
crude protein and 0.418% lipid) can successfully replace up to 40%
of the herring meal protein 1In rainbow trout rations without emy
loss of growth performance or feed utilization efficiency. Further-
more the weight gain of fish fed diets i1In which 3% of the crude
protein was supplied by meat and bone meal protein was better than

that of those fed the herring meal based control diet.

Finally, Tiews et al. (1979) reported that the feed utilization
efficiency of rainbow trout fed diets i1In which meat and bone meal
was the sole source of dietary protein was only 6% to 15% less than

that of those fed the fish meal based control diet.

Meat and bone meal has thus been successfully included in diets
for salmonlds at inclusion levels of up to 10% by weight iIn conjunc-
tion with other animal protein sources (Davis et al., 1976; Dabrowska
and Wojno, 1977; Dabrowski et al., 1980; Tac6n Si Si-- 1983b, 1984;
Oabroswka, 1984) and may occasionally be used at levels of up to
15% by weight (Stafford, 1984; Tacon and Rodrigues, 1984; Stafford

and TacOn, iIn press).
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2.1.~ Blood Meal

Dried blood meal 1Is a dark chocolate-coloured powder with a
characteristic smell. Blood 1is usually steam cooked at 100*C, then
pressed to express occluded serum, and dried by steam heating and
finally ground (McDonald et al., 1981). In the past blood meal
was dried using vat-drying procedures, which according to Miller
(1977) and King and Campbell (1978) reduced Ilysine availability
and i1ncreased palatabllity problems. These problems have been
somewhat alleviated however, by using newer flash drying procedures,
including both the ring-drying and the rotatory steam-drying processes
which result iIn Improved lysine availability and Improved platablllity
(Miller, 1977; King and Campbell, 1978). It iIs i1mportant that the
temperature should not exceed 120*C iIn any phase of the process

otherwise the meal will be of inferior quality (Ciohl, 1981).

Blood meal 1i1s a good source of dietary protein Miller, 1977;
Walker, 1977; McDonald et al., 1981; Tac6n, 1983) containing as
much as 95% crude protein (Table 2.3). It is a good source of almost
all the amino acids (King and Campbell, 1978; Orme, 1978; Tacén,
1979a) containing particularly high levels of lysine Miller, 1977;
King and Campbell, 1978; Tac6n, 1979a; McDonald et al., 1981) and
tryptophan (Tac6n, 1983). It 1s also rich in valine, leucine, and
histidine (Tacon and Jackson, 1985) but is a poor source of both
methionine and Isoleuclne Walker, 1977; King and Campbell, 1978;
Tacéon, 1979a; Chvapil et al., 1980; McDonald et al., 1981; Tacon
and Jackson, 1985). Unfortunately however, its amino acid profile
(Table 2.4) 1is very unbalanced due to the disproportionate levels

of specific amino acids, particularly Isoleuclne and leucine (Tacén
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TABLE 2.1! ProxiMt« coapoaltlon of

Proxlaaea eoapoaltion

it dry waigbt) 1 2

Moistura (X) 3.3 10.7
Cruda protain (X) 3?7.8 30.2
Upid X)) 1.5 1.k
Aah (X) *.3 k.k

M/A m not xvAllabl«

(f/7100 g dry walghc)

flv* Blood m «l1s

Blood Mal
3

7.0-13.*"

90.7-9*.3

MZA

JI/ZA

Aaino acid Blood Mai

(g/100 g dry wc) 3 2 6 *
Arginina 3.2 3.56 3.7
Hiatidina *.7-7.9 3.8 *.77 5.0
laolaucina 1.0-1.3 0.9 1.15 2.0
Laucina 10.1-12.5 9.9 10.26 10.7
Lyaina 5.% 7.6* 7.1
Nathionina 0.2-0.8 1.0 1.30 1.3
Phanylalanina 6.3-7.2 5.2 5.91 5.9
Tbraonina 3.7-*.9 3.9 *_57 *.0
Tryptophan 1.2-1.* 1.0 1.90 1.1
Valina 7.3-9.%* 6.9 7.7*” 7.2
Cyacina 1.5-1.7 1.* 1.23 0.5
Glyeina *_5 *.1
Tyroaina 2.*-3.0 2.59 2.8

Parcantaga of cruda protain in tha dlat

v W /S

Aftar Fowlar and Banka (1976)
Aftar Millar (1977)
Aftar Walkar (1977)
Aftar Cdbl
Aftar NeOonald
Aftar King and Caapball (1976)

(1961)
(1961)

(J Iry woigHt)

3.37

0.99
11.1

3.87

1.26

*_3*
1.17
7.76
1.50
3.95
2.21

A«tno acid profila of fiva Blood Mala and aaino acid raquiraawnt of rainbow trout

BaquiraMnt of rainbow trout

1.*%0,
0.6*.
0.96.
1.75,
2.12,

0.55-0.75. 35X

1.2*.
1.36.
0.20.
1.2*.

0.30,

0.8*.

(X dint)

*0X (Ogino, 1960)

*0X (Ogino, 1960)
40X (Ogino. 1960)
*0X (Ogino, 1960)
*0X (Ogino. 1960)

(KuMay at al.
1953)

*0X (Ogino. 1960)
*0X (Ogino. 1960)
*0X (Ogino. 1960)

*0X (Ogino, 1960)

35X (Buaaay at E£l.

*0X (Ogino. 1960)

1963
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and Jackson, 1985)e Thus, due to the antagonistic effect of excess
leucine on Isoleuclne (Relnltz, unpublished; Tacén and Jackson,
1985), animals fed high dietary levels of blood meal (&10%) suffer
from an Isoleuclne deficiency caused by an excess of dietary leucine

(King and Campbell, 1978; Taco6n, 1979a; Tac6n and Jackson, 1985).

Blood meal contains only small amounts of minerals (Gbhl, 1981)
although. It Is a fTairly good source of dietary selenium (Arthur,
1971). It Is an excellent natural binder (Fowler and Banks, 1976;

Orme, 1978; Tacdén, 1983) and a flavouring agent (Orme, 1978).

The very unbalanced amino acid profile of blood meal together
with low biological value, low digestibility and palatablllty problems
Miller, 1977; Chvapll ~ al., 1980; (@bhl, 1981; McDonald et al..

1981) have resulted In It being restricted to Inclusion levels not

exceeding 5% by weight In diets for terrestrial animals ((35hl, 1981).

Blood meal 1Is commonly used In diets for rainbow trout due
to Its high protein content and high content of the critically
limiting amino acid, Qlysine Willer, 1977; McDonald et al., 1981)
but again Its use Is usually restricted to 2%-6% by weight of the

diet (Fowler and Banks, 1976; Orme, 1978; McDonald et al., 1981).

Several authors have evaluated higher Inclusion levels. Tlews
et al. (1976) used blood meal at dietary Inclusion levels of 8.5%
and 25.5% by weight along with fish meal, and meat and bone meal
with only a slight loss In Tfish performance. However, Schulz et

al. (1982) reported a significant decrease |In efficiency Indices
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when rainbow trout were fed a mixture of equal parts of blood meal,
hydrolysed feather meal and poultry by-product meal (33:33:33% of
the protein). Orme (1978) however, found that rainbow trout fed
diets containing 25% by weight blood meal developed a dark flesh
colouration and a meaty odour and Tflavour. Furthermore Fowler and
Banks (1976) reported abnormalities i1n the livers of Chinook salmon
(@ncorhynchus tshawytscha) fed diets containing 17.5% blood meal.
No abnormalities were observed when the inclusion level was restricted

to only 5% of the diet.

Tacon (1983) reconmended the use of spray dried blood meal
up to an 1inclusion level of 12% i1n diets for rainbow trout as it
has a high content of good quality protein. Nevertheless production
costs will Timit 1i1ts 1inclusion level as blood meal 1is frequently

more expensive than fish meal (Tacén, 1983).

2.1.5 Leather By-product Meal

Before hides are tanned the epidermis and any remaining Tlesh
may be solvent extracted, dried and ground to produce a tannery
by-product meal which 1is usually used as a fertiliser (Gohl, 1981).
However it has a high nutritive value containing 85.1% crude protein,
9.0% HNipid, and 5.3% ash and is very rich in both glycine ((20.9%)
and lysine (8.1%; G8hl, 1981). It has been used in poultry fTeeds
to replace up to 25% of the soybean oil meal and although it does
not affect feed efficiency 1t tends to depress growth (Cohl, 1981).
To date this product has not been evaluated as a potential ingredient

in diets for rainbow trout.
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Scraps from the tanned Ileather Industry can be hydrolysed to
Improve digestibility, cooked at a high temperature for partial
removal of the fat and dried. Hydrolysed Uleather meal contains
55X-71% crude protein and 7%-21% Hlipid (Table 2.3) but has slight
deficiencies 1In some essential amino acids (Table 2.6), iIn particular

the sulphur amino acids (Cowey et al., 1979; Gbhl, 1981).

Cowey et (1979) Incorporated hydrolysed leather meal i1nto
moist rations for rainbow trout at levels ranging from OX to 36.2X
of the diet. Thus, up to 48X of the protein iIn a 30X protein diet
was supplied by this by-product. Based on the performemce of the
fish fed the experimental rations Cowey et al. (1979) recommended
that the maximum inclusion level of this material should be between

2UX and 36X of the diet (13X-20X of the protein).

2.1.6 Animal Fat

A number of fats are produced from slaughterhouse wastes, the
most i1mportant of which are lard and beef tallow. Cowey et al.
(1979) consider that substantial amounts of animal fat can be used
in diets for rainbow trout with no adverse effects providing they
are iIncluded in nutritionally balanced diets. Their use reduces
the risk of oxidation of diets since saturated animal fats are less
susceptible to oxidation than polyiinsaturated fats such as fish
oils and certain vegetable oils (Relnltz and Yu, 1981; Chan et al..
1982; Hardy et al., 1983; Stansby, 1983; Watanabe et al., 1983).
Furthermore, animal fats are readily available and the cost of both

lard and beef tallow 1is significantly Ilower than that of marine
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TABLE 2.5 Proxlaat« caapoaltion of two Uatbor byproduct awals
(S dry w«tgfct)

ProxIMte eoapoeltlon Leather byproduct Mai
(S dry weight) 1 2
Moloture (S) 8.H N/A
Crude protein (S) 71.1» 59.0
Lipid (i 7.1 21.C
Aoh (X N/A N/A

M/A m not cvailablo

TABLE 2.6 Aitino teld profilo of two Loocbor byproduct Molo and

Mino oeld rodulPMMnt of rainbow trout (c/100 g dry wol«bt)

Aalno add Leather byproduct M d Nequlreaent of ralnbow trout
(g/100 g dry wt) 1 2 (X dlet)
Arginine 9.1 3.99 1.40. ~X (Ogino. 1960)
HlatldlIne 0.8 0.61 0.6*. *0X (Ogino. 198C)
Isoleuclne 2.6 1.3* 0.96. 40X (Ogino. 1980)
Leucine 5.2 2.11 1.76. *0X (Ogino. 1980)
Lyalne ».3 2.32 2.12. *0X (Ogino. 1980)
Methionine 0.9 0.51 0.59-0.79. 39X (RuMey #£
li. 1983)
Phenylalanine 2.5 1.57 1.2*. *0X (Ogino. 1980)
Threonine 1.8 3.03 1.36. «OX (Ogino. 1980)
Tryptophan 0.0 0.20. 40X (Ogino. 1960)
Valine 2.5 2.03 1.2*. *0X (Ogino. 1980)
Cyatlne 5.» 0.1* 0.30. 39X (RuMoy u 8i.
1983)
Glycine 29.5
Tyroelne 1.2 0.96 0.8*. *0X (Ogino. 1980

Poreontogo of crudo protoln In tho dlot

1) After Cowoy ti- (1979)
25 After Com. m:zX981)






.22.

Fat containing bleaching earth Is a waste product from the
oil and fat Industry. When oils and fats are refined for edible
purposes, one stage of the process 1Is treatment with an absorbent
to remove colouring matters, soaps and proteins, etc. The absorbent
most commonly used 1is activated Fuller®s earth (Austreng, 1978b).
This process results in considerable amounts of neutral Tfats being
retained i1In the bleaching earth. According to Austreng (1978b)
the Norwegian fTat industry produces 3,000 tons per year of bleaching
earth when treating marine oils. Thus, 1n addition to being a waste
of valuable fat, the disposal of this material represents a potential

pollution problem.

Fat containing bleaching earth has a fat content of 23% and
iIs a good source of many jninerals 1i1n particular Ca, Mg, K, aud Fe
that may be utilized by fish. However it also contains some heavy
metals but according to Austreng ((1978b) these are only present

in small amounts.

Fat containing bleaching earth recovered from vegetable oils
iIs used successfully 1i1n poultry feeds. Austreng (1978b) first
evaluated the potential of a bleaching earth, used iIn the production
of marine oils, as an Ingredient in diets for rainbow trout. Up
to 30% of the capelin oil iIn a 20% lipid diet was successfully
replaced by this material without any adverse effects on fish perform-

ance or on the flavour of the flesh.

1-I

<lt'| <
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2.2 POULTRY BY-PRODUCTS

The development of intensive poultry industries, in which birds
are produced iIn concentrated areas and processed iIn slaughterhouse
plants, allows efficient conversion of the by-products 1i1nto animal
feeds (G3hl, 1981). The processed by-products coming ¥from this
industry are hydrolysed feather meal, poultry by-product meal, poultry
offal meal, poultry by-product and hydrolysed feather meal, chick

meal, chick shell meal and hatchery by-products meal.

2.2.1 Hydrolysed Feather Meal

Feathers are processed either under low pressure at 130*C for
two and a half hours or under high pressure at 140*C for thirty

minutes. After cooking the material 1i1s dried at about 60*C and

ground (Gobi, 1981).

The nutritive value of hydrolysed feather meal 1s related to
the physico-chemical breakdown of the feathers which depends upon
the method and efficiency of hydrolysis (Naber and Morgan, 1956;
Morris amd Balloun, 1973a, b; Ichhponani and Lodhi, 1976). Hydrolysed
feather meal has a high crude protein content (Table 2.7) which
may be as high as 9.1X (Gohl, 1981). However 83% to 906 of the protein
consists of keratin (Ichhponani and Lodhi, 1976) which has a high
cystine content (Burgos et al., 1977; Ichhponani and Lodhi, 1976;
Thomas and Beeson, 1977; Tacon, 1979a; Gohl, 1981; Bieloral et al..
1982). Due to the antagonistic effect of cystine upon methionine
animals fed high dietary inclusion levels of hydrolysed feather

meal may suffer from methionine deficiency caused by an excess of



TABLE 2.8
trout

Aaino acid
(g/7100 g dry wt)l
Arglnine
HiatldIna
laolaucine
Leucin«
Lyaine
Netbionlne
Phenylalanine
Threonlne
Tryptophan
Valin«
Alanin«
Aapartic acid
Cyatin«
Glutaaic acid
Glycin«
Prolin«
Serin«

Tyroain«

TABLE 2.7
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ProxIMt«
(S dry woifiit)

eoapoaltiofi

Prox"laata eoaposltion

(X dry weight)

telature (S)

Grade protein

Upid X

Aah (O

Aaino acid profil« of ««vor«!

(f/7100 ( dry waight)

4

2.7

Q)

of thr*« Hydrolys««!

1 2
9.0-12.1 1.2
82.9-3A.7 38.9
1.2-2.4 5.3
3.6-4.2 4.1

footnor aoais

3.5-7.9

"4.0-31.4

1.2-12.7

2.7-0.0

Hydrolyaad faacbar ®maala and aaino acid raquiranant of rainbow

Hydrolyaed feather Mala

1

3.64-7.30
0.18-0.55
3.78-5.17
5.79-10.11
1.39-2.72
0.11-0.46
3.52-6.52
1.42-1.86

5.63-8.67
1.89-3.40
4.41-4.89
1.28-3.06
5.11-7.37
4 54-7.49
7.14-12.21
6.53-7.67
2.43-2.68

Parcantaga of cruda protein

5 2
3.60 5.9
Trace 0.6
2.46 2.6
4.49 6.2
1.89 1.9
0.29 0.3
2.62 3.9
2.08 3.6
3.33 6.0
2.19 4.0
2.83 6.5
5.34 4.6
5.69 8.8
3.50 6.4
5.62

4.71 8.7
1.54 2.3

In the diat

1) After Norrla and Balloon (1973b)

2)
S

£t

After TtioMa and Baaaon (1977)

After Bialorai (1982)

R«<)uir«Mnt of rainbow trout

3 (X diat)

5.8 1.40, 4ux (Ogino. 1980)

0.5 0.64, 40X (Ogino. 1980)

4.0 0.96. 40x (Ogino. 1980)

6.5 1.76. 40X (Ogino. 1980)

1.5 2.12, 40X (Ogino. 1980)

0.5 0.55-0.75. 35x (RuMey et al.

4.1 1.24, 40X (Ogino, 1980)

3.7 1.36. 40X (Ogino. 1980)

0.6 0.20. 40X (Ogino. 1980)

6.2 1.24, 40X (Ogino. 1980)

3.9

5.1

2.4 0.30, 35x (RuM«y et al. 1983)

8.2

6.3

8.7

9.2

2.2 0.84, 40X (Ogino. 1980)
After Tacén (1982a)

After Weaaala (1972)

1983)
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dletary cystine (Ichhponanl and Lodhl, 1976; Tacén and Jackson,
1985). Autoclaving reduces the cystine content from about 10Y to
3.3Y (GOhl, 1981). Hydrolysed feather meal also has a very unbalanced
amino acid profile (Gohl, 1981; Bleloral et al., 1982) with low
levels of Ilysine, methionine, tryptophan, and histidine (Lillie
et al., 1936; Naber and Morgan, 1936; Naber, 1961; Moran and Summers,
1968; Thomas and Beeson, 1977; Potter and Shelton, 1978). Lysine
Is the Tfirst limiting amino acid (Jackson and Fulton, 1971; Tacoén
and Jackson, 1983 « Table 2.8). Hydrolysed feather meal contains

relatively low levels of lipid (1.2Y-12.7Y) and ash (2.7Y-3.0Y:

Table 2.7).

Despite the limited Improvement In nutritional quality produced
by advances In processing techniques, hydrolysed feather meal Is
now frequently mixed with other animal by-products (mainly other
poultry by-products) In order to obtain a product with a more balanced
amino acid profile Wilder, 1933). Its Inclusion alone In fish
feeds Is usually restricted to 3S to 7Y of the diet (Hung et al..
1980; Hilton et al., 1981; Beamish and Thomas, 1984) although It
Is occasionally used at levels up to 20Y (Higgs et al., 1979; Koops

et al., 1979; Hardy et al, 1984).

2.2.2 Poultry By-product Meal

Poultry wastes from slaughterhouses Including offal, feet,

necks, heads, and blood are cooked, dried and ground to produce

a meal.

VT4

> »,
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Poultry by-product meal has a crude protein content of between
56/6 and 59% (Table 2.9) with an amino acid profile deficient in
the essential amino acids lysine (Tlews et al., 1976; Gropp et al..
1979)t methionine (Tiews et al., 1976; Gropp ~ al., 1979; Higgs
et al., 1979), and tryptophan (Tiews et al., 1979). Lysine has

been reported to be the first limiting amino acid (Table 2.10; Tacodn

and Jackson, 1985). Poultry by-product meal wusually has a high
lipid content. Levels ranging from 15X-21% are common (Table 2.9)
and values as high as 30% are also found (Gohl, 1981). Furthermore

poultry fats contain low levels of 03 fatty acids (Higgs et al.,
1979). Thus the very high lipid content of some poultry by-product

meals precludes their inclusion at high dietary levels.

Poultry by-product meal has an ashcontent of between 12% and
20% (Table 2.9). It 1sa good source of some minerals, Bielorai
6t al. (1983) reported values of 3.5~6.3g and 2.0-3.2g per 100 grammes

dry weight of Ca and P respectively.

A limited number ofstudies have been cax*ried out to assess
the potential of poultry by-products as alternatives tofish meal
in diets for fish ((Jauncey and Ross, 1982). Tiews et al. (1976)
found that 30% of the fish meal component of rainbow trout diets
could be successfully replaced by a combination of poultry by-product
meal and hydrolysed feather meal 1In the ratio 1.3:1. Furthermore,
provided supplements of 1lysine, methionine and tryptophan were

included, 100% fish meal replacement was possible without significant

loss In performance.

*V, .

-

1



TABU 2.9

Proslaata coavoaltlon
{% dry Might)

Noiatura (S)

Cruda protain {%)

Lipid (B)

Aah (S)

PQWa =

P

TABLE 2.10
trout

Anino acid

(g/100 g dry wt)

Arginina
HiatidiM
IsolauclM
Laucina
Lysina
Nathionina
Phanylalanina
ThraoniM
Tryptophan
ValiM
Alanina
Aapartic acid
Cyatina

Glutaaie acid

ClyciM
Prolina
Sarina
TyroaiM
BPu
POHFu

PtB -

BHPu a

N/A a

POHPa
3

A.22 A.62
0.63 o0.82
2.A6 2.6A
3.98 A.86
2.13 2.78
0.59 o0.62
2.6A 2.78
2.27 2.55
3.13 3.68
2.78 3.06
3.71 ~.16
3.92 3.90
6.10 6.82
A.88 A.83
A.80 5.39
A.50 5.26
1.62 1.99

ProsiMta c<M]>o«iCion

96.

15.

12.

Poultry offal

not avallabia
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of «wom

PBu PBa
1 2

2-8.6 9.8

6-99_A 59.9

3-17.2 17.1

2-20.6 15.5

Poultry by-product uaal

Mala of Poultry by-producta

56.1-61.5

19.8-21.5

H/A

and hydrolyaad faatbar uaal

POHPN PBn
A 1

3.00-A.10 5.0
0.80-0.90 1.2
1.23-2.17 2.5
2.97-A.% A2
2.A0-3.10 3.5
0.81-1.17 1.2
1.A3-2.37 2.6
1.67-2.67 2-A

0.5
1.87-3.23 3.1
2.90-A.A3 5.0
3.57-5.17 5.3
0.30-1.10 1.0
6.A0-9.07 7.7
9.63-6.87 7.9
3.67-9.93 9.2
2.13-A.37 3.1
0.99-1.79 1.9

- Poultry by-product Mai

- Poultry offal and bydroiyaad faatbar Mai

Poultry by-product and hydrolyaad faathar uaal

Auino acid profila of som Mala of Poultry by-producta
((/100 g dry waight

PBHFnN

3.9

0.71
2.90
5.15
2.Al
1.22
3.16
2.92

3.83
3.63
9.96
2.2A
7.33
9.87
6.18

5.*7
2.2A

PBHFu - Poultry by-product and hydrolyaad faathar Mai

Parcantaga of cruda protain

D
2)
3)
A
9)

Aftar Bialorai {t

Aftar Ohl

(1901)

in tiia dlat

(1903)

Aftar Jackaon and Pulton (1971)
(197A)

Aftar Burgoa at an.
Aftar Bhargava and U"Nall

(1979)

POHFu PBHFu

A 5
3.39-A.79 3.09-10.
62.70-72.18 70.30-76.
N/A 7.93-18.
N/A 6.8A-15.

it dry waisht)

auino acid raquiroMnt of ralnbou

Baquirauant of rainbow trout

1.A0. ACS
0.69. 90S
0.96. 90s
1.79. 9o0s
2.12, 90S
0.55-0.79
1.29, 90S
1.36. 90S
0.20. 90S
1.2A. 90S
0.30, 35s
0.89, 90S

(0gino. 1900)

12

60

27

15

(S diat)
(Ogino. 1900)
(Ogino. 1900)
(Ogino. 1900)
(Ogino. 1900)
(Ogino, 1900)
355 (RuMay at al. 1903)
(Ogino. 1900)
(Ogino. 1960)
(Ogino. 1900)
(Ogino. 1980)
(BuuMy at al., 1903)

V-
¥
v 1
afl -
o, 1
H 1
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HIggs et al. (1979) evaluated a poultry by-product meal in
combination with hydrolysed feather meal 1In the ratio of 2:1 1In
diets fTor coho salmon (Oncorhynchus kisutch). They concluded that
poultry by-product meal and hydrolysed feather meal can successfully
replace 75% of herring meal protein without any loss of performance
and up to 100% replacement 1is possible i1If adequate methionine supple-
mentation 1is provided. Furthermore 1t was evident that coho salmon
utilize poultry fat as efficiently as fish oil for energy production.
Histological and haematologlcal examination revealed that fish were

in excellent health even at 100% protein replacement.

Tiews et al. (1979) formulated 43 fish meal free diets for
rainbow trout, some containing poultry by-product meal and hydrolysed
feather meal. It was reported that these products could be Included
at up to 100% protein replacement (1:1.25 poultry by-product meal:
hydrolysed feather meal) with only a slight fall iIn performance.
Furthermore an economic appraisal of all diets tested demonstrated
that the two cheapest acceptable diets were one containing 44% poultry
by-product meal and 56% hydrolysed feather meal and another containing
25%, 19% and 56% poultry by-product meal, hydrolysed feather meal

and soybean oil meal respectively.

Gropp et al. (1979) replaced up to 100% of the fish meal 1In
diets for rainbow trout with a combination of poultry by-product
meal and hydrolysed feather meal 1In the ratio 1:0.5-1.3. It was
concluded that these products could replace between 75% and 100%
of the fish meal protein without any Qloss 1In growth performance

and feed utilization efficiency provided the diets were supplemented

with methionine.

*n
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for inclusion at high dietary levels 1iIn rations for rainbow trout.

To date this product has not been evaluated in-fish feeds.

2.2.5 Poultry By-product and Hydrolysed Feather Meal

Feathers, offals, blood, feet, necks, and heads in their natural
proportions when ground, cooked, and dried produce a meal with a
good proximate composition (70%-77X crude protein and 8X"I18X lipid;
Table 2.9) and with an amino acid profile low In lysine (Table 2.10).
Bhargava and O"Neil (1975) reported values of 1.~7-~.93g and of

1.14«2.699 per 100 grammes dry weight for Ca and P respectively.

Bhargava and O"Neil (1975) evaluated this poultry by-product
in diets for chickens. They reported that growth was slightly
depressed when poultry by-product and hydrolysed feather meal was
incorporated at levels of up to 13% of the diet replacing soybean

meal protein. To date this product has not been evaluated iIn Tfish

Tfeeds.

2.2.6 Hatchery By-products Meal

Hatchery by-products meal i1s produced from all the waste
materials from hatcheries. Infertile eggs, dead embryos, shells
of hatched eggs and unsaleable chickens are cooked, dried, and then
ground to produce a meal. The meal has a crude protein content
of 37% (Table 2.11) with a reasonable amino acid profile although
it i1s deficient iIn lysine, methionine, and tryptophan (Table 2.12).

It has a high lipid content of around 21% and a particularly high

ash content (36%) of which 22% 1s calcium which restricts 1its

*eo



TABU 2.12

Aaino acid

(g/7100 g dry wt)

Arginine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Tryptophan
Val ine
Alanine
Aspartic acid
Cystine
Glutaaic acid
Glycine
Proline
Serine

Tyroaine

»
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TABL2 2.11 Proxlaae« coaposltlon of HateiMir byproducts ms I.

CMck Msl sod Chick shell assi (X dry wsight)

Hatchery
ProsiMte ceapoeition by-products
(S dry weight) asal Chick aeal Chick shell aeal
1 2 2

Moleture (X) 6.3 4.89 1.46
Crude protein (X) 37.2 55.39 14.03
Lipid (X) 21.7 31.98 0.10

Aeh (X) 36.0 ?.61 86.33

Aaino acid profils of Hstetaery by-products assl. Chick assl. Chick shall aaal and aalno acid
raquirasMnt of rainbow trout ((/100 g dry weight)

Hatchery
by-producta
aeal Chick aeal Chick shell aeal Requireasnt of rainbow trout
1 2 2 (X diet)
#
1.8 3.3 0.67 1.%0g Hot (Otinop 1980)
0.7 1.1 0.28 0.64. 40X (Ogino. 1980)
1.~ 2.3 0.33 0.96. 40X (Ogino. 1980)
2.3 3.3 0.45 1.76. 40X (Ogino. 1980)
1.5 4.0 0.32 2.12. 40X (Ogino. 1980)
0.7 1.2 0.23 0.55-0.75, 35X (Ruasey N al. 1983)
1.3 2.5 0.20 1.24. 40X (Ogino. 1980)
1.3 2.1 0.44 1.36. 40S (Ogino. 1980)
0.5 0.20. 40X (Ogino. 1980)
1.9 2_H 0.51 1.24. 40X (Ogino, 1980)
3.3 0.36
3.9 0.69
0.4 2.3 0.89 0.30. 35X (Ruaaey U a;. 1983)
6.5 1.04
2.0 3.7 0.86
3.9 0.76
2.7 0.40
0.9 1.9 0.22 0.84. 40X (Ogino. 1980)
Percentage of crude protein in tlie diet
(19bl) 2) After Tacén (1982a)

1) After Gdhl
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Inclusion at high dietary levels (Gohl, 1981). It has been used
in broiler diets at 4% by weight with excellent results (G5hl, 1981)
but to date has not been evaluated iIn fish diets.
2.2.7 Chick Meal
Poultry hatcheries produce considerable amounts of dead embryos
and culled chicks, particularly the male chicks of laying strains,
which have little or no c<xnmercial value (Ichhponanl and Lodhl,
1976; Tacbén, 1982a). >
@
Tacén (1982a) evaluated the potential nutritive value of day-
old chicks as an animal foodstuff. Deep frozen day-old chicks were
homogenized, air dried at 60*C and gp™und to produce a meal which Ao
was subsequently analysed to assess i1ts potential as a feed ingredient
for salmonida.
1“1~
o« ="
m\,:
The chick meal was found to be a reasonable source of crude w

protein (55.39%; Table 2.11) and also of the amino acids methionine,
lysine, and particularly of cystine (Table 2.12). However 1t has
a high 1lipid content (31.98%) which will prevent its inclusion at
high dietary levels, particularly since the lipids are predominantly
composed of saturated and monounsaturated fatty acids (mainly oleic

and palmitic acids; Tacon, 1982a).

Chick meal 1s a good source of the major elements, Ca, Mg, Fe,
P, Na, K, NaCl and of the microelements Cu, Ni, Cr, but a poor source

of Mn. It contains however extremely high levels of Zn (1676 ppa
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by weight) and to a lesser extent Pb (17.23 ppm by weight) which
are known to depress growth and Induce Cu deficiency In animals
(McDonald ~ al., 1981). Finally, It 1Is a good source of niacin
and riboflavin but a poor source of thiamine and does not contain

the fat soluble vitamins A and D (Tacén, 1982a).

>teln avidIn which
heat labile anti-

heat (Chubb, 1932;

Tacon, 1982a).

It Is known that poultry waste byproducts carry substantial
amounts of contaminating micro-organisms such as microbial pathogens
and parasites (Ichhponanl and Lodhl, 1976; Tac6n, 1982a). To
eliminate the risk of disease transmission Tacon (1982a) recommended
that this by-product should be heat processed In such a manner, as

to ensure partial or complete destruction of these micro-organisms.

Based on the Tfindings above Tacén (1982a) concluded that chick
meal could only be Incorporated In animal feeds at Jlow dietary

Inclusion [levels, although this recommendation was not tested In

feeding trials.

2.2.8 Chick Shell Meal

In addition to culled chickens, wastes from poultry hatcheries
Include shells of hatched eggs and also unhatched eggs which are

obviously unsuitable for sale. When processed they can be regarded

o/l »«

»

»
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as potential Ffish foodstuffs (Ichhponanl and Lodhl, 1976; Gdhl,

1981; Tacbn, 1982a).

Tacon (1982a) evaluated the nutritional quality of egg shells
as a potential Ingredient In rainbow trout diets. Shells were ground,
air dried at 60*C and then finely ground In a rotary mill. Chick
shell meal consists of 86X ash and It Is thus a good source of many
minerals. In particular CaCo™ , Mg, Fe, Cu, NI, and Cr although It
Is deficient In P and Zn. Furthermore a high proportion of the
total nitrogen within chick shell meal 1Is nonprotein nitrogen and
Is In the form of polymeric (N-acetyl) hexosamlnes (Tacén, 1982a).
It Is deficient In all essential amino acids amd It has a high cystine

content (Table 2.12). It also contains negligible amounts of lipid

(Table 2.11).

Like chick meal, chick shell meal may be contaminatedwith
micro-organisms. However Ral and Netke (1973) reported that heating

egg shells at 110*C for 15 hours produces a fToodstuff free from

these organisms.

Chick shell meal |Is therefore a valuable source of Ca, Mg,
Cr, and trace elements, and thus Tacén (1982a)suggested that It

could be Incorporated In fish feeds at low Inclusion levels.

In contrast to chick shell meal, whole egg meal has a higher
protein (60.9X) and lipid (22.8X) content but contains substantially
less ash (10.2%). In addition It has a very low market price.

Davis et al. (1976) Incorporated this Tfoodstuff In a ration for

> VLF
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lake trout (Salvellnus namaycush) at a level of 23.3% of the diet
replacing 30% of the Ffish meal In a 32% crude protein diet. The
fish fed the ration containing whole egg meal performed slightly

better than those fed the fish meal control diet.

high
levels In salmonld diets. Indicates that It Is a promising Ingredient

for Inclusion In diets for rainbow trout.
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2.3 DAIRY BY-PRODUCTS

There i1s a wide range of dairy by-products that could be recycled
into animal feeds with the advantage of an economic return. These
include skimmed milk, buttermilk, whey, casein and dairy processing

wastes.

Skimmed milk s milk from which most of the lipid has been
removed but in which all the protein remains (Clohl, 1981). It has
a crude protein content of 37.5? of which 97%-98? 1is digestible
by rainbow trout (Pfeffer, 1982) and i1t is a good source of the
amino acids Isoleuclne, leucine, and valine, but a poor source of
arginine (Table 2.13). It has a very low lipid content of 1.67
and i1s a good source of vitamin B but is deficient i1n both the fat

soluble vitamins A and D. It is usually used for fTirst feeding

of calves (G&hl, 1981).

Buttermilk consists of the residue from churned whole milk
(G5hl, 1981) and has a crude protein content of about 33? and a
reasonable amino acid profile although 1t contains low levels of
arginine and methionine (Table 2.13). It has a lipid content of
around 12? and has been used iIn conjunction with skimmed milk for

pigs and poultry.

Whey 1s the dairy product residue from the manufacture of cheese.
It has a crude protein content of only 10.8? of which 91?-98? 1is

digestible by rainbow trout (Pfeffer, 1982) and it 1is deficient
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in all the essential amino acids (Table 2.13). It also has a very

low lipid content of around 0.4%.

All three of these dairy by-products have been used at very
low levels iIn feeds for terrestrial animals since their cost prohibits
extensive use (Gohl, 1981). Their use in Tish feeds has also been
restricted to very low levels of between 5X-10% by weight In experi-
mental diets for “rainbow trout (Austreng, 1979; Austreng and Refstle,
1979; Hung et al.. 1980, 1981; Relnltz, 1980; Reinitz and Hitzel,
1980; Bromley and Smart, 1981; Reinitz and Yu, 1981; Hardy et al.,

1983).

Casein 1is the dried protein precipitated from milk after acid
or rennin has been added (Crampton and Harris, 1969; Culllson, 1979).
Casein has a very high crude protein content of about 88% (Asgard
and Austreng, 1985) of which 93)5-97% 1i1s digestible by salmonids
(Lall and Bishop, 1977; Rychly and Spannhof, 1979; Pfeffer, 1982).
It has a very balanced cunlno acid profile with only slight deficien-
cies iIn arginine and methionine (Table 2.13; Asgard and Austreng,
1985). Casein is successfully wused iIn experimental diets for
salmonids by nutritionists (Lee and Wales, 1973; Asglard and Austreng,
1985) but, like the dairy by-products considered above, cost prevents

its utilization in commercial diets.

Wastewaters from dairy processing plants are usually digested
aerobically before being released Into running water. The remaining
semi-solid wastes are sources of protein, carbohydrate, and minerals

that can be recycled iInto diets for animals (Rumsey fit al., 1981).

mv
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2.4 FISH PRODUCTS

Waste fish can be fed to fish without any processing. However,
although 1t 1Is generally relatively Inexpensive to feed unprocessed
fish there can be problems with supply and spoilage (Johnsen and
Skrede, 1981; Windsor and Barlow, 1981; Jackson et al., 1984a).
Ideally fish farms should be Qlocated near to a fishing port, and
even so there Is no guarantee of a continuous supply. Raw Tfish
is a highly perishable commodity particularly at high environmental
temperatures (Windsor and Barlow, 1981). Thus the action of bacteria
present In the gut, enzyme digestion and the tendency for poly-
unsaturated fish oils to become rancid can result In serious spoilage
problems within a very short time (Johnsen and Skrede, 1981; Windsor
and Barlow, 1981). Cold storage of raw fish to prevent spoilage

is often prohibitively expensive (Rungruangsak and Utne, 1981).

The most common processing techniques for waste fTish products
Is the production of meals. A Tfurther option Is preservation by

ensiling.

2.4.1 Fish Meal

Properly processed fish products are among the very best source
of high quality protein for animals and also contain relatively
large quantities of |lysine, methionine, and tryptophan, the amino
acids most often deficient In cereal based diets. They are rich
In minerals and vitamins and are reported to supply unidentified

growth and hatchabllity factors (GQhl, 1981).

\A |
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The dependence on fish meal 1In fish TfTeeds 1is due largely to
its nutritional quality. Firstly 1t has a high crude protein content
of between 60JC and 72% (Table 2.14) with protein and lipid digesti-
bilities ranging from 60% to 95% and 82% to 97.3% respectively (Smith
and Rumsey, 1976; Atack and Natty« 1979; Cho and Slinger, 1979;
Lovell, 1981; Pfeffer, 1982; Watanabe et al., 1983). It has an
excellent amino acid profile and is particularly rich in the essential
amino acids lysine and methionine, the two amino acids most often
deficient iIn TfTeedstuffs (Lovell, 1981; Windsor and Barlow, 1981).
In addition fish meal 1s the richest natural source of available
lysine (Table 2.13; Windsor and Barlow, 1981). Tacén and Jackson
(1983) reported that its Tfirst limiting amino acid is threonine.
It i1s also one of the best sources of minerals, particularly of
Ca, P, Fe, Mn, and Se (Phillips and Podoliak, 1957; Arthur, 1971;
Cowey, 1976; Lovell, 1979, 1981; McDonald et al., 1981; Soevick
et al., 1981; Windsor and Barlow, 1981), of several vitamins, particu-
larly choline (Lovell, 1981; Windsor and Barlow, 1981), and of w3
essential fatty acids (Lovell, 1981; Watanabe et ~ . , 1983). Fish
meals also have an appealing flavour to most fish species (Lovell,

1981).

Fish meals have traditionally been used in commercial Tfish
feeds for many years (Ketola, 1975; Nose, 1979; Dabrowski et al.,
1980; Lovell, 1981; Tacén and Jackson, 1983). Currently good quality
fish meals supply the major proportion of the protein component
(30-40% by weight) within commercial Tfish feed rations and this
is particularly the case iIn diets for salmonids (Nose, 1974; Orme,
1978; Kaushik and Luquet, 1980; McDonald et al., 1981; Tacén, 1981;

Tacon and Jackson, 1983).

“m



TABLE 2.19

Proaiaate coapoaition
(S dry weight)

Noiature It)
Crude protein
Lipid (B)

Aah (B)

N/A

TABLE ¢.1IS

ProaiMta

®

e ftot available

Euahiiio

15.9

(g/100 g dry weight)

Aaino acid

(g/100 dry wet)

Arginine
Hlatidine
laoleucine
Leucine
Lyaine
Methionine
Phenylalanine
Threonine
Tryptophan
Valine
Alanine
Aapartie acid
Cyatine
Glutanic acid
Glycine
Proline
Serine

Tyroalne

Peruvian Herring
2 5
6.97 3.90
2.09 1.53
9.80 3.90
8.09 5.90
7.05 5.88
2.95 2.19
5.79 2.95

8.00
5.38 9.10
9.70 3.19
0.69
9.50
2.19

Percentage of cmde protein

1) After Watanabe 5 al.

2)

After Tacon ft fl.
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coapoaition of aia Flah aaala

Choaki
1

9.5

59.5

20.2

Brown

9

5.2
2.1
2.8
9.9
5.9
2.0
2.3

0.5
3.7

Peruvian

1

65.8

11.3

17.8

Tuna

3.92
1.81
2.37
3.83
3.89
1.96
2.18
2.31
0.56
2.83
3.60
9.95
0.92
6.35
9.39
2.89
2.22

in the diet

(1963)
(1963a)

3) After Windaor and Barlow (1961)

Sardine

(B dry weight)

Peruvian
2

9.9

69.5

9.9

15.9

0.66 1.90.
2.92 0.69,
2.90 0.96,
5.79 1.76,
5.67 2.12.
2.06 0.55-0
2.89 1.29,
2.83 1.36.
9.18 0.20.
3.50 1.29,
9.18

2.02

0.69 0.30.
8.58

3.98

2.76

2.63

2.21 0.89,
A) After Tacan fi
5) After PkOonald
6) After ToyaM 0

Herring

3

7.7-10.5

60.9-72.0

6.8-9.7

N/A

Aaino acid profile of five Flab aaala and aaino acid require tnt of rainbow trout

Brown

9.9

13.2

Bequlraaanit of rainbow trout

(S diet)
T,
90B (Oglno, 1980)
90B  (Ogino. 1980)
90B (Ogino. 1980)
90B (Ogino. 1980)
90B (Ogino, 1980)

.75, 358 (Ruaaey ef li.
90B  (Ogino. 1980)

90B  (Ogino, 1980)

90B (Ogino. 1980)

90S (Ogino, 1980)

35B (Ruaaey et al. 1983)
90B (Ogino, 198u >

(1969)

i fl. (1961)

81.

(1963)

1983)

[ 3

1*
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2.4.2 Fish Silage

Fish silage as a means of preserving fish products was developed
In northern Europe and has been used In Scandinavia since 1930 (Tacon,
1981) and commercially since 1948 (Tatterson and Windsor, 1974;

Hardy et al., 1984).

Fish silage Is a liquid product which develops when whole fish
or parts of fTish are treated with an acid, usually either formic
or a mineral acid. Liquefaction 1Is caused by enzymes present In
the fish, and Is accelerated by the acid which In addition to creating
the right conditions for the enzymes to work, helps to break down

bone and Ilimits the growth of spoilage bacteria (Tatterson, 1982).

The two main methods of producing silage are by chemical acid
preservation and by bacterial fermentation. Acid preserved silage
Is obtained by the addition of both Inorganic and organic acids
to give a final pH of 2 or 4 respectively (Tatterson, 1982; Tacoén
emd Jackson, 1985). The methods Involved In processing have been
fully described by Windsor and Barlow (1981) #€uid reviewed by NacKle Rl
(1982). Fermented silages are produced by storing the raw materials

In airtight containers and preserved by Jlactic acid bacterial

fermentation by the addition of a carbohydrate source (Tacén and

Jackson, 1985)*

In comparison with Tfish meal there are several advantages to In

be gained from the production of Tfish silage. The capital cost 3
>

of a TfTish meal plant 1Is much higher than one for TfTish silage
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(G8hl, 1981; Rungruangsak and Utne, 1981; Tacé6n, 1981; Windsor and
Barlow, 1981; Tatterson, 1982; Jackson et al., 1984a). In addition,
processing Tfish meal requires specialised staff, whereas silage
can be made by relatively unskilled workers (Windsor and Barlow,
1981; Tatterson, 1982). The production of Tfish silage Is also a
practical way of preserving wastes from canning and TfTilleting
Industries, low grade Industrial Tfish species and Tfish by-catches
Into a high quality foodstuff (Johnsen and Skrede, 1981; MacKle,
1982; Tatterson, 1982; Hardy ~ al., 1984; Tac6on and Jackson, 1983).
It is particularly useful where 1t Is economically Impractical to
transport relatively small amounts of fish to the nearest fish meal
plant (Asgard and Austreng, 1981; Tatterson, 1982; Jackson et al.,
1984a, b; Tacdén emd Jackson, 1983). Finally, provided fish Is treated
correctly, silage has good storage characteristics (Tacén, 1981;

Jackson et al., 1984a, b; Tacon and Jackson, 1983).

There are however a number of disadvantages associated with
the use of fTish silage. It Is usually deficient In tryptophan since
It is a labile amino acid when free and under acid conditions
(Jackson et al., 1984b; Tacén and Jackson, 1983). Nevertheless
Tacén and Jackson (1983) reported that tryptophan loss rarely exceeds
- o %0. Since TfTish silage contains unsaturated lipids It Is prone
to oxidation during storage If not adequately protected (Johnsen
and Skrede, 1981; Windsor and Barlow, 1981; Jackson ¢t al., 1984a,b).
The addition of ethoxyquln to give a final concentration of 230
ppm has been found to give the best protection (Tacon, 1981; Jackson

et al., 1984a, b; Tacdén and Jackson, 1983)*
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The antlnutrlitlonal factor thlamlnaae [la present 1In a wide
range of both freshwater and marine Fish species (Tacén and Jackson,
1985). It Is Inactivated by heat, but since the production of silage
does not Involve heating, the enzyme remains active. Furthermore
while Tfish meal can be processed within hours fish silage normally
takes longer and proper storage Is always required (Windsor and
Beirlow, 1981). Another disadvantage when ensiling with Inorganic
acids Is that It Is necessary to neutralize the silage prior to
feeding (Gbhl, 1981; Tatterson, 1982; Tacén and Jackson, 1985).
Finally, It Is not easy to Incorporate fish silage Into dry pelleted

diets (Hardy ~ al., 1984).

The proximate composition of some TfTish silages Is presented
In Table 2.16. Fish silage has more or less the same proximate
composition as that of the raw material from which It Is made (Cbhl,
1981; Windsor and Barlow, 1981) however digestibility of the protein
Is higher and the availability of the amino acids Is better (Gbhl,
1981; Skrede et al., 1980). The crude protein content varies between
14;( and 1% (Tac6on, 1981; Windsor and Barlow, 1981). It has an
excellent amino acid profile (Table 2.17) similar to that of the
fish from which the silage Is made (Gbhl, 1981) but with relatively
higher 1lysine levels, slightly lower levels of the sulphur amino

acids and particularly low levels of tryptophan (Johnsen and Skrede,

1981; Windsor and Barlow, 1981).

Tacon and Jackson (1985) reported that preliminary feeding
trials with fish Indicate that fermented fish silages are nutrition-

ally equivalent to fTish meal. A number of workers have evaluated

g o\
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TA1L8 2.16 Proxlaat* eoapotl”~on of «oat FI*h ellac«« (S dry

Whlca fish darring Brown flab
PrexImt« soaposltlon offal offal Sprats offal
it dry w«ight) 1 1 1 2
nolstura (S) 78.9 75.» 69.» 3».9-86.9
Cruda protain (t) 15.0 13.5 19.5 9.3-11.1
Upld it 0.5 3.7 13.0 0.5-2.:
Ash (O ».2 2.6 2.2 1.3-1.5
TAIU 2.17  Aalno acid profil« of Pish sllag«« and aalno acid r«qulr«— nt of rainbow trout
(g/7100 g dry Migtit)
Uhlta fish
Aalno acid offal Pish offal Whlta fish Harrlng Raqulraaant of rainbow trout
(g/100 g dry wc> 2 3 1 1 (S dlat)
Arginino 1.1 3.2-4.1 5.1 3.7 * 1.40, .<t1')S (Oglno. 1980)
Hilstldlna 0.» 1.2-1.9 1.8 1.2 0.64, 4CX (Oglno, 1980)
Isolauclna 0.6 2.4-2.8 2.8 1.9 0.96, 40X (Oglno, 198U)
Lauclna 1.0 4.6-4.9 4.5 3.7 1.75, 40« (Ogino. 1980)
Lyslna 1.1 ».3-5.2 4.7 ».2 2.12, 40S (Oglno. 1980)
Nathlonlna 0.4 1.4-1.8 1.8 0.8 0.55-0.75. 35S (Ruaaay at ¢1. 198j)
PtMnylalanlna 0.5 2.1-2.7 2.3 2.» 1.24, 40. (Ogino. 1980)
Thraonlna 0.7 2.7-3.0 3.1 2.2 1.36. 60S (Ogino, 1980)
Tryptophan 0.» 0.1-0.3 0.20, «US (Oglno, 1980)
Valina 0.6 3.0-3.4 3.3 2.4 1.24, 40S (Ogino. 1980)
Alai In« 1.2 3.9-4.1 5.» 3.0
Aspartic acid 1.5 5.0-5.6 6.6 3.7
Cyst In« 0.1 0.7-0.9 0.5 - 0.3 0.30, 355 (RuBsay £t al. 1983)
Clutaaic acid 2.2 8.1-8.4 9.7 5.7
Glyclna 1.» 4.7-5.6 6.1 3.1
Hydrosyprollna 0.7 0.4-0.8
Prollna 2.8-3.3
Sarins a 0.8 3.1-3.5 3.7 2.0
Tyrosln« 0.6 1.7-2.0 2.1 1.1 0.84, 40S (Oglno. 1980)

Parcantaga of cruda protain In tha dlat

1) Aftar Windsor and Barlow (1981) 2) Aftar Joluisan and Skrada (1981)
2) Aftar Tattarson (1982)

N
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acidifled silages 1iIn diets for salmonids (Rungruangsak and Utne,
1981; Hardy et al., 1984; Jackson et al., 1984a). Rungruangsak
emd Utne (1981) evaluated silages produced using HCI, formic acid,
or ~"280™ by replacing 50% of a minced raw fish feed with each of
these silages. They concluded that rainbow trout fed the M
acidified silage performed as well as fTish fed the control feed,
whereas those fed the formic acid and the ~280~ acidified silages

had a poorer growth performance.

Jackson et al. (1984a) evaluated a silage mixed with an equal
weight of a binder meal which was extruded to form a moist pelleted
diet and fed to Atlantic salmon (Salmo salar). They reported that
fish fed these moist diets had a growth performance comparable to
that of those fed a commercial dry diet proving that silage is an

acceptable ingredient for Atlantic salmon.

To overcome the difficulty of producing dry diets when Tfish
silage 1s to be used. Hardy et al. (1984) blended fish silage with
a small percentage of other dry foodstuffs and co-drled this mixture
in conventional Tfish meal drying equipment. 8ilage produced using
a mixture of sulphuric and proprlonic acids was co-drled with soybean
meal and hydrolysed feather meal. The resulting co-dried fish silage
was incorporated into diets for rainbow trout at levels up to 50%
by weight i1n rations containing 60% crude protein. It was concluded
that co-dried Tfish silage gives satisfactory results, similar to
those of the fish silage control diet but slightly poorer than those
of the fish meal control diet. The Hlower digestibility of soybean

meal and hydrolysed feather meal were proposed as possible causes

of thb poorer fish performance.

tE |



—48-

2.5 INVERTEBRATES

A number of invertebrate species have been evaluated as potential
ingredients in diets for Tish. These 1include fTly larvae, worms

and a variety of crustaceans.

2.5*1 Fly Larvae

Many TfTlies breed In a variety of substrates including decaying
fruits and vegetables, damp grains, decomposing organic matter and
animal wastes (Bondarl and Sheppard, 1981). They are efficient J e
convertors of waste materials iInto usable proteins, thus upgrading
the feed value of these waste products. Large amounts of silkworm

pupae (Bombyx mori). a by-product of the silk industry, are also

available without any production costs involved.

Several species of fly larvae and pupae have been used success-
fully in diets for terrestrial animals and Tfish. Silkworm pupae
have been used to raise carp iIn Japan and China ((HIckling, 1962);
face fTly larvae for channel catfish (Loyacano Jr., 1974); house
fly larvae for chickens (Calvert et al., 1969), and dried ground

soldier fly larvae have been fed to pigs (Newton et al., 1977).

Most fly larvae have a fairly good crude protein content varying
between 38% and 48%. Solvent extracted silkworm pupae have a particu-
larly high crude protein content of 77*6% (Table 2.18). Spinelli
et al. (1979) and GBhl (1981) reported that only around 75% of the

crude protein of fly larvae is true protein, the remaining 25% is
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TAILE 2.18 ProiiMt« co«po«ltlon of « Fly and of two Fly aaala
(S Iry waight)

?<uaca gl« Boaftyx aorl
Froaiaaca coapoaltlon (solvant axtrsetad)
(S dry waigbt) A 2 3
Melatura (S) a.o MZA 7.5
Cruda procaia (S) »9.0 38-40 77.6
Ulpld (S) 15.0 18.2S 1.0
Ash (X) 3.0 N/A 7.3
(niitm (X) 25.0 X/A H/A

n/k - not TOAI b«

TAILE 2.19 Aalno acid profila of two Fly asala and aalno acid

vV ow
raquiraaant of rainbow trout (97100 g Iry waight) ;'
Muses st.
Boabyx mori 1A4tU.raaant of rainbow trout -y
(g/100 g dry wc) 3 (X dlat) b (o
V> 7.
* 1<
Arginlna 2. 4« 5.1 1.40, ~X (Oglno, 1980)
Histidins 1.57 2.2 0.6«, 40X (Oglno. 1980)
laolaueina 1.35 0.96. 40X (Ogino, 1960)
Laueina 3.13 1.75. <0X (Oglno. 1960) 1l
Lyslna 3.32 7.8 2.12. *QO% (Oglno. 1960) < -
Nstblonina 1.01 1.5 0.55-0.75. 35X (Ruasay ic.
U. 1983) a V.
Phanylslanlna 3*13 1.9 1.2«. 40X (Oglno. 1980)
Thraonlna 2.0« 1.36, 40X (Oglno. 1980) 1
Tryptophan 0.65 1.2 0.20, *O% (Ogino, 1960)
Valina 2.62 1.2«, 40X (Ogino. 1960)
Alanins 2.77 X
Aspartic acid 4.86
Cystlna 0.37 1.5 0.30. 35X (Ruaaay
1983) frm
Clutaaie acid 5.49 3\Ve =
Clyeina 2.43 * -
Frelina 1.65 -
1,, ,m
Sarins 2.03 1"
Tyroalna 3.6« 4,9 0.3«. 40X (Oglne. 1960) H>aHe
y »»n **
-

Fareantaga of eruda protsln in tba déat

1) Aftar Splnalll anr. (1979)
2) Aftar Sondarl and Shappard (1981)
3) Aftar cam (1981)
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chitlin. Fly Icu™ae have an excellent amino acid profile (Table
2.19)- Methionine 1is reported to be the first limiting amino acid
(Tacon and Jackson, 1985). Fly larvae have a relatively high lipid

content of between 15% and 28% and an ash content of around 8%.

Splnelli et al. (1979) evaluated house Tfly larvae (Musca
domestlca) iIn diets for rainbow trout. The larvae were grown on
a substrate composed of two parts wheat middlings, one part alfalfa
and three parts water at 30*C for 3-~ days. After this 1incubation
period the larvae and substrate were dried In a rotary vacuum dryer
(735 mm Hg) at 85*-100*C. Finally, the Ileu*vae were separated from
the substrate by screening and were then ground to produce a meal.
However Ichhponani and Lodhl (1976) reported that the feasibility
of 1ts commercial production 1is not promising since they reported
that house fly larval protein yields are quite low due to an i1nability
to utilize nonprotein nitrogen from manures. Rainbow trout fed
diets iIn which up to 100% of the fish meal was replaced by fly larvae
meal protein exhibited a growth performance and feed utilization
efficiency as good as those fed the fish meal control diet. According
to Splnelll et al. (1979) the value of the fly larvae was equivalent
to that of the whole fish. Furthermore they reported that the larvae

contained no antinutrltional or toxic Tfactors.

Bondari and Sheppard (1981) aasessed the potential quality
of soldier fly larvae (Hermetia i1llucens) as a foodstuff for channel
catfish (Ictalurus punctatus) and blue tllapia (Oreochromis aureus).
Larvae were collected from poultry manure by washing it over a screen.

Chopped, frozen soldier fly larvae were then fed to fish as the

A |
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sole source of dietary protein and also In combination with a
commercial diet. Both channel catfish and tilapla fed Just larvae
and those fed half Qlarvae and half commercial diet performed as
well as the control Tfish fed conventional diets. Furthermore no

aromas, Tlavours or differences In texture In either Ffish species

were detected.

One of the major disadvantages associated with the use of fly
larvae and pupae In Tfish fTeeds Is the potential hazard from the
accumulation of toxins and heavy metals which are often associated
with waste materials used as substrates for larval production (Tacon,
1981). The cost effectiveness of the process Is also a significant
constraint In the commercial production of fly larvae and pupae.
Bondarl and Sheppard (1981) pointed out that newer and more efficient
methods of producing Tfly larvae from waste materials are necessary.
Even so they reported that extrapolations from experimental units
Indicate that a self harvesting technique could result 1In the >l &
production of two metric tons of larvae per month from a 20,000

chicken layer house. Furthermore they consider that this Tfigure

may be Increased substantially If Improved management or harvesting

techniques can be developed.

2.5*%2 \Vterms

There has been considerable Interest In the use of detrltlvorous
terrestrial and aquatic ollgochaete worms as a means of breaking
down and utilizing human and animal wastes (Tacon et al., 1983b;

Stafford and Tacén, In press). Earthworm activity converts waste
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materials effectively into a loose friable compost with potential
value as a plant growth medium (Burrows* 1984). As a by-product
of this waste management the earthworms themselves represent

a potential source of valuable protein for animal feeds.

Earthworms have a crude protein content varying between 50%
and 67% (Table 2.20) and a good amino acid profile (Table 2.21)
with 1lysine as the first limiting amino acid (Tacén and Jackson*
1985)* They have a lipid content of between 7% and 12% and an ash

content of around 10% to 15%«

In view of the promising potential of worms as a protein source*
a number of investigations have been carried out on a range of worm
species to determine both their acceptability and suitability as

an alternative to fish meal protein i1n fish rations.

Tacéon et al. (1983b) and Stafford (1984) evaluated three species
of terrestrial lumbricid worms Eisenia foetida. Allolobophora longa.
and Lumbricus terrestris 1iIn diets for rainbow  trout. These worm
species were tested fresh as the sole source of dietary protein
and E. foetida was also assessed iIn combination with a commercial
trout diet. Fish fed fresh A. 1longa and A. terrestris performed
as well as fish fed a commercial trout diet. By contrast fish fed
fresh E. foetida alone or 1i1n combination with a commercial trout
diet showed very little or no growth. Tacédn et al. (1983b)" and
Stafford (1984) noted that E. foetida appears to beunpalatable
to trout and suggested that this could possibly be due to a foetid

or garlic smell or taste. In addition E. foetida contains haemolysin
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a heat Qlabile haemolytic factor. Thus iIn view of the potential
noxious quality of both factors, which appear to be present In the
coelomlc fluid of E. foetlda. Tacon (1983) suggested that treatment
processes may be required to remove or Inactivate the antlnutritional
factors present before this species of worm can be fed to Tfish.
Stafford (1984) reported that blanching E. foetlda by Immersing
live earthworms in boiling water for five minutes prior to being
dried and ground to produce a meal, significantly Improved iIts accept-
ability by rainbow trout. This was considered to be due to the
partial removal of the noxious coelomic fluid fraction and also

to the possible dénaturation of heat labile antlnutrltlonal factors.

Stafford (1984) also tested two further worm species for rainbow
trout, namely Dendrobaena veneta and Dendrodrllus subrublcundus
(Tables 2.20, 2.21). The performance of fish fed D. veneta as the
sole source of dietary protein was slightly reduced when compared
with that of those fed a herring meal control diet. Fish fed fresh

D. subrublcundus however performed as well as those fed the control

diet.

Hilton (1983) evaluated the African night crawler (Eudrllus
eugenlge) as a protein source for rainbow trout. Worms were freeze

dried and ground to produce a meal with a crude protein content

of 60.4% (Table 2.20) and with a proteindigestibility coefficient

of almost 95%. The worm meal was reported to be slightly deficient
In the essential amino acids histidine, [lysine, methionine, and
threonine (Table 2.21). It also had a lipid content of 12%. The

8. eugenlge meal was used to provide up to 100% of the protein in

v
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dl«ts for rainbow trout, replacing capelin meal. There was a signifi-
cant decxrease iIn growth rate with increasing levels of dietary
worm meal, although there wereno significant differences iIn feed
utilization efficiency or iIn Ffish carcass composition. Hilton (1983)
attributed the poor growth toamino acid 1imbalances and concluded
that this worm meal IS not an adequate or satisfactory replacement

for rainbow trout in practical trout diet formulations.

Tacén et al. (1983b) and Stafford (1984) utilized freeze dried
E. foetida to produce a meal which contained 61.71X crude protein,
9.33% lipid flud 4.83% ash. This worm mefld was evaluated replacing
herring mefld protein at levels up to 100%. Fish fed E. foetida
mefld at 30% protein replacement exhibited a very good growth response
which was only slightly less thflu that of fish fed the control diet
in which herring meal was the sole source of dietflury protein.
Furthermore Tfish cautcams composition was not signlficfluitly affected.
However Tfish fed 100% worm meal displayed a poor growth response
flud the cFlu*cass composition was slgniflcAuitly affected, with a lower
lipid flud a higher moisture content, compared with Tfish fed the

herring mefld control ration.

In view of these results Stafford (1984) conducted Tfurther
trials 1In which E. foetida and D. veneta meal (36.98% crude protein,
19*%20% Dlipid) replaced only 30% flud 30% by weight of the herring
meal protein vrespectively 1iIn diets fTor rainbow trout. It was
concluded that E. foetida meal can successfully replace dietary
herring meal at this level without adversely affecting either growth

performfluice or fTeed utilization efficiency. Furthermore there were

N1
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no significant alterations in Tish carcass composition and no detect-
able accumulation of heavy metals. When D. veneta meal was used
to replace 50% of the herring meal protein, the fish performed poorly
with a significant reduction iIn both growth rate and feed utilization
efficiency. There was also evidence of accumulation of the heavy
metals Zn and Pb. Finally the same author evaluated D. subrubicundus
meal (Tables 2.20, 2.21) replacing herring meal protein at levels
of up to 100%. Based on growth performance and feed utilization
efficiency i1t was concluded that D. subrubicundus meal can success-
fully replace only 10% of herring meal protein without adverse effects
on performance. However at all levels fTish carcass composition
was greatly modified and at inclusion levels greater than 50% protein
replacement there was evidence of accumulation of the heavy metals

Fe, Zn, Cu, and Pbh.

The main constraint on the utilization of worms iIn commercial
rations for rainbow trout is the current high costs of production
(Tacon, 1981; Hilton, 1983; Stafford, 1984) and problems associated
with antinutritlonal factors and palatabllity have also been
encountered. In view of the generally high quality of worm protein
it i1s worth |Investigating methods of eliminating antinutritional
factors and also evaluating other worm species which may be more
acceptable to fish. Finally production techniques must be Improved
if earthworms are to become an economically feasible proposition
to fish feed manufacturers (Ichhponanl and Lodhl, 1976; Tacd6n, 1981;

Hilton, 1983; Stafford, 1984).
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2.5*3 Crustaceans

A variety of crustaceans including shrimps, crabs, krill, and
amphlpods have been evaluated as foodstuffs for salmonids. In
addition to being a potential protein source they also Impart colour
to flesh which 1is highly desirable iIn the culture of salmonids

(Schmidt and Baker, 1969; Ellis, 1979; Simpson and Kamata, 1979)*

Carotenoids are the main pigments of many aquatic animals and
in salmonids astaxanthln is responsible for the typically red colour
of the flesh. Most shellfish such as shrimps, crab, krill, lobsters,
crayfish, copepods, amphlpods and Isopods contain astaxanthln (Ellis,
1979)* Fish are unable to synthétisé carotenoids ~ novo and thus

these compounds must be supplied in the diet (Ellis, 1979; Simpson

and Kamata, 1979)*

Of the 300 known carotenoids only astaxanthln, which exists
in three forms (astaxanthln monoester, astaxanthin dlester and
astacene) and cemthaxanthin produce red pigmentation (Ellis, 1979;

Simpson and Kamata, 1979; Torrissen #€uid Braekkan, 1979; Torrlssen

et al., 1981/1982). In addition a synthetic astaxanthln has recently
been developed. However, these artificial pigments are expensive
and are also unacceptable iIn some countries. Consequently a variety

of crustaceans have been iIncluded i1n diets for salmonids to provide
both a source of nutrients and a source of pigments (Schmidt and

Baker, 1969; Spinelli et al., 1974; Ellis, 1979).

<@
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2.5.3*1 Shrimp Meal

Shrimp meal can be made from freezing plant waste (heads and
scales) or from whole shrimps 1iIn areas where the quality of the
shrimps 1i1s not good enough for human consumption (G5hl, 1981).
Before 1978 very little of the by-products from shrimp processing
plants was used to produce meals. Indeed, since up to 70% of the
biomass of processed shrimp iIs waste, disposal was a problem (Ellis,

1979).

Meals produced from whole shrimps have around 7™% crude protein
(Table 2.22) with an excellent amino acid profile, particularly
rich 1n both the essential amino acids arginine and leucine (Table
2.23). Shrimp waste meal has a significantly lower crude protein
content (Ul.01-48.9%) and a higher ash content (31.7X-36.53X). The
high ash content 1is mainly composed of chltin and CaCo”™ (Meyers
and Rutledge, 1971). Shrimp meal contains 25.26 mg per Kilogramme
dry weight astaxanthin of which 88.3X 1is in the diester form and

11.5X is the monoester.

Salto and Regier (1971) evaluated the pink shrimp Pandalus
borealis iIn diets for brook trout (Salvellnus fontinalis). Carapaces
and abdominal shells were vacuum dried (20-30 mg Hg) at 50*C for
24 hours and then ground. The astaxanthin content of the resulting
meal was 100 mg per Kilogramme dry weight. The shrimp waste meal
was Included at 20X and 30X by weight 11n diets for brook trout.
It was concluded that a dietary inclusion level of 20X by weight
imparted the desired colour to Tfish flesh. Furthermore no marked

growth Inhibiting effect was observed.

Fl
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TABLE 2.22 eoapoalclon of «wo m Shriap wuta« and Wbola
ahriap (X dry walgé&t)

froxiaata coapoaition Waata Waata =Aiola

(X dry waigbt) 1 2 2

Molatura (X) 10.0b 10.2 X/A

Cruda protain (X) n.o ~L9 73.6

Upid O b.92 0.1 16.6

Aab (X) 36.53 31.9 18.6
N/A a not avollabla

TABLE 2.23 Asino acid profila of a Shriap aaal and asino acid

raquirasant of rainbow trout

Aaino acid
(g/7100 g dry wt)

Arginina
Hlatidina
laolaueina
Laucina
Lyaina
Matbionina
Phanylalanina
Thraonina
Tryptophan
Valina
Cyatina
Clyeina

Tyrosina

fareantaga of snida protain

Shri

ap aaal

(wbola)

2

6.0
1.4
3.2
5.6
5.6
2.3
3.5
3.b
0.7
3.6
0.9
5.9
2.7

(97100 f dry waigbt)

Baquiraaant of rainbow nrout

1.00. 40X
0.ob. 40X
0.96. 40X
1.76. 40X
2.12. bOX
0.55-0.75.
1.2b. bOX
1.36. bOX
0.20. bOX
1.2b. boX

(X diat)
(Ogino. 1960)
(Ogino. 1960)
(Ogino. 1960)
(Ogino. 1980)
(Ogino. 1980)

35X (Ruasay

(Ogino.

(Ogino.
(Ogino.

(Ogino.

0.30. 35X(Ruasay

0.8b. box

1) Aftar Choubart and Luquat (1963)

2) Aftar

Gobi

(1961)

(Ogino.

In eha diat

1960)
1960)

1960)
1960)

1960)

if£ li.

1963)

1983)

M_I

LI
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In feeding trials by Choubert and Luquet (1983) It was TfTound
that the amount of astaxanthln fixed by rainbow trout i1s low with
regard to the Ingested quantity not exceeding 3%* In an attempt
to reduce the high dietary inclusion level required to enhance flesh
colouration Torrlssen et al. (1981/1982) Investigated the suitability
of three forms of shrimp products, namely shrimp waste meal, shrimp
waste silage and shrimp meal. The digestibility of astaxanthin
from ensiled shrimp waste was 71% compared with only 45% from both
the meeds. Although the digestibility of astaxanthin from shrimp
waste meal was only 43%, the concentration was 10 times (greater
than 1In the shrimp meal. It was therefore concluded that shrimp
waste silage and shrimp waste meal can be used efficiently as pigment
sources 1In rainbow trout diets at dietary inclusion levels of 10.3X

and 11.0% by weight respectively.

2.5.3.2 Crab Meal

Crabs like the red crab, Pleuroncodes planioes. and the snow
crab, Chinoecetes opilio, are very abundant 1iIn certain areas.
Splnelll et al. (1974) reported that there 1is a potential annual
catch of 30-300 thousand tons of red crab off the coasts of Ilower
California and Mexico, although the economic Tfeasibility of these

crabs as a fishery resource has not been assessed.

The proximate composition of the red crab is given In Table 2.24.
It has a very low protein content (5.5%~10.2%) and a relatively
high chltln content (1.3%-1.8%). Splnellt et al. (1974) pointed

out that the essential amino acid profile of the total protein is

4mm
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TABt5_2ill ?poxi*»c« eeoposltloii

(E. aloniooo) (X dry

Proxiaoto eoapooltlon

(X dry wolfbt}

P. oIMIfiM

Molaturo (X) 75.0-86.0
Crudo protoin (X) 5.9-10.2
Lipid (X) 0.9-3.9
Aob  (X) 3.2-*.3
Chitin (X) 1.3-1.8

R/A = not OTOiloblo
TABU 2.2S

Aaino acid

((/KX) g dry wt) P_B~iQiBSI
Arginino 0.*2
Hiotidino 0.1*
looloueino 0.20
Loueino 0.33
Lyaino 0.37
Nothionino 0.1*
Phonylalanino 0.28
Throonino 0.21
Tryptophan 0.09
Vallno 0.*3
Alanino 0.32
Aapartie acid 0.91
Cyatino 0.09
Clutaaie acid 0.68
Clyeino 0.33
Prolino 0.23
Sorino 0.22
Tyrooino 0.90

Poreontoto of erudo pretoln

Aftor Splnolll

of Rod Crob and Rod

vol (bt

Rod crab aoal

Crob mo 1

Rod crab pulp

(wholo) aoal

R/7A R/A
*1.5 «6.0
11.0 13.*
3*.3 28.3
11.3 7.1

Aiilno oeld profllo of rod crob (P.

oeld roqulroaont of rolabow trout

Roquiroaant

1.*0. *ox (

0.6*, ™*ox

0.96. *ox
1.76. «OX
2.12. 40X

olonipoo) and aaino

(97100 f dry wolsht)

of rainbow trout
(X diot)

Ogino. 1960)
(Ogino. 1980)
(Ogino. 1980)
(Ogino. 1980)
(Ogino. 1980)

0.55-0.79. 35X (Ruaaoy if j|*. 1983)

1.2*. *ox
1.36, *ox
0.20. «OX

1.2*. *ox

(Ogino. 1960)
(Ogino. 1980)
(©gino. 1980)
(0gino. 1980)

0.30. 39X (Ruaaoy 0 1983)

0.3*. *ox

(197%)

(Ogino. 1980)

In tbo dlot
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similar to that of fish except for the tryptophan content which
iIs higher (Table 2.25). It has a lipid content varying between
4 92% and 7*9%t 40~ of which comprises linolenic-type fatty acids
(Spinelli et al., 1974). The carotenoid content of red crab meal
varies between 0.10 mg and 0.16 mg per 100 grammes dry weight while
that of snow crab meal i1s 0.4? mg per 100 grammes dry weight (Salto

and Regler, 1971; Spinelli et al., 1974).

Spinellt ~ al. (1974) tested both whole red crab meal and
crab pulp mearl in diets for rainbow trout. The red crab whole meal
was Incorporated at 10% and 25% by weight and the pulp meal at 25%
by weight into Oregon moist pelleted diets. No significant dif-
ferences were noted in the flesh colouration of Tfish fed the whole
and the pulp meals and only at the 25% inclusion level was there

distinct pigmentation.

Salto and Regier (1971) evaluated snow crab wastes from proces-
sing plants as a potential colouring agent for brook trout (Salvellnus
fontinalls). Carapaces and 1leg shells were vacuum dried (20-
30 mg Hg) at 55*-60*C for 24 hours and ground. The snow crab waste
meal was then included 1In brook trout diets at a level of 20% by
weight. Salto and Regier (1971) reported that at the level tested
snow crab waste meal had only a slight effect on the pigmentation

of the trout, but no marked growth inhibiting effect was observed.

%
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2.5.3.3 Krill Meal

Krill Is extremely abundant In both the Antarctic Sea and 1In
Norwegian and Mediterranean waters In spring cmd early summer (Ellis,
1979; Lukowlcz, 1979)« Euphausla superba are found In the former
and Megancyctlphanes norweglca In the latter. Lyubimova et al.
(1973) estimated that the total annual production of Antarctic krill

was 0.8 to 3 billion tons which represents a considerable resource.

Antarctic krill has a crude protein content of cu™und 56% (Table
2.26) with an excellent amino acid profile (Table 2.27) reported = | |
to be equivalent to fish meal by Lukowlcz (1979) and only slightly
inferior to Tfish protein by Koops et al. (1979) and Wojno and
Oabrowska (1984b). It contains 9%“l1% lipid, 48( of which Is phospho-
lipids and ..% tryglycerides (Shibata, 1983)« Yamaguchl et al.

(1983) reported that the carotenoid content of Antarctic krill meal
was 13**20 mg per 100 grammes, of which 63X-73% was In the form of D“ll

astcucanthln dielster, 13X-23% as astaxanthin monoester, and %N .%

of unidentified carotenoids.

Lukowlcz (1979) evaluated Antarctic krill meal 1In diets for
carp (Cyprlnus carplo) replacing fish meal protein as the sole source
of dietary protein or a mixture of several animal by-products at
levels of up to [100X. It was concluded that Antarctic krill meal
can successfully replace all the fish meal protein with gain of
growth rate and feed utilization efficiency. The replacement of
all the animal protein sources In the test diets by Antarctic krill

meal was less successful than replacement of the fish meal component

only.
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TABLg 2.26 PrexUMt« eoapoxltlon of two Antarctic krill aaala
(S dry waisht)

Proxisata coaipoaition .~taretic krill aaal
(S dry waighc) 1 2
Moiatura (X) 9.2 3.3
Cruda pretain (X) 56.5 56.2
Lipid X) 10.7 9.2
Aati  (X) 15.0 15.9

TABLE 2.27 Asino acid profila of Antarctic krill aaal and asino

acid raquirasant of rainbow trout (/100 s dry waigtit)

Antarctic

Asino acid krill aaal Raquirasant of rainbow trout

(f/7100 t dry wt) 1 2 (X diat)

Arginino 3.6 2.7 1.«<0. AOX (Ogino. 1980)

Hiatidina 0.7 0.64, 40X (Ogino. 1980)

laolaucina 2.9 2.5 0.96, AOS (Ogino, 1980)

Laucina .5 3.6 1.76, AOS (Ogino, 1980)

Lyalna A_A 3.3 2.12, AOX (Ogino. 1980)

.9athionina 1.k 1.9 0.59-0.79, 35 X (Rusaay fl.
1983)

Phonylalanina 2.« 2.1 1.2k, AOS (Ogino. 1980)

Thraonina 2.6 2.0 1.36, AOS (Ogino. 1980)

Valina 3.0 2.5 1.2A, 40S (0gino, 1980)

Alanina 3.« 2.6

Aapartic acid 6.6 5.3

Cyatlna 0.8 1.2 0.30, 35 X (Rusaay fi 1983)

Glucasic acid 8.3 6.5

Olyeina 2.9 6.5

Prolina 2.1

Sarino 2_A 2.2

Tyroaina 1.5 0.3A, AOS (Ogtno, 1980)

Parcantaga of cruda protain m tha diat

1) Aftar Uikowiex (1979)
2) Aftar Koopa (1979) aftar Hefftaan-La Rocha

A43*= 1

o> eedll

Sy
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Koops et al. (1979) evaluated Antarctic krill meal 1In diets
for rainbow trout by replacing 50X and 100% of Tfish meal as the
sole source of dietary protein and at levels of up to 100% replacing
equal amounts of fish meal and a mixture of poultry by-product meal
and hydrolysed feather meal (4:3). They found that the total replace-
ment of Tfish meal protein and of all the animal protein sources
by Antarctic krill meal improved growth rate and feed utilization
efficiency. In addition pigments from the krill imparted a desirable
colouration to the fTlesh. Thus, from the limited work to date it
appears that Antarctic krill meal can successfully replace fish
meal protein without adverse effects on growth or feed utilization
efficiency. Furthermore the Inclusion of Antarctic krill meal 1iIn
diets for rainbow trout confers the additional advantage of imparting
a desirable flesh colouration. However the current costs of
harvesting and processing krill render 1its large scale production

Impractical at present (Ellis, 1979)*

2.5.3.4 Amphlpods

Crustaceans such as the freshwater amphipod Gammarus lacustris
are very abundant i1n lakes and Mathias et al. (1982) reported that
it is possible to harvest between 500 and 1,000 Kilogrammes of

G. lacustris per hectare.

Fresh G. lacustris has a fTairly high crude protein content
of around 40% (Table 2.28) with an amino acid profile (Table 2.29)
considered to be sufficient to meet the requirements of rainbow

trout (Mathias et al., 1982). It contains between 3*5% and 14%
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7AILI 2.28 ?roxIMt« eoapoaition of eh# Aapbi9o4 C. laeuatria

(S dry w«l(ht)

Prezisaca eospeaitint

(X dry waigbt)

2 3
Neiatura (X) 39.5-87.1 35.6t 1.8 7.3-8.7
Cruda protain (X) 39.2-91.6 39.6t 3.7 92.0-49.0
Upid (X) 8.7-13.8 10.5t 3.5 6.0
Aab (X) 27.9-31.8 27.9S 3.6 21.0-31.0
>\ 1
“ABLE Z.29 Asino Mid profilo of tho j~bipod C. loeuatrio and asino VARV
acid raquirasant of rainbow erouc ((/100 g dry waigbt) % Tt
Asino acid lacuatria Raquirasant of rainbow trout
(g/7100 g dry wt) 1 2 (X diat)
Arginina 2.3-3.1 2.6-2.9 1.40. 901 (Oglno, 1980)
Hiatidina 0.7-1.2 0.9-1.1 0.69, 90X (Oglno. 1980)
Xaolaucina 1.8-1.9 1.7-1.7 0.96. 90X (Oglno, 1980)
Laueina 3.23-3.3 3.0-3.2 1.76. 90X (Ogino. 1980)
Lyaina 2.8-2.3 2.6-2.7 2.12. 90X (Ogino. 1980)
Matbionina 0.7-1.0 0.8-0.9 0.55-0.75. 35X (Rusaay an.
1983)
Fbanylalasina 2.1-2.2 2.0-2.1 1.29. 90X (Ogino. 1980)
Thraonina 2.0-2.1 2.0-2.0 1.36. 90X (Ogino. 1980)
Valina 2.2*%2.3 2.0-2.1 1.29. 90X (Ogino, 1980)
Alanina 2.6-2.6 2.9-2.5
Aspartic acid 9.7-9.8 9.5-4.6
Cystina 0.1-0.9 0.2-0.8 0.30. 35X (Russay 1983
Glutasic acid 6.9-6.9 6.0-6.2
Glycina 2.1-2.2 2.0-2.1
Frolina 1.8-1.9 1.8-3.0
Sarina 2.2*2.5 2.3-2.4
Tyrosina 1.8-1.3 1.7-1.3 0.39, 90X (Ogino. 1980)
W
Fareaneaga of eruda procain in cbha diat
1) Aftar Matbiaa (1982)
2) Afcar Yurkewaki and Tabactiak (1979)
3) Aftar Sslonan (1976)
- Si.

Gassarua laeuatria
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IIpld but also has a relatively high ash content varying between

27% and 32% (Table 2.28).

Mathias et al. (1982) evaluated the potential of live G.
lacustris as the sole source of dietary protein for rainbow trout.
After a 27 day feeding trial 1t was apparent that both the growth
rate and feed utilization were significantly Ilower than that of
fish fed a commercial trout diet. Furthermore, although the pigment
from the amphipods enhanced the external colouration of the Tfish
there was no effect on flesh colouration but i1t is likely that the
experimental feeding period was too short for it to show. The evalu-
ation of a meal produced from G. lacustris iIn compounded diets was
not attempted, although the feasibility and cost of harvesting and
processing amphipods to produce a meal may again limit i1ts potential

as a fToodstuff for salmonid diets.

Shrimps, crabs, krill, and amphipods represent a considerable
resource but harvesting smd processing of crustaceans into a meal
is still a formidable challenge (Ellis, 1979« Another Important
disadvantage of some crustaceem meals 1s their low protein and high
ash content (Spinelli et al., 1977; Lukowicz, 1979; Choubert and
Luquet, 1983) which may have delAterious effects on overall nutrition.
Meyers and Rutledge (1971) have suggested that the use of meals
made fr<l crustaceans may Jeopardize pellet integrity. In addition
the high Inclusion level of certain crustacean meals necessary to
Impart the desirable colouration may result iIn a nutritionally

unbalanced diet (Ellis, 1979).
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2.6 BACTERIAL SINGLE CELL PROTEIN

Single cell protein (SCP) 1i1s a term applied to a wide range
of algae, Tungi (including yeasts), and bacteria which are produced
by fermentation processes Tfor use as an animal feed (Tacon and
Jackson, 1985). Bacterial SCP"s are nonphotosynthetic bacteria

and consequently can be regarded as 1ingredients of animal origin.

Bacterial SCP has a number of advantages over more conventional
protein sources. It can be cultivated from relatively i1nexpensive
substrates such as methanol, petroleum, aldehydes and organic acids
(Schulz and Oslage, 1976; Atack and Matty, 1979; Beck ~ al., 1979;
Kaushlk and Luquet, 1980; T\ise, 1984; Tacén and Jackson, 1985).
The bacterial SCP produced 1is highly proteinaceous vranging from
67% to 82% of the dry weight depending on the species (Atack and
Matty, 1979; Beck et ad., 1979; Tac6bn, 1981; Tac6n and Jackson,
1985). Bacteria have a very short generation period. Under optimum
culture conditions they can double their cell mass iIn between half
an hour to Tfour hours (Schulz and Oslage, 1976; McDonald et al..
1981; Tac6n, 1981; Tacéon and Jackson, 1985)» Thus despite the limited
area occupied by a fermentation plant significant amounts of bacterial
protein can be yielded continuously (Tacon, 1981; Tbse", 1984; Tacdn
and Jackson, 1985)* Bacterial SCP can also be genetically manipulated
relatively easily to specific requirements (Schulz and Oslage, 1976;

Tacon, 1981; Tlis/, 1984; Tacon and Jackson, 1985).

Although SCP has many advantages over more conventional protein
sources there are also problems associated with 1ts use. Probably

the most Important disadvantage 1s 1ts high nucleic acid content

*H
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of between Q% and 16% by weight (Kihlberg, 1972; Matty and Smith,
1978; Tacon and Jackson, 1985). High 1levels of nucleic acids 1In
humans lead to increased levels of uric acid iIn the blood and urine,
and since the capacity of the excretion mechanism is limited, gout
and renal problems may atrise (Schulz and Oslage, 1976; Tuse, 1984).
By contrast, Tacon and Cooke (1980) maintain that fish are able
to assimilate and metabolize nucleic acids to end products although
they have no nutritive value, thus there 1is no gain 1In nitrogen.
Certain purine and pyrimidoxine bases however have growth depressing
properties, although no pathological symptoms are observed. Nucleic
acid levels can be reduced by some autolytlc methods, such as heat

shock which may follow processing (Tus”, 1984).

The second major disadvcmtage of SCP i1s thecost of production.
Not only 1is the cost of the plant required to produce SCP expensive,
but there has also been a significant Increase in the cost of certain
substrates. Methanol for example, was at one time considered to
be mainly an industrial waste by-product. However, 1t 1iIs now used
increasingly and i1t has been predicted that its use will rise to
23 million tons by 1990 (Tuse, 1984). As a consequence the law
of supply and demand has causedits price to Increase which has

subsequently resulted 1in 1increased production costs of SCP based

on methanol.

Methanol and to a slightly lesser extent methane, are the
substrates most commonly used to produce SCP since they are both
economical and readily available (Tuse, 1984). A wide number of

bacterial SCP are known to grow well 1In these substrates including

L I
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Methvlophllus methylotrophus. Methylococcus sp., Methylomonas ap.,
Pseudomonas extorquens. and P. methylotropha In methanol and
Pseudomonas methanltrifleans and P. methanlca iIn methane. Of these
bacterial species M. methylotrophus and to a lesser extent Pseudomonas

sp., are currently most commonly produced.

Single cell protein production wusing M. methylotrophus Is
the result of 14 vyears of research and development by British
Petroleum Ltd. (BP) and Ing>erlal Chemical Industries (ICl). It
Is currently marketed under the trade name of ™Pruteen" by ICl (Tacén,
1981; Tuse™ 1984). The preliminary research work with M. methylo»
trophus began iIn 1968. In 1973 ICl built a pressure”-cycle fermentor
with a production capacity of 1,000 tons per year. In 1979 as a
result of Improvements In processing techniques, a new plant was
burlt with a production capacity of 30,000 tons per year (Tuse,
1984) and In 1981 commercial '"Pruteen*™ production within the United
Kingdom was around 36,000 tons per year which was mostly used 1in

diets for terrestrial animals (Tacéon, 1981).

N. methylotrophus 1Is a good source of dietary protein (67X-
80%; Table 2.30) and It has an excellent amino acid profile (Table
2.31) although It 1Is deficient In the sulphur amino acids (Schulz
and Oslage, 1976; Atack and Matty, 1979; Beck et al., 1979; Kaushlk
and Luquet, 1980). Lysine Is Its Tfirst limiting amino acid (Tacén
and Jackson, 1983). It has a lipid content of between 8} and 13%
and It has an ash content of between 9% and 010X and Is a good source

of both P and Ca, 2.2% and 1.3% by weight, respectively (Tacon,

1981).

/*V
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call procain (ASCP) (S dry Might)

% dry Might) 1 2

Noiatura (X) 11.A N/A
Cruda protain (S) 67.3 72.0
True protoin (X) N/A N/A
Lipid (X) 11.1 8.5
Aah (X) 9.5 10.0
Crude fibre (X) 0.A N/A

TABLE 2.31

Aaino acid

N/A m not availabla

Aaino acid profila of thraa baetarial

call protein (ASCE),

N. aathylotroDhua
(ePrutMfi®)

(g/7100 g dry wt) 3 1 7
Arginine 3.7 5.50 3.7
Hiatidina 1.A 1.75 1.A
laolaucina 3.3 5.Al1 3.6
Leucine 8.81 5.7
Lyaina A.6 6.79
Nothionina 2.1 1.89 2.9%*
Phenylalanine 2.7 7.51
Throonina 6.05
Tryptophan 0.6 3.A
Valina 3.9 6.73 A.2
Cyatina 0.5 2.9**
Glycine Al
Tyroaina 0.2

w

Parcantaga of cruda protain in tba diat

1) Aftar Taeon « ai- (1983a)

2) After Tac6n (1981)

3) After Kauahik and Luquat (1980)

A) Aftar Natty and Saith (1978)

ProilJMit* coapositlon of flvo boctorlal Singlo coll

N. Mthylotroohua ("Prutaan')

3

N/A

80.2

N/A

12.6

N/A

N/A

Single coll

Psaudoaonaa ao.

9
6)
7
8)

Paaudoaonosa ap.

4

7.7

N/A

N/A

protoino and Actlvatad aludga alngla

ASCP
5 6
3.3 2.76-7.36
81.9 39.0-A6.0
N/A 17.0-28.0
7.9 1.0-6.0
9.7 19.0-27.0
5.0 10.0-1A.0

protein and Activated aludga aingla

Cyattna

Aftar
Aftar
Aftar
Aftar

Raquireawnt of rainbow trout

(X diet)
1.A0, AOX (Ogino. 1960)
* 0.6A, AOX (Ogino, 1980)

0.96, AOX (Ogino, 1980)
1.75, AOX (Ogtno. 1980)
2.12, AOX (Ogino. 1980)
0.55-0.75, 35X (BuaMy ji fi*
1.2A, AOX (Ogino. 1980)
1.36. AOX (Ogmo. 1980)
0.20, AOX (Ogino, 1980)
1.2A, AOX (Ogino, 1980)
0.30. 35X(Buaaay si 8l. 1983)
0.8A, AOX (Ogino. 1980)

e aothionina

NeOonald (1981)

facoo and Pama (1978/1979)
Schula and Oalaga (1976)

Taeon (1978/1979)

and aaaantial aaino acid raquiraaant of rainbow trout (g/7100 g dry Might)

19*3)
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Beck et al. (1979), Spinelli et al. (1979). Tiews et al. (1979

and Kauahik and Luquet (1980) evaluated «Fruteen™ for rainbow trout

by replacing fish meal protein at levels of up to 100% with this

bacterial SCP. They concluded that "Fruteen"™ can successfully replace

fish meal protein at levels of up to 73% protein replacement without

any loss of growth rate and feed utilization efficiency and up to

100% protein replacement with only a slight loss of fish performance.

Tacén et al. (1983a) reported similar findings. Rainbow trout fed

a diet 1In which 75% of the fish meal protein was replaced by "Fruteen"

had a better growth performance and feed utilization efficiency

when compared with those fed a herring meal based control diet.

Atack and Matty (1979) evaluated the nutritional quality of

"Fruteen™ for rainbow trout as the sole source of dietary protein.

They reported a true digestibility value of 93>3% which was slightly

better than that obtained with herring meal (91.2%). However the

growth performance of the fish fed the SCF based diet was again

slightly lower than that of the fish fed the fish meal control.

The major effect of M. methylotrophus ('Fruteen') on Tfish fed

high dietary inclusion levels i1s an alteration iIn carcass composition.

Atack and Matty (1979) reported that carcasses of fish fTed 100%

"Pruteen™ had a lower lipid content (56.91%) when compared with those

of fish fed the control diet (9.17%). These Tfindings are however

in contrast to those reported by Kaushik and Luquet (1980) who found

a slight increase iIn body fat with increasing dietary inclusion

levels of bacterial SCP. Finally, Beck et al. (1979) noted that

fish fed high dietary inclusion levels of bacterial SCP had very

N A
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pale 1livers which was attributed to extremely high liver glycogen

levels.

Single cell protein produced from Pseudomonas sp., grown on
methanol, has a very high protein content of between 77% and 82%
(Table 2.30). It has an excellent amino acid profile (Table 2.31)
and it i1s particularly rich in leucine and valine (McDonald et al.,
1981). Natty and Smith (1978, 1979) evaluated the nutritional quality
of Pseudomonas sp. for rainbow trout at four dietary protein levels
of 20%, 23%, 30%, and 35%« The bacterial SCP was the sole source
of crude protein and replaced glucose on a weight for weight basis.
Based on growth performance cmd feed utilization efficiency 1t was
concluded that 23% crude protein level was the optimum inclusion

for this SCP.

In addition to M. methylotroohus ('Pruteen’™) €md Pseudomonas
sp. other bacterial SCP*s have been produced although none have
been evaluated 1i1n diets for Tfish. The European company Hoechst
in association with Uhde have produced an SCP under the trade name
"Probion"™ from Methylomonas clara an obligate roethylotrophic bacterium
(TuscT, 198U). Finally in the United States of America ITT Rayonier
Inc. has been producing an SCP called "Raypro™ at its for est products
mill with the aim of reducing the biochemical oxygen demand of the
plant®s effluents. "Raypro”™ has a crude protein content of 33%

and a crude fibre content of 16% (Tuse™ 198").

The bio-oxidation of crude domestic sewage iIs another alternative

and advantageous method of producing SCP. Nowadays the disposal

"'m el
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of wact« sewage 1is one of the problems that Industrial plants are
obliged to face. An alternative method of sludge disposal would
be to use 1t as an animal foodstuff with the added benefit of fiscal
return (Tacon and Feims, 1978/1979). Since the largest portion
of the biomass i1s made up of micro-organisms (bacteria and protozoa)
it is usxially considered to be an SCP. Tacén (1978/1979) spd Tacodn
and Ferns (1978/1979) evaluated the suitability of activated sludge
single cell protein ((ASCP) as an animal feed. A one year survey
was conducted with bi-weekly analysis since these authors considered
that a product such as ASCP needs to be of fairly constant chemical
composition throughout the year if its TfTull nutritional value 1is

to be realized by commercial animal feed formulators.

The proximate composition is given in Table 2_.30. It has a
crude protein content of between 39X snd 6% although between 18%
and 40% of the total nitrogen was in the form of non-amino acid
N-containing compounds, mainly in the form of purine and pyrimidine
bases of nucleic acids and nucleotides (Tacén, 1978/1979). The
amino acid profile (Table 2.3D reveals that it 1is deficient 1In
the amino acids methionine, cystine, tyrosine, and to a lesser extent
isoleuclne (Tacén, 1978/1979). ASCP has a 1low lipid content
(1%-6%) but high Ffibre (10%-14%) and ash (19%-27%) contents (Tacén,
1978/1979). It is a good source of Ca, P, Mg, Mn, Sr, Mo, N, Cr,
Cu, and Co but a poor source of K. Tacon (1978/1979) also reported
that ASCP contains many potentially hazardous elements at high levels
such as Fe, Al, Zn, Cu, Bo, Sn, Pb, and Cd. However, Tacon (1979b)
pointed out that there 1is some evidence that a large proportion

of these elements are biologically unavailable. In addition to

N
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possible problems associated with heavy metal accumulations, there
Is also a potential health hazard arising from the presence of faecal
parasites and pathogens. However ASCP processing Involves tempera-
tures of 60*C for at least 48 hours thus practically eliminating
the risk of disease transmission (Tacén, 1978/1979; 1979b). Another
major problem related to ASCP production 1Is Its harvesting cost

which Is predicted to be high (Tacén, 1979b).

Tacén and Ferns (1976) and Tacén (1979b) evaluated the nutri-
tional quality of ASCP for rainbow trout by replacing wheat middlings
and soybean meal at levels of up to 33X by weight. Based on growth
performance and feed utilization efficiency It was concluded that
ASCP can be successfully Incorporated Into diets for rainbow trout
at dietary Inclusion levels of up to 33i. Considerable effects
were noted however on Tish carcass composition. In particular there
was a significant Increase In fat deposition (Tacén, 1979b). Provided
problems associated with heavy metal accumulation and micro-organism
contamination can be overcome economically and also possible problems
associated with consumer acceptability, the potential of ASCP as

a feed Ingredient for fish Is promising.

o
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3.1 ANIMAL BY-PRODUCTS AVAILABLE IN PORTUGAL

IT Portugal 1is to embark on large scale commercial production

of fTeeds for use 1In intensive culture of trout, then a suitable

range of animal by-products must be available in sufficient quantities

and on a reliable basis. A survey was therefore carried out to

investigate the availability of animal by-products 1i1n Portugal,

and the results of this are presented iIn Table 3.1* Based on this

survey poultry by-product and hydrolysed feather meal and meat and

bone meal were selected as potential candidates to supply a sighifi-

cant proportion of the protein 1In rations for rainbow trout iIn

Portugal. This selection was based on the large quantities of these

feedstuffs available and also on i1nformation from the preceding

review (Chapter 2) concerning their nutritional status.

The aim of this thesis was to determine the optimum iInclusion

level for each of these products® with a view to maintaining dietary

costs as low as possible without jeopardizing the nutritional quality

required for rainbow trout. During the course of the survey it

also became apparent that there were many Tfish meal producers 1iIn
Portugal, with production capacities varying between approximately

400 tons and 2,800 tons per year (managers®™ personal communications).

Therefore a further aim was to compare the performance of a selection

of these iIn rations for trout.

Based on the results from these investigations the aim was
to prepare and assess the performance of diets containing all three

of these animal by-products. The degree of variability in chemical

h [
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TABLE 3.1 Animal by-products available in Portugal
By-product Available Not available
e\
Bone meal °
Meat meal - <e
Neat and bone meal °
Blood meal )
Hydrolysed feather meal -
Poultry by-product meal -
Poultry by-product and hydrolysed .
feather meal
Brown fish meal -
White fish meal ) A
Fish silage -
Bacterial SCP -
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4. GENERAL MATERIALS AND METHODS

1. Fish

Rainbow trout in the size range 19-36g were obtained from the
following three trout farms: Truturao, Cernache, Coimbra; Posto

Aquicola de Mantelgas, Serra da Estrela and Inha, S. Joao da Madeira

(Fig. 4.1).

Fish were starved for 24 hours prior to collection to reduce
stress during handling and subsequent transportation. 600 randomly
selected fTish were distributed between two 0.8n? plastic buckets.
The water was aerated with two portable ailr pumps Tfitted with
diffusers to supply very small air bubbles. Fish were then trans-
ported to the Experimental System where they were acclimatized to
the new environment for a period of one to two weeks 1In accordance
with the recommendations of Singh and Nose (1967); Smith (1971);
Kaushik and Luquet (1976); Windell et al. (1978); Braaten (1979);
and Fauconneau et al. (1983). During this acclimatization period
the fish were fed a commercial trout ration at a total rate of 1%

body weight twice dally.

2. Experimental System

All growth trials were carried out 1In net cages located at

the University of Porto Experimental Station at Rio Caldo in the

».

north of Portugal (Figs. 4.2a, 4.2b; Plate 4.1).

«
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The Aquaculture Station was constructed iIn 1981 on the reservoir
formed by the Canlcada Dam on the outskirts of the Peneda-Geres
National Park. The reservoir 1is located iIn a deep narrow valley
and 1s 3 Km long and 0.3 Km wide. The dam was constructed as part
of an hydroelectric programme and consequently water levels iIn the
reservolr are subjected to TfTairly wide fTluctuations, especially
during the summer. Nevertheless the water depth near the Experimental
System was edmost always greater than 10 metres and only once was

It necessary to move the cages into deeper water towards the centre

of the reservoir.

The cages were moored 100 metres offshore iIn the middle of
a sheltered 1inlet protected from the prevailing northern winds by
hills (Fig.- 4.2b). The working platform was held in place by a
single point mooring and by two cables extending to the shore.

Access to the cages was by boat.

The Experimental System consisted of 13 0.3m* net cages. The
side panels and lockable lid were of 1 cm mesh plastic net and the
bottom panel was of 2 mn mesh to prevent food loss. Each cage was
braced by a wooden frame to maintain 1i1ts shape (Fig. 4.3). Every

two weeks TfTollowing batch weighings of the fish the nets were cleaned

and replaced if necessary.

The cages were attached by chains to a floating superstructure
in three rows of five (Fig. 4.4). The fish were fed through a plastic
funnel 1i1nserted through a 2 cm x 2 cm hole in the centre, of each

lid. Electrical supply to the experimental system was available

by means of a 200 metres submersible cable.

> 1
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FIGURE 4.4 Schematic diagram of the Experimental Syatem (Scale 1:20)
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During the experimental growth trials several water quality
parameters were monitored at monthly intervals (Table 4.1). All
the values recorded were within acceptable limits for rainbow trout
culture. Water temperatures were also monitored every week during

each feeding trial and the data are presented 1iIn the relevant

Chapters.

3. Analytical Methods

The chemical analysis carried out on samples of by-products,
experimental diets, TfTish carcasses, faeces and blood are summarised

in Table 4.2.

On arrival at the nutrition Ilaboratory samples of animal by-
products were ground through a 1 mm die plate on aun Alexanderwerk
GKM mill and stored iIn airtight containers at 3*-5*C in a cold room
until required for diet preparation. 100g samples of both the by-

products and experimental diets were retained for analysis.

Fish carcasses and faeces were frozen at the Aquaculture Station
and transported iIn insulated containers to the nutrition laboratory

where they were stored at -20*C for subsequent analysis.

When required the Tfish carcasses were defrosted naturally,
ground In a Moulinex grinder, and dried. The proximate composition
of three pooled samples of two fish per treatment was determined.
Following total lipid extraction, the samples were stored iIn airtight

glass flasks until required for protein and ash determinations.
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TABLE 4.2 Sunmary of chemical anedysis carried out on samples of
by-products, experimental diets, Tfish carcasses, fTaeces
and blood

Fish
Parameters By-products Diets c€U7cass Faeces Blood
1 1 2 3 4

Moisture X X X X

Crude protein X X X X

True protein X X

Nonprotein nitrogen X X

Amino acids X X

Lipid X X X X

Peroxide value X X

Crude fTibre X X

Ash X X X X

Acid Insoluble ash X X

Chromic oxide X X

Minerals X .

Energy X X

Haematocrit X

Haemoglobin X

1) Average of 4 replicates
2) Average of 12 replicates
3) Average of 2-4 replicates
4) Average of 4-8 replicates

&, N

NT.
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Phosphorus levels were measured by predigesting the samples
with a mixture of concentrated HNOs and HCIOi» according to the method
of Eisenreich et al. (1975). The optical densities of the resultant
solutions were measured at a wavelength of 690 nm on a Kantron-

Uvikon 810 spectrophotometer.

XI. Energy

Energy was measured by direct combustion in a Newham-Electronics

Model AH9 micro-bomb calorimeter. This 1s a ballistic calorimeter

with electronic 1ignition and 1is a development of the apparatus
described by Phlllipson (1964). 10-30 mg samples were pelleted
in a bench press and weighed to the nearest O.lyig on a Chan electro-
balance. The micro-bomb was calibrated with benzoic acid (BDH

Chemicals Ltd., Poole, Dorset, England).

XI11. Blood

Approximately 3 cm* Dblood samples were obtained by severing
the caudal peduncule and bleeding Into a 10 cm* heparinised vial.
Blood parameters were determined Immediately at the Aquaculture

Station since Soivio and Nyholm (1973) reported rapid alteration

of blood characteristics with time.

Haematocrlt was determined using heparinised microhaematocrit
tubes (Blaxhall and Daialey, 1973). Haemoglobin was determined

by the cyancmethaemoglobin method of Larsen and Snleszko (1961).

1 *1
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4. Diet Preparation

In view of the wide range of diets used throughout this thesis,
their formulation and detailed composition 1is considered 1In the
relevant Chapters. The method of preparation however, 1s common
to all and 1i1s described here. In addition to the animal by-products
being evaluated as protein sources certain ingredients were common

to all diets and these are summarised In Table 4_.3.

Cod liver oil was used to provide a secondary source of dietary
lipid and as 1t iIs a good source of essential fatty acids, particu-
larly the (B series required by rainbow trout (Castell et al., 1972;
Castell, 1979; Watanabe et al., 1974a, b; Takeuchi and Watanabe,
1976, 1977; Yu and Sinnhuber, 1976; Castledine and Buckley, 1980;
Reinitz and Yu, 1981; Henderson and Sargent, 1985) and also of
vitamins A and D (Phillips and Brockway, 1957; Castell, 1979;
Watanabe, 1982). Lipid peroxidation of the diets was inhibited
by the addition of the antioxidant butylated hydroxytoluene (BHT)
to the cod Hliver oil to give a fTinal concentration of 150 mg per
Kg of diet. 0.2 percent of potassium sdOrbate was added to diets

to inhibit fungal development (Jauncey and Ross, 1982).

A mixture of com starch and yellow dextrin i1n the ratio 2:1
was used as a carbohydrate source. This mixture was employed since
certain diets were fTormulated to certain relatively high carbohydrate
levels and Spannhof and Plantikow (1983) have reported that no depres-

sion of starch digestion is observed if diets contain dextrin.

»fige
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All diets contained 2% vitamin premix (Table 4,4) and over
1% mineral premix (Table 4.5). In addition 1% carboxymethylcellulose
was added as a binding agent and 0.5% chromic oxide (Cr20j ) was

used as an i1nert marker to determine apparent digestibility.

In order to obtain a consistent pellet with good binding
properties diets were prepared using iIngredients with a particle
size of less than 1 mm. Thus when necessary, iIngredients were ground

through a 1 mm die plate on an Alexanderwerk GKM mill.

The dry 1ingredients, with the exception of the mineral premix,
were weighed to the nearest 0.0lg on a Mettler PC 4400 delta range
balance and were thoroughly mixed i1n an Alexanderwerk GKM mixer.
The minerals were mixed with 500 cm > of distilled water to ensure
an even distribution of the mineral elements throughout the diet,
and were then added with the oil and sufficient water to produce
a paste. In practice approximately 200 cm” of water per Kilogramme
of diet was added. The mixture was then passed under pressure through
a 2 mm die plate on an Alexanderwerk GKM pelletiser. Cutters were
set to produce 10 nm long pellets and these were dried iIn a convection
air dryer at 35*C for 16 hours. When dry the pellets were sieved
through a 1 nn sieve to remove dust and stored iIn airtight plastic
containers away from Jlight to inhibit vitamin loss (Reinitz,
unpublished; Goldblatt et al., 1979; Slinger et al., 1979;

Cowey

and Sargent, 1979).

Approximately [100g samples of each diet were retained for

chemical analysis.
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TABLE 4.4 Vitamin premix (after Tacén and Ferns, 1976)

Vitamin mg per Kg of dlet
Thiamine HCI .50
Riboflavin .50
Ca pantothenate 1.00
Niacin 2.00
Pyridoxine HCI -40
Biotin .60
Folic acid .15
@12 10
Inosital 20.00
Ascorbic acid 10.00
Choline chloride 40.00 LE
Menadione (K3) -40
V eamlnobenzolc acid .50
a-tocopherol acetate .40 t" m
Vitamin A 2000 1U i
Vitamin 1000 11U
<"
*5 Mineral premix (after Tacén and Beveridge, 1982)
Mineral g per Kg of dlet
MgSO, .7Ha0 5.1
KCI 2.0
NaCl 2.4
FeSQ, .TKiO 1.0
ZnSO» .7Ha0 0.22
CusQ, ,51k0 0.0314
MnSOi, .4Hi0 0.1015
CoSQ» -UHzO 0.0191
CadOs )2 .6HxO 0.0118

CrCls .6HiO 0.051
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5. Feeding Trials

After acclimatisation to the experimental system 20 Tfish were

allocated to each net cage. Fish were anaesthetised In a 3 ppm

solution of ethylenoglycolmonophenylether and Individually weighed

to the nearest 0.0lg on a Mettler PC U400 data range balance. Total

fish weights In each cage were balanced to ensure thsit there were

no significant differences (P 70.05) at the start of each trial

(Castell and Tlews, 1980).

Each experimental diet was allocated randomly to two net cages

giving one replicate of each treatment and allowing statistical

evaluation of the results (Phillips and Balzer, 1957» Castell and

Tlews, 1980; Roberts, 1983). In each trial a further cage of 20

fish was unfed for the duration of the experimental period to assess

the possible effect of natural production on growth performance.

At the start of each experimental feeding trial 20 fish were

killed by a sharp blow on the head. Immediately frozen and stored

at -20*C for subsequent analysis of chemical composition.

Trials began the next day. The fish were fed at a fixed rate
of 2% body weight per day by hand as It Is considered that hand
feeding optimises the food conversion ratio and growth rates (Pfeffer,

1977). The dally ration was divided Into two equal portions and

fed at dawn and late afternoon in accordance with the natural photo-

period. Phillips (1956); Cowey (1981) and Fauconneau and Luquet

(1984) consider that maximal growth rates are attained by Tfeeding

rainbow trout twice dally end Crayton fuid Beamish (1977) reported

»
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that food conversion efficiency decreases when rainbow trout are

fed four or more meals daily.

Fish were bulk weighed every two weeks to the nearest 3g on
an Omega PP 30 balance, and daily feed levels were adjusted accord-

ingly.

During the last month of each trial, faecal samples were
collected after vroutine bi-weekly weighings to determine apparent
digestibility. Fish were anaesthetised i1n a 3 ppn solution of ethyl-
enoglycolmonophenylether, and faeces were collected by the hand
stripping method ofAustreng (1978a). Following stripping fish were
allowed to recover fTully in a bucket of well-aerated water before

being returned to the net cages.

At the end of each trial fTish were anaesthetised, individually
weighed to the nearest 0.0lg and faecal samples were again collected.
Ten fish from each cage were then sacrificed, and immediately frozen
for subsequent carcass analysis. The remaining fish were then sacri-
ficed and used to collect blood samples and to determine the liver

somatic index.
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6. Feed Trial Analysis

M *1
I. Weirght gain
Weight gain 1is expressed as a) the mean increase iIn weight
as a percentage of the Initial weight, and b) the mean daily iIncrease -
in weight.
- isich ) /&V « Final_l_\_/\l_rli-_l_; Initial wt. -
) Werght gain (%) T Initial wt.
- - e s Final wt.(m - Initial wt.(m
b) Weight gain (mg/day) - ___---————(—%)a,,,) (e
I1. Specific growth rate (SCR) * \

The specific growth rate (SGR) defines the growth rate iIn terms

of change in weight of the fish expressed as percentage per day.

IogeFinaI wt. - Iogglnitial wt.

SGR (X/day) * X 100

Time (days)

I1l1. Food Intake

Food 1i1ntake 1s expressed as the food consumption per day per

fish.

Total food fed (ng)

Food intake (mg/day) Time (days) x no. fish

IV. Food conversion ratio (FCR)

The fTood conversion ratio (FCR) 1s expressed as the proportion

of dry food fed per unit live weight gain of fish.
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FCR . “lry k<1 (o>
live weight gain (Q)

V. Protein efficiency ratio (PER)

The protein efficiency

ratio (PER) gives a measure of the

efficiency of dietary protein utilization by fish. PER Is calculated

as the live weight gain of fish per gram of crude protein fed.

paj® , live weight gain (Q)

crude protein fed (Q)

VI. Nitrogen Intake

The nitrogen Intake Is expressed as the nitrogen consumed per

day per fish.

Nitrogen Intake (mng/day)

VIl. Nitrogen deposition

Protein Intake (mg)
6.25

Nitrogen deposition Is expressed as the nitrogen retained In

the fTish body per day per fish.

Live weight gain (mg)

Nitrogen deposition (mg/day) * ----————- ki

Nitrogen Intake (ng)

VI11. Apparent net protein utilization

Appairent net protein utilization (\PU) Is expressed as the

percentage of nitrogen retained

Ingested.

In the fish body of the total nitrogen
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App”ent NPU (*) . Nitrogen deposition ,
Nitrogen Intake
VM.
IX. Apparent food digestibility
Apparent digestibility coefficients were calculated using the
formula of Maynard and Loosli (1969) employing an inert marker
(Cr203) at a known level in the food and then measuring the nutrient 1.
level In food and faeces relative to that i1nert iIndicator.
Apparent _ AN indicator in feed X % nutrient in faeces!
digestibility » TO0- LTOD X ——————————————————— —— e — — —J
coefficient {%) * indicator in faeces % nutrient in feed
y,
Apparent organic matter digestibility (X)) »
wt .indlcator/g dry matter in diet g 1-wt.indlcator/g dry matter iIn faecesj
100 11* wt.indicator/g dry matter iIn faeces 1-wt.indicator/g dry matter in diet
-t

1.,
X. Liver somatic index (LSI)

The [liver somatic index (LSI) 1is expressed as a ratio between
liver weight and live fish weight.

LSI . liver weight (Q) x 100
live fish weight (Q)

XI. Statistical analysis

Statistical evaluation of the data was carried out by analysis

of variance and mean differences were determined using the Duncan®s

Multiple Range Test (Dunedn™ 1955). Standard errors & SE) and

standard deviation (xSD) were also calculated to identify the range

of means.

o
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5.1 INTRODUCTION

A number of poultry by-products have been used successftully
in fish feeds, 1In some cases at relatively high dietary inclusion
levels. The range of products available and their use 1In diets

for rainbow trout was reviewed In Chapter 2.

Poultry by-products and hydrolysed feather meal consists of
a mixture of feathers, offals, feet, blood, necks and heads 1iIn their
naturally occurring proportions. Production of this by-product
can be by one of two methods. The feathers can be processed
separately and then blended with the poultry by-product meal, or
alternatively all of the waste products can be processed together.
In the latter case a meal with a lower protein quality is obtained

(Burgos et al., 1974). In Portugal the two poultry by-products

are processed together.

Poultry by-product and hydrolysed feather meal is the commonest
by-product from Portuguese chicken slaughterhouses with a production
cost 19% Ilower than that of Portuguese fish meals. The production
of this product by one of the principle slaughterhouse plants in
Portugal amounts to 3,000 tons per year (manager, personal communi-
cation). The total production iIn Portugal as a whole is unkno%m,
but there are at least 100 plants with a similar capacity scattered

all over the country although most are concentrated in the North.

To date this commodity has not been evaluated 1iIn diets for

fish. In view of the availability, relatively low cost and promising
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5.2 MATERIALS AND METHODS

5.2.1 Diets

25 Kilogrammes of poultry by-product and hydrolysed feather
meal (PBHFm) were obtained from the Soaves, Pomarelho, Guimaries,
chicken slaughterhouse processing plant located iIn the North of
Portugal (Fig. 9.1). The meal was produced on the day Tfollowing
slaughter from feathers, offals, fTeet, blood, necks and heads iIn
the*ir naturally occurring proportions. 25 Kilogrammes of brown
fish meal were obtained from Olfaixe-Produtos de (;Ieos e Farinhas
de Peixe, Ltd., Portas Fronhas, Povoa do Varzim. This was produced
mainly from the scraps of the sardine canning Industry. On arrival
at the laboratory the PBHFm and the brown fish meal were immediately
ground and their crude protein and lipid content were determined

according to the methods given in Chapter 4.

Seven experimental diets were TfTormulated using the PBHFm and
brown fish meal as the principle protein sources. The PBHFm contained
60.16X crude protein auid 23.80% lipid and was Included iIn the diets
at levels of up to 100% of the protein, replacing brown Tfish meal
(53.96% crude protein and 9.80% Hlipid). Thus the protein component

of the diets consisted of:

control, 100% brown fish meal protein

20% PBHFm protein ¢ 80%brownfishmeal protein
40% PBHFm protein ™ 60%brownfishmeal protein
60% PBHFm protein ¢ 40%brownfishmeal protein
80% PBHFm protein ¢ 20%brownfishmeal protein

—— D



- 110-

Diet 6: 90% PBHFm protein & 10% brown fish meal protein

Diet 7: 100% PBHFm protein

The Tull dietary formulations are presented iIn Table 5.1* All seven
diets were formulated on an 1isonitrogenous and 1isocalorlc basis
to contain 40% crude protein and 17% lipid (Table 5*3)= Seven Kilo-

grammes of each diet were manufactured as described in Chapter 4.

Formulation of the diets to contain a high Ulipid level was
necessary due to the high 1lipid content of the PBHFm (23.80%).
However, diets did contain sufficient fish oil to supply the necessary
essential fatty acids. In addition, due to the lipid sparing effect
on dietary protein the crude protein content of diets was TfTixed
at 40% (Satia, 1974; Halver, 1976; Gulbrandsen and Utne, 1977; Reinltz
et al., 1978a. b; Takeuchi et al., 1978a. b. d. 1981; Austreng.
1979; Buckley and Groves. 1979; Watanabc et al., 1979; Rychly, 1980;
Milllkin, 1982; Watanabe, 1982). These authors reported that the
percentage of dietary protein can be lowered to 35%“40% if the level
of dietary lipid i1s as high as 15%-20%. Furthermore i1mproved growth
rates and feed conversion efficiencies have been reported for rainbow

trout fed this combination of protein and lipid levels (Takeuchi

et al., 1978a. b; Austreng, 1979; Watanabe et al., 1979; Watanabe,
1982).

The percentage of dietary carbohydrate 1iIn the diets varied
from 4.5% to 16.5% and 2.3% to 8.2% for com starch and yellow dextrin
respectively (Table 5.1). Thus the overall carbohydrate content

of Diets 5« 6 and 7 was slightly higher than the recommended maximum

./... L 3
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Diet 6: 90X PBHFm protein ¢ 10X brown fish meal protein

Diet 7: 100% PBHFm protein

The Tull dietary formulations are presented iIn Table 5*1* All seven
diets were formulated on an 1i1sonltrogenous and 1isocaloric basis
to contain 40% crude protein and 17% Hlipid (Table 5*3)= Seven Kilo-

grammes of each diet were manufactured as described iIn Chapter 4.

Formulation of the diets to contain a high lipid level was
necessary due to the high Jlipid content of the PBHFm (23<80%).
However, diets did contain sufficient fish oil to supply the necessary
essential fTatty acids. In addition, due to the lipid sparing effect
on dietary protein the crude protein content of diets was Tixed
at 40% (Satia, 1974; Halver, 1976; Gulbrandsen and Utne, 1977; Reinitz
et al., 1978a. b; Takeuchi et al.. 1978a. b. d. 1981; Austreng.
1979; Buckley and Groves. 1979; Watanabe et al.. 1979; Rychly. 1980;
Millikin. 1982; Watanabe. 1982). These authors reported that the
percentage of dietary protein can be lowered to 35%“40% i1f the level
of dietary lipid is as high as 15%-20%. Furthermore i1mproved growth
rates and feed conversion efficiencies have been reported for rainbow
trout fed this combination of protein and lipid levels (Takeuchi

et al.. 1978a. b; Austreng. 1979; Watanabe et al.. 1979; Watanabe.
1982).

The percentage of dietary carbohydrate in the diets varied
from 4.5% to 16.5% and 2.3% to 8.2% for corn starch and yellow dextrin
respectively (Table 5.1). Thus the overall carbohydrate content

of Diets 5 6 and 7 was slightly higher than the recommended maximum

"V



TABLE 5.1 Formulation of the experimental diets {% by weight)

Diet No. 1 2 3 4 5 6 7

% inclusion
PBHFm protein 0% 20% 40% 60% 80% 90% 100%

Brown Fish meal 79.10 63.20 47.40 31.60 15.80 7.90

PBHFm - 14.10 28.10 42 .20 56.20 63.20 70.20
Com starch 4.50 6-90 9.30 11.70 14.10 15.30 16.50
Yellow dextrin 2.30 3.50 4.70 5.80 7.00 7.60 8.20
Cod liver oil” 9.31 7.51 5.71 3.91 2.11 1.21 0.31
Vitamin premix2 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Mineral premix” 1.09 1.09 1.09 1.09 1.09 1.09 1.09
Binder” 1.00 . 1.00 1.00 1.00 1.00 1.00 1.00
Cr™o, 0.50 0.50 0.50 0.50 0.50 0.50 0.50

Potassium soérbate 0.20 0.20 0.20 0.20 0.20 0.20 0.20

Containing 150 mg/Kg diet of butylated hydroxytoluene
(BDH Chemicals Ltd., Poole. Dorset, England)

According to Table 4,4
According to Table 4.5

Carboxymethylcellulose, dissodium salt, high viscosity
(BDH Chemicals Ltd., Poole, Dorset, England)
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level of 20% (Phillips et al., 1948; Hilton and Dixon, 1982; Spannhof
and Plantikow, 1983). Nevertheless Edwards et al. (1977) and Hilton
et al. (1982) reported that rainbow trout can tolerate carbohydrate
levels of up to 25% without any adverse effects on growth performance

and Bergot (1979) considered that up to 30% Is acceptable.

The +fTull chemical analysis carried out on both the foodstuffs
and the diets i1s summarised in Table 4.2 and the methods are described

in Chapter 4.

5.2.2 Growth Trial

300 rainbow trout of mean weight 359 (34.649-35.88g; Appendix
I) were obtained from the Truturao fish farm at Cemache, Coimbra,
and were allocated to 15 net cages as described iIn Chapter 4. Each
experimental diet was allocated randomly to two net cages and a

further cage of 20 fish was unfed for the duration of the experimental

period. Fish were fed at a fixed rate of 2% body weight per day
throughout the 18 week trial. The +fTull protocol of the trial 1is
described iIn Chapter 4. In addition, the glucose 1iIn plasma was

determined by the o-toluldlne method of Hyvarinen and Nikkila (1962).
Furthermore, at the end of the trial, a histological examination
was carried out on four fish twal each treatment to determine whether
there were differences 1In tissue structure between fish fed the
experimental diets. Gills, liver, spleen,and kidney were removed
and 1mmediately Tfixed i1n Bouln®s solution. Tissue slices were
embedded 1n paraffinwax, 5 U® sectionswere cut and these were
stained with haematoxylin and eosin and examined under light micro-

scopy. Haemoglobin was not determined.

TC






TABLE 5.2

Weeks

10

11

12

13

14

15

16

17

18

May

11.0

-11U-

Water temperature (*C) and standard deviation over the

feeding period

June

11.5

17.0

23.0

19.0

22.0

July

22.0

22.0.

22.5

22.0

21.5

August September X
11.0
18.5
22.0
21.0
21.5
21.5 21.4
21.5
21.5
21.5
21.0 21.2

21.0

S.0. X S.D.

0.00

4 .58

0.35 20.2 3."2

0.22

0.29
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5.3 RESULTS

5.3.1 Dieta

The crude protein content of the PBHFm was 60.16X (Table 5.3)
which 1s within the normal range of reported values fTor poultry
by-products (566/5-76X; Table 2.9). Two slightly different values
were obtained for the nonprotein nitrogen component. Subtraction
of true protein determined by the Lowry method from crude protein
gave a nonprotein value of 7.26%. However* the direct approach
of precipitating nonprotein nitrogen using trichloroacetic acid
gave a value of 9.73% (Table 5.3). The discrepancy in results was
possibly due to the use of 6.25 es the KJeldahl factor which may
not have been appropriate since it is known that the nitrogen content
of protein from different sources is not the same (Jobling, 1983).

Tacéon (1979a) reported that a variation of between 12% and 19% is

possible.

The brown fish meal had a crude protein content of only 53.96%
which 1s significantly lower than the value of 60% which is considered
to be the miniimim protein content of a good quality fish meal (Windsor
and Barlow* 1981). The nonprotein nitrogen component calculated
from the difference between crude protein and true protein was 2.46%
which again is slightly different fr<i the value of 1.60% determined
using the direct approach. Spinelli and Dassow (1979) reported
values of 0.5% and 1% for nonprotein nitrogen in fish muscles and
Jobling (1983) reported a value of 2% for the nonprotein nitrogen

content of fish skeletal muscle.

*\m

A%
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The amino acid profile shows that the PBHFm tested was a good
source of glycine, proline, glutamic acid and aspartic acid and
of the essential amino acid isoleucine, but a poor source of alanine
and cystine and of the essential amino acids leucine and phenylala-
nine. Leucine was its first limiting amino acid (Table 5*). The
cystine content of the PBHFm was also relatively Ilow, and since
this amino acid is normally present at high levels iIn feather meals
(Burgos et , 197~; Bielorai * al., 1982; Tacén, 1982a), it
Indicates that this component was 1i1ncluded at a low level. The
amino acid profile of the brown Tfish meal iIndicates that i1t was
a good source of certain nonessential amino acids 1including both
proline and glycine, but a poor source of the essential amino acids
leucine, 1lysine, and phenylalanine. Leucine was 1ts fTirst limiting
amino acid (Table 5A). The sum of the analysed amino acids in
fish meal did not equal the true protein content and therefore 6.2US
of amino acids were not accounted for. The sum of the analysed

amino acids in the PBHFm was close to the true protein content of

52.90%.

The PBHFm had a high Ulipid content (23.80%; Table 5.3) and
a high ash content (11.26%), although both values are within the
normal ranges reported for other poultry by-products. The [lipid
and ash content of the brown fish meal, 9.80% and 12.51% respectively,

were also within the normal range of reported values.

The peroxide value, acid 1insoluble ash, and crude fibre levels
of both meals were all very low (<2 m£g/Kg oil and 1% respectively,

(Table 5.3).
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The PBHFm and the brown fish meal were both a good source of

all the minerals analysed, 1in particular K, Ca, and Zn for the former

and Ca and Na for the latter (Table 5.5)*

The experimental diets had a crude protein content vairying
between 40.58% and 41.69% which 1s close to the formulated Ilevel
of 40% (Table 5.3). However, due to the relatively high nonprotein
nitrogen content of the PBHFm, the true protein content of the diets
decreased as the PBHFm dietary inclusion level increased. Thus,
Diet 1 (fish meal control) had a true protein content of 40.74%
while Diet 7 (100% protein replacement) had a true protein content
of only 33.99% (Table 5.3). All experimental diets had to a greater
or lesser extent essential amino acid deficiencies. Thus, Diets
1 to 4 were slightly deficient 1In both the essential amino acids
arginine and valine and significantly deficient in leucine, lysine
and phenylaleuiine. Diets 5 to 7 were deficient in both leucine
and phenylalanine and slightly deficient in arginine, lysine, and
valine (Table 5.4). Arginine, leucine, and phenylalanine deficiencies
Increased with increasing inclusion levels of PBHFm while the converse

applied for lysine and valine.

The 1lipid content of the experimental diets varied between
17.65% and 17.83% and were thus close to the formulated value of
17% (Table 5.3). The energy content of the diets varied between

5.41 and 5.78 Kcalorles per gramme dry weight (Table 5.3).



TABLE 5.5

Element

Ca
(g/1009)

Mg
(g/1009)

K
(g/1009)

Na
(9/100g)

P
(g/1009)

Zn
(mg/1009g)
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Concentration of mineral elements in Broim fish meal
and Poultry by-product and hydrolysed feather meal (BPHFm)

and mineral requirement of rainbow trout

Brown Requirement of rainbow trout

fish meal PBHFm (mg/100g dry wt.)
5.58 5.89 650-750 (Ogino and Takeda, 1978)
0.15 0.15 50-70 (Ogino et al., 1978)

(Knox et al., 1981)

0.57 160 (Frenzel and Pfeffer, 1982)
1.39 1.28 220 (Frenzel and Pfeffer, 1982)
1.19 1.39 700-800 (Ogino and Takeda, 1978)

650 (Nose and Aral, 1979)

6.11 19_roex 1.5-3.0 (Ogino and Yang,1978)

24/

o *g
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5.3.2 Growth Response and Feed Utilization Efficiency

Fish accepted the experimental diets readily within a few days
and thereafter they were consumed quite aggressively. Hence no
palatability problems were encountered even by fish fed Diet 7 in
which all the brown fish meal was replaced by PBHFm. A slight loss
of appetite was noted during weeks 6 to 10 which was thought to
be due to high water temperatures (21.5* to 22.5*C) experienced
at this time (Table 5.2). Nevertheless the daily rations were all

consumed although the fish took longer to finish them.

At the start of the trial there were no significant (P < 0.05)
differences i1n mean fish weights of eiround 35g (3"-"7g-35.88g) between
treatments (Table 5.6). However, by the end of the 18 week growth
trial the mean fish weights vauried between 62.39g for fish fed Diet
1 and 136.60g for those Tfed Diet 6 (Table 5.6; Fig. 5.1). Thus,
the overall weight gain of thle fish fed the diet where 90%aof the
brown fish meal was replaced by PBHFm was more than twice that of
the fish fed the diet based on brown fish meal alone. There was
a trend of Improved growth with 1increasing levels of PBHFm, with
maTimiim weight gain achieved by the fish fed Diet 6 (Table 5%6;
Fig. 5.2). Although the final weight of fish fed Diet 7 (127.35Qg)
was slightly Ilower than that of fish fed Diet 6 i1t was still
comparable with those of fish fed Diets U and 5 (118.47g and 121.38g,

respectively).

The mortality rate of fish fed the seven experimental diets
ranged from 5% to 20% (Table 5*7). No correlation was found between

mortality rate and dietary treatment. The mortality rate of the unfed

>>
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FIGURE 5.1 Overall mean weight gain (g) of rainbow trout at successive

fortnightly Intervals over the experimental test period






«

00

«

0B

g5

=]125*

r



- 126.

fish, however, was 65%. Furthermore the mean weight of the survivors

was reduced by almost half to 19.15g at the end of the trial (Appendix

I1; Fig. 5.1)» thus demonstrating that any available natural food

would have had a negligible effect on the overall growth performance

of the fish fed the experimental rations.

The specific growth rate 1iIncreased with 1increasing levels of

PBHFm up to a maximum rate of 1.091 per day for fish fed the diet

in which 90% brown Tfish meal protein was replaced by PBHFm, which

was 2.5 times higher than that of fish fed the control (0.47% per

day; Table 5.6; Fig. 5.3). Thus the fish fed the diet where 90%

of the brown fish meal protein had been replaced by PBHFm displayed

the best growth performance iIn terms of mean body weight, percentage

weight gain, and specific growth rate.

The food conversion ratio decreased from 4.64 in the control

diet to 1.29 to 100% protein replacement (Table 5*6; Fig. 5.4).

The slight loss of appetite observed during weeks 6 to 10 did not

affect the food conversion ratio.

A better assessment of the nutritional quality of the diets

is calculated as the efficiency with which dietary protein 1is utilized

by the fish. Protein efficiency ratio (PER) gives the weight of

fish produced perunit of dietary protein. The PER of fish fed

Diet 6 containing 90%of the protein as PBHFm was 2.6 times higher

than that of the fish meal control (Diet 1; Table 5.6; Fig. 5.5)%*

However, PER does not take Into account variation 1In carcass compo-

sition, thus a more accurate assessment of protein utilization 1is

V _ef*



1.5-

GO.5-

Diet !

FIGURE 5.3 Specific growth rate (%W/day) of fish fed the seven

experimental diets
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FIGURE 5.U Food conversion ratio of fish fed the seven experimental

diets
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given by apparent net protein utilization ((apparent NPU). Apparent

NPU increased two-fold from 4.90% for fish fed the fish meal control

to 9 .43% for fish fed Diet 6 (Table 5.6; Fig. 5.6). Nitrogen intake

and nitrogen deposition followed the same trend as apparent NPU.

The growth performance of rainbow +trout replicates fTed the

experimental diets i1s given iIn Appendix 1.

5.3.3 Digestibility

The moisture content of faeces 1Increased with increasing

inclusion levels ofPBHFm from 9.41% for Tish fTed Diet 2 to 14.41%

for fish fed Diet 7 (Table5.8; Fig. 5.7a). The moisture content

of faeces from fish TfTed the fish meal control dietwas 10.49% (Table

5.8; Fig. 5.7a).

As the dietary Inclusion level of PBHFn Increased there was

a small decrease In the crude protein content of the fTaeces from

18.311* (Diet 2) to 16.18* (Diet 7). By contrast faeces from fish

fed the control diet hod a crude protein content of only 15-70*

(Table 5.8; Fig. 5.7b). Differences in protein content were reflected

In the apparent protein digestibility of the experimental diets.

Thus, the apparent protein digestibility Increased with Increasing

inclusion levels of PBHFm from 81.22* for 20* Inclusion to 85-83*

for 80* Inclusion and then slightly decreased to 85-50* for 100*

Inclusion (Table 5-6). Fish fed the control diet had a coefficient

similar to that of those fed Diet 3 (83.67* and 83.03*. respectively).

x oW
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The 1lipid content of faeces from fish fed diets containing

PBHFm showed only a slight variation between dietary treatments,

varying from 11A3% (Diet 6) to 12.9136 (Diet 4). Again faeces from

fish fed the control diet had the lowest lipid content of only 10.55%

(Table 5.8; Fig. 5.7c). The apparent lipid digestibility of the
experimental diets varied significantly ¢ ~ 0.05) from 71*14%

(Diet 2) to 79.96% (Diet 7). Hence digestibility again increased

with an 1iIncrease in the inclusion level of PBHFm. Fish fed the

control diet had a coefficient similar to that of those fed Diet

3 (74.73% and 74.48%, respectively; Table 5%-).

The ash content of faeces decreased sharply from Diet 2 (43.28%)

to Diet 7 (18.61%). Fish fed the control diet had an ash content

of 42.62% which was only slightly lower than that of fish fed Diet

2 (Table 5.8; Fig. 5.7d). The apparent organic matter digestibility

of the experimental diets varied significantly (P< 0.05) from 59*68%

for Diet 2 to 67.62% for Diet 4. At PBHFm above 80% inclusion the

digestibility decreased to 63.33% for 100% iwnclusion. However,

with the exception of Diet 2 (20% protein replacement), the apparent

organic matter digestibilities of all of the rations containing

PBHFm were significantly (P < 0.05) higher than that of the fish

meal control (67*76%; Table 5*6)*

The proximate composition of TfTaeces taken from rainbow trout

replicates i1s given 1iIn Appendix I11I*

A
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5.3.4 Liver Somatic Index and Blood Parameters

There were no eignifleant (P< 0.05) differences In liver sooatlc

index between dietary treatments (Table 5-6) with the exception

of fish fTed Diet 7 (100* protein replacement). The 1liver somatic

index of Tfish fed Diet 7 was 1.23 compared with values of between

1.01 and 1.13 for TfTish fed the other six diets. This Increase In

liver somatic index Indicates that the livers of fish fed the diet

containing PBHFm as the sole protein source were slightly enlarged.

Furthermore, i1t was noted that the Ilivers of these Tfish were paler

at the end of the trial than normal 1indicating a higher glycogen

deposition.

Haematocrlt values of fish fed rations containing PBHFm varied

between 31.76* and 36.07* but these differences were not significant

at the 95* level of significance. There were however, significant

differences betwsen these values and the value of 27.50* recorded

from fish fed the control ration (Table 5-6). This difference iIndi-

cates that these fTish may have been slightly anaemic although this

value 1s still within the normal range for healthy rainbow trout

(Wedemeyer and Nelson, 1975: Miller et al., 1983: Hallo et al..

1985).

The glucoee iIn plasma followed a similar trend to haematocrit

value (Table 5.6). Thus, Tfish fed the control diet (Diet 1) regi-

stered the

lowest value of 75-33 mg per 100 cm>. possibly because

it was the diet with one of the lowest dietary carbohydrate Ilevel

(Table 5.1). There was a significant (P < 0.05) difference between

M.

*ek
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this value and the values recorded iIn the other dietary treatments

which varied, although not significantly, between 91-94 and 101.54mg

per 100 cm* with the highest value recorded from fish fed Diet 4

proteln rep acement). iet 0 proteln rep acement wnic
(60X i [ ) Diet 7 (100% i I ) which

had the highest dietary carbohydrate level produced a lower value

(97.44 mg per 100 cn* ) comparable to that of fish fed Diets 3 and

5 (40% and 80% protein replacement, respectively; Table 5-6). However

plasma glucose levels of fish fed all six experimental diets based

on PBHFm were within the normal range of values for healthy rainbow

trout (Wedemeyer and Nelson, 1975; Miller et al., 1983)- Fish fed

the fish meal based control diet had a plasma glucose level of 75-33mg

per 100 cm* which was slightly lower than the minimum value of 77mg

per 100 cm* indicated by Wedemeyer and Nelson (1975)-

The Iliver somatic i1ndex and blood parameters of rainbow trout

replicates are given iIn Appendix 1.

5.3.5 Carcass Composition

At the end of the 18 week growth trial the moisture content

of fish fed all the experimental rations was significantly (P <0.05)

lower than the Initial value of 75.84*. There wae a significant

trend of decreasing body moisture with 1increasing PBHFn 1inclusion

level with a minimum value of 63.25» UOO* protein replacement)

and a maximum value of 68.80» (20» protein replacement) (Table 5.9:

Fig. 5.8a).

The 1lipid content of fish fed all seven experimental rations

Increased significantly (P < 0.05) from 6.18» at the start of the

7k
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trial to a maxinun of 16.75* for fish Fed Diet 7. The lipid content

of fish fed the control ration (Diet 1; 9.19*) waa approximately

33* greater than the 1iInitial value. Furthermore, there was a trend

of increasing lipid deposition with 1increasing Inclusion level of

PBHFm from 9.98* for fish fed Diet 2 to 16.75* for fish fed Diet

7. This |Increase 1In body Hlipid deposition was accompanied by a

decrease in body moisture levels (Table 5.9; Fig. 5.8Db).

There was an increase iIn the crude protein content of Tfish

carcasses fTrom 16.07% at the start of the trial to between 17.19%

for fish fed Diet 6 and 18.43% for those fed Diet 2. However, the

differences in protein content of fish fed Diets 4 to 7 were not

significantly (P<0.05) different from the initial value. The highest

carcass protein levels were recorded from Tfish fed the Tfish meal

control diet and the two diets containing the lowest inclusion levels

of PBHFm (20% and 40% protein replacement; Table 5.9; Fig. 5.8c¢).

From the analysis of carcass composition it 1iIs apparent that the

greater weight gain of fish fed diets containing high 1inclusion

levels of PBHFm was due. iIn part, to an increase in lipid deposition

rather than of protein at the cost of both carcass crude protein

and moisture content.

The ash content of fish carcasses varied from 3.07% (90% protein

replacement) to 3.66% (fish meal control diet). However, no relation-

ship between ash content and PBHFm inclusion level was 1indicated

(Table 5.9; Fig. 5.8d).

The proximate composition of Tish carcass replicates 1is given

in Appendix 1V.

V . L] *.‘
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5.3.6 Histological Examination

Histological examination of the liver, Kkidney, spleen, and
gill tissues revealed no apparent differences between Tish fed the

seven experimental diets and those of healthy rainbow trout.

- ,*
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5.4 DISCUSSION

At all inclusion levels up to 100* fish meal replacement the

performance of rainbow trout fed diets containing poultry by-product

and hydrolysed feather meal (PBHFm) was better than that of those

fed a fTish meal control diet. Thus, fish fed diets containing

increasing inclusion levels of PBHFm hod a maximum mean final weight

of 136.60g at 90* protein replacement (Diet 6) compared with a mean

final weight of only 6P.39g for those fedthe fish meal control

diet (Table 5.6). This trend of Improved growth performance with

increasing inclusion levels of poultry by-products has also been

reported iIn salmonid fish by several authors. Wojno «>d Dabrowska

(1984a) using rainbow trout iIn the same size range reported a maximum

mean  final weight of 107.10g for fish fed dietswhere 50* of the

protein was supplied by poultry ofall meal (POm) compared with a

mean final weight ofonly 80.Hgfor those fed a fish meal control
diet. A similar trend for coho salmon (Oncorhynchus kisutch) fed

diets containing varying levels of POm was also reported by «arkert

et al. (Q977). Similarly. Higgs et al. (1979) using coho salmon

found that growth performance Improved with Increasing dietary inclu-

sion levels of a mixture of poultry by-product meal and hydrolysed

feather meal up to a maximum of 75* protein replacement.

A good quality fish meal usually has an amino acid profile

which comes close to satisfying the requirements of fish (Relnitz.

unpublished: Tacon and Jackson. 1985). Other feedstuffs however,

are almost always significantly deficient iIn at least one essential

amino acid and thus i1t 1is extremely unusual for the total replacement

0 ™ ,ee



-1UO-

of fTish meal by a single commodity to result iIn a better growth

performance than that produced by a fish meal control ration.

The Tfirst limiting essential amino acids In all seven diets

were phenylalanine and leucine. Levels of phenylalanine varied

between 0.56* i1n Diet 1 and 0.5“* iIn Diets 6 and 7 compared with

a requirement level of 1.2»*. Thus, 1n all rations only around

45* of the requirement level was present. Similarly, levels of

leucine varied between 0.91* in Diet 1 and 0.84* iIn Diet 7 giving

a minimum dietary concentration of 48* of the requirement level.

Phenylalanine, however, can be spared by tyrosine (Mertz, 1972;

Halver, 1975. 1976; Cowey, 1979; Ketola, 1982; Millikin, 1982; Walton,

1985; Wilton, 1985) and consequently it is only necessary for approxi-

mately 60* of the requirement Ilevel to be present provided the

remaining 40* 1i1s supplied by tyrosine. This Indeed appears to have

been the case as the tyrosine content of the diets varied between

0.79g and 0.85g per 100g (Table 5.4). Thus leucine appears to have

been the Tfirst limiting essential amino acid in all seven rations,

and as a consequence only around half of the total protein would

have been usable for growth (Halver, 1975, 1976).

The Improvement 1iIn

fish performance with 1increasing levels

of PBHFm can not be correlated with leucine levels since the levels

in all seven diets were similar, and i1n Tfact decreased slightly

with 1ncreasing PBHFm content. The greatest variation iIn essential

amino acid levels was iIn the lysine content. The fish meal contained

only 1.68* lysine compared to 2.98* i1n the PBHFm. As a result the

fish meal control diet (Diet 1) contained only 1.27* lysine compared
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with a requirement of 2.12% and the 1lysine level 1Increased from

1.42% in Diet 2 to 2.01% in Diet 7. Thus the control ration contained

only 60% of the requirement level for Ilysine compared to 95% 1in

Diet 7 based entirely on PBHFm. However, since only around half

of the protein was available for growth due to the severe leucine

deficiencies, this would have the effect of making these differences

in lysine content irrelevant. Essential amino acid profiles do

not give any indication of the availability of each amino acid and

since lysine 1iIs the essential amino acid which 1is most susceptible

to become chemically unavailable (Cowey et al., 1972; Cowey, 1979;

Jauncey and Ross, 1982) 1t 1is possible that not all of the lysine

was available. Unfortunately, levels of available Ilysine were not

determined, but had a significant portion of the dietary lysine

been rendered unavailable, and especially i1f this were more the

case iIn the fish meal than the PBHFm. variation in the lysine content

may help to explain the variation 1iIn performance between the

treatments.

The Ffish meal control ration also contained the lowest level

of valine, 1.12%, although this was only slightly lower than the

requirement Hlevel of 1.24%. In addition, the levels of valine In

the PBHFm based rations were only slightly higher varying between

1.14% and 1.18% (Table 5-~)- AH diets were also slightly deficient

in arginine and furthermore the Ilevel decreased with 1Increasing

inclusion 1levels of PBHFm from 1.27% in the control to 1.10% 1in

Diet 7 containing all of the dietary protein as PBHFm. Thus

Diet 7 contained around 79% of the requirement level, although again
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in view of the severe leucine deficiency, this variation would not

have had a significant impact on differences iIn growth performance.

No determinations of dietary levels of the essential amino acid

tryptophan were performed. Good quality Tish meals usually contain

around IX of the crude protein as tryptophan (Windsor and Barlow,

1981). Thus, in a diet containing around 41X crude protein supplied

by fish meal this would give a dietary level of 0.4g per 100g compared

with a requirement of 0.2g per 100g (Ogino, 1980). Even if the

tryptophan content of the Tfish meal used iIn this study was only

half of that found iIn a good quality fish meal this should still

have satisfied the requirements for this essential amino acid.

However, tryptophan has been reported to be deficient iIn poultry

by-products (Section 2.2) and therefore the diets with high inclusion

levels of PBHFm may well have had tryptophan levels which were lower

than the requirement level, particularly 1i1n Diet 7 where all of

the fish meal was replaced by PBHFm.

This work was carried out at high water temperatures of around

22*C which 1is close* to the upper limit for rainbow trout culture.

It 1s therefore difficult to compare Tfindings iIn this work with

those of other authors since trials have generally been carried

out at much Jlower water temperatures (Tiews et al., 1976; Gropp

et al.. 1979; Higgs et al.. 1979; Vtojno and Dabrowska. 1984a).

The food intake of 2% body weight per day should have been adequate

for good growth rates despite the higher energy requirements at

these high water temperatures (Brocksen and Bugge, 1974; EIlliot,

1979, 1982; Choubert et al.. 1982). Growth rates in treatments



~143-

4 to 7 were reasonable and the food conversion ratios were quite

good (Table 5.6). Growth of fish fed Diets 1 to 3 were very poor

and higher growth rates should have been possible for all treatments

if the diets had not had such significant essential amino acid

deficiencies.

The 1mproved growth performance of fish fed increasing levels

of PBHFm was due 1In part to an 1iIncrease iIn body lipid deposition.

Fish fed the control ration, Diet 1. with a protein component based

only on Tfish meal had a carcass lipid content of 9.19% which was

significantly higher than the level of 6.18% at the start of the

18 week trial (Table 5.6). This 1iIncrease iIn carcass lipid is likely

to be a consequence of the high dietary lipid content of 17% (Table

5.3). The effect of high energy diets on carcass lipid deposition

in fish has been examined by several authors. Lee and Putnam (1973)

found that the carcass lipid component of rainbow trout fed diets

containing 24% herring oil 1increased from the initial level of 6.3%

to 13% at the end of an 18 week growth trial. In addition, Reilnitz

et al. (1978b). Austreng (1979)» Buckley and Groves (1979). Cowey

(1979. 1981). and Watanabe et al. (1979) reported that an excessive

energy Iintake at moderate dietary protein levels leads to the accumu-

lation of fat in fish with subsequent changes In carcass composition.

In the current study body lipid deposition 1increased significantly

with 1ncreasing iInclusion levels of PBHFm up to a maximum of 16.75%

carcass lipid at 100% Tfish meal replacement. Thus, although the

final mean weight of fish fed Diet 7. where all of the fish meal

was replaced by PBHFm. was 65g greater than that of those fed the

control ration (Diet 1) baaed on Tfish meal alone, almost 40%
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of this difference was attributable to fat. An iIncrease iIn body

lipid deposition with increasing inclusion levels of a poultry by-

product was also reported by Wojno and Dabrowska (1984a) 1i1n trials

using rainbow trout of a similar size. Final body lipid varied

between 7.31% for the control fish fed a Tfish meal based ration

to 9.94% in those fed a diet in which the protein was supplied

entirely by poultry offal meal. These levels however, are signifi-

cantly lower than the levels of up to 16.75% iIn the present study.

This discrepancy 1i1s likely to be again related to dietary lipid

levels since Wojno and Dabrowska (1984a) fed experimental rations

containing only 10% Hlipid compared with 17% in this trial.

In conjunction with the increase in fish body lipid there was

a small but significant decrease 1iIn body protein deposition from

18.41% (Diet 1) tol7.35% (Diet 7)and also in body moisture from

69.53% (Diet 1) to63-25% (Diet 7; Table5-9). This relationship

between body lipid and body moisture and protein content has also

been reported by Gulbrandsen and Utne (1977). Papoutsoglou and

Papaparaskeva-Papoutsoglou (1978), Reinltz et al. (1978b), Buckley

and Groves (1979). end Weatherley and Gill (1983). Thus the overall

effect of increasing the 1inclusion level of PBHFm on fish carcasses

was a significant 1increase iIn body lipid deposition at the expense

of both body moisture and body protein which were significantly

reduced.

Some of this variation iIn Tfish carcaaa coopoaition could also

have been attributable to differences in dietary carbohydrate levels.

The 1level of nitrogen free extract (NFE) increased from 19-33* 1iIn

the fish meal control ration (Diet 1) to 29.07* 1» 0O*** where
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all of the fish meal was replaced by PBHFm (Table 5*3) « Th® ~FE

content of the Tfish meal control ration was much higher than the

carbohydrate 1level of 6.8% added to the diet, but this may be

explained by the high NFE content of 11.49% for the brown fish meal,

which 1s significantly higher than the usual maximum level of around

8% for a good quality fish meal (Cullison, 1979; Gohl, 1981).

Refstie and Austreng (1981) reported that body moisture

decreases with iIncreasing carbohydrate levels and this indeed appears

to have been the case for fTish fed Diets 2 to 7 based on PBHFm.

However, Refstie and Austreng (1981) found that carcass lipid levels

also decreased whereas iIn this study there was a significant increase

from 9.19% in fish fed Diet 1 to 16.75% for those fed Diet 7.

In addition, Reinitz (unpublished), Austreng et al. (1977),

Refstie and Austreng (1981), and Hilton and Dixon (1982) have also

reported that Iliver glycogen, Iliver weight, and consequently liver

size, 1Increased with increasing inclusion levels of dietary carbohy-

drate. There was some indication of a trend of 1increasing liver

somatic iIndex with increasing levels of PBHFm and as a consequence

of increasing carbohydrate Ilevels, however only the Iliver somatic

index of fish fed Diet 7 (1.23) containing 100% of the protein as

PBHFm was significantly different from the control value of 1.01

(Table 5.6). Furthermore, the Ulivers of fish from this treatment

were paler than those from the other six treatments which also Indl

cated higher glycogen deposition (Phillips et al., 1966).

-
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Although plasma glucose levels varied between 95-57 mg (Diet

2) and 101.5t mg per 100 cm” (Diet 9) for rations based on PBHFm,

these differences were not significantly different. Therefore no

correlation between carbohydrate Jlevel and plasma glucose was

indicated. Wedemeyer and Melson (1975) reported that the normal

plasma glucose levels of healthy rainbow trout vary between 77 mg

and 150 mg per 100 cm” and Miller et al. (1983) considered that

the normal range was 72 mg to 218 mg per 100 cm”. The plasma glucose

levels recorded from fish fed the rations containing PBHFm were

thus well within these ranges. However, the plasma glucose content

of fish fed the fish meal control ration (Diet 1) was only 75.33 mg

per 100 cm” which. In addition to being significantly lower than

the levels found In fish fed the rations containing PBHFm, was also

close to the minimum values reported above for healthy rainbow trout.

This Hlow Qlevel suggests that fish fed this ration were slightly

hypoglycaemlc although It |Is surprising that It Is so different

from the level recorded In fish fed Diet 2 which contained only

20% PBHFm and in fact had a lower NFE content.

There was a general trend for food digestibility values to

Increase significantly with Increasing Inclusion levels of PBHFm.

The protein digestibility coefficient of fish fed the control diet

(Diet 1) was 83.67* which Is well within the range of reported values

of between 60* and 95* for brown fish meals (Smith and Rumsey, 1976;

Atack and Matty. 1979: Cho and Slinger, 1979: Lovell, 1981: Pfeffer,

1982: Watanabe et al.. 1983). Protein digestibility of fish fed

the diets based on PBHFm 1i1ncreased from 81.22* for TfTish fed the

ration containing 20* of the protein as PBHFm to 85.83* for those

* %
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fed the ration where 80% of the protein was supplied by PBHFm (Table

5.6). However, only the protein digestibilities of fish fed Diets

5 to 7 were significantly higher than that of fish fed the control

ration (Diet 1).

Unlike protein digestibility, the [lipid digestibility value

of 74.73% for Tfish fed the Ffish meal control diet. Diet 1, was

significantly Jlower than the usual range of 8% to 97% for a good

quality fish meal (Smith and Rumsey, 1976; Cho and Slinger, 1979).

Lipid digestibility increased with 1increasing inclusion levels of

PBHFm from 71.14% at 20% protein replacement (Diet 2) to a maximum

coefficient of 79.96% at 100% protein replacement (Diet 7). These

values, however, are significantly Ilower than those reported by

Wojno and Dabrawoska (1984a) for rainbow trout fed diets based on

poultry offal meal. In addition, these authors reported a decrease

in lipid digestibility from 93.95% for fish fed a diet containing

25% poultry offal meal to 90.20% for one where all of the protein

was supplied by poultry offal meal. The range of lipid digestibility

values iIn this study were also lower than the value of 83.60% reported
by Cho and Slinger (1979) for a poultry by-product meal iIn a diet

fed to rainbow trout where all of the protein was replaced by this

product, although they were higher than the value of 71.5% reported

by Smith and Rumsey (1976) for fish fed diets where the entire dietary

protein was supplied by a poultry by-product meal. In addition

to lower lipid digestibilities the apparent organic matter digesti-

bilities were also low, varying between only 57.76% for ¥fish Ted

the fish meal control diet to 67.62% Tfor those fed Diet 4 where

60% of the protein was replaced by PBHFm.

V . * **.l
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There was no evidence from histopathological studies to iIndicate

that the wide variation iIn performance between the dietary treatments

resulted iIn any disorders. However, there was a significant variation

in haematocrit. Fish fed the control diet (Diet 1) had a haematocrit

value of only 27.50% compared to the significantly higher haematocrit

values of between 37.82% (Diet 3) and 36.07% (Diet 5) for fish fed

diets containing PBHFm. The lower haematocrit of the Tfish meal

control Tfish suggests they were iIn poorer condition and may have

been slightly anaemic. However, Wedemeyer and Nelson (1975) and

Miller et al. (1983) proposed that the normal range of haematocrit

values for healthy rainbow trout was 24% to 43% and 21% to 44%,

respectively, and thus fish from all treatments fell 1Into these

ranges, while Railo ct al. (1985) suggested a much narrower range

of only 28.9% to 29.4% for rainbow trout. All haematocrit values

were Qlower than the range of 45% to 53% proposed by Blaxhall and

Daisley (1973) for healthy brown trout (Salmo trutta).

Since PBHFm 1is reported to be deficient 1in 0)3 essential fatty

acids (Higgs et al.. 1979) 1t was necessary to supplement the experi-

mental diets with ¥fish oil to provide w3 essential fatty acids

required for good health and growth (Yu and Sinnhuber, 1979). This

supplementation appears to have been adequate since there were no
signs of essential fTatty acid deficiencies such as increased body

moisture, caudal fin erosion or liver pathology (Buckley and Groves.

1979; Cowey and Sargent, 1979; Cowey. 1981). A Tfurther problem

associated with the use of PBHFm in rations at high inclusion levels

iIs the necessity to fTormulate diets with a high xipid content.

ﬂ‘
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The need to add some Tfish oil to supplyessential fatty acids

increases the lipid content still further.

In conclusion, fish fed the bro%m fish meal based diets had
the poorest growth performance and feed utilization efficiency whereas
the performance of Tfish fed the PBHFm based diets i1mproved with
increasing 1inclusion levels of PBHFm. The poor performance of fish

fed the Tish meal control ration was probably attributable to the

poor quality of the fishmeal. Compared with goodquality Tfish

meals 1t contained particularly low Ilevels of the essential amino
acids arginine, leucine, lysineand phenylalanine. The optimal
inclusion level of PBHFmwas between 80% and 90% of the protein
equivalent to 34% to 36% of the entire diet. However, improvements
in growth rate should be possible by improving the essential amino
acid profile of these diets. This could be achieved by inclusion

of other protein sources or supplementation with purified essential

amino acids.

-*
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6.1 IHTRODUCTION

One of the major 1iIndustries in Portugal 1i1s Tfish canning.

Sardines (Sardina nilchardus) are caught and processed iIn the North

of the country based from the Tfishing port of Matosinhas near Porto,

whereas i1n the South tuna (Thunnus thynnus) is the main TFfish species

caught and canned. By 1972 Portugal was reported by Coull (1972)

to be the outstanding exporter of these canned fish products within

Europe.

Fish meals 1in Portugal are produced mainly from the scraps

of this canning industry although occasionally whole carcasses can

be used should a surplus arise. Clearly this will lead to variability

in quality. Furthermore, since the TfTish meal Industry relies heavily

on the scraps and surplus of this industry, a somewhat irregular

production is often encountered.

In addition to sardines and tuna the other species most commonly

used to produce Tfish meals in Portugal are mackerel (Scomber sp.),

blue whiting MIcromeslstius poutassou). snapper Tish (Syngnathus

sp-), trumpet fish (Macrarhamphosus sp.), and mackerel shad (Trachurus

sSp-)-

In view of the relatively poor performance of the fish meal

in the last trial, the nutritional quality of fish meals produced

by the six main manufacturers 1iIn Portugal was evaluated. The total

output by these Tfish meal producers and that of around a Tfurther

10 small production units 1is approximately 8,000 to 10,000 tons per

year (fish meal plant managers* personal communications).

»*\ 1
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6.2 MATERIALS AND METHODS

6.2.1 Diets

25 Kilogrammes of each of six brown fish meals were obtained

from six Portuguese TfTish meal plants located along the coast of

Portugal (Fig. 9.1) as follows.

Bro%m fish meal A; Olfaixe-Produtos de Oleos e Farinhas de

Pelxe, Ltd., Portas Fronhas, Povoa do Varzim

Brown Ffish meal B: Farinhas e Oleos de Peixe do Sul, Lda.,

Olhao, Algarve

Brown Ffish meal C:- Oleos e Farinhas de Peixe, Ltd., Sociedade

Produtora, Matoslnhos

Brown fish meal D- Sociedade de Aproveitamentos de Detritos

e Oleos de Peixe, Lda., Setubal

/
Broim fish meal E: Sociedade Algarvia de Farinhas e Oleos,

Lda., Olhao, Algarve

Brown Fish meal F- Sociedade Industrial de Farinhas e Oleos

de Peixe, Lda., Portimao, Algarve.

25 Kilogrammes of the bacterial SOP Methylophilus methylotrophus

"Pruteen”™ was obtained from ICl Portuguesa, Lisboa. This bacterial

SCP was used as the protein source iIn the control ration since it

has a high protein content and an excellent amino acid profile which

allows i1t to be included at very high Inclusion levels in diets for

rainbow trout without any significant loss of performance and feed

utilization efficiency (Schulz and Oslage, 1976; Beck et al., 1979;

Spinellt ~ ~ _ , 1979; Tiews et al., 1979; Kaushik and Luquet, 1980;

Tacéon, 1981; Tacdén et al., 1983a).

vi
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On arrival at the laboratory the brown fish meals and "Pruteen

were i1mmediately ground and the crude protein and lipid content were

determined according to the methods given in Chapter 4.

Seven experimental diets were formulated on an i1sonitrogenous

and isocaloric basis to contain 45% crude protein and 11% lipid (Table

6.6). Six of the diets each contained one of the six bro%m fish

meals as the sole source of dietary protein and a seventh control

diet was also formulated using "Pruteen” as the sole protein source.

The brown Ffish meals contained between 52.49% and 63-55% crude

protein and between 7.06% and 12.36% lipid. The "Pruteen” contained

74 95% crude protein and 2.20% lipid (Table 6.3). Tb« full dietary

formulations are presented iIn Table 6.1. Seven kilogrammes of each

diet were prepared as described in Chapter 4.

«

Diets contained sufficient Tfish oil to provide the necessary

essential fatty acids.

The percentage of dietary carbohydrates iIn the diets varied

from 0.4X to 12.9% and from 0.2% to 6.5% for corn starch and yellow

dextrin respectively (Table 6.1). Thus the maximum carbohydrate

content of 19% of the diet did not exceed the maximum recommended

level of 20% (Phillips et al.. 1948; Hilton and Dixon. 1982; Spannhof

and Plantikow, 1983).
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TABLE 6.1 Formulation of the experimental diets (X by weight)

Diet No.

“Pruteen" 66.10

Fish meal A 75.00

Fish meal B 93.60

Fish meal C 80.00

Fish meal D 83.00

Fish meal E 89.00

Fish meal F 80.00

Corn starch 12.90 9.50 0.40 8.80 5.10  3.70  8.10
Yellow dextrin 6.50 4.70 0.20 4.40 2.50 1.80  4.10
Cod liver oil~ 971 6.00 1.00 2.01 461 071 3.0l
Vitamin premix2  2.00  2.00  2.00  2.00  2.00  2.00  2.00

Mineral premix>  1.09  1.09  1.09  1.09  1.09  1.09  1.09

Binder™ 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Crno, 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Potassium

sOrbate 0.20 0.20 0.20 0.20 0.20 0.20 0.20

1) Containing 150 mg/Kg diet of butylated hydroxy toluene
(BDH Chemicals Ltd., Poole, Dorset, England)

2) According to Table 4.4
3) According to Table 4.5

4) Carboxymethylcellulose, dissodium salt, high viscosity
(BDH Chemicals Ltd., Poole, Dorset, England)
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The fTull chemical analysis carried out on both the foodstuffs

and diets 1s summarised iIn Table U.2 and the methods are described :

AVall |

in Chapter 4.
6.2.2 Growth Trial

300 rainbow trout of mean weight 23g (23.05-23.82g; Appendix V) e ye
were obtained from Posto Aquicola de Manteigas, Serra da Estrela,
and were allocated to 15 net cages as described iIn Chapter 4. Each
experimental diet was allocated randomly to two net cages and
a further net of 20 fish was unfed for the duration of the experi-
mental period.

Fish were fed at a fixed rate of 2% body weight per day through- [ 5 »

out the 18 week trial. The Tull experimental protocol of the trial

is described in Chapter

The mean water temperature during the experimental period was

15.8*C (9.0"-24*C £ 4.63) and the daily variation never exceeded 2*C

(Table 6.2).

Statistical methods and the production of graphs were carried

out as described In Chapter 4.
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6.3 RESULTS

67"3.1 Diets

The crude protein content of all six brown fish meals tested

was relatively low varying from 52.49% for fish meal B to 63-55%

for fish meal A (Table 6.3). In particular, fish meals B and E had

crude protein levels well below 60%, which 1s considered to be the

minimum protein content for a good quality fish meal Windsor and

Barlow, 1981). The crude protein content of the bacterial SCP was

74.95% (Table 6.3).

The amino acid profiles of the brown fish meals tested revealed

that the sums of the amino acids analysed were not In agreement with

the values of crude protein determined. This difference varied

between 3.84% for brown fish meal A and 17.00% for brown fish meal E,

but was also particularly high in fish meals C and D with differences

of 14.42% and 14.29% respectively. All six brown fish meals were

a good source of the nonessential amino acids glycine, prollne,

aspartic acid, and glutamic acid, and of the essential amino acids

thrsonine, isoleuclne, histidine, and methionine (Table 6.4). However

they contained suboptlmal levels of up to five of the essential amino

acids and were particularly deficient in arginine, leucine, lysine,

phenylalanine and vallns. Leucine was the first limiting amino acid

of brown fish meals C, D, E. and F, and phenylalanine of brown fish

meals B and F. The bacterial SCP had an excsllent amino acid proflla

although 1t was slightly deficient 1In arginine and leucine and

deficient 1iIn both phenylalanine and valine. Phenylalanine was 1its

first limiting amino acid (Table 6.4).

7K
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The Hlipid content of the brown fish meals varied between 7.06*

for brown fish meal A and 12.36* for brown fish meal E. Thus only

fish meals C and E (12.07* and 12.36* respectively) had lipid levels

which were slightly outside the reported normal range of values

of 8 to 12*

lipid for a good quality brown fish meal (Windsor and

Barlow, 1981). The lipid content of the bacterial SCP was 2.20*

which 1s significantly lower than the reported values of 8* to 13*

(Kaushllc and Luquet, 1980; Tacdén, 1981; Tacén at al., 1983d).

The ash contents of the brown Tfish meals were In all cases

high, ranging from 23.93* for fish meal A to 32.29* for fish meal

B CTable 6.3). These levels were all significantly higher than

the reported maximum value of 21* for good quality brown fish meals

(Windsor and Barlow, 1981). This high ash content indicates that

the fTish meals contained a high proportion of bone material which

caused a concomitant fall in the crude protein content of the meals

(Cho, 1980). The ash content of the bacterial SCP was 19.78* which

is again higher than the normal range of 9* to 10* (Kaushlk and

Luquet, 1980; Tac6bn, 1981; Tacén et al., 1983a).

The peroxide values of the brown fish meals were low (<3 mEg/Kg

oil) with the exception of Tfish meals C and E which had peroxide

values of 9.05 and 9.88 mEq. per Kg oil respectively. These Ilatter

values are slightly higher than the recommended levele of 9 mEq/Kg

oil (BIllInskl et al., 1978). The degree of oil peroxidation of

the bacterial SCP used was negligible (Table 6.3).
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The acid 1i1nsoluble ash and crude Tfibre content of both the

brown fish meals and the bacterial SCP were low «3%; Table 6.3).

Both the brown fish meals and the bacterial SCP were good

sources of all the minerals analysed, 11n particular of Na, Ca, and

K for the former and of K, Ca, and Mg for the Ilatter (Table 6.5).

Nevertheless the brown fish meals tested had a slightly lower phos-

phorous content (1.05-1.35% dry weight) than the values reported

by Windsor and Barlow (1981) of 1.50% to 2.98% dry weight.

The experimental diets had a crude protein content varying

from 40.92% to 41.67% (Table 6.6), which i1s somewhat lower than the

formulated value of 45%. All seven diets were deficient iIn leucine

with levels ranging from 0.64% for Diet 4 to 1.52% for Diet 2 compared

to the dietary requirement of 1.76% (Ogino, 1980) for rainbow trout.

There was also a deficiency of the essential amino acid phenylalanine

in all seven diets with levels ranging from 0.42% for Diet 6 to 0.66%

for Diet 3, compared with a dietary requirement of 1.24g (OgJno,

1980). There was a significant lysine deficiency in Diets 3t N *8

5 (.30%, 1.36%, and 1.68% respectively) and a slight deficiency

in Diet 6 (2.07%). With the exception of Diet 1 all diets were also

slightly deficient in arginine and valine (Table 6.7).

The lipid content of the diets varied between 11.06% and 11.81%

and was therefore close to the formulated value of 11% (Table 6.6).

The energy content of the experimental diets varied between 5.12

and 5.94 Kcalories per gramme dry weight (Table 6.6).
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6.2.2 Growth Performance and Feed Utilization Efficiency

Fish accepted the experimental diets readily and fed quite

aggressively throughout the feeding period with the exception of

fish fed the diet based on bacterial SCP (Diet 1). However, by the

end of the Tfirst week these Tfish also consumed all of the diet

although not so aggressively.

At the start of the trial there were no significant (P< 0.05)

differences 1In mean weights of around 23g (23.21-23.56g) between

treatments (Table 6.8). However, by the end of the 18 week growth

trial fish fed the “Pruteen™® based diet (Diet 1) had tripled their

weight to 72.799. By contrast, the bestweight achieved by fish

fed the fTish meal based rations was only69.07g (Diet 3) and the

poorest was 51.89g (Diet 6). Thus the growth response of fish fed

all six of the fish meal based rations was poorer than that of those

fed the bacterial SCP based control diet (Table 6.8; Fig. 6.1). There

were no significant (P < 0.05) differences in the final mean weights
of fish fed diets containing fish meals C,D, and E (62.65g, 53.25¢,

and 51.89g respectively).

The mean overall mortality rate of fish fed the seven experi-

mental diets was 10% although in treatments 7A, 3A, 6A. and 6B

mortality rates of 15%. 20%. 20% and 35% respectively were recorded

(Table 6.9). Thus, slightly higher mortalities were encountered

within Tfish replicates fed Diet 6. The mortality rate of the unfed

fish, however, was 95%. Furthermore the mean weight of the single

remaining Tish was reduced by almost one third to 17.97g «t the end






FIGURE 6.1

~167-

Overall mean weight gain (g) of rainbow trout at
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of the trial (Appendix VI; Fig. 6.1), thus demonstrating that any

available natural food would have a negligible effect on the overall

growth performance of the fish fed the experimental diets.

Fish fed the "Pruteen” control diet (Diet 1) had the highest

specific growth rate of 0.91X per day whereas specific growth rates

of fish fed the fish meal based rations were significantly (P<0.05)

lower ranging between 0.63% for Diet 6 and 0.86% per day fTor Diet

3. Fish fed Diets U, 5 and 6 registered the poorest specific growth

rates of 0.65%, 0.65% and 0.63% per day respectively (Table 6.8;

Fig. 6.2).

The food conversion ratios of all six experimental diets based

on the fish meals were high, ranging from 2.68 for fish fed Diet

2 to 3.60 for thosefed Diet 6. The best food conversion ratio however

of 2.35 was again achieved by the fish fed the ™ruteen” based diet

(Diet 1), although the food conversion ratio for Diet 2 of 2.68 was

only slightly higher. Diets 4 to 7 registered very high food conver-

sion ratios of between 3.29 for Diet 5 and 3-60 for Diet 6 (Table

6.8; Fig. 6.3).

The protein efficiency ratio (PER) follows the same trend as

the food conversion ratio. Thus the best PER was achieved by Tfish

fed the "Pruteen" control diet (1.02). The best PER by fish fed

the fish meal based experimental diets was 0.90 (Diet 2) which was

only 12% less than that of the control diet value (Table 6.8; Fig.

6.4). The apparent net protein utilization (apparent NPU), which

gives a more accurate assessment of the protein utilization, again

b0l d
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shows that the best performance was registered by fish fed Diet 1

with an apparent NPU of 10.32%. Of the fish meal based diets the

highest apparent NPU of 9-67% was achieved by fish fed Diet 2 and

the Ilowest of 7.62% by thosefed Diet 3 (Table 6.8; Fig. 6.5). It

was noted that although fish fed Diet 6 had the worst PER they did

not have the Ilowest apparent NPU. Thus 1In terms of maximum growth

and feed utilization efficiency the best performance of Tfish fed

the fTish meal based rations was by fish fed Diet 3 containing fish

meal B.

The growth performence of rainbow trout replicates Is given

in Appendix V.

6.3.3 Digestibility

The moisture content of faeces from Tfish fed the Tfish meal

based rations varied between 3.97% (Diet 2) and 6.53% (Diet 3).

By contrast faeces from fTish fed the "Pruteen"™ based control diet

(Diet 1) had a moisture content of 8.97% (Table 6.10; Fig. 6.6a).

The crude protein content of faeces varied between 17.90% (Diet

1) and 21.47% (Diet 7). The Jlowest value of 17.90% was for faeces

produced by fish fed the control ration. Thus the crude protein

content of faeces from fish fed all diets in which the dietary protein

was supplied entirely by the brown fish meals were higher than those

of fish fed the control diet (Table 6.10; Fig. 6.6b). Differences

in levels of crude protein found iIn faeces from fish fed the experi-

mental diets were reflected In the apparent protein digestibilities.
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Apparent protein digestibility varied significantly (P<0.05) between

72.30% for fish fed the diet based on fish mead B (Diet 3) and 86.27%

for those fed the bacterial SCP control diet (Diet 1; Table 6.8).

Although i1n terms of growth performance. Diet 3 gave the best specific

growth rate, and also one of the best PER’s and food conversion ratios

(Table 6.8), the appaupent protein digestibility was significantly

poorer than for any other treatment.

Faeces from the control fish fed Diet 1 again contained the

lowest level of lipid (3.55%). There was a wide variation iIn lipid

content of faeces from fish fed the fish meal based diets from 6.47%

for fTish fed Diet 6 to 17.69% for fish fed Diet 2 (Table 6.10; Fig.

6.6C). Thus the lipid content of faeces from fish fed Diet 2 was

five times higher than that of the control fish. The apparent lipid

digestibility of the experimental diets varied significantly (P<0.05)

from only 59.84% (Diet 7) to 90.76% (Diet 1), thus TFish fed the

control diet again had the best coefficient, while the best of the

fish meal based diets was Diet 6 (86.77%; Table 6.8). Fish fed Diet

3 had one of the poorest apparent lipid digestibility coefficients

of 75 .90%.

The ash content of faeces from fish fed all six fish meal based

experimental diets was high, ranging from 42.58% for Tfish fed

Diet 4 to 51.14% for those fed Diet 6. By contrast, the ash content

of faeces from the control fish fed the "Pruteen” based diet (Diet 1)

was only 18.82% (Table 6.10; Fig. 6.6d). It therefore appears that

the high dietary ash content was 1iIn part reflected in the ash content

of fish faeces. Thus, Taeces from fish fed Diet 3. which contained



- 176

the highest level of dietary ash (31.3"%; Table 6.6), had one of

the highest ash contents (60.77X) while those of fish fed Diet 1,

which contained the Ilowest level of dietary ash (9.15>). had the

lowest ash content (18.82X). One consequence of the high ash content

of the fish meal based rations was low apparent organic matter

digestibilities. The apparent organic matter digestibilities of fish

fed the TfTish meal based experimental diets varied significantly

(P<0.05) between only 44.65X (Diet 3) and 58.25% (Diet 7). Again

fish fed the control diet (Diet 1) had a significantly higher apparent

organic matter digestibility of 70.18% (Table 6.8).

Thus although Tfish fed Diet 3 had the best absolute growth

rate of fTish fed the fish meal based rations, they achieved poor

digestibility coefficients. The best overall digestibility coeffi-

cients by fish fed the fish meal based rations was by those fed Diets

4 and 5 containing fish meals C and D respectively.

The proximate composition of Tfaeces taken from rainbow trout

replicates i1s given in Appendix VII.

6.3.4 Liver Somatic Index and Blood Parameters

The Jliver somatic 1index of fish fed the seven experimental

diets varied between 1.06 for fish fed Diet 5 and 1.44 for fish fed

Diet 3. Fish fed Diet 5 had a liver somatic i1ndex significantly

(P <0.05) Hlower than that of fish fed the control ration (1.39; Table

6.8).

. oo
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The haematocrit value varied significantly (P <0.05) between

33.00% for TfTish fed Diet 1 and 38.80% for those fed Diet 2 (Table

6.8). Thus fish fed the bacterial SCP "Pruteen"” diet had the lowest

haematocrit value although this Ilevel is still within the normal

range Tor healthy rainbow trout (Wedemeyer and Nelson, 1975; Miller

ct al., 1983; Railo et al., 1985).

Blood hitmoglobin levels of the experimental fish varied between

4.799g per 100 cm” for fish fed Diet 6 and 5*71g per 100 cm” for

those fed Diet 2. However, these differences were not significant

at the 95% level (Table 6.8).

The [liver somatic iIndex and blood parameters of rainbow trout

replicates are given In Appendix V.

6.3.5 Carcass Compoaition

At the end of the 18 week growth trial the carcass moisture
content of fish fed all seven experimental diets had decreased signi-
ficantly (P <0.05) from 80.11% to between 68.88% for fish fed Diet 2
and 74.18% for those fed Diet 6 (Table 6.11; Fig. 6.7a). Fish fed
the Tish meal experimental diets had significantly higher moisture

contents (70.77-74.18%) than those fed the control (68.88%).

In conjunction with the decrease 1In carcass moisture, there
was a significant (P <0.05) increase in carcass lipid over the 18
week feeding trial. At the start of the trial fish contained only

2.63% lipid, but this increased to a maximum of 11.29% in the

e
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"Prutean** control fish (Table 6.11; Fig. 6.7b). Lipid levels of

fish fed the Tfish meal based rations varied between 4.97% (Diet 6)

and 7.60% (Diet 2).

There wasjs significant (P<0.05) increase In the carcass protein
content of fTish fed all seven experimental rations from 13-32% at
the start of the trial to between 16.40% (Diet 6) and 18.88% (Diet
3) at the end. With a single exception there were no significant
(P<0.05) differences in protein content either between Tfish fed
the Tish meal based rations and those fed the '"Pruteen™ control,
or between Tfish fed five of the fish meal based diets themselves.

The protein content of fish fed Diet 3 (18.88%) however, was signifi-

cantly higher than that of any treatment (Table 6.11; Fig. 6.7cC).

The carcass ash content at the start of the trial was 3-85%
and although the ash content of fish at the end varied between 3*64%
and 4.06%, these differences were not signlfcant (P<0.05; Table 6.11;

Fig. 6.7d).

The proximate composition of Tish carcass replicates is given

in Appendix VIII.

M
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6.4 DISCUSSION

The growth performance and feed utilization efficiency of rainbow
trout fed diets where TfTive of the six fish meals tested were the
sole _.source of dietary protein were significantly poorer than that
of fish fed a "Fruteen” based control ration (Table 6.8). Only
one of the fish meals, fish meal B, gave a growth response similar
to the control ration. Generally the use of bacterial SCP as the
sole source of dietary protein is not recommended since the maximum
inclusion level without any loss of performance or feed utilization
iIs 75% (Beck et al., 1979; Splnelli et al., 1979; Tiews et al..
1979; Kauahik and Luquet, 1980; Tacén et al., 1983a; Tacén and
Jackson, 1985). It would thus be expected that fish fed the Tfish
meal based diets should perform better than those fed a control
ration based on "Fruteen', which was not the case. Indeed under
the prevailing culture conditions, Tfish fed at a rate of 2% body
weight per day giving food conversion ratios of around 2 would be
expected to reach at least 100g by the end of an 18 week growth
period (Ewos-feeding chart). However the best final mean weight
was only 72g and the poorest 52g (Table 6.8). Another problem related
to the use of "Fruteen™ as the sole protein source iIs 1Its accepta-
bility by Tfish. Fish fed the bacterial SCF based control ration
took longer to accept the new diet and thereafter they did not feed
so aggressively as those fed the fish meal based diets, suggesting

a slightly poorer palatablllty when compared with that of the fish

meals.

From the analysis 1t 1is apparent that none of the Tfish meals

tested was of a particularly high quality. The maximum crude protein
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contént wtts only 63«551 for fish, nssl A (Tsbls 6.3) which is doss

to the lower limit of 60% for good quality fish meals (Windsor and

Barlow, 1981). This Ffish meal produced one of the best growth

responses (Table 6.8). Although the diet based on fish meal B pro-

duced the best growth rate of the fish meals, Tfish meal B had the

lowest crude protein content of only 52.79%* Using fish meals with

low protein content will necessarily lead to their use at high

percentage by weight to obtain the required crude protein content

thus reducing the available space for other ingredients.

Suboptlmal levels of certain essential amino acids in the fish

meals resulted in all the diets based on fish meal being deficient

in between three and five of the nine essential amino acids analysed

(Table 6.7). In comparison with good quality fish meals, all the

fish meals tested contained Hlow levels of leucine, particularly

fish 1iseals B to F which contained between 0.9"% «nd 1.16% compared

with levels of around ™% for good quality fish meals (Windsor and

Barlow, 1981). This resulted 1i1n leucine being the Tfirst limiting

essential amino acid in all the diets produced from these fish meals

with the exception of Diet 6 containing fish meal F. In this case,

although the leucine content was only U2% of the requirement level,

only 34% of the required phenylalanine content was present 1i1n the

diet. However, since tyrosine can spare phenylalanine (Mertz, 1972;

Halver, 1975, 1976; Cowey, 1979; Ketola, 1982; Millikin, 1982; Walton,

1985; Wwilton, 1985) the first limiting amino acid would have again

been leucine. Thus the proportion of protein usable for growth

in Diets 3 to 7 varied between only 36% iIn Diet 4 based on fish

meal C which gave one of the poorest growth rates, and 49% 1iIn



-183-

Diet 3 based on fish meal B which gave the best growth rates. By
contrast with Diets 3 to 7. Diet 2 based on fish meal A contained
86% of the Ileucine requirement Hlevel. Although the lowest chemical
score 1In this diet was that of phenylalanine, the Tfirst limiting
essential amino acid was probably valine since phenylalanine can
be spared by tyrosine. Valine supplied 58% of the requirement level
and therefore the Ilevel of usable protein using fish meal A was
slightly better than that of fish meal B. Furthermore Diet 2 contain-
ing fish meal A was only deficient iIn three essential amino acids,
leucine, phenylalanine, and valine compared with Tfive 1iIn Diets 3
to 6 (arginine, leucine, |lysine, phenylalanine, and valine) and
four in Diet 7 (Table 6.7). Again tryptophan levels were not measured
but 1t was unlikely to have been the first limiting amino acid since
it only half the normal Ilevel of tryptophan was present iIn the fish
meals i1t would still supply enough to satisfy the requirement of
rainbow trout for this essential amino acid as indicated iIn Section

5A,

The essential amino acid index (EAAl) gives a relatively good
indication of the quality of a protein since the closer the EAAI
iIs to 100, the closer the essential amino acid profile of the protein
matches the requirement of the fish (Jauncey and Ross, 1982). The
EAAls were determined based on the nine essential amino acids analysed
and calculated on each of the essential amino acid requirements
indicated by Ogino (1980) and Rumsey et al. (1983). Diets 2, 3
and 7 (fish meals A, B and F) had the best EAAXs with values varying
between around 82 and 85 and these diets produced the best growth

performances. By contrast the EAAXs of Diets 5 ®d 6 were around

-
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only 76 and 78 and these rations produced the poorest growth responses

(Table 6.8). The bacterial SCP, which had an EAAlI of 83*15t w»®

deficient 1In both the essential amino acids phenylalanine and valine

(Table 6.4) with levels which were Jlower than the normal values

indicated for this protein source (Table 2.3D* This resxilted 1In

only 50% of the required valine level being present i1n the control

ration, and thus only half of the protein was usable for growth

which was close to the amount available 1in Diet 3 containing Tfish

meal B.

The amount of unaccounted amino acids and of nonprotein nitrogen
in the Tish meals tested varied widely between around 4% and 17%
with particularly high levels In fish meals C,D, and E (14.42%,

14.29%, and 17.00% respectively). Spinellt and Dassow (1979) and
Jobling (1983) reported that fish normally have a nonprotein nitrogen

content ‘of around 0.5% and 2% respectively. By contrast, NIliml

(1972) i1ndicated that levelsof nonprotein nitrogen vary between

2% and 38% dependent on Tfish species. Thus nonprotein nitrogen

values of between 9% and 14% were 1iIndicated for Tflatfish, 14% and

18% for herrings and between 34% and 38% of the total nitrogen in

elasmobranchs. By contrast a value of only 2% was 1i1ndicated for

sockeye salmon (Oncorhynchus nerka), a salmonid fish (Brett et al.,

1969) . It 1s possible that fish meals C, D, and E may have contained

some of these Tfish species with high nonprotein nitrogen levels,

but since neither true protein nor nonprotein nitrogen were measured

in this trial 1t is not feasible to establish accurately the propor-

tion of nonprotein nitrogen and of unaccounted amino acids.

1" me>
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The level of unaccounted amino acids and nonprotein nitrogen
in the bacterial SCP was high ((18.00%), but bacterial SCPs have
been reported to contain between 8% and 16% by weight of nonprotein
nitrogen (Kilhberg, 1972; Matty and Smith, 1978; Tacén and Jackson,
1985) and Braunde et al. (1977) reported a value of 14.7% for

"Pruteen”. It i1s therefore likely that only around 3% of the nitrogen

content may be attributable to unaccounted amino acids.

The lipid content of all the fish meals tested was either within
or only slightly higher than the normal range of reported values
of 8% to 12% for good quality fish meals (Windsor and Barlow, 1981).
The peroxide values of fish meals C and E were both higher than
the recommended maximum level of 4 meEq/Kg oil (Billlnski et al.,

1978) which indicated a certain degree of lipid peroxidation. As
a result the diets produced using these fish meals both had peroxide

values of around 4.5 mEqg/Kg oil. It is known that high peroxide

values have the effect of decreasing the nutritive value of protein
and lipid due to reactions between oxidized oil and protein and
consequently lowering the energy content of the meal (Reinitz, unpub-
lished; Cockerell et al., 1971; Lee and Sinnhuber, 1972; Opstvedt,
1974; Hilton et al., 1977; Castell, 1979; Eriksson, 1982; Watanabe
et al.. 1983; Bell and Cowey, 1985). Hung et al. (1980) however,
reported that diets fed to rainbow trout ccxitainlng oxidized Tfish
oil with a peroxide value of 5 mEqg/Kg oil had no significant effect

on performance and mortality rate, when supplemented with an anti-

oxidant.

* d
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The other main effect of oxidized oil 1s on protein and lipid

digestibilities which are known to suffer a marked reduction, particu-
larly the lipid digestibility (Nose and Toyama, 1966; Opstevdt,

1974; Watanabe et al., 1983) e Undoubtedly this was not the case

since lipid digestibility of Diets 4 and 6 containing oxidized oil
had two of the best lipid digestibility coefficients. Furthermore
protein digestibility did not appear to have been affected (Table
6.8). The 1ncreased peroxide values of fTish meals C and E (Table

6 .3) suggests that these fish meals may have been stored under adverse

environmental conditions without adequate protection either before

or after processing. High environmental temperatures are known
to accelerate the process of oxidative rancidity (Cockerell et al.,

1971; Windsor and Barlow, 1981; Stansby, 1983) «nd since these meals

were manufactured during the spring when the environmental tempera-

tures iIn Portugal normally begin to iIncrease rapidly to around 25*-

35*C 1t 1s possible that this accelerated the process of lipid peroxi-

dation. In terms of final moisture content the processing of these

fish meals seems to have been adequate since moisture levels (Table
6.3) were all well below the critical level of 13%-!"* above which
spoilage i1s likely to occur (Cockerell et al., 1971; Windsor and

Barlow, 1981).

The ash content of all of the fish meals tested was higher

than the waxi™»' recommended Hlevel of 21% for good quality Tfish

meals (Windsor and Barlow, 1981). In particular fish meals B and

E contained in excess of 30% ash (Table 6.3) «nd these high ash

levels were largely responsible for the low crude protein content

of the meals (Cho, 1980). Thus, where a high proportion of the

& \ |
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protein Is to be supplied by these fish meals high inclusion levels

are necessary to obtain the required dietary crude protein content

and this therefore reduces the available space for the addition

of other ingredients, such as carbohydrates. As a consequence there

was a wide variation iIn the nitrogen free extract (MFE) content

of the diets. The rations containing the six brown fish meals con-

tained between 13.18* and 26.11* NFE whereas the high crude protein

content of the bacterial SCP resulted iIn a very high dietary NFE

value of 33.72* (Table 6.6).

Protein digestibilities of the fish meals tested in this study

varied between 72.30* and 78.09* whereas very good quality brown

fish meals have been reported to have protein digestibilities as

high as 93* to 95* (McDonald et al.. 1981; Watanabe et al.. 1983;

Wojno and Dabrowska. 1984a). Watanabe et al. (1983) reported protein

digestibility coefficients of between 84* and 95* for three brown

fish meals when they were included 1i1n diets for rainbow trout as

the sole source of protein. Thus even the best coefficient of 78*

obtained in Diet 7 containing fish meal F was well below the minimum

coefficient iIndicated by these authors. These low protein digesti-

bilities of the fTish meal based diets was a reflection not only

of the high dietary ash content but more importantly of the severe

essential amino acid deficiencies. This 1s particularly clear 1in

Diets 4. 5 and 6 where the total dietary protein usable for growth

was reduced to only 36*. 39* and 42* respectively, and Tfurthermore

the poorest growth rates, food conversion ratios and PERs were

indicated (Table 6.8).
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The protein digestibility of the control ration (86.27%) was

significantly higher than those of the fish meal based diets and

furthermore i1t was better than the value of 82.40% reported by Kaushik

and Luquet (1980) when this bacterial SCP entirely replaced herring

meal protein iIn a 45% crude protein ration fed to rainbow trout.

However. Atack and Matty (1979) indicated a true protein digesti-

bility coefficient of 93-5% for '"Pruteen"” fed to rainbow trout as

the sole dietary protein source.

Although there were significant differences 1In carcass composi-

tion between fish fTed the six brown Tfish meals, particularly iIn

the crude protein and lipid content, these variations were not very

great and varied between 16.40% and 18.88% for the former and between

4.97% and 7.60% Tor the Hlatter (Table 6.11). Fish fed the control

ration based on "Pruteen™ had a significantly different carcass

composition from those fed the fish meals, particularly iIn terms

of body [lipid content. A significantly higher 1lipid content of

11.29% was i1ndicated for fish fed the "Pruteen™ based ration compared

with lipid levels of only between 5% and 7% for those fed the Tish

meal based diets (Table 6.11). This 1s 1In accordance with the

findings of Kaushik and Luquet (1980) who reported a slight iIncrease

in body lipid ccmtent of rainbow trout fed diets containing iIncreasing

inclusion levels of "Pruteen™. By contrast. Atack and Matty (1979)

found that rainbow trout fed a diet containing "Pruteen"™ as the

sole source of dietary protein had a significantly lower lipid content

than those fed a herring meal control ration.

- &e
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The high food conversion ratios obtained with the Tfish meal

based diets reflected the essential amino acid deficiencies of these

meals. Thus food conversion ratios of aroxmd 3.3-3.6 were obtained

in Diets 4, 5 and 6 where only around two-thirds of the total protein

was usable for growth* while iIn Diets 2 and 3 half of the total

protein was usable for growth and therefore better food conversion

ratios of around 2.6-2.8 were indicated (Table 6.8).

The food conversion ratio of the control ration (2.35) was

also quite high but was close to the value of 2.01 reported by Atack

and Matty (1979) when "Pruteen™ was the sole protein source, although

Beck et al*. (1979) obtained a much lower food conversion ratio of

1.3. This diet contained only 50% of the valine requirement which

effectively reduced the amount of protein available for growth to

half. It 1s possible that the relatively high food conversion ratio

may also be attributable to the high NFE content (33*72X) of the

"Pruteen” based ration since it has been reported that high dietary

carbohydrate levels increase the food conversion ratio (Spannhof

and Kuhne, 1977; Refstie and Austreng, 1981).

Fish fed Diet 5 containing TfTish meal D had a significantly

Ilower liver s™natic iIndex of 1.06 than those fed the control ration

and Diets containing Tfish meals A and B. This 1s most likely to

be attributable to the fish meal 1i1tself rather than to carbohydrate

since only a carbohydrate level of 20X was Indicated for this Diet

and Tfish fed Diets 4 and 7 with similar carbohydrate levels had

higher Bliver somatic 1iIndices although these were not significantly

different at the 95% level (Table 6.8). The liver somatic index

- Ar
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VA ()

of fish fed the ™"Pruteen" based ration was relatively high (1.39)*

This may have been due to the effect of this bacterial SCP on fish

since 1t has been reported that rainbow trout fed diets containing

"Pruteen” resulted 1i1n enlarged livers caused by extremely high

= o
glycogen levels stored inside the hepatic cells (Beck et al., 1979).

There were significant differences 1iIn the haematocrit values

of fish fed the fish meal based diets (Table 6.8) but these differ-

ences were relatively small and values were all within the normal

range of reported values for healthy rainbow trout (Wedemeyer and o

Nelson, 1975; Miller et al., 1983; Railo et al., 1985). Although

there were no significant differences in haemoglobin content, Tfish

fed Diets U, 6 and 7 containing fish meals C, E and F had haemoglobin

levels below the minimum value of5*3g P®r 100 cm”’ reported by

Wedemeyer and Nelson (1975) for healthy rainbow trout, while according

to Lowe-Jinde and Niimi (1983) fTi«h fed dietary treatments had

low haemoglobin contents since all values were below the range of

between 7.8g and 9-8g per 100 cm’indicated by these authors for

healthy rainbow trout. E "»M

In conclusion the Tfish meals tested had an overall chemical

composition well belowthe normal standards for good quality Tish

meals with a low crudeprotein and a high ash content. Furthermore

they had severe deficiencies In at least three essential amino acids

and consequently their inclusion 1n experimental diets resulted

in relatively poor growth performances and feed utilization efficien-

cies. Fish meals C, D and E gave the poorest growth responses and

although®™ the diet based on Tfish meal B produced the best weight

L £
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7.1 INTRODUCTION

Meat and bone meal is one of the commonest by-products produced

from slaughterhouse plants 1n Portugal with production costs 35%

lower than that of Portuguese fTish meals. The production of this

commodity by one of the main processing plants amounts to 2000 tons

per year (manager, personal communication). Although total Portuguese

production is unkno%m, there €ue at least 00 similar plants scattered

throughout the country.

A further 1i1mportant advantage associated with Meat and bone

meal 1is 1ts availability throughout the vyear. Thus supply is not

subject to shortages and to seasonality which can be encountered

with Ffish meals.

The use of Meat and bone meal and i1ts nutritional Quality 1In

diets for rainbow trout was reviewed iIn Chapter 2. This animal by-

product 1i1s commonly used in commercial rations although generally

only at relatively low levels of up to 15% by weight. Nevertheless

good results at higher 1inclusion levels 1iIn experimental diets for

rainbow trout have been reported, as indicated in Chapter 2.

In view of 1ts availability, relatively low cost and promising

nutrient profile i1t was evaluated as a protein source 1In diets for

rainbow trout.
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7.2 MATERIALS AND METHODS

7.2.1 Diets

25 Kilogrammes of meat and bone meal were obtained from Manuel
dos Santos Moura Lda, Porto (Fig. 9.1). The meal was produced from
the scraps of the cattle slaughterhouse industry and from local
butchers. 25 Kilogrammes of brown fish meal were supplied by
Sociedade de Pescas do Oceano, Figueira da Foz, located at the centre
of Portugal. This meal was mainly produced from whole fish carcasses
and blended with an imported brown fish meal to Improve its quality

(fish meal plant manager, personal communication).

On arrival at the laboratory the meat and bone meal and the
bro%m fish meal were iImmediately ground and their crude protein and
and Hlipid content were determined according to the methods given
in Chapter U. During grinding some of the larger bone particles
of the meat and bone meal were discarded, thus altering its proximate
composition, which resulted In a meal with a better nutritional

quality.

Six experimental diets were formulated using meat and bone meal
and brown Tfish meal as the sole protein sources. The meat and bone
meal contained 67.07% crude protein and 18.57% Hlipid. This crude
protein content was higher than the usual Ilevel of around 50% and
was a consequence of the removal of some of the bone material. The
resulting meal was included In Tfive experimental diets for rainbow

trout. Thus a control ration In which broim fish meal (73*70% crude
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protein and 7.22% lipid) supplied the dietary protein and five diets
in which meat and bone meal replaced up to 100% of the brown Tfish

meal protein were prepared.

control, 100% Brown fish meal protein

20% Meat and bone meal protein ¢ 80% Broim fish meal

protein

Diet 3: ~0% Meat and bone meal protein ¢ 60% Brown fish meal
protein

Diet U: 60% Meat and bone meal protein ¢ 40% Brown fish meal

protein

Diet 5 80% Meat and bone meal protein ¢ 20% Brown fish meal

protein

Diet 6: 100% Meat and bone meal protein

The Tull dietary fTormulations are presented in Table 7.1. All
six experimental diets were formulated on an isonltrogenous and i1so-
caloric basis to contain 45% crude protein and 13% lipid (Table 7.3).
Since the meat and bone meal contained a high level of lipid the
diets were formulated to contain 13% lipid since this was the minimum
level possible in a diet in which all the protein was supplied by

meat and bone meal and which also contained sufficient Tfish oil to

supply the necessary essential fatty acids.

Seven Kilogrammes of each diet were manufactured as described

in Chapter 4.

The percentage of dietary carbohydrates varied from 14.1% to
15.4% for com starch and from 7.1% to 7.7% for yellow dextrin (Table

7.1). Thus the overall carbohydrate content of between 21% and 23%

il

»
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TABLE 7.1 Formulation of experimental

Diet No.
» Inclusion NBm 0
Brown fish meal 65.40

Neat and bone meal

Coxm starch 14.10
Yellow dextrin 7.10
Cod liver oiln 8.61
Vitamin premix2 2.00
Mineral premix” 1.09
Binder”® 1.00
Cr,0, 0.50
Potassium soOrbate 0.20

- 196

20

52.40
14.30
14.30
7.20
7.01
2.00
1.09
1.00
0.50

0.20

diets ¢t by weight)

40

39.30

28.60

14.60

7.30

5.41

2.00

1.09

1.00

0.50

0.20

60

26.20

42 .90

14.90

7.40

3.81

2.00

1.09

1.00

0.50

0.20

80

13.10

57.20

15.20

7.50

2.21

2.00

1.09

1.00

0.50

0.20

1) Containing 150 mg/Kg diet of Butylated hydroxytoluene

(BDH Chemicals Ltd., Poole,

2) According to Table

3) According to Table 4.5

Dorset,

England)

4) Carboxymethylcellulose, dissodium salt, high viscosity

(BDH Chemicals Ltd., Poole,

Dorset,

England)

100

71.50

15.40

7.70

0.61

2.00

1.09

1.00

0.50

0.20

.pFe

el g
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of the diet was only slightly higher than the reconunended maximum

level of 20S.

The Tfull chemical analysis carried out on both the ingredients
and the diets 1s summarised iIn Table and the methods are described

in Chapter 4.

7.2.2 Growth Trial

260 rainbow trout of mean weight 36g (36.139g-36.82g; Appendix
IX) were obtained fran Truturab, Cemache, Coimbra and were allocated
to 13 net cages as described in Chapter 4. Each experimental diet
was allocated randomly to two net cages and a further cage of 20
fish was unfed during the experimental fTeeding period. Fish were
fed at a fixed rate of 2X body weight per day throughout the 13
week trial. The fTull experimental protocol of the trial 1is described

in Chapter 4.

The mean water temperature during the experimental test period
was 9.3"C (5.0*-11.5*C t 1.58) and the dally variation never exceeded

2*C (Table 7.2).

Statistical methods and the production of graphs were carried

out as described iIn Chapter 4.

W ey .



TABLE 7.2

Weeks

10

11

12

13

December

10.0

10.0

10.0

- 198

January February March X
10.0
5.0
7.5
7.5
9.0
8.5
9.5
10.1
10.4
11.5
10.5
9.0
10.5 9.5

9.0

S.D.

0.00

1.78

0.84

0.87

Water temperature (*C) and standard deviation over the

feeding period

9.3 1.58

-V TA
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7.3 RESULTS

7.3.1 Diets

The meat and bone meal and the brown fish meal contained 67.07%
and 73.70% crude protein content respectively (Table 7.3). The meat
and bone meal tested was a good source of both nonessentlal amino
acids glycine and prollne and of the essential amino acids Isoleuclne,
and histidine, but was deficient In leucine although slight deficien-
cies In the essential amino acids arginine, phenylalanine and valine
were also noted. Leucine was the first limiting amino acid. The
brown fish meal contained good levels of all the essential amino
acids although arginine, Jleucine and phenylalanine were somewhat

low. Leucine was the first limiting amino acid (Table 7.M).

The meat and bone meal contained 18.57% lipid which 1Is high
In comparison with the usual lipid range of between 2% and 12% for
this animal by-product (Fowler and Banks, 1976; Skrede e”™ al., 1980;
McDonald et al., 1981; Tac6n et al., 1984). The bro%m fish meal
had a lipid content of 7.22% which Is within the normal range of

values for a good Quality fish meal (Table 7.3} Windsor and Barlow,

1981).

The ash content of the meat and bone meal was 12.69% which Is
much lower than the reported normal range of values of 27% to 33%
(Fowler and Banks, 1976; Skrede et al., 1980; McDonald et al., 1981;
Tacon et al., 1984). This was a consequence of the partial removal

of the bone fraction of the meal diirIng processing at the laboratory.

-\

e
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The aah content of the bro%m fish meal was 16.18X (Table 7.3) which

again 1s higher than normal for a good quality fish meal (Windsor

and Barlow, 1981).

The peroxide value, acid Insoluble ash, and crude fTibre levels

of both meals were all very low with maximum values of 1.37 mEq/Kg

oil, 0.99% and 0.84X respectively (Table 7.3).

Both the meat and bone meal and the bro%m fish meal were good
sources of all the minerals analysed, 1i1n particular of K, Na, and

Ca for the former and of K, Ca, and Zn for the latter (Table 7.5).

The moisture content of the experimental diets vitN"ied only

between 1.66X and Z.5*% (Table 7.3) and therefore a slight hardness

of pellets 1is indicated.

The crude protein content of the experimental diets varied
between 44.71X and 46.56% which 1s close to the formulated value
of 45% (Table 7.3). All seven experimental diets were slightly
deficient 1iIn arginine and deficient iIn leucine and this deficiency
was exacerbated with increasing iInclusion levels ofmeat and bone
meal . All rations containing meat and bone meal were slightly
deficient iIn phenylalanine, and again the level of this essential
amino acid decreased with increasing dietary levels of meat and bone
meal . Finally, Diets 3 to 6 containing 40% to 100% of the protein

as meat and bone meal contained sub-optimal levels of valine (Table

7.4).

\f»o

» E



TABLE 7.5

Element

Ca
(g/1009)

Mg
(g/1009)

K
(g/1009)

Na
(9/1009)

p
(g/1009)

Zn
(mg/100g)
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A 2
fK *»
Concentration of mineral elements iIn Brown fish meal
and Meat and bone meal and mineral requirement of "
rainbow trout
Brown Meat and Requirement of rainbow trout
fish meal bone meal (mg/100g dry wt)
4.78 3.53 650-750 (Oglno and TAkeda, 1978)
0.15 0.09 50-70 (Ogino et al.. 1978)
(Knox et , 1981)
3.56 3.51 160 (Frenzel and Pfeffer, 1982)
0.72 1.05 220 (Frenzel and Pfeffer, 1982)
N U
1.20 0.98 700-800 (Oglno and Takeda, 1978)

650 (Nose and Aral, 1979) o L

13.71 10.58 1.5-3.0 (Oglno and Yang, 1978)

I «
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The 1lipid content of the experimental diets varied from 12.741
to .. .. % which is close to the formulated value of 13% (Table 7.3)*
The minimum dietary energy content was 5.85 Kcalories per gramme

dry weight and the maximum was 6.57 Kcalories per gframe dry weight

(Table 7.3).

7.3.2 Growth Response and Feed Utilization Efficiency

Both the fish meal based experimental diet (Diet 1) and the
five meat and bone meal based diets (Diets 2-6) were immediately
accepted by Tfish, even by those fed Diet 6 where all of the fish

meal protein was replaced by meat and bone meal.

At the start of the trial there were no significant (P<0.05)

differences i1n mean fish weights of around 36g (36.33g-36.50g) between

treatments (Table 7.6). The maximum weight gain was attained by

fish fed the fish meal control diet (Diet 1). The final mean weight

of 138.53g (Diet 1) was significantly (P <0.05) higher than those
of fish fed diets containing meat and bone meal. At the end of the
13 week trial there were no significant differences iIn the mean
weights of fish fed the experimental diets containing between 20%
and 80% of meat and bone meal protein (Table 7.6; Fig. 7.1). The
final mean weight of fish fed Diet 6, however, where all the fish
meal was replaced by meat and bone meal was only 99.55g (Table 7.6;
Fig. 7.1) which is between 20% and 28% lower than all the other treat-
ments. Despite not being significant differences there appears to
have been a trendof decreasing growth with 1ncreasing

levels of meat and bone meal (Table7.6; Fig. 7.2). Differences

inclusion

K.
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FIGURE 7.1
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Overall mean weight gain (g) of rainbow trout at

aucceaaive fortnightly intervals over the experimental

test period

*t.
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would most certainly have been greater If the growth trial had lasted

longer than 13 weeks.

Out of a total of 240 fTish fed the six experimental rations
there was only a single mortality in one replicate of fish fed Diet
1. In addition, no mortalities were recorded from the unfed cage
of fish although the mean fish weight was reduced slightly from 36.02g
at the start of the trial to 31.31g at the end of the 13 week trial

(Appendix X; Fig. 7*1)e

The specific growth rate decreased slightly with 1increasing
levels of meat and bone meal from 1.47% per day fTor fish fed Diet

1 to 1.10% per day for those fed Diet 6 (Table 7.6; Fig. 7.3).

The food conversion ratio increased slightly from 1.22 for fish
fed the control diet (@Oiet 1) to 1.69 at 100% protein replacement
(Table 7.6; Fig. 7.4). Thus the food conversion ratios of Diets
5 and 6 in which 80% and 100% of the protein was meat and bone meal

were only slightly poorer than that of those fed the fish meal control

diet.

The protein efficiency ratio (PER) varied between 1.30 for fish
fed Diet 6 (100% protein replacement) and 1.76 for those fed the
fish meal control diet (Table 7.6; Fig. 7.5). There also appears
to have been a trend of decreasing PER with increasing inclusion
levels of meat and bone meal, although the PER of Diet 4 1is equal

to that of the control (Diet 1).

tue-
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Specific growth rate (Vday)

diets

of fish fed the six experimental

i

X
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The apparent net protein utilization (apparent NPU) varied
between a minimum value of 9.57% for fish fed Diet 6 and a maximum
value of 11.59% for those fed Diet 4. The apparent NPU of fish fed
the Tish meal control diet was only 10.84% (Table 7.6; Fig. 7.6).
No trend between the apparent NPU and meat and bone meal inclusion

levels was indicated.

The growth performance of rainbow trout vreplicates fed the

experimental diets i1s given in Appendix IX.

7.3.3 Digestibility

The moisture content of faeces from fish fed all dietary treat-
ments was very low and varied between only 0.70% (Diet 2) and 0.95%

(Diet 6; Table 7.7; Fig. 7.7a).

There was a trend of 1increasing faecal protein with Increasing
meat and bone meal inclusion levels from 20.60% for fish fed Diet
2 to 28.63% for those fed Diet 6. Faeces from fish fed the fish
meal control diet (Diet 1) had a crude protein content of 20.13%
which was close to the level recorded iIn faeces from fish fed Diet
2 (Table 7.7; Fig. 7.7b). Apparent protein digestibilities varied
significantly (P < 0.05) between a maximum of 80.70% for Tfish fed
the fish meal control diet (Diet 1) to 65.85% for those fed Diet
6 (100% protein replacement; Table 7.6). Thus the apparent protein
digestibility of fish fed the meat and bone meal based diets decreased

with i@ncreasing inclusion levels of meat and bone meal.

I-.K .‘ k|
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Faecal lipid also increased with 1iIncreasing meat and bone meal
inclusion levels from 4.427? (Diet 2) to 12.20? (Diet 6). The lipid
content of fTaeces from fTish fed Diet 6 (100? protein replacement)
was three times higher than the level of 3*90? recorded in faeces
from fish fed the fTish meal control diet (Table 7.7; Fig. 7.7c).
These differences were reflected in the apparent lipid digestibilities
with a maximum of 86.55? for the control diet (Diet 1) and then a
significant (P <0.05) trend of decreasing digestibility with iIncreas-
ing inclusion levels of meat and bone meal from 81.707? for 20? protein

inclusion level to 59.27? for 100? replacement (Table 7.6).

The ash content of faeces from fish fed Diets 1 and 2 were
similar. 23.16? and 23.38?7 respectively. There was a general trend
of decreasing ash content with increasing meat and bone meal i1nclusion
levels to a minimum value of 16.827? 1iIn faeces from fish fed Diet
6 (Table 7.7; Fig. 7.7d). There were, however, no significant
(P <0.05) differences 1iIn apparent organic matter digestibilities
and furthermore digestibility coefficients were low, varying between

only 50? and 55? (Table 7.6).

The proximate composition of fTaeces taken from rainbow trout

replicates i1s given iIn Appendix XI.

7 .3.4 Liver Somatic Index and Blood Parameters

The Hliver somatic iIndex 1increased with 1increasing 1inclusion
levels of meat and bone meal from 0.89 (Diet 2) to 1.10 (Diet 6),-

varying significantly (P ™~ 0.05) at Inclusion levels higher than 407
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protein replacement (Table 7.6). The Lliver somatic i1ndex of Tfish
fed the Tish meal control diet (Diet 1) was similar to that of fish

fed the diet in which 40X of the fish meal protein was replaced by

meat and bone meal (Diet 3).

Although there were some significant (P < 0.05) differences in
haematocrit values the range of values only varied between 44.08%
and 46.25% (Table 7.6) which 1i1s within the normal range (Wedemeyer
and Nelson, 1975; Blaxhall and Daisley, 1973; Miller et al., 1983;
Railo et al., 1985). In addition no trend 1In haematocrit values

with i1ncreasing inclusion levels of meat and bone meal was noted.

There was a trend of Increasing blood haemoglobi(n with Increasing
meat and bone meal iInclusion levels, from 9.22g per 100 cm™ from
fish fed Diet 2 (20% protein replacement) to 9.71g per 100 cm* from
those fed Diet 6 (100% protein replacement). However only the blood
haemoglobin levels of fish fed the fish meal control diet and those
fed Diet 6 containing 100% of the protein as meat and bone meal were

significantly (P<0.05) different (Table 7.6).

The liver somatic 1iIndex and blood parameters of rainbow trout

replicates are given in Appendix IX.

7.3.5 Carcass Composition

By the end of the 13 week growth trial the moisture content
of fish from all of the six dietary treatments had not changed signi-

ficantly (P < 0.05) from the initial value of 71.55% (Table 7.8;

Fig. 7.8a).
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Although there were significant (P< 0.05) differences in carcass
lipid levels between dietary treatments these differences were small
varying between 6.29X for fish fed Diet 3 to 8.73% for those fed
Diet 6 (100% protein replacement). No trend i1n lipid content of
carcasses and meat and bone meal inclusion levels was noted. Further-
more lipid levels at the end of the trial were not significantly

(P< 0.05) different from the level of 7.71% at the start of the trial

(Table 7.8; Fig. 7.8b).

Differences in carcass protein levels between dietary treatments
were also small varying between 16.91% for fish fed Diet 6 and 18.35%
for those fed Diet 2. No relationship between the carcass protein
content eurd meat and bone meal inclusion levels was indicated. The
carcass protein content of fTish fed the experimental diets were not

significantly (P < 0.05) different from the Initial value of 17.35%

(Table 7.8; Fig. 7.8c).

Although there were significant (P <0.05) differences iIn carcass
ash levels at the end of the trial between dietary treatments these
differences were small and varied between 3.21% (Diet 6) and 4.13%
(Diet 2). No trend between the ash content of carcasses of Tish
fed the experimental diets and meat and bone meal inclusion levels
was i1ndicated. Furthermore the carcass ash levels at the end of

the trial were not significantly (P< 0.05) different from the initial

level of 3.63% (Table 7.8; Fig. 7.8d).

The proximate composition of Tfish carcass replicates is given

in Appendix XII.

Kk .
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7.4 DISCUSSION

The growth performances of rainbow trout fed diets containing
up to 80% of the protein as meat and bone meal replacing a good
quality bro«m fish meal were only slightly poorer than that of the
ration based on Tfish meal alone (Table 7.6). Nevertheless there
was a trend of decreasing growth performemce with Increasing Inclusion
levels of meat and bone meal. Thus fish fed Diet 2 where only 20%
of the Tfish meal protein was replaced by meat and bone meal had
a mean TfTinal weight of 133.42g while those fed Diet 6 where all
of the protein was supplied by meat and bone meal had a significantly
lower mean final weight of only 99.55g (Table 7.6). This trend
of decreasing growth performance with Increasing Inclusion levels
of meat and bone meal has also been reported by Tlews et al. (1976)
and Fowler and Banks (1976). Fowler and Banks (1976) reported that
Chinook salmon (Oncorhynchus tshawytscha) fed diets containing 77%
and 88% meat and bone meal protein replacing herring meal had signifi-
cantly reduced growth rates, although these authors used a meat
and bone meal with a much lower crude protein content of only 50.4%
compared with 67% for the meat and bone meal used iIn this trial.
Tiews et al. (1976) also reported significantly lower growth perfor-
memces for rainbow trout even when only 38% of the dietary protein
was supplied by meat and bone meal. By contrast Tacon (1982b)
ireported a better growth performance by rainbow trout fed diets
containing Increasing inclusion levels of meat and bone meal up

to a level of around 34% of the protein.

In conjunction with reduced growth performances, 1Increasing

Inclusion levels of meat and bone meal also resulted In poorer feed
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utllization efficiencies (Table 7.6). Thus fish fed the diet where
all of the protein was supplied by brown fish meal (Diet 1) had
a fTood conversion ratio of 1.22 while those fed the diet containing
only meat and bone meal as the sole source of dietary protein (Diet
6) had a food conversion ratio of 1.69. This poorer feed utilization
efficiency with Increasing Inclusion levels of meat and bone meal
was also reported by Tlews et (1976). Thus a food conversion
ratio of 1.36 was indicated for a diet where all of the protein
was supplied by fish meal, while that where 36% of the protein was

supplied by meat and bone meal was 1.64.

The high crude protein content and low ash content of the meat
and bone meal tested were 1In part a consequence of discarding the
large particles of bone during grinding. Thus the chemical composi-
tion of the meal was more characteristic of a meat meal than a meat
and bone meal. The Improved quality of the product 1is likely
therefore to have contributed to the growth performance and feed
utilization efficiency of fish fed thediets containing up to 80%
of the protein as meat and bone meal being only slightly poorer
than the fish meal control ration. Nevertheless the meat and bone
meal tested wasdeficient iIn theessential amino acids arginine,
leucine, phenylalanine, and valine (Table 7.4). Levels of leucine
in the diets varied between 1.11% (Diet 1) and 0.92% (Diet 6) compared
with a requirement of 1.76% (Oglno, 1980). Phenylalanine was also
deficient in all rations varying between 0.95% (Diet 1) and 0.82%
(Diet 6). However, at least 66% of the requirement level was present
and furthezmore phenylalanine can be spared by tyrosine (Mertz,

1972; Halver, 1975, 1976; Cowey, 1979; Ketola, 1982; Millikin, 1982;

*--
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Walton, 1985; Wilton, 1983) Arginine was only slightly deficient
supplying at least 95% of the requirement, and valine was only
deficient In Diets 3 to 6 but again at least 76% of the requirement
for this essential amino acid was present. Thus leucine appears
to have been the Tfirst limiting amino acid In all six rations
supplying only between 77% (Diet 1) and 52% (Diet 6) of therequire-
ment and as aconsequence only half of the total protein would have
been usable for growth In Diet 6 where all of the protein was supplied
by meat and bone meal. Tryptophan was not analysed but this essential
amino acid should not have been limiting In at least the Tfirst 3*
4 experimental diets since the good quality fish meal used should
have supplied enough tryptophan to satisfy the requirement of rainbow
trout for this essential amino acid. Although meat and bone meals
have been reported to be deficient In tryptophan (Chapter 2), It
Is not the TfTirst limiting amino acid (Skrede et ™ . , 1980; McDonald
et ~., 1981; Menzles, 1982; Tacon ct al., 1984; Tacon and Jackson,
1985) and therefore It Is most unlikely that Diet 6 where all of
the protein was supplied by meat and bone meal would have had trypto-
phan as Its first limiting amino acid. Since tryptophan was not
determined the essential amino acid Index (EAAl) was calculated
based on the nine remaining essential amino acids and on each of
the essential amino acid requirements of rainbow trout Indicated
by Oglno (1980) and Rumsey et al. (1983)> Thus the best EAAI of
92.82 was Indicated for the fish meal control diet and thereafter
It decreased with Increasing Inclusion levels of meat and bone meal
from 91.54 In Diet 2 to 88.01 In Diet 6. As a consequence the mean
final weight of 138.53g of fish fed the fish meal control ration

decreased with Increasing Inclusion levels of meat and bone meal

“11
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from 135»™2g in Diet 2 (20% protein replacement) to only 99*55g

in Diet 6 (100% protein replacement) where only 32% of the total

protein was available for growth.

The levels of unaccounted amino acids and nonprotein nitrogen
for the meat and bone meal and brown fish meal was 6.44% and 9«32%
respectively. As a consequence the percentage did not vary much
in the dietary treatments and in all cases was less than 6% of the

protein.

The meat and bone meal tested had a lipid content of 18.37%
which 1s much higher than the reported values of below 12% (Fowler
and Banks, 1976; Skrede et al., 1980; McDonald et al., 1981; Tacon,
1982b; Tacén et al., 1984). This 1s not the most suitable type
of fat for fTish although i1t has been reported that animal fat can
replace a large proportion of fish oil with no adverse effects if
diets are provided with the necessary essential fatty acids (Yu
et ~_., 1977; Takeuchi et al., 1978c; Cowey et al., 1979; Reinitz
and Yu, 1981; Yu and Sinnhuber, 1981). Nevertheless since animal
fats are less prone to oxidation than Tfish o1l (Castell et al.,
1972; Watanabe et al., 1974a, b; Takeuchi and Watanabe, 1976, 1977;
Yu and Sinnhuber, 1976; Castell, 1979; Castledine and Buckley, 1980;
Reinitz and Yu, 1981; Henderson and Sargent, 1983), oxidative rancid-
ity i1s much less likely to be a problem (Cockerell et al, 1971;
Windsor and Barlow, 1981; Hung and Slinger, 1982). This seems to
have been the case since no detectable [lipid peroxidation was
indicated for the meat emd bone meal and 1n all rations peroxide

values were very low and did not exceed 2 mEq/Kg oil. Lipid oxidation

V.
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of the experimental diets cannot therefore be used to explain the

low protein and lipid digestibilities obtained with 1Increasing

Inclusion levels of meat and bone meal. Protein digestibility

decreased from 80% in the Tfish meal control ration to only 66% at

100% protein replacement and there was a concomitant fall 1iIn

lipid
digestibility from 86% to 59% (Table 7.6). Low protein and Hlipid
digestibility coefficients of around 70% and 71% respectively, have

also been reported by Smith and Rumsey (1976) for meat and bone

meals 1i1ncluded at 100% of the protein iIn diets for rainbow trout.

Fowler and Banks (1976) reported that high inclusion levels
of meat and bone meal 1In diets for Chinook salmon (Oncorhynchus

tshawytscha) i1nduced a mild nephrocalcinosls. No sign of nephro-

calcinosis was 1indicated i1n this work although the meat and bone
meal tested contained only 12% ash compared with 30% in the meal
used by Fowler and Banks (1976). Thus the relatively low Ca content
of 3.53% (Table 7.5) of the meal compared with normal levels of
around 10% to 12% for meat and bone meals (Gohl, 1981; Menzles,

1982) 1is likely to have been insufficient to result iIn significant

deposition iIn the kidney tubules (Roberts, 1978; Gillespie and Evans,
1979; Harrison and Richards, 1979). Due to the low ash content
of both the fish meal and the meat and bone meal the dietary ash
content were consequently low and varied only between 10.65% (Diet 6)
and 11.90% (Diet 1; Table 7.3). Despite the dietary low ash content
the apparent organic matter digestibilities were low although they
increased slightly with Increasing 1inclusion levels of meat and

bone meal. However, differences in apparent organic matter digesti-

bilities were not significant.
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There were small differences iIn the nitrogen free extract (NFE)
values 1indicated for the experimental diets which varied only between
25.77% and 28.29%. Furthermore no NFE was indicated for both the
fish meal and the meat and bone meed. This absence of NFE in meat

and bone meals was also reported by Gobi (1981) euid McDonald et

(1981).

The decrease in food digestibility«x PER and food conversion
ratio with increasing Inclusion levels of meat and bone meal may
be attributable not only to Increased essential amino acid deficien-
cies with Increasing levels of meat and bone meal, but also to the
increase 1In dietary carbohydrate levels which have been reported
to cause a reduction in Tfood digestibility and feed utilization
efficiency (Spannhof and Kuhne, 1977; Refstie and Austreng, 1981).
However, as 1indicated above, the Increase iIn NFE with Increasing
levels of meat and bone meal was smadl with a maximum difference
of less than 3% between Diets 1 and 6. Thus differences in carbohy-
drate levels are unlikely to have produced any of the variations

recorded iIn nutritional parameters.

There were no significant changes in Tfish carcass composition
produced by replacing fish meal with the meat and bone meal (Table
7 .8). Thus no trend between moisture, lipid, crude protein or ash
content and inclusion levels of meat and bone meal was Indicated,
although a slight reduction in the crude protein content In conjunc-
tion with a slight iIncrease in body lipid in fish fed Diet 6, where
all of the protein was supplied by meat and bone meal, was noted.

A somewhat lower crude protein content with iIncreasing 1inclusion
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levels of meat and bone meal was also Indicated by Fowler and Banks
(1976) in Chinook salmon (Oncorhynchus tshawytscha) although body
lipid was also reported to decrease, while iIn this work a slightly

higher lipid deposition was iIndicated (Section 7«3*3; Table 7>8).

There was a small but significant 1increase iIn liver somatic
index with 1increasing inclusion levels of meat and bone meal from
0.95 (Diet 1) to 1.10 (Diet 6). Liver weight has been reported
to increase with 1increasing dietary carbohydrate content (Reinitz,
unpublished; Austreng et al.. 1977; Refstie and Austreng, 1981;
Hilton and Dixon, 1982). Although in this trial the maximum variation

in dietary carbohydrate levels was of 3%

A trend of increasing haemoglobin content with 1Increasing
inclusion levels of meat and bone meal was also iIndicated although
haemoglobin 1levels varied only between 9*22g (@Oiet 1) and 9.71g
per 100 cm”> (Diet 6) and were all within the normal range of values
for healthy rainbow trout (Wedemeyer and Nelson, 1975; Lowe-Jinde
and Niimi, 1983). No relationship between haematocrit levels and
meat and bone meal iInclusion levels was iIndicated and furthermore
fish fed all dietary treatments had haematocrit values (Table 7.6)
within the normal range of values for healthy rainbow trout (Wedemeyer

and Nelson, 1975; Miller et al., 1983; Railo et al., 1985).

In conclusion, the brown fish meal used as a control was of
good Quality with an amino acid profile only slightly deficient
in arginine, leucine, and phenylalanine. The . .meat and bone meal,

although having a high crude protein content and low ash content.
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had severe deficiencies iIn both the essential amino acids leucine

and phenylalanine. Despite these essential amino acid deficiencies

the meat and bone meal tested successfully replaced up to 80% of

the good quality Tfish meal protein without any significant

of growth performance or effect on fish carcass composition.

loss

b od
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8.1 INTRODUCTION

The results of growth trials carried out to evaluate a PBHFm
and a meat and bone meal readily available i1n Portugal, 1indicated
that they could replace up to 90% and 80% respectively of the fish
meal component 1iIn rations for rainbow trout without any significant
loss of performance. In the case of the PBHFm however, the fish
meal used as a control was not of a particularly high quality and
it is therefore likely that the optimum inclusion level is somewhat

lower than the 90% indicated.

In order to develop further a practical diet for rainbow trout
in Portugal, a feeding trial was designed to evaluate rations con-
taining different inclusion levels of both of these animal by-products
in conjunction with a good quality fish meal. In this trial the
maximum inclusion levels for the PBHFm and the meat and bone meal
were set at 50% and 60% of the protein component respectively, while

the maximum fish meal replacement level for any combination of these

products was 70%.

ar
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8.2 MATERIALS AND METHODS

8.2.1 Diets

Further batches of 25 Kilogrammes of PBHFm and 25 Kilogrammes

of meat and bone meal were obtained from Soaves, Pomarelho, Guimaraes

and from Manuel dos Santos Moura Lda., respectively. 25 Kilogrammes

of a good quality brown fish meal was supplied by Sociedade de Pescas

do OceanOf Flgueira da Foz.

On arrival at the Ilaboratory the three protein sources were

immediately ground and their crude protein and lipid content were

determined according to the methods given in Chapter 4.

Six experimental diets were formulated using PBHFm, meat and

bone meal and brown Tfish meal as the principle protein sources.

The wPBHFm had a crude protein content of 56.18% and a lipid content

of 26.56% and the brown fish meal had a crude protein and lipid

content of 68.36% and 6.12% respectively. For both the PBHFm and

the brown Ffish meal these values were close to the levels iIn the

previous batches. The meat and bone meal, however, contained only

N3*58% crude protein compared to 67.07% crude protein in the previous

batch. According to the Fertilizers and Feeding Stuff Regulations

(HMSO, 1973) the minimum crude protein content of a meat and bone

meal should be 45%. The lipid content of 14.14% was similar to

the level 1In the previous batch (Table 8.3).

The selection of inclusion levels of each product was based

on Tfish performances 1In the previous experiments. Thus the protein
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component of the diets consisted of:

Diet 1: control, 100% Brown fish meal protein
Diet 2: 50% PBHFm protein ¢ 50% Brown fish meal protein

Diet 3: 60% Meat and bone meal protein ¢ ~0% Bro%m fish

meal protein

Diet 4: 30% PBHFm protein ¢ 40% Meat and bone meal protein

¢ 30% Bro%m fish meal protein

Diet 5 20% PBHFm protein & 50% Meat and bone meal protein

¢ 30% Brown fish meal protein

Diet 6: 30% PBHFm protein & 30% Meat and bone meal protein

Tt 40% Brown fish meal protein

Thus the PBHFm was used to replace up to 50% of the brown fish

meal and meat and bone meal replaced a maximum of 60% brown TFfish

meal. The full dietary formulations are presented In Table 8.1.

All six diets were formulated on an Isonltrogenous and lIsocalorlic

basis and contained 41% crude protein In order to match the crude

protein content of a commercial ration which was used to provide

a TfTurther control. Due to the high Ulipid content of the PBHFm

(26.56%) the diets were formulated to contain 13% Hlipid. However

all diets contained sufficient fish oil to supply the necessary

essential fTatty acids. Seven kllogranmes of each diet were manu-

factured 8ts described In Chapter 4.

The commercial control ration consisted of a pelleted trout

diet manufactured |In Portugal by Truturio, Cemache, Coimbra, a
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TABLE 8.1  Formulation of the experimental diets (% by weight)
Diet No 2 3 4 5 6 7
% inclusion PBHFm 50 0 30 20 30 Commercial :
% inclusion MBm 0 60 40 50 30 diet
Bro%m fish meal 62.60 31.30 25.00 18.80 18.80 25.00
PBHFm 39.60 23.70 15.90 23.80 -
NBm 61.30 40.80 51.00 30.60 ;)
Com starch 15.50 15_20 3.90 7.60 5.70 9.50
Yellow dextrin 7.70 7.60 1.90 3.80 2.80 4.80

o
Cod liver oil™® 9.41 1.51 3.11 0.51 1.01 1.51 1.50
Vitamin premix » 00 2.00 2.00 2.00 2.00  2.00 2.00
Mineral premix3 1.09 1.09 1.09 1.09 1.09 1.09 1.09
Binder4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1
Cr™0j 0.50 0.50 0.50 0.50 0.50 0.50 0.50

0.20 '

Potassium sorbate 0.20 0.20 0.20 0.20 0.20 0.20 .

1) Containing 150 mg/kg diet of Butylated hydroxitoluene

2)
3
5))

(BDH Chemicals Ltd., Poole, Dorset, England)

According to Table

According to Table U.5

Carboxymethylcellulose,

dissodium salt, high viscosity
(BDH Chemicals Ltd.,

Poole, Dorset, England)
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trout TfTarmer who produces trout rations fTor his own consumption.

The diet contained 40.90% crude protein and 11.5% lipid. Seven

kilogrammes of this ration were ground and mixed with 2% vitamin
premix, 1% mineral premix, 1% binder, 0.5% Cr*0s, and 0.2% potassium
sOrbate. Finally 1.5% cod liver oil was added to iIncrease the lipid

content to the formulated level of 13% and the diet was re-pelletised

as described in Chapter 4.

The percentage of dietary carbohydrates varied from 3.9% to
155% for com starch and from 1.9% to 7.7% for yellow dextrin (Table
8.1). Thus the overall carbohydrate content of Diets 1 and 2 (23.2%

and 22.8% respectively) was slightly higher than the recommended

HIN™nIm level of 20%.

The full chemical analysis carried out on both the foodstuffs
and the diets 1s summarised 1iIn Table 4.2 and the methods were

described in Chapter 4.

8.2.2 Growth Trial

300 rainbow trout of mean weight 19g (18 .74-19.89g; Appendix

X11l1) were obtained from Inha, S. Joao da Madeira located near Porto

and were allocated to 15 net cages as described in Chapter 4. Each

experimental diet was allocated randomly to two net cages and a

further cage of 20 fish was unfed during the experimental teat period.
Fish were fed at a fixed rate of 2% body weight per day throughout

the 12 week trial. The fTull experimental protocol of the trial

iIs described in Chapter 4.
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The mean water temperature during the experimental period waa

20.9°C (19-23*C £0.95) and the daily variation never exceeded 2 C

(Table 8.2).

Statistical methods and the production of graphs wore carried

out as described iIn Chapter 4.

».



TABLE 8.2

Weeks

10

11

12

23—

Water temperature (*C) and standard deviation over the

feeding period

July

19.0
21.0
21.0
23.0

21.0

August

21.0
21.0
21.0

22.0

September

21.0

21.0
20.0

20.0

21.0

21.2

20.5

S.D. X S_D.

1.41

20.9 0.95

0.50

0.58
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8.3 RESULTS

8.3.1 Diets

The PBHFm had a crude protein and a true protein content of

56.18% and 52 .93% respectively. Thus the nonprotein nitrogen compo-

nent calculated by difference was 3*25%, which 1i1s slightly lower

than the value of 4.31% determined directly by the trichloroacetic

acid method (Table 8.3). Again the Kjeldahl factor of 6.25 may

not have been the most appropriate value toemploy (see Section

5.3.1). The meat and bone meal contained 43.58% crude protein and

had a true protein content of 42.04%, while the brown fish meal

had a crudeprotein content of 68.36% and atrue protein content

of 67.17%. Thus the calculated nonprotein nitrogen value of the

meat and bone meal was 1.50% and that for the brown fish meal was

1.19%. These compared with nonprotein nitrogen values determined

by the trichloroacetic acid method of 1.09% and 1.05% for meat and

bone meal and broim fish meal respectively (Table 8.3).

The PBHFm tested was a good source of both the nonessential

amino acids proline and glycine and of both the essential amino

acids Isoleucine and methionine, but a poor source of leucine, phenyl-

alanine and valine. Valine was its first limiting amino acid. The
meat and bone meal was a good source of both the nonessential amino
acids proline and glycine but a poor source of leucine, methionine,

phenylalanine, threonine, and valine. Leucine was i1ts first limiting

amino acid. Finally the brown fish meal was a good source of the

nonessential amino acids glycine, glutamic acid, and prollne, and

of the essential amino acids lysine, histidine and isoleucine, but
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a poor source of arginine, leucine and phenylalanine. Leucine was

the first limiting amino acid (Table 8.U).

The Hlipid content of the PBHFm and of the brown fish meal were
26.56% and 6.12% respectively, which are both within the normal
range reported for these animal by-products (Jackson and Fulton,
1971; Burgos et ad., 1977; Bhargava and O’°Neil, 1975; Gobi, 1981;
Windsor and Barlow, 1981; Bielorai et al., 1983). The lipid content
of the meat and bone meal however was 14.14% (Table 8.3) which 1is
higher than the normal range of 2% to 12% (Fowler and Banks, 1976;

Skrede et al ., 1980; McDonald et al., 1981; Tacdén et al., 1984).

The ash content of the PBHFm, meat and bone meal and bro%m
fish meal were 5.63%. 39.30% and 14.86% respectively (Table 8.3).
The ash content of the meat and bone meal was significantly higher
than the level of the last batch (12.69%) and also higher than the

normal range of reported values (27-33%).

The peroxide value, acid insoluble ash, and crude fibre values
of all three animal by-products were very Qlow, 1In each case less

than 2 mEg/Kg oil and 2% respectively (Table 8.3).

The PBHFm, meat and bone meal, and bro%m ¥Ffish meal were all
good sources of all the minerals analysed in particular of K, Zn,
and Na fTor the former, Ca, K, and Na for the second, and K, Ca,

and Zn for the latter (Table 8.5).
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The crude protein content of the commercial based ration

(Diet 7) was 40.90% which 1s close to the formulated level of 41%.

The crude protein levels of the remaining six rations were somewhat

higher* varying between 42.35% and 42.87% (Table 8.3)* The true

protein content varied between 38.95% for Diet 7 and 41.33% for

Diet 1.

All rations were deficient 1In leucine amd phenylalanine. The

leucine level i1n Diet 3 was particularly low, 0.66%, compared with

a dietary requirement of 1.76% (Ogino, 1980) and with a maximum

dietary level of only 0.98% in Diet 1. Phenylalanine levels varied

between 0.50% in Diet 5 and 0.97% in Diet 7 (commercial ration)

compared with a dietary requirement of 1.24% (Ogino, 1980). All

diets except Diets 2 and 7 were slightly deficient 1In arginine with

a minimum level of 1.28% in Diet 1 compared with a dietary requirement

of 1.40% (Ogino, 1980). Finally, with the exception of Diet 1,

all rations were deficient iIn valine with levels ranging from 0.60%

in Diet 4 to 1.12% in Diet 7 (Table 8.4).

The 1lipid content of the experimental diets varied from 12.21%

to 13.83% which is close to the formulated value of 13% (Table 8.3).

The energy content of the diets varied between 5.14 and 5.88 Kcalories

per gramme dry weight (Table 8.3).

8.3.2 Growth Performance and Feed Utilization Efficiency

Fish accepted the experimental diets readily within a few days

and thereafter they were consumed quite aggressively even at water

temperatures as high as 23*C.
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At the start of the trial there were no significant (P< 0.05)

differences 1In mean TfTish weights of around 19g (18.95-19.59g) between

treatments (Table 8.6). However by the end of the 12 week growth

trial the mean final weights varied between 48.05g for Tfish fed

Diet 5 and 8?.61g for those fed Diet 2 (Table 8.6; Fig. 8.1). There

were no significant (P <0.05) differences between the final weights

of fTish fed the Tfish meal based control diet and those fed Diet

2 where 50% of the fish meal protein was replaced by PBHFm. Both

of these experimental diets performed better than the commercial

ration (Diet 7) which produced fish with a mean Tfinal weight of

only 72.22g. The poorest growth performance resulted from feeding

the diets containing high 1inclusion levels of meat and bone meal

(Diets 3 and 5). which as a consequence also contained the lowest

levels of brown fish meal (Table 8.6).

The mortality rate of Tfish fed the experimental diets varied

between 5% and 30% and no correlation between mortality rate and

dietary treatments was indicated (Table 8.7). The mortality rate

of the unfed fish however was 95%. Furthermore the weight of the

remaining TFfish was only 15.00g (Appendix XI1V; Fig. 8.1), thus demon

strating that any available natural food would have had a negligible
effect on the overall growth performance of fish fed the experimental

diets.

The specific growth rate of TfTish fed Diet 2 containing 50%

of the protein as PBHFm was 1.81% per day which was slightly higher

than that of those fed the control ration. Again the poorest specific

growth rates were produced by diets containing high proportions
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<‘d

FIGURE 8.1 Overall mean weight gain (g) of rainbow trout at successive

fortnightly intervals over the experimental test period

oo ¢
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TABLE 8.7 Weekly deaths per net cage and overall percentage mortality
over the 12 week trial
Treatments 1 2 3 4 5 6 7 NG
Replicates A B A B A B A B A B A B A B feeding
0
2 1 2 1 1 1 1 2
4 1 1 1 1
6 3 1 1 1 9
8 1 2 1 1 2
10 2 1 1 1 5
12 2 1 1 1 2 3 1 2
TOTAL 2 5 4 2 5 2 1 O 0 5 6 3 2 2 19

% 10 25 20 10 25 10 5 0 O 25 30 15 10 10 95
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of the protein component as meat and bone meal, thus Diets 3 and 5 (60

and ..% meat and bone meal protein replacement respectively) had

specific growth rates of only 1.18% and 1.11% per day respectively.
The specific growth rate of fish fed Diet 6 where 60% of the dietary

protein was supplied by a combination of PBHFm and meat and bone

meal was slightly lower than that of fish fed the commercial control

diet (Table 8.6; Fig. 8.2).

The food conversion ratio of Diet 2 (1.40) was only slightly

higher than that of the control ration (1.38). although this was

still lower than the value of 1.59 for the commercial ration (Diet 7).

Again food conversion ratios of Diets 3 and 5 were the poorest (2.15

and 2.26 respectively). The food conversion ratio of Diet 6 where

60% of the protein was supplied by equal proportions of PBHFm and

meat and bone meal was close to that obtained for the commercial

ration (Table 8.6; Fig. 8.3)*

The protein efficiency ratio (PER) followed the same trend

as both specific growth rates and food conversion ratios. Thus

the PER of fish fed Diet 2 (1.79) was slightly better than that

of those fed the control diet (Diet 1; 1.75) and both of these diets

performed better than Diet 7. the commercial ration (1.53). The

poorest performance iIn terms of PER was again attained by fish fed

Diets 3 and 5 (1.12 and 1.06 respectively). Finally the PER of

fish fed Diet 6 was again close to that of those fed the commercial

ration (Table 8.6; Fig. 8.4). Apparent net protein utilization

(apparent NPU) however, did not follow exactly the same trend as

the PER. The highest apparent NPUs were for fish fed Diets 2 and 6,
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although these values were only slightly higher than the value of

15.05X for the control ration (Diet 1). Agaln the poorest apparent

NPUs were registered by fish fed Diets 3 and 5 with values of 12.46%

and 12.63% respectively (Table 8.6; Fig. 8.5).

The growth performance of rainbow trout vreplicates fed the

experimental diets is given In Appendix XIIL.

8.3.3 Digestibility

The moisture content of TfTaeces varied from 2.43% for Ffish Ted

Diet 2 (0% meat and bone meal protein replacement) to 5.29% for

those fed Diet 3 (20% PBHFm & 50% meat and bone meal protein replace-

ment). The moisture contents of faeces from fish fed the fish meal

control diet and from those fed the commercial ration were 2.61%

and 3.99% respectively (Table 8.8; Fig. 8.6a).

The Jlowest crude protein levels 1In faeces were from fish fed

the Tfish meal control diet and from those fed the commercial ration

(17.20% and 17.88% respectively). The crude protein content of

faeces from fTish fed diets containing PBHFm and meat and bone meal
varied between 20.07% and 22.79% respectively (Table 8.8; Fig. 8.6b)
and the crude protein content 1increased with increasing

inclusion

levels of meat and bone meal _*

The best apparent protein digestibilities were by fish fed
the fTish meal control diet (Diet 1; 84.06%) and the commercial diet

(Diet 7; 84.29%). although fish fTed Diet 2 containing 50% PBHFm

had a coefficient of 83.36% whiA was not significantly different

K\
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from these. The poorest apparent protein digestibility was 69-20%
by fish fed Diet 3 containing the highest level of meat and bone
meal (Table 8.6). Protein digestibility decreased with 1increasing
inclusion levels of meat and bone meal from 80.61% for Tfish Ted
Diet 6 containing 30% meat and bone meal to only 69.20% for Tfish

fed Diet 3 containing 60% of the protein as meat and bone meal.

The Hlipid content of faeces varied from 3-97% (Diet 7) to 6.9™%
(Diet 3). The lowest lipid content of 3-97% was In Taeces from

fish fed the commercial ration (Diet 7) while the faecal lipid content
of fTish fed the control dietwas 5-88% (Table 8.8; Fig. 8.6c). As
had been the case withprotein levels lipid levels 1iIncreased with

increasing 1iInclusion levels of meat and bone meal. The apparent

lipid digestibility of the commercial ration was 89-9"% which was
significantly (P < 0.05) higher than for any other treatments (Table
8.6). The poorest apparent lipid digestibility of only 69.27% was
by fish fed Diet 3, thus digestibilities again decreased with

increasing inclusion levels of meat and bone meal.

There was a wide variation in the ash content of fTaeces between
dietary treatments« from 21.39% for fish fed Diet 2 to 56.89% for

those fed Diet 5 (Table 8.8; Fig. 8.6d). The best apparent organic

matter digestibility coefficient was by Tfish fed Diet 2 although
this did not differ significantly from the coefficient for the com-
mercial ration (Diet 7). There was no significant difference between
the apparent organic matter digestibility of the control ration«

Diet 1 (61.81%) and Diet 6 (61.26%) =containing a combination of

PBHFm and meat and bone meal. Again the poorest apparent organic

#Hr
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matter digestibility of only 44.14% was by fish fed Diet 3 where

60% of the protein was supplied by meat and bone meal (Table 8.6).

Thus the overall trend appears to have been for digestibilities

to decrease with increasing inclusion levels of meat and bone meal,

although in almost all cases this was also accompanied by a decrease

in the levels of the brown fish meal.

The proximate composition of faeces taken from rainbow trout

replicates is given iIn Appendix XV.

8.3.4 Liver Somatix Index and Blood Parameters

"The Dliver somatic 1index of Tfish fed the experimental diets

varied between 1.22 for fish fed the commercial diet (Diet 7) and

1.58 for those fed Diet 3- Although there were significant (P<0.05)

differences, particularly between the values for Tfish fed Diets

3 and 7, the liver somatic 1i1ndeces did not differ significantly

from the control value of 1.37 (Table 8.6).

The haematocrit value varied significantly (P < 0.05) between

35.88% for fish fed Diet 3 and 42.00% for those fed the commercial

diet (Diet 7). The oily value which differed significantly from

the control was that of Diet 3 with a haematocrit value of 35.88%.

However all values are still within the normal range for healthy

rainbow trout (Wedemeyer and Nelson, 1975» Miller en » 1983*

Railo et al., 1985)»
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Blood haemoglobin levels varied between 7.91g per* 100 c*~

fish fed Diet 3 and 8.96g per 100 cm* for those fed Diet 7 (commercial

ration). However these differences were not significant (P < 0.05)

and furthermore these values are all within the normal range reported

for healthy rainbow trout (Lowe-Jinde and Niimi, 1973; Wedemeyer

and Nelson, 1975)*

The [liver somatic index and blood parameters of rainbow trout

replicates are given iIn Appendix XIII.

8.3.5 Carcass Composition

At the end of the 12 week growth trial the moisture content

of fish fed all experimental diets was significantly (P <0.05) lower

than the Initial value of 71.56% (Table 8.9; Fig. 8.7a). The moisture

content of fTish fed the experimental rations varied between 68.49%

(Diet 1) and 69.97% (Diet 5) although the differences were not signi-

ficant at the 95 percent level.

The lipid content of fish fed all the experimental diets varied

between 8.75% fTor Tfish fed Diet 6 and 9.78% for those fTed Diet A4.

These levels were all significantly (P<0.05) higher than the initial

value of 6.27%. Again there were no significant differences between
dietary treatments with the exception of fish fed Diet 4 which had

a significantly higher carcass lipid content of 9.78% (Table 8.9;

Fig. 8.7b).

ms
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None of the dietary treatments produced a significant (P < 0.05)

change from the initial carcass protein content of 18 .60X. The

protein content of fish fed the seven experimental rations varied,

although not significantly between 17.23% and 17.84% (Table 8.9;

Fig. 8.7c).

With the exception of fish fed Diet 6 the carcass ash content

of fish fed the experimental diets iIncreased from 3.83% at the start

of the trial to between 3-97% and 4.52% at the end. There was a

significant (P <0.05) decrease in carcass ash of fish fed the commer-

cially based ration. Diet 7, from 3.83% at the start of the trial

to 3.70% after 12 weeks (Table 8.9; Fig. 8.7d).

The proximate composition of Tfish carcass replicates 1Is given

in Appendix XVI.
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8.U DISCUSSION

The best growth performance was by Ffish fed Diet 2 where only

half of the fish meal component was replaced by PBHFm. The final

mean weight of these fish. 87.61g. was slightly higher, although

not significantly, than that of the fish fed the fish meal control

ration. Diet 1 (Table 8.6). Both growth responses were better than

that of fish fed a cOTmercial trout ration (Diet 7) which had a

final mean weight of only 72.229g. This may be attributable, at

least 1In part, to the somewhat Ilower true protein content of only

38.95% in the commercial ration compared with levels of around 39%

to 2% iIn the six other diets (Table 8.3)* The poorest growth

response was by fish fed Diet 5 containing both one of the highest

inclusion levels of meat and bone meal (G0%) and alsoone of the

lowest levels of fish meal (30%). Fish fed this ration increased

their biomass by less than 2.5 times compared with around U.5 times

by fish fed Diets 1 and 2. An apparent trend of decreasing growth

performances with 1increasing inclusion levels of meat and bone meal

was also indicated. Thus, TFfish fed diets iIn which meat and bone

meal supplied 30%. 40%, 50%, and 60% of the dietary protein had

decreasing growth responses with final mean weights of around 68g,

6lg, 48g, and 52g respectively (Table 8.6). The relatively higher

final mean weight of 52.49g of fish fed Diet 3 containing the highest

meat and bone meal component was most likely due to the higher fish

meal i1nclusion level of 40% compared with only 30%

5.

in Diets 4 and
The growth response of fish fed diets containing combinations
of the three by-products was best when the fish meal and the PBHFm

were included at high 1inclusion levels and conversely was worse
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when the fTish meal component was largely replaced by meat and bone

meal . Thus, Tfish fed Diet 6 containing 70% of the protein as fish

meal and PBHFm (1.3:1 ratio) had a final mean weight of around 68g

whille those fed Diet 5 where only 50% of the protein was supplied

by these two products (1.5 fish meal:1 PBHFm ratio) had a final

mean weight of only around 48g. Fish fed Diets 3 and 5 which both

contained 40% of the protein as fish meal, had significantly different

growth responses. Thus fish fed Diet 3 containing the remaining

60% of the protein as only meat and bone meal had a final mean weight
of only around 52g while those fed Diet 6 where the remaining 60%

of the protein was supplied by both PBHFm and meat and bone meal

(1:1 ratio) had a significantly better final mean weight of around

689 - Overall the results indicate that combinations of protein

sources give the best growth responses, and that where meat and

bone meals similar to the one tested In this work are included 1in

diets for rainbow trout, its inclusion should be restricted to

a relatively low level of below 3@t

The significant differences 1iIn growth response among TfTish fed

the seven experimental diets were related to differences iIn amino

acid profiles of the diets resulting from varying deficiencies in

dietary protein sources (Section 8.3*1)e Thus Diet 2 containing

50% of the protein as PBHFm was deficient iIn leucine, phenylalanine

and valine which supplied 54%. 50%. and 60% of the requirement levels

respectively (Table 8.4). Since phenylalanine can be spared by

tyrosine (Mertz, 1972; Halver. 1975, 1976; Cowey, 1979; Ketola,

1982; Milllkin, 1982; Walton, 1985; Wilton, 1985) the Tfirst limiting

WBino acid was leucine, and therefore only 54% of the protein was

le
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usable for growth. Similarly the control ration was deficient 1in

both the essential amino acids leucine and phenylalanine which

supplied 55% and 70% of the requirement levels and therefore the
first limiting amino acid was also leucine. Thus, although a better
essential amino acidindex (EAAI) of 95-73 was indicated for the
control xration compcu™ed with an EAAI of only 84.9U for Diet 2, both
experimental diets had around 55% of the protein usuable for growth
and consequently similar growth performances by fish fed these diets
were attained (Table 8.6). As had been the case with Diet 2, the
commercial trout ration (Diet 7) had an essential amino acid profile
deficient in leucine, phenylalanine, and valine.

Leucine was again

the Tirst limiting amino acid since 1t supplied only around 55%

of the requirement level while both phenylalanine and valine supplied
around 78% and 90% of the requirement levels respectively. The
EAAl indicated for this ration was high, 91-52, and better than
that 1indicated for Diet 2 (84.94). However, despite similarities
in the essential amino acid profiles of fish fed Diets 1, 2 and
7, the growth response of the fish fed the commercial control ration
was significantly poorer than that of the fish fed either Diets
1 or 2. The formulation of the commercial ration was not known
and hence 1t 1is not possible to explain these differences 1iIn per-
formances with any certainty. The main differences 1In chemical

composition between these three diets were the slightly lower protein

content of the commercial ration and also a slightly higher ash

content of 15% compared with only around 10% and 11% in Diets 1
and 2. In any case, both the significant essential amino acid defi-
ciencies and the relatively poor growth performance produced by
the commercial control diet Indicate that the quality of this

coomierclal trout ration was not of a particularly high standard.
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Dlets containing increasing inclusion levels of meat and bone

meal were severely deficient iIn the essential amino acids leucine,

phenylalanine and valine. Thus Diet 3 containing the highest meat

and bone meal inclusion level (60X protein replacement) reflected

the severe essential amino acid deficiencies of this by-product

and therefore only 37X, W and 59% of the leucine, phenylalanine

and valine requirement Ilevels respectively, were present. Leucine

was therefore the Tirst limiting amino acid and consequently only

around one third of the total protein would have been available

for growth, and this probably explains why one of the poorest growth

performances resulted from feeding this ration. In conjunction

with the poor essential amino acid profile the diet also contained

the highest dietary ash content of around 29%%e

The first limiting amino acid in Diets 6, and 5 containing

30% to 50% of the protein as meat and bone meal was leucine with

levels of around 44%, 43%, and 40% of the requirement Ilevel for

rainbow trout respectively. Thus, although there was a trend of

decreasing leucine content with 1increasing inclusion levels of meat

and bone meal, the small differences are unlikely to have been the

only reason for the significant differences iIn Tish performance.

Indeed, 1t 1is probable that the high ash content of the meat and

bone meal of around 39% would also have contributed for the signifi-

cant differences iIn fTish performance with increasing inclusion levels

of this product. Thus fish fTed Diets 6, 4 and 5 containing 30%

to 50% of the protein as meat and bone meal had increasing dietary

ash contents of 19%» 22%, and 25% respectively.

* D>
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The best food conversion ratios of between 1.~ and 1.7 and

the best PER"s of around 1.5 ~ 1.8 were achieved by fish fed the

control ration (Diet 1), the diet containing 50% of the protein

as PBHFm (Diet 2), and the commercial trout ration (Diet 7; Table

8.6). Food utilization efficiency was also depressed with iIncreasing

inclusion levels of meat and bone meal and therefore a food conversion

ratio of 1.58 and a PER of 1.53 were indicated for Diet 6 containing

only 30% of the protein as meat and bone meal, while one of the

poorest food conversion ratios of 2.15 and one of the Ilowest PERs

of 1.12 were indicated for Diet 3 where 60% of the protein was

supplied by this product. However the poorest growth performance

and fTood conversion ratio of 2.26 and the lowest PER of 1.06 were

indicated for Diet 5 containing only 50% of the protein as meat

and bone meal, but this was almost certainly related to the lower

fish meal inclusion level of 30% of the protein compared to that

of 40% in Diet 3. These findings are 1iIn agreement with those of

Fowler and Banks (1976) and Tlews et al. (1976) who found that Chinook

salmon (Oncorhynchus tshawytscha) and rainbow trout fed diets con-

taining increasing inclusion levels of meat and bone meal had reduced

growth responses and feed utilization efficiencies as IiIndicated

in Section 7.4. Furthermore Tiews et al. (1976) reported that even
at an inclusion level of 38% of the protein meat and bone meal 1is
already a poor protein source for rainbow trout. The best groirth

performance and TfTeed utilization efficiency among TfTish fTed diets

containing different proportions of the three by-products was achieved

by those fed Diet 6 containing fish meal, PBHFm and meat and bone

meal in the ratio 1.3:1:1 respectively.
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The digestibilities of the experimental diets followed the

same trend as the growth performance and feed utilization efficiency

(Table 8.6; Section 8.3.3). Thus the highest apparent protein

digestibilities were Indicated for fish fed the fish meal control

ration (Diet 1), the diet containing 50% of the protein as PBHFm
(Diet 2), and the commercial trout ration (Diet 7) with coefficients

of around 84%. The protein digestibility of fish fed the control

ration containing only Tfish meal #€s the protein source was within

the normal range of values of between 60% and 95% indicated for
brown fish meals (Smith and Rumsey, 1976; Atack and Matty, 1979;
Cho and Slinger, 1979; Lovell, 1981; Pfeffer, 1982; Watanabe et
al., 1983). Furthermore the coefficient of 83.36% obtained by Tfish
fed Diet 2 was better than that reported by Wojno and Dabrowska
(1984a) when rainbow trout were fed a diet containing 50% of “be
protein as poultry offal meal. The apparent protein digestibility

also decreased with 1increasing inclusion levels of meat and bone

meal from around 80% for Tfish fed Diet 6 where 30% of the protein
was supplied by meat and bone meal, to only 69% for fish fed Diet
3 where 60% of the protein was supplied by this product. The best
apparent protein digestibility coefficient among Tfish fed diets

containing different proportions of these three by-products was

again Diet 6.

Similarly, the highest apparent Jlipid digestibilities were
attained by fish fed Diets 1, 2 and 7 although significantly different

coefficients of around 82%, 86%, and 90% respectively were indicated

(Table 8.6). Unlike the apparent protein digestibility of fish

fed the control ration, the apparent lipid digestibility coefficient
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of around 82X was somewhat lower than the normal range of between

8/t to 97% indicated for a good quality fish meal (Smith and Rumsey,

1976; Cho and Slinger, 1979). The apparent lipid digestibility

coefficient of 86% indicated in this work for fish fed Diet 2 was

also lower than that of 93-58% reported by Wojno and Dabrowska (1984a)
when rainbow trout were fed a diet where 50% of the fish meal protein

was replaced by a poultry offal meal. As was the case with the

apparent protein digestibility, the apparent lipid digestibility
also decreased with increasing inclusion levels of meat and bone

meal and therefore a coefficient of around 86% was indicated for

fish fed Diet 6 containing 30% of the protein as meat and bone meal,

while a much lower coefficient of only 69% was indicated for those

fed Diet 3 where 60% of the protein was supplied by this product.

Overall 1igrparent organic matter digestibility of fish fed the

experimental diets was low and followed the same trend as the apparent

protein and lipid digestibilities. A particularly low coefficient

of only around 44% was i1ndicated for fish fTed Diet 3 containing

the highest inclusion level of meat and bone meal. This low apparent

organic matter digestibility was a consequence of the high dietary
ash content of 29% 1indicated forthis ration (Table 8.3) which
resulted from the high ash content ofF 39.20% inthe meat and bone

meal . This 1level of ash is higher than the maximum value of 33%

Indicated for a meat and bone meal (Fowler and Banks, 1976; Skrede
et al.. 1980; McDonald et al., 1981; Tac6n et al.. 1984) and as
a consequence the meal also had a somewhat lower crude protein content

of 44% compared with the usual minimum value of 45% for this product.
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The carcass composition of Ffish fed the experimental diets

where the dietary protein was supplied by one, two or three of the

by-products and the commercial ration were similar at the 95% level

of significance. Only fish fed the commercial trout ration had

a significantly lower ash content although 1t was not significantly

different from the level iIn the initial fish sample.

The Uliver somatic indices of fTish fed the experimental diets

were similar with the exceptions of the liver somatic index of 1.58

indicated for fish fed Diet 3 containing the highest meat and bone

meal Inclusion level and that of those fed the commercial trout

ration. Diet 7, with a significantly lower index of 1.22. No corre-

lation between liver weight and carbohydrate levels was iIndicated

since Tish fed Diet 3 containing the highest liver somatic index

had a nitrogen free extract (NFE) content of only around 16%, while

those fTed Diet 7containing one of the highest NFE values of around

29% had a liversomatic index of only 1.22 (Tables 8.3 and 8.6).

Thus the relatively high liver somatic iIndex of Diet 3 ®ay be attri-

butable to the meat and bone meal 1i1tself although no apparent trend

of 1increasing liver somatic iIndex with 1increasing inclusion levels

of this product was i1ndicated. Tacén (1982b) reported a slight

decrease i1n liver weights of fish fed diets containing Increasing

inclusion levels of meat and bonemeal at levels of upto 36X of

the protein while thereafter a slight increasing in the liver somatic

index was Indicated for those fed the diets containing the highest

inclusion level (40)5) of this product.
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Both the haematocrit and haemoglobin contents of fish fed the

experimental diets were adl normal for healthy rainbow trout

(Wedemeyer and Nelson, 1975; Lowe-Jinde and NIImi, 1983; Miller

et al., 1983; Hallo et al., 1985)*

In conclusion, fish fed a diet iIn which half of the protein
was supplied by PBHFm had a growth performance and feed utilization

efficiency similar to that attained by fish fed a good quality fish

meal based ration. Although both of these rations were deficient

in leucine, they resulted In better growth performance than that

produced by a commercial trout ration manufactured iIn Portugal.

The commercial ration had a similar leucine deficiency which therefore

indicates serious shortfalls iIn the formulation of the only commercial

ration produced iIn Portugal. The growth performance and feed utili-

zation efficiency of fish fed diets containing 1increasing iInclusion

levels of meat and bone meal decreased due to the severe essential

amino acid deficiencies of this by-product which thuschused substan-

tial reductions iIn the Ilevel of protein available for growth. The

best growth vresponse and fTeed utilization efficiency among Ffish

fed diets containing different proportions of all three by-products

was with Diet 6 containing 30X PBHFm, 30% meat and bone meal and

40% of the protein as brown fish meal. The growth performance of

fish fed this diet was only slightly poorer, although not signifi-

cantly, than that achieved using the commercial trout ration, and

it appears that the reduced performance when compared with that

of Diet 2 was a result either of a decrease in the fish meal component

or an excessive level of meat and bone meal.






-267-

9.1 INTRODUCTION

The evaluation of a potential ingredient for inclusion in fish
rations should not be based on the results of the chemical analysis

of a single sample (Tacén and Ferns, 1978/1979). A number of samples
t

should be taken, 1i1deally over a period of a year, to determine the

degree of variability between batches of a product. This is particu-

larly important when evaluating by-products since i1t 1is often the

case that less attention 1is focused on the quality of by-products

than on that of the primary product (Orskov, 1977).

The composition of by-products may vary from one locality to

another and there 1is frequently seasonal variation, particularly

in fish products where the type and® quality of fish caught may

fluctuate widely (Orskov, 1977). Therefore in order to make a full

assessment of the animal by-products evaluated in the preceding

growth trials, monthly samples of each of the six brown fish meals,
the poultry by-product and hydrolysed feather meal (PBHFm) and the
meat and bone meal were collected over a period of a year and analysed

to 1Investigate the degree of variation 1In chemical composition.

o« e
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9.2 MATERIALS AND METHODS

1 Kilogramme of each of the following feedstuffs was collected

at monthly intervals for a period of one year between March 1984

and February 1985 for the six brown fish meals, between May 1983
and April 1984 for the PBHFm, and between December 1984 and November

1985 for the meat and bone meal.

Brom fish meal A: Olfaixe-Produtos de Oleos e Farinhas de

Peixe, Ltd., Portas Fronhas, Pdvoa do Varzim

Brown fish meal B: Farinhas e (Gleos de Peixe do Sul, Lda

Olhao, Algarve

Brown fish meal C: Oleos e Farinhas de Peixe, Ltd., Sociedade

Produtora, Matosinhos

Brown fish meal D: Sociedade de Aproveitamentos de Detritos

e dleos de Peixe, Ltd., Setiibal

Brown fish meal E: Sociedade Algarvia de Farinhas e Oleos,

Lda., Olhio, Algarve

Brown fish meal F; Sociedade Industrial de Farinhas e Oleos

de Peixe, Lda., Portimao, Algarve
PBHFmM: Soaves, Pomarelho, Guimaraes

Meat and bone
meal - Manuel dos Santos Moura, Lda., Porto,

The location of each of the processing plants 1iIs iIndicated

in Fig. 9.1.

On arrival at the laboratory the samples were stored in sealed
polythene bags in a deep freeze at -20 C until required for subsequent

analysis. The analysis carried out 1is summarised in Table 4.2 and

the methods are described in Chapter 4. Levels of amino acids and

1o
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FICURE 9-1 Location of the feedstuff processing plants in Portugal
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minerals were only determined a total of four times for each by-

product. on samples collected in April. July. November and January,

which thus covered the four seasons of the year. In addition particle

size analysis was also carried out on all samples. 100g of each

sample was passed through a series of 5 Retsch sieves (4 mm. 3 mm.

2 mm. 1 mm. and 0.5 nun). The material retained iIn each sieve was

weighed on a Mettler PC U400 delta range balance to the nearest

0.0lg and expressed as a percentage of the total sample weight.
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9.3 RESULTS

9.3.1 Bro%wm Fish Meals

No samples of brown fish meals A and F were collected in August

since the fish meal processing plants closed down at this time for

staff vacations.

There was a wide variation 1iIn the particle size distribution

between fish meals, and In some cases from one month to another.

Overall, fish meals A, D, and F had the most consistent particle

distribution and 1i1n addition contained the highest proportion of

particles smaller than 1 mm. Fish meals B, C, and E contained the

highest proportion of particles bigger than 3 ren although the maximum
level of particles which were greater than 4 mm never exceeded 3%

The particle size analysis of the six brown Tfish meals 1s given

in Appendices XVII to XXI1I and 1In Figure 9.2.

There was a wide variation in the moisture content of the six

brown fish meals (Tables 9.1 to 9.6; Fig. 9.3). The moisture content

of fish meals D and F was particularly consistent and varied only

between 7% and 10%. The remaining four Tfish meals exhibited a much

wider variation with a minimum moisture content of around 5% to 6%

while the maximum level was 1U.11% i1n the August sample of TfTish

meal C. This variation 1In moisture appears to have been random
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TABLE 9.1
March 1984 and February 1984

Proximate composition

MARCH
@ dry weight)
N
Moisture {%) 5.60(0.02)
Crude protein (N x 6.23) 63.55(0.31)
bed
Lipid () 7.06(0.31)
h
Ash {%) 23.43(0.17)
Nitrogen free extract™(X)
abede
Peroxide value (mEg/Kg oil) 2-48(0.23)
a
Acid insoluble ash (8) 0.21(0.01)
hi
Crude fibre 1%) 0.99(0.15)
a
6.27(0.18)
Moisture (%) 6.63(0.01)
hi
Crude protein (N x 6.25) 66.29(1.42)
J
Lipid (8) 2.00(0.04)
Ash {) 6.59(0.11)

3
Nitrogen fee extract (8)

Peroxide value (mEg/Kg oil) 4.30(0.42)

ede
Acid insoluble ash (8) 0.85(0.04)
8h
Crude fTibre (8) 0.95(0.03)

Energy - aeh free (Kcl/g) 6.98(0.70)

1) Standard error;

% Standard deviation

abc...1jk

1% dry weight)

APRIL

7.62(0.

59.24(0

6.70(0.

bed

16.85(0.

8.55
abede

1.55(0.

edef

0.90(0.

J)

1.04(0.

a

6.20(0.

6.30(0
65.3?(0

J

12.05(0.

18.32(0.

ab
0.80(0

b

0.59(0.

a

0.38(0.

6.870.55)

03)

.03)

21)

03)

03)

03)

06)

18)

.06)

.54)

51)

47)

.30)

03)

03)

MAY

7.64(0.03)

efg
60.24(0.51)

8.66(0.15)

8
21.25(0.21)

1.51

abede
0.90(0.03)

C
0.64(0.05)

de
0.70(0.03)

a
6.83(0.85

NOVEMBER

8h
9.88(0.03)

55.87(0.52)

fgh
9.33(0.82)

25.72(0.59)

0.20(0.08)

ab
0.36(0.02)

be
0.60(0.04)

6.25(0.28)

JUNE

7.01(0.04)

53.36(1.61)

3.70(0.46)

J
28.76(0.21)

6.28

abede
3.10(0.14)

8
1.36(0.16)

0.89(0.05)

a
5.9"i1(0.13)

DECEMBER

6.66(0.02)
3
67.29(0. 48)

7.77(0.37)

ef
18.90(1.03)

abed
0.60(0.08)

fg
1.15(0.03)

0.90(0.01)

6.12(0.29)

JULY

8
9.86(0.12)

54.06(0.43)

'8
9.02(0.08)

k
30.85(0.28)

abed
0.60(0.21D)

8
1.14(0.03)

1.15(0.06)

a
6-03(0-28)

10.96(0.09)

ef
59.91(0.43)

C
6.92(0.33)

be
16.83(0.92)

4.69

abc
0.37(0.17)

ede
0.85(0.03)

d
0.69(0.03)

6.15(0.20)

calculated from residual mean square i1n the analysis of variance

fibre
Nitrogen free extract = 100-(8 moisture*8 crude protein™8 lipid*8 ash”™8 crude fibreg

Monthly proximate composition and energy content of samples of Brown fish meal A between

AUGUST

12.51(0.23)
ab
53.96(0.17)

9.80(0.21)

12.51(0.21)
10.63

abede
1.51(0.08)

cd
0.75(0.36)

0.59(0.22)

a
6.81(0.40)

values for components with the same superscripts are not significantly (P<0.05) different
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TABLE 9.~ Monthly proximate composition and energy content of samples of Broim fish meal

D between
March 1984 and February 1985 1% dry weight)
Proximate composition MARCH APRIL MAY JUNE JULY AUGUST
% dry weight)
defg 2 cdefg defg bedef bed abc
Moisture {%) 9.44(0.02) 8.86(0.41) 9.67(0.47) 8.45(0.35) 8.29(0.16) 7.43(0.19)
cdefg a bede be cdefg edefghi
Crude protein (N x 6.25) 59.87(0-31) 51.34(1.41) 58.36(1.31) 56.26(0.51) 59.83(0.99)  60.22(0.87)
e a abed e ab e
Lipid () 8.46(0.37) 4.75(0.81) 5.87(0.47) 8.43(0.61) 5.21(0.37) 8.27(0.41)
def bede ef ef a ab
Ash %) 24.71(0.08) 23.90(0.41)  26.94(0.88) 25.22(0.93) 19.00(0.75)  20.42(0.91)
3
Nitrogen free extract (%) 10.19 0.89 6.70 2.51
fgh edef fghi K g
Peroxide value (mEg/Kg oil) 2-04(0.12) 1.60(0.21) 0.60(0.07) 2.15(0.17) 4.16(0.19) 2-02§o_15)
a gh efg def i i
Acid insoluble ash {%) 0.20(0.08) 1.63(0.11) 1.40(0.02) 1.13(0.05) 2.15(0.15) 2.17(0.10)
be "'gh i ab ghi 1
Crude fibre 1i%) 0.78(0.09) 0.96(0.04) 1.06(0.01) 0.75(0.01) 0.97(0.02) 1.15(0.01)
a
Energy - ash free (Kcal/g) 5.7t1(0.20) 5.16(0.11) 5.38(0.09) 5.39(0.08) 5.21(0.10) S.WO.1D
Moisture (Q) 6.58(0.09) 8.89(0.03) 10.27(0.35) 9-91(0.06)
i edefshU xbedef ok
Crude protein (N x 6.25) 66.28(0.86) 60.63(0.81) 59.63(1.41) 66.86(1.32) 57.29(0.90) 55-92(0.81)
de
Lipid (Q) 5.33(0.79) 9.22(()-43) 9.48(0.61) 7-74(0.59) 8.23(0.76) 8.98(0.34)
abed ef ef abc def T
Ash %) 20.91(0.47) 25.80(1.05) 26.58(0.53) 20.45(0.44) 24.86(1.17) 28.29(1.14)
Nitrogen free extract™(Q) 0.16 0.30
edef ab abed bede abc J
Peroxide value (mEg/Kg oil) 1.60(0.09) 0.88(0.08) 1.20(0.09) 1.33(0.31) 1.16(0.15) 3-17(0-09)
hi hi d abc de ab
Acid insoluble ash {%) 1.92(0.07) 1.86(0.08) 0.92(0.04) 0.35(0.09) 1.06(0.07) 0-33§?-09)
d e e
Crude fibre i%) 0.74(0.02) 1.10(0.02) 0.94(0.01) 0.84(0.02) 0.88(0.01) 0.90(0.03)
a
5.39(0.10)

1) Standard error;
2) Standard deviation

calculated from residual mean square

3) Nitrogen free extract m 100-(gmoisture”™g crude protein”!

abc...JKl

N

in the analysis of variance

lipid®g ash”™» crude riorsi

values for components with the same superscripts are not significantly (P<O

.05) different
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TABLE 9.6
March 1984 and February 1985

Proximate composition

MARCH
{% dry weight)
b 2
Moisture {%) 7.51(.01)
efg
Crude protein (N x 6.25) 60.87(0.51)

J
Lipid {%) 10.84(0.71D)
gh
Ash {%) 26.19(1.12)
3
Nitrogen free extract (%) -
ab
Peroxide value (mEg/kg oil) 0.49(0.01)

Acid insoluble ash (% 1-4;(0-12)
«

a
Crude fibre 1%) 0.59(0.12)
Energy - ash free (Kcal/g) 5.670.32)
Proximate_composition SEPTEMBER
(% dry weight)
g
Moisture (X) 9.77(0.06)
ab
Crude protein (N x 6.25) 55.29(0.81)
bed
Lipid (9 3.5210.11)
Ash (10 28.77(0.35)
3
Nitrogen free extract {%) 1.69
abcdefgh
Peroxide value (mEg/Kg oil) 1.19(0.03)
fg
1.13(0.01)
cdefgh
0.96(0.04)

1) Standard error;
2 Standard deviation

3 Nitrogen free extract m 100-(X skK>1ature™Ji crude protein”™S lipid-»f ash-»» crude riorei

abc...1jk

calculated from residual

1% dry weight)

APRIL

d
8.92(0.03)

efgh
61.26(0.91)

efgh
9.44(0.09)

b
20.44(0.41)

abedef
1.16(0.21)

1.17(*0.06)

bedefg
0.92(0.07)

5.70(0.15)

OCTOBER

9.1:2(0.05)

3.10(0.07)

ghi
>7.04(0.47)

3.96

abede
1.01(0.19)

ab
0.87(0.04)

1
1.16(0.08)

mean square

MAY

e
9.26(0 .06)

abed
55.92(.07)

efhgi
9.72(0.15)

defg
25.04(0.47)

edefghi
2.11(0.45)

K
2.15(0.09)

bede
0.86(0.11)

5.48(0.19)

NOVEMBER

7.94(0.21)

ghi
62.45(0.79)

9.33f0.09)

edef
23.32(0.81)

abc
0.63(0.06)

ghi
1.17(0.05)

1
1.20(0.05)

a
5.65(0.10)

JUNE

7.086 . 11)

68.00)(0.84)
1.87(0.12)

18.07(0.29)

4.19

3-g6(0-18)

abedef
0.97(0.10)

bed
0.84(0.05)

5.12(0.35)

DECEMBER

ef
9.32(0.07)

abedef
57.92(0.89)

8.95(0.10)

ede
23.17(0.75)

abedefg
1.18(0.51)

abed
0.92(0.05)

bedef
0.88(0.07)

a
5.41(0.31)

JULY

J
10.29(0.04)

abede
57.77(1.04)

)
3.51(0.03)

1
28.92(0.42)

K
12.80(1.71)

0.91(0.02)

ab
0.73(0.03)

5.02(0.21)

JANUARY

ghi
9.92(0.05)

abedef
57.92(1.10)

ef
9.22(0.31)

be
22.11(0.75)

abc
0.61(0.31)

abede
0.93(0.06)

edefghi
1.02(0.07)

a
5.57(0.31)

in the analysis of variance

N \

Monthly proximate composition and energy content of samples of Brown fish meal F between

AUGUST

FEBRUARY

1S10i (0.09)

55.84T0 .7i)

fghij
10.11(0.17)

ede
23.17(0.19)

0.01

0.47(0.27)

a
0.85(0.07)

be
0.83(0.03)

a
5.58(0.27)

values for components with the same superscripts are not significantly (P<0.05) different

+S.EN

0.088

1.214

0.298

0.604

0.436

0.052

0.056

0.199
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with no 1iIndication of a seasonal trend and no apparent correlation

with other parameters such as lipid content was indicated.

With the exception of fish meals C and E where four and six

of the samples, respectively, had moisture levels above 10X. the

moisture content of most samples varied between 5% and 10% which

can be considered the normal range for good quality Tish meals

(Windsor and Barlow, 1981).

Of the 70 samples of fish meals analysed only six had a moisture

content close to or higher than 14% where the risk of spoilage during

storage Is high (Cockerell et al.. 1971; Windsor and Barlow. 1981).

Some of the samples however contained high levels of both moisture

and lipid and consequently the risk of spoilage would be even greater

should the fish meals be stored under adverse environmental conditions

of humidity and temperature (Cockerell et al.. 1971). This is par-

ticularly evident in the samples taken i1n July of fish meal B, in

October and January of fish meal C, and iIn March and January of

fish meal E which all contained lipid levels above 10*.

The crude protein content of the six brown Tfish meals was

generally Ilow (Table. 9.1 to 9.6; Fig. 9.3). Of the 70 _«spies

analysed V>% contained less than 60* crude protein which 1. considered

to be the minimum level for good quality Tfish meals Windsor and
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Barlow, 1981). This was particularly the case for fish meal B which

had a crude protein content varying between only »0.09* and 59.8»*.

The highest crude protein content recorded was 68.00* which la still

well below the crude protein content of 79* for a very good quality

fish meal (Gohl. 1981). With the exception of two samples of both

meals, the crude protein content of fish meals B and C were consis-

tently low, and although levels iIn the other four meals were generally

higher, the variation from month to month tended to be greater.

No seaaonal trend iIn crude protein was apparent.

Amino acids were calculated as a percentage of the protein

to remove variation cauaed by differing levels of crude protein

(Table 9.7). With few exceptions the samples of all six brown fish

meals were to a greater or

lesaer extent deficient 1In arginine,

leucine, Ilysine, phenylalsnine. and valine. Good quality fish meals

usually contain around 6* arginine, 7* leucine, 7* lysine, »* phenyl-

alanine, and 5* valine Windsor and Barlow, 1981). The flah meals

were particularly deficient 1in leucine and phenylalanine. Thus

leucine supplied less than half of the requirement for rainbow trout

in »»* of the samplea and phenylalanine supplied less than half

of the requirement 1In 56* of the samples, although phenylalanine

can be spared by tyrosine.

Based on the four samples analysed, no seasonal trend 1iIn

essential amino acid content was apparent although wide variations

in the levels of essential amino acida between samples frequently

occurred despite v«-latlons iIn protein content having been taken

into account. For example, the level of Isoleucine iIn the July

41
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of fish meal E was only 0.67*. compared with levels of between

5.76* and 7.22* for the remaining three samples. Methionine levels

generally varied between 2.5* and *.5* of the protein and were thus

adequate to supply the requirement of rainbow trout for thl..._._. ntlal

amino acid. However, the methionine content of the November sample

of fish meal F was only 1.0**. and as a consequence the use of this

fish meal as the sole source of dietary protein would have resulted

in a diet containing only around 65* of the dietary requirement

for rainbow trout.

Wide variations were also found in levels of most of the non-

essential amino acids although again no seasonal trend was apparent

(Table 9.7). This was particularly the case iIn the alanine content

of fish meal E which varied between 0.87* and 7.90*. In comparison

with the other fTive fish meals, fish meal F contained consistently

high levels of alanine and cystine, but much lower levels of aspartic

acid and prollne.

in each of the samples of the six brown fish meals analysed
the sum of the amino acids was between 0.73* and 11.03* less than

the crude protein content. Thus, allowing a maximum level of 2*

for nonprotein nitrogen (JoblIng. 1983) up to 9* of the amino acids

wara not accountad for.

The [lipid content of 88* of the samples was within the normal

range of reported values of between 8* and 12* (Windsor and Barlow.

1981). Two aamples taken 1In September of fish meals B and C had

particularly high Hlipid levels of 13-88* and 15-95* respectively.
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and levels as low as 1.87% were also recorded (Tables 9-1 to 9-6;

Fig. 9.3). Fi»h meals D and E exhibited the narrowest range of

variation in Qlipid levels, whereas the greatest variation was in

fish meals A and B. No seasonal trend in lipid content was indicated

and no correlation with other parameters such as moisture content

was apparent.

12 of the fish mead samples had peroxide values above the maximum

recommended level of 4 mEg/K* oil (Billlneki et al., 1978). Further-
more, in conjunction with these high peroxide values, half of these
samples contained more than 10* lipid. The September samples of

fish meals B and E contained around 13* lipid and had particularly

high peroxide values of 49.60 and 31.00 mEg/Kg oil respectively.

The July sample of fish meal F also had a high peroxide value of

12.80 mEg/Kg oil, but In this case It only contained 3.51* [lipid.

The ash content of the fish meals was generally high with more

than 70* of samples having an ash content higher than the usual

level of 21* for good quality fish meals (Windsor and Barlow,

1981). The greatest variation waa In the ash content of fish meals

A and B with levela varying between 6.59* and 30.85* In the former

and 15.05* and 37.60* In the latter (Tables 9.1 and 9.2; Fig. 9.3a,b).

Fish meal C had the most consistent ash content with levels varying

between only 18.56* and 25.71*. Although no seasonal trend In ash

content was apparent, a negative correlation between ash content

and crude protein content was Indicated. This relationship was

particularly evident In the sample of fish meal B taken In February

which contained the highest ash content (37.60*) but also had the
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level of crude protein (t0.09*). »hlle the October semple

of fish meal E only contained 1t.81* ash and as a consequence had

one of the highest crude protein contents of 66.29*. There was

a general trend for the samples which had the highest ash content

to have a high proportion of large particles.

Almost half of the samples contained some NFE, and in six samples

the calculated values exceeded the usual maximum 1level of around

8* (Cullison. 1979: G6hl, 1981), particularly In the August sample

of fish meal B with a NFE of I1t.tl* (Tables 9.1 to 9.6; Fig. 9.3).

Nine of the samples of fish meal

C contained NFE with levels ranging

from 3* to 9*. whereas NFE was only present In three of the samples

of fish meal A.

with very fTew exceptions all six Tfish meals contained adequate

levels of the six minerals analysed to satisfy the dietary require-

ments of rainbow trout. Again,

no definite seasonal trend In mineral

levels was 1indicated although the April samples of all six meals

generally contained the highest levels of Ca. K. and Zn (Table 9-8).

There were however wide variations between samples iIn the levels

of certain minerals. Furthermore, although the overall high ash

content of the Tfish meals did result In high levels of certain

minerals. In particular Ca. the relationship between ash content

and levels of minerals was

not always consistent. For example,

the January sample of fish meal A contained only 5* Ca, compared

with 10.75* in the April sample despite both ssmples containing

around 16* ash. Ca levels were between one and three timea higher

than the usual range of values of between 1.95* end 3.95* for good
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quality Tfish meals Windsor and Barlow, 1981). Levels of Na were
also much higher than the reported values of 0A2% and 0.87% for
Peruvian anchovy and herring meals respectively, with fish meal B
containing particularly high levels of 5% to 11% Na. Fish meals
A, B, and D exhibited particularly wide fluctuations iIn levels of
Zn, although [levels were 1In general higher than the usual range
of 11.1 mg to 12.0 mg per 100g for good quality fish meals (Windsor
and Barlow, 1981). Levels of Mg showed the Ileast variation between
samples and in almost all cases values were iIn the normal range
for fish meals. With the exception of the April sample in five
of the fish meals which were consistently high, there was little
variation 1iIn levels of K between samples. In almost all cases
however, values were below the levels of between 0.65% and 1.20%
recorded i1n good quality fTish meals (Windsor and Barlow, 1981),
with the exception of fish meal C with higher K levels which varied

between 1.29% and 1.97%.

Levels of P showed no wide variations and were Tfairly consistent
between Tfish meals varying between 1.05% and 1.35%* In all cases
P levels were below the usual range of 1.50%and 2.60% Indicated

for good quality fish meals (Windsor and Barlow, 1981).

Acid insoluble ash and crude fibre were in all six fish meals
analysed very 1low and only 1in fourand two samples respectively,
were they slightly higher than 2% (Tables 9*1 to 9%6). With very
few exceptions there were no great variations iIn the energy content
of i1ndividual fish meals from one month to another (Tables 9.1

to 9.6).

XJ

Ir

«*ill
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9.3.2 Poultry By-product and Hydrolysed Feather Meal (PBHFmM)

No sample was collected In August since the processing plant

closed down at this time for staff vacations.

At least 80% of the particles in all samples were less than
2 mm, with most particles fTalling into the size range 0.5 nim to
2 mm. All samples contained some particles which were greater than

3 mm, although the proportion which did so never exceeded 4% (Appendix

m i1l; Fig. 9.4a).

The moisture content of the samples varied significantly
(P<0.05) Dbetween 8.24% and 17.12% (Table 9.9; Fig. 9.4b). The
sample taken in July had an exceptionally high moisture content
of 17.12% and was therefore most likely to undergo spoilage during
storage (Cockerell et si., 1971; Windsor and Barlow, 1981). Samples
taken i1n May, November, December, and February also had moisture
levels which were higher than the normal range of reported values
of 3% to 10% for poultry by-products (Jackson and Fulton, 1971;
Burgos et , 1974; Bhargava and O"Neil, 1975; Gohl, 1981; Bielorai

et al., 1983).

In general the variation iIn the crude protein content from
month to month was small (Table 9.9; Fig. 9.4b). However, the crude
protein content of the sample taken in June (66.61%) was exceptionally
high while the November sample contained only 54.24% crude protein.
Nevertheless, with one exception, all values were within the normal

range of reported values for poultry by-products of between 56%
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n *7 7

7 7 17 7
7 7 7
7 7 7
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TABLE 9.9

feather meal between May 1983 and April 1984 {% dry weight)

Proximate composition

(X dry weight)

Moisture (%)

Crude protein (N x 6.25)

True protein %)
(Lowry method)

Nonprotein nitrogen %)
(TCA method)

Lipid {%)
Ash 1%)

3
Nitrogen free extract (i)
Peroxide value (mEg/Kg oil)
Acid i1nsoluble ash (9
Crude fibre {)

Energy - ash free (Kcal/g)

Moisture (%)
Crude protein (N x 6.25)

True protein {%)
(Lowry method)

Nonprotein nitrogen {%)
(TCA method)

Lipid {%)
Ash {%)

Nitrogen free extract”0)

MAY

12.31(0.

defg
59.24(0.

defghi
53.75(0.

cde
6.59(0.

gh
25.18(0.

5.6n 0.

2.30(0.

|
4.07(0.

hi
1.22(0.

a
5.99(0.

ef

10.16(0.

a
54.24(0.
a

48.79(0.

ab

5.76(0.

24.83(0.
hi

9.82(0.

edefg

05)
50)

50)

22)

35)

21)

05)

04)

05)

10)

11)
25)

42)

51)

43)

25)

Peroxide value (mEg/Kg oil) 0.85(0.07)

Acid insoluble ash (%)
Crude fibre (%)
Energy - ash free (Kcal/g)

1) Standard error;

3) Nitrogen free*extract = 100-(K moisture”™* true protein™* nonprotein nitrogen*» lipids

gh
0.92(0.
ab

0.76(0.
a

5*94(0.

03)
01)

17)

JUNE

cf
10.65(0.
k
66.61(0.67)
k
60.78(0.47)

10)

fg
7.18(0.13)

23.59(0.30)
abed
6.07(0.27)

cde
0.80(0.
be
0.26(0.02)
k
1.46(0.08)

10)

6.08(0 .08)

DECEMBER

11.22(0.19)
b
56.26(0.71)
bed
52.05(0.77)

5.64(0.59)

ab
22.17(0.

h
9.36(0.34)

17)

efgh
1.11(0.31)
a
0.16(0.01)
abc
0.83(0.03)
a
5.83(0.13)

JULY

i
17.12(0.11)

j
61.92(0.71)

1
56.79(0.42)

ab
5.76(0.51)

efg
24.61(0.37)
a
5.21(0.19)

a
0.10(0.01)
d
0.42(0.03)
hij
1.25(0.01)

6.15(0.09)

JANUARY

9.24(0.06)
defgh
59.26(0-35)
cdefgh
53.50(0-.75)

Li¢
7.53(0.32)

def
23.91(0.21)

efg
7.56(0.25)

edef
0.82(0.06)
be
0.26(0.01)
cde
0.92(0.01)

a
6.01(0.11)

AUGUST

11.

60.

52.

23.

11.

16(0.
ghi
16(0.
cde
90(0.

_73(0.

de
80(0.

k
26(0.

.8;(0.

def

.45(0.

a

.71(0.

.03(0.

05)
21)

32)

35)

15)

15)

21)
01)
51)

33)

Monthly proximate composition and energy content of samples of Poultry by-product and

SEPTEMBER

7.82(0.08)

def
58.33(0..08)

edefg
53.12(0.75)

fgh
7.54(0.29)

22.6U0.01)

ef
7.49(0.18)

0.54
ab
0.25(0.07)

b
0.23(0.01)

cd
0.88(0.02)

6.21(0.15)

MARCH

cd
8.68(0.07)
bed
57.64(0.41)

be
51.81(0.46)

def
7.30(0.35)

ghi
26.12(0.18)
ab
5.62(0.35)

bed
0.61(0.08)

S
0.87(0.05)
efg
1.03(0.03)

6.02(0.12)

calculated from residual mean square in the analysis of variance

abc...1jk Mean values for components with_the_saH» BuoerscrinLa. are not_signd4fISfinilYJP

hydrolysed

OCTOBER

8.24(0.10)
cde
58.24(0.15)

edef
53.05(0.22)

cd
6.55(0.32)

21.91(0.21)
hij
10.12(0.47)

be
0.52@.02)
i
1.02(0.07)
h
1.16(0.03)

6.01(0.49)

APRIL

be
8.40(0.03)
defgh
56.59(0.21)
b
50.89(0.33)

abc
6.28(0.03)

J
26.71(0.12)

de
6.96(0.45)

hi
1.30(0.04)

de
0.44(0.05)

ef
1.01(0.04)

5.98(0.07)

+ S.E.

0.258

®o ash*» crude fibre)

<0.05)
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and 76% (see Chapter 2). The variation in crude protein content

appears to have been random with no indication of seasonal trend.

The true protein content derived from the Lowry method varied

between 48.79% and 60.78% (Table 9.9; Fig- 9.4b). Two slightly

different ranges of values were obtained for the nonprotein nitrogen

component. Values calculated by difference using the Lowry method

varied between 4.21% and 7.26% whereas the direct approach of precipi-

tating nonprotein nitrogen using trichloroacetic acid gave values

of between 5.64% a.nd 9-73% (Table 9.9; Fig. 9.4b). This discrepancy

in results was possibly due to the use of 6.25 as the Kjeldahl factor

which, as indicated i1n Chapter 5. may not have been appropriate

as i1t has been reported that the nitrogen content of protein from

different sources is not the same (Jobling. 1983) and may vary between

12% and 19% (Tacon, 1979a).

The amino acid profile shows that the PBHFm samples were good

sources of the nonessential amino acids glycine and prollne and

of the essential amino acids histidine and methionine. All samples

were significantly deficient in leucine, phenylalanine, and threonine

(Table 9.7) compared with requirements for rainbow trout of 4.4%,

3.1%. and 3.4% of the protein respectively (Ogino, 1980). Valine

was also deficient in the April and January samples.

Although variation |In a«ino acids caused by varying levels

of crude protein were taken iInto account, there was still a certain

degree of variability in the levels of many amino acids. This was

particularly evident 1In the essential amino acids histidine.

«e
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and lysine which varied between 1.95* and ~*.1/% and between 5*03*

and 10.01* respectively (Table 9.7).

With the exception of the April sample the sum of the amino

acids analysed was between ZAKk% and 5.08* less than the true protein

levels which represents the percentage attributable to unaccounted

amino acids such as tryptophan.

Lipid levels were within the normal range for poultry by-products

(Jackson and Fulton. 1971; Burgos at al., 197t Bhargava and O"Neil,

1975: (@dnl, 1981: Bleloral at al.. 1983) and although there were

significant (P <0.05) differences, the variation from month to month

was not great with levels varying between 21.91* »nd 26.71* (Table

9.9: Fig. 9.9b). Peroxide values of the samples were all Ilow

with none exceeding 2.3 mEqg/Kg oil (Table 9.9).

Although the ash content varied significantly (P <0.05)

between 5.21* end 11.26* (Table 9.9: Fig. 99b) these values are

in the Ilower range of reported values of 6.89* to 20.6* for poultry

by-products (Jackson and Fulton. 1971; Burgos et al., 1979: Bhargava

and O"Neil, 1975: Oohl, 1981: Bielorail et al., 1983).

None of the samples contained NFE with the exception of

the September sample which had a calculated level of only 0.59*

(Table 9-9; Fig- 9.%b).

With the exception of Mg, iIn almost all samples levels

the vremaining Tive minerals analysed were adequate to satisfy
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the requirements of rainbow trout at high inclusion levels of

PBHFm. Levels of minerals, and in particular of Ca and K (Table 9.8),

tended to be highest i1In the January samples, although this did not

coincide with a particularly high ash content.

Acid 1nsoluble ash and crude fibre were Jlow, not exceeding

2X (Table 9.9). The energy content of the samples varied, although

not significantly (P < 0.05) between 5.9 and 6.21 Kcalories per

gramme dry weight (Table 9.9).

9.3.3 Meat and Bone Meal

With the exception of the sample taken iIn December at least

96X of the particles were smaller than 2 mm, and at least 83X war«

consistently less than 1 mm. The percentage of particles bigger

than 3.mm never exceeded 1.5% (Appendix XX1V; Fig. 9.5a).

Although there were statistically significant (P < 0.05)

differences between samples, the moisture content was consistently

low with a muTiimim level of only 6.10% (Table 9.10; Fig. 9.5b).

With the exception of June when the crude protein content was

of only »3.58*, there wee very little variation in protein levels

of around 50* between January and August (Table 9.10). Thereafter

the crude protein content fluctuated widely, with levels of U1.09*

«.d 60.05* (Table 9.10: Fig. 9.5b) which are both outside the range

of values of 95* to 55* stipulated by the Fertilizers and Feeding

Stuff Regulations (HMSO, 1973) for a meat and bone meal. Compared
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TABLE 9.10 Monthly proximate composition and energy content of samples of Meat and bone meal between
December 1984 and November

Proximate composition
1% dry weight)

Moisture %)
Crude protein (N x 6.23)
Lipid (%)

Ash (%)

Nitrogen free extract™(X)
Peroxide value (mEqg/Kg oil)
Acid

insoluble ash (%)

Crude fibre 1%)

Moisture 1%)

Crude protein (N x 6.25)
Lipid (9
Ash 1%)

Nitrogen free extracts{%b

DECEMBER

6.10(0.07)"

60.05(0.32)

18.57(0.08)

19.71(0.20)

a
0.09(0.03)

abed
0.30(0.09)

a
0.76(0.24)

abcdefgh
6.36(0.09)

JUNE

2.67(0.33)
ab

1985

43.58(0 .03)

hijk

13.39(0.03)
jk

39.30(0.03)

0.30

Peroxide value (mEq/Kg oil) 0.00(0.00)

Acid insoluble ash {%)

Crude fTibre %)

Energy - ash free (Kcal/qg)

1) Standard error;

3

abc...JKl

0.23(0.02)

a

0.76(0 .08)

abcdefgh
6.36(0.07)

(X dry weight)

JANUARY

defgh
4.17(0.21)

cd
47 .24(0.45)

abede
11.31(0.15)

hij
36.41(0.31)

0.29(0.02)

abc
0.29(0.11)

ab
0.89(0.02)

abodefg
6.34(0.07)

JULY

defgh
4.17(0.09)

efghi
51.91(0.71)

cdefghij
12.06(0.25)

C
30.71(0 .51)

0.02

ab
0.65(0.11)

f
0.76(0.05)

b
1.13(0.09)

abede
6.27(0.09)

FEBRUARY

defg
3.96(0.10)

defg
50.31(0.16)

abedefg
11.75(0.47)

gh
34.63(0.23)

fgh
1.26(0.10)

0.77(0.08)

1.16(0.11)

a
6.01(0.09)

AUGUST

5.22(0.10)

edef
49 .52 .9D)

abcdefgh
11.94(0.63)

def
32.56(0.61)

bed
0.75(0.12)

abedef
0 .55 .08)

ab
1.11(0.15)

abc
6.20(0.12)

«

MARCH

5.15(0.35)
efgh
51.11(0.87)

10.46(0.61)

ede
32.31(0.63)

2.09(0.07)

ef
0.68(0.21)

ab
1.00(0.06)

7.25(0.11)

SEPTEMBER

cd
3.74(0.15)

K
57.37(1.25)

ab

10.47(0 .51)

b
27.67(0.51)

bede
0.82(0.11)

abedef
0.45(0.09)

ab
0.91(0.41)

abedef
6.29(0.21)

APRIL

ede
3.84(0.27)

ede
49.49(0.59)

abc
11.11(0.19)

g
34.39(0.45)

0.30
fg
1.24(0.13)

abede
0.34(0.09)

ab
0.87(0.07)

bcdefgh
6.75(0.09)

41.09(0.28)
abed
11.27(0.67)

1
40.41(0.25)

3.11

1
1.74(0.18)

ab
0.24(0.07)

1.18(0.11)

ab
6.18(0.41)

calculated from residual mean square in the analysis of variance
2 Standard deviation i ) o Tibre)
Nitrogen free extract - 100-(X moisture*)!; crude protein*» lipid*» seh*» crude Tl

values for components with the same superscripts are not significantly (P<

MAY

def
3.94(0.04)

efghij
52.24(0.88)

abedef
11.73(0.81)

cd
31.49(0.83)

abc
0.66(0.05)

abedef
0.46(0.10)

ab
0.82(0.07)

i
7.48(0.10)

abc
3.13(0.25)

be
46.59(0.28)

bedefghi
12.03(0.43)

ghi
35.30(0.44)

1.94

bedef
0.97(0.09)

edef
0.66(0.21)
ab
1.01(0.03)

abed
6.25(0.04)

0.05) different
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wlth the Ilevels for other meat and bone meals all samples contained

very low levels of the essential amino acids leucine, phenylalsuilne,

threonine, and valine (Table 9.7). No seasonal trend was Indicated
and with very few exceptions the amino acids of the four samples

analysed were reasonably consistent throughout the year.

The sums of the amino acids analysed were close to the levels
of crude protein and therefore the percentage of unaccounted amino

acids and of nonprotein nitrogen varied only between 0.52% and 1.43%.

With the exception of the sample taken 1in December, the lipid
content was very consistent throughout the year varying only between
10.46% and 13.39% (Table 9.10; Fig. 9.5b). However, Tfour of the
samples had lipid levels higher than the normal maximum of 12% for
meat and bone meals (Fowler and Banks, 1976; Skrede e¢ al., 1980;
McDonald et al., 1981; Tacén et al., 1984) and the December sample

had an exceptionally high lipid content of 18.57%.

The ash content of all but one sample was consistently high
and only fTour of the samples TfTell within the normal range of 27%
to 33% for a meat and bone meal. The October sample contained the
highest ash (40.41%) and the Qlowest crude protein ((41.09%) levels
while the December sample contained only 19.71% ash and had a crude
protein content of 60% (Table 9.10; Fig. 9.5). Thus the composition

of the Ilatter sample was more characteristic of a meat meal than

a meat and bone meal.

I

eod"
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Only fTive samples contained NFE and In each of these levels

did not exceed (Table 9-10; Fig.- 9.5b).

Samples supplied enough of all six minerals to satisfy the
requirements of rainbow trout fed diets containing high Inclusion
levels of meat and bone meal. Mineral levels In the April, Jduly,
and November samples were very consistent and they also contained
very similar ash levels of around 30% to 35%e The December sample
contained only 19.71X ash and also had significantly different mineral
levels. Even taking ash differences i1nto account, the Ca content
was very low whereas K and Zn Ilevels were very much higher (Table

9.8).

Acid Insoluble ash and crude fibre were all very low, not exceed-
ing IX and 2% respectively (Table 9.10). There were no significant
(P<0.05) differences In energy content of around 6 to 6.30 Kcalories

per gramme dry weight (Table 9.10) for 10 of the samples.

"D
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9.U DISCUSSION

The survey revealed that the crude protein levels of the six
brown fish meals tested were very variable both from one processing

plant to another and within the same plant from one sample to another

(Tables 9.1 to 9.6). In terms of a consistent crude protein content

and good amino acid profile the best fish meals were TfTish meals

B and C and although the crude protein content of certain samples

of fish meal A were higher, this was not consistently the case

throughout the year. In the feeding trial comparing these six Tish

meals bro%m fish meals A and B produced the best growth performances

and feed utilization efficiencies (see Chapter 6). The poorest

fish meals iIn terms of crude protein content and amino acid profile

were Tfish meals B. E and F and indeed the Inclusion of Tfish meals.

E and F as the sole source of dietary protein produced the poorest

growth performance 1i1n the TfTeeding trial, although severe essential

amino acid deficiencies were iIndicated for all samples of the fish

meals tested (Table 9*7).

Fish meals D and F had the most consistent moisture content

whereas levels in the other four fish meals were much more variable.

Nevertheless the moisture content of the fish meals were iIn general

lower than 10% although 9% of the samples overall had moisture

contents close to or higher than the level of 1% where the risk

of spoilage 1i1s high Windsor and Barlow, 1981). Levels of moisture

in excess of normally allow the proliferation of moulds and

furthermore Cockerell et al. (1971) reported that even lower levels

of between 8% and 12% are sufficient to allow insect infestation

~9q



-299-

if products are Inadequately stored in terms of environmental humidity

and temperature.

m

The 1lipid content of the Tfish meals were 1In general within

the normal range of reported values for good quality Tfish meals,

although 20% of the samples had lipid levels close to the maximum

value of 12% and a further 8% had Hlipid levels greater than 12%.

The best fish meals iIn terms of low and more consistent lipid content

were Tish meals D and E with lipid levels varying only between 5%

and 9% and between 8% and 12% respectively (Tables 9.~ and 9.5)*

Fish oils are highly unsaturated and aire thus very prone to

oxidation (Relnitz, unpublished; Cockerell et al., 1971; Castell,

1979; Reinitz and Yu, 1981; Windsor and Barlow, 1981; Chan et al.,

1982; H\ing and Slinger, 1982; Hardy et al., 1983; Stansby, 1983;

Watanabe et al., 1983). Assuming that the percentage of unsaturated

fatty acids 1is constant in the oil fraction of fish meals, then

oxidative rancidity is more likely to occur iIn fish meals with high

lipid levels (Reinitz, unpublished). Indeed this appears to have

been the case since extremely high peroxide values were associated

with high lipid levels iIn at least seven samples. This was particu-

larly the case iIn one sample of each of fish meals B and E which

had peroxide values of 49.60 and 31.00 mEg/Kg oil respectively,

in conjunction with high lipid levels of 13.88% for the former and

12.43% for the latter (Tables 9.2 and 9.5). Under 1nadequate condi-

tions of storage, fTish meals with high lipid levels would therefore

suffer oxidative lipid peroxidation. This process leads to the

production of hydroperoxides and is accompanied by secondary reactions

kII
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that result iIn off flavours and the destruction of essential fatty

acids. The products resulting from these reactions can then react

with free protein amino groups such as the E amino group of lysine

thus reducing 1lysine availability and consequently the nutritive

value of the protein (Reinitz, unpublished; Cockerell et al., 1971;

Lee and Sinnhuber, 1972; Opstvedt, 1977; Hilton et al., 1977; Castell,

1979; Eriksson, 1982; Watanabe et al., 1983; Bell and Cowey, 1985)«

Furthermore oxidation of unsaturated fatty acids also destroys the

fat soluble vitamins A, D, and E which are highly susceptible to

oxidation (Cockerell et al., 1971; Castell, 1979; Hung et al., 1980,

1981; Chan et al., 1982).

To prevent lipids becoming rancid the addition of antioxidants

to fish meals is general practice to stabilize the fat, particularly

if their lipid content 1is higher than 10% (Reinitz, unpublished;

Cockerell et al.®, 1971; Windsor and Barlow, 1981; Min et al., 1982;

Logani et al., 1983). In view of the relatively high number of

samples with peroxide values which exceeded the iIndicated level

of 4 mkEqg/Kg oil for good quality fish meals (Billinski ~ al., 1978),

it appears either that the addition of antioxidants is not a common

practice among Portuguese Tfish meal producers or that the levels

of antioxidants added were not sufficient to satisfactorily inhibit

oxidation. Alternatively oxidative rancidity may have begun during

storage of the raw materials prior to processing particularly 1if

high environmental temperatures had occurred at that time. This

may well have been the case since the two samples of Tish meals
B and E with peroxide values of 49.60 and 31.00 mEg/Kg oil (Tables

9.2 and 9.5) came from Algarve and both meals were processed in
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September where environmental temperatures aa high as 37 C may be

experienced and this will Indeed lead to faster rates of oxidative

lipid rancidity (Cockerell et al., 1971; Windsor and Barlow, 1981;

Stansby, 1983)*

In conjunction with high Jlipid levels, high moisture levels

were also recorded iIn some Tfish meal samples (Tables 9.2 to 9.6)

and therefore the risk of spoilage i1s even (greater. In addition

to the risk of insect infestation and mould proliferation, ketonic

lipid rancidity may also occur due to the proliferation of the micro-

organisms A82crgillu8 and Pennicillium groups. These organisms can

produce methylalkyl-ketones in oils particularly if the lipid fraction

is rich in oleic acid once this causes the development of a most

objectionable taste and odour. Ketones themselves can also react

with free protein amino groups which reduces even further the protein

quality of the meal (Cockerell et al., 1971).

Of all the parameters analysed, ash content was the most variable

with levels ranging from 6.59* to 37.60* (Tables 9.1 and 9.2 respec-

tively. This wide variation 1In ash content not only between

processing plants but also within the same plant from one month

to another, is a sign of iInadequate quality control. Lack of adequate

quality control 1is also evident iIn the wide variation in particle

size (Appendices XVI1 to XXII1).

High ash levels were most probably a consequence of the use
of large proportions of fish scraps which contain high levels of
bone material. In Portugal these scraps are mainly available from
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the fish canning 1iIndustry and when used iIn the production of Tfish

meals they 1increase the ash content and therefore reduce the crude

protein content of the meal (Cho. 1980). Although in all fish meals

the overall ash content was high, ¥fish meals C, D, and E had

a relatively consistent ash content throughout the year (Tables

9.3. 9-» *g 9 5) Based on the particle size analysis, grinding

as part of a pretreatment process prior to diet production is

recommended.

The high de”ee of variation 1In proximate composition of the

fish meals iIn Portugal may 1in part be attributable to seasonality

of catches and also to the availability of certain TfTish species

after the fish canning industry has been supplied. Thus, when a

surplus arises Tish meals are produced mainly with whole carcasses

and then a better quality fish meal 1is obtained. By contrast, when

the canning TfTish industry absorbs almost all, or 1indeed all of the

fish available on the market, Tfish meals are then produced mainly

with the scraps of this industry and consequently quality is reduced

and a fish meal with higher ash content and lower crude protein

iIs produced (Cho, 1980).

Vwlatlons in fish meal quality may not only be due to seasonal

differences 1iIn catches but also to different Tfisheries. In the

South of Portugal, in Algarve, »here three of the fish meal processing

plants are Jlocated (Fig- 9.1), catches are more heavily directed

to mackerel and blue whiting. The use of these two oily fTish species

to supply fish meal processing plants in conjunction with much higher

environmental temperatures experienced 1In this region compared to

L/
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the North, will lead to a faster spoilage of the raw materials prior

to processing 1f proper storage 1is not implemented (Reinitz,

unpub-
lished; Cockerell et al., 1971; Windsor and Barlow, 1981; Stansby,
1983). The significant differences iIn the amino acid profile of

fish meal F produced 1i1n Algarve, also suggests that a different

fish species was used in the manufacture of this meal.

Overall the/six brown fish meals analysed were good sources

of Ca, Na, Mg, and Zn (Table 9-8), although K and P levels were

in almost all samples below the normal range for good quality fish

meals (Windsor and Barlow, 1981). Particularly high concentrations

of both Ca and Na were recorded in all Tish meals. Sodium levels

of between 4.U8% and 10.751 were recorded compared with levels of

less than 1% for good quality fish meals (Windsor and Barlow, 1981).

Assuming that most of the Na was 1n the form of NaCl, i1t is possible

that this could have reduced growth rates and feed utilization

efficiency as reported by Zaugg and McLain (1969) for coV”™o Salomon

and Tac6on and Silva ((1983) in

fed diets containing up to 12X salt. Nevertheless MacLeod (1978)

in contrast to Zaugg and McLain (1969) found no decrease 1iIn eilther

growth or feed utilization efficiency 1In rainbow trout fed diets

containing up to 8.5% salt.

It is generally accepted that for most fish species there 1is
an optimal level in the diet for both Ca and P, and hence an optimal

ratio Ca:P. This ratio varied widely between 3*80 and 9.50 compared

with a normal Ca:P ratio varying between 1.3 to 1.8 (Windsor and

Barlow, 1981), although 1t has also been reported that Ca levels
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have no effect on the requirement of rainbow trout for P (Lall,

1979; Nose and Arai, 1979; Millikin, 1982). It has also been reported

that consumption of excess levels of Ca or P increases the dietary

Mg requirement since these minerals can decrease Mg absorption (Lall,

1979; Millikin, 1982). Nevertheless, since almost all samples of

the six bro%m fish meals were good sources of Mg, this antagonistic

effect would not necessarily have resulted iIn Mg deficiency should

these fTish meals have been fed as the sole source of protein iIn

diets for rainbow trout without mineral supplements.

The growth trial carried out to assess the six brown fish meals

(Chapter 6) 1i1ndicated that they were generally of a poorer quality

than the fish meals usually used iIn good quality trout feeds. This

survey has confirmed this, and also shown that quality can be very

variable. The biggest problems were their high ash content resulting

in lower crude protein levels and also some problems with oil

rancidity. The use of any of these meals iIn feeds would therefore

depend on very stringent quality control measures iIn the feed plant.

Based on both the growth trial and the survey the best quality brown

fish meal was B.

The PBHFm wae a much more consistent product than the brown

fish meals. The crude protein content was much higher and the varia-

tion random but small (Table 9.9). In comparison to the production

of fish meals, seasonal trends 1i1n the manufacture of poultry by-

products from chickens produced under intensive culture conditions

are less likely to occur since carcass composition is controlled

within Tfairly strict limits and therefore any variation is likely

T
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to be Indicative of different proportions of chickens used during

processing (Burgos et al., 197%»). Although the PBHFm was deficient

in certain essential amino acids these deficiencies were consistent

throughout the year. Consequently a feed formulator could be confident

that these shortfalls could be remedied either by using this by-

product in combination with other feedstuffs rich iIn these essential

amino acids or by the addition of adequate amino acid supplements.

The overall lipid content of the PBHFm was high, but again

it was generally constant (Table 9.9). The high [lipid content of

this animal by-product is one of the main constraints iIn diets formu-

lation. Furthermore, poultry by-products have been reported to

be deficient In w3 essential fatty acids (Higgs et al., 1979) and

therefore this meal can not be considered an 1ideal Hlipid source

for rainbow trout (Castell et al., 1972; Watanabe et al., 197Ma,

b; Takeuchi and Watanabe, 1976, 1977; Yu And Sinnhuber, 1976; Castell,

1979; Castledine and Buckley, 1980; Reinitz and Yu, 1981; Henderson

and Sargent, 1985). On the other hand the lipid is less saturated

than fish oil and therefore less prone to oxidation during storage.

This indeed seems to have been the case since very little oxidation

was i1ndicated despite the high Hlipid levels and on no occasion was

a peroxide value higher than U mEqg/Kg oil recorded (Table 9.9).

The PBHFm had a low but consistent ash content and iIndeed the

particle size analysis (Appendix XXI1l) reveals a consistent product

with a high proportion of small particles, although grinding prior

to diet manufacture would still be advisable. PBHFm is a consistently

good quality product and therefore the success at high inclusion
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levels Indicated in the growth trials (Chapters 5 and 8) could be

expected on a regular basis.

The meat and bone meal also had a much more consistent compo-

sition than any of the six brown fish meals tested. The crude protein

content although 1lower than that of the fish meals and the PBHFm

was Tairly constant throughout the year (Table 9.10). Although

the meat and bone meal had several essential amino acids deficiencies,

the level of these essential amino acids were again fairly constant

in the fTour samples analysed (Table 9.7). Nevertheless as demon-

strated iIn the feeding trials iIn Chapters 7 and 8 these essential

amino acid deficiencies will restrict the use of this TfToodstuff

at high 1inclusion levels and 1its use 1iIn combination with other

suitable protein sources is therefore recommended.

The Tlipid content was relatively* high but Ilittle variation

from one month to another was indicated (Table 9.10). In comparison

with PBHFm and in particular with fish meals, lipid from slaughter-

house animals such as sheep and cattle, 1is highly saturated and
\t-J

therefore oxidative lipid peroxidation 1is less likely to occur.

However it 1is not 1ideal for fish due to the lack of 0)3 essential

» . i

fatty acids although i1t has been reported that animal fat can replace

a large proportion of fish oil with no adverse effects iIn a nutrition-
ally balanced diet (Yu et al., 1977; Takeuchi et al., 1978c; Cowey

et al., 1979; Reinitz and Yu, 1981; Yu and Sinnhuber, 1981). The

meat and bone meal tested had fairly low Hlipid levels when compared

with the fish meals and iIn particular with the PBHFm and therefore

|
the risk of spoilage during storage 1i1s also less likely to occur.

H{
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Furthermore the moisture content was consistently low amd therefore

this risk Is even further reduced. In fact very Ilow peroxide values

were recorded In all 12 samples tested (Table 9*10).

Although the overall ash content was high It was consistent

throughout the vyear. Due to the overall high ash content samples

had high Ilevels of Ca although relatively low levels of P and Mg
(Table 9*8) compaired with the requirements of rainbow troute particu-

larly 1T this foodstuff Is to be Included at high Inclusion levels

without mineral supplements. A ratio of around 12 between Ca and
P Is therefore Indicated compared with a Ca:P ratio of around 2

reported by G5hl (1981) and Menzles (1982). Furthermore, In

conjunction with high Ca levels relatively low Mg levels were also

Indicated and this may reduce Mg absorption and therefore a Mg
deficiency may develop should this foodstuff be used as the sole

protein source In a diet with no mineral supplement.

The high ash content In conjunction with deficiencies In the

essential amino acids profile appear to be the two main constraints

associated with the use of this by-product at high i1nclusion levels

in diets for rainbow trout. Results from the growth trial (Chapter
8) Indeed iIndicated that this by-product should not be used at levels
above 30% of the dietary protein compared with good quality Tfish

meal .

In conclusion, the six brown Tfish meals had a variable and

In general poor quality iIn comparison with good quality fish meals,
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10. GENERAL DISCUSSION AND CONCLUSIONS

The Poultry by-product and hydrolysed feather meal (PBHFmM)
evaluated i1n diets for rainbow trout where the dietary TfTish meal

protein was gradually replaced by this by-product indicated that

it is a valuable source of protein and although deficient 1In both

the essential acids leucine and phenylalanine can successfully replace
fish meal at levels of up to 8Jt to 90% of the protein without any
adverse effect on growth performance and feed utilization efficiency

(Sections 5.3.2 and 5."»). These Tfindings are broadly iIn agreement

with those of Tiews et al. (1976, 1979) and Gropp et al. (1979

and with those of Higgs et al. (1979) who fed diets containing

different proportions of Poultry by-product meal (PBm) and Hydrolysed
feather meal (HFm) to rainbow trout and coho salmon. These two

by-products successfully replaced up to 75% of the fish meal protein

in a practical ration and even 100% protein replacement was successful

when the diets were supplemented with deficient essential amino

acids (Tiews ~ al.. 1976; Gropp et al., 1979; Higgs et al., 1979).

Despite a decrease in performance by fish fed a ration containing

100% of the protein as Poultry by-product and hydrolysed feather

meal (PBHFm), Tfish fed all rations containing this by-product

performed better than those fed a control ration based only on fish

meal . This therefore iIndicated that the fish meal used iIn the diets

was of a poor quality, and this iIndeed appears to have been the

case since the meal was deficient iIn the essential amino acids

arginine, leucine, Ilysine and phenylalanine, and Tfurthermore only

52% of the [leucine requirement of rainbow trout was present 1iIn
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the control ration where all the dietary protein was supplied by

this fish meal.

Increasing iInclusion levels of Poultry by-product and hydrolysed

feather meal (PBHFm) caused a significant alteration 1In carcass

composition and in particular in lipid deposition. Body lipid levels

in fish fed the ration based on this poultry by-product alone were

almost three times greater than those of fish fed the Tfish meal

control ration (Section 5.7M). This effect of increasing body lipid

with increasing inclusion levels of poultry by-products was also

reported by Wojno and Dabrowska (1984a) when rainbow trout were

fed diets containing a Poultry offal meal (POm; Section 5.4) although

the increase i1n body lipid content was not so great as that indicated

in this work. This can probably be attributed to the lower dietary

lipid content of only 101 used by these authors compared with a

much higher level of 17X used iIn this study. Indeed in the later

trial where Tfish were fed a diet containing 50% of the protein as

Poultry by-product and hydrolysed feather meal but with a dietary

lipid content of only 13%, there was no significant difference 1In

carcass composition between these fish and those fed a Tfish meal

based ration (Section 8.4). It was also noted that fish fed diets

COntaining increasing inclusion levels of Poultry by-product and

hydrolysed feather meal (PBHFm) had higher [liver somatic indeces

although this increase was only significantly different at the 100%

protein replacement level. Furthermore the fish fed this dietary

treatment had pale livers which, according to Phillips et al. (1966),

indicates very high glycogen deposition in the liver. However,

it iIs possible that this may have been attributable to the trend

tt*
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of increasing dietary carbohydrate levels which accompanied the

increase in inclusion levels of this by-product.

The survey demonstrated that the Poultry by-product and hydro-

lysed feather meal (PBHFm) 1is of a reliable quality throughout the

year. The two main constraints associated with the use of this

product at high 1inclusion levels iIn rations for rainbow trout are

the deficiencies iIn the essential amino acids leucine, phenylalanine

and threonine and the high lipid content. The amino acid deficiencies

are Tairly constant throughout the vyear, and could be corrected

either by the addition of other by-products rich in these deficient

amino acids or alternatively by adequate amino acid supplements

(Sections 9.3.2 and 9.~). The very high lipid content of this meal

may restrict i1ts use at high inclusion levels. Furthermore, lipid

from poultry by-products are deficient iIn u)3 essential fatty acids

and consequently diets containing high 1inclusion Jlevels of this

meal need to be supplemented with a secondary lipid source to provide

these essential fatty acids, thus iIncreasing even further the dietary

lipid level of a diet.

The Tfiret trial highlighted the poor quality of the Brown flah

meal uvaed aa a control and thia i1ndeed was confirmed iIn thla trial

comparing alx Brown fiah meala from aix proceaalng planta in Portugal.

With the exception of only one of the meala. growth performancea

and Teed utlllxatlon efficlenclea of fiah fed dleta baaed on theae

meala were algnlflcantly poorer than that of thoae fed a control

ration baaed on "Pruteen” (Sectiona 6.3.2 and 6A). The poor fiah

performancea were attributable mainly to the low crude protein and
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high ash levels which were both outside the levels recommended by

Windsor and Barlow (1981) for good quality fish meals.

The experimental rations were particularly deficient iIn the

essential amino acids arginine, leucine, lysine, phenylalanine and

valine and therefore the protein available for growth was reduced

to between 36* and 86X (Section 6A). Furthermore the year long

survey demonstrated that the six brown fish meals were not of a

consistent quality. There were wide fTluctuations iIn chemical compo-

sition, although the crude protein content was generally Ilow and

the ash content high compared with the normal levels for good quality

fish meals (Sections 9.3.1 and 9A). This variation in chemical

composition was also accompanied by a variable particle size compo-

sition iIndicating i1nadequate quality control during manufacture.

The relatively high lipid content of the fish meals makes them

highly susceptible to oxidative lipid peroxidation, especially in

22* of the 70 samples analysed iIn the survey which contained lipid

levels higher than the maximum Ilevel recommended by Windsor and

Barlow (1981) for good quality Tfish meals. Furthermore, associated

with this high lipid content some fish meal samples also contained

high moisture levels and therefore the risk of spoilage 1iIs even

greater, since ketonlc lipid rancidity may occur, particularly if

these meals are stored under unfavourable conditions of humidity

«.d temperature (Cockerell et al., 1971; Windsor and Barlow, 1981;

Stansby, 1983). Portugal has a temperature climate in the North

«1d a Mediterranean type climate in the South. Algarve, and therefore

very high environmental temperatures are normally experienced 1iIn

the spring and summer, particularly in Algarve. Very high peroxide
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values were 1i1ndeed recorded for some of the fish meal samples which

therefore indicated either prolonged storage of the raw materials
under unfavourable conditions prior to processing or iInadequate

protection by antioxidants (Section 9.M)»

Thus, based on both the growth trial and the survey, it appears
that obtaining a good quality fish meal of consistent quality is
difficult in Portugal. However, as a result of further investiga-
tions, a manufacturer was Tinally located who produced a good quality
fish meal, although the improved quality was obtained by blending
a locally produced fish meal with an i1mported high quality meal.
This fish meal was used as the control protein source iIn the last

two feeding trials.

The growth performance and fTeed utilization efficiency of fish
fed diets containing up to 80X of the protein as Meat and bone meal
was not significantly different from those fed a control ration
containing a good quality fish meal (Sections 7.3.2 and 7.~). However
the “re”r«tment of the Meat and bone meal removed a significant
part of the ash content and as a consequence increased the crude
protein content and thus, iIn effect, a product with the charac-
teristics of a meat meal was assessed (Section 7.~). The untreated
Meat and bone meal was Incorporated in rations iIn the final trial
and from the growth performances it was apparent that the maximum
inclusion level was below 30% of the protein (Section 8.U). Thus
the partial removal of the bone fraction had a beneficial effect
on the nutritive value of the product. However, the removal of

the bone fraction is unlikely to be feasible, particularly in terms

-
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of cost. It would be more advisable to use a meat meal either alone

or In conjunction with a meat and bone meal although this would

again 1iIncrease ration production costs since Portuguese meat meals

are much more expensive and are also less available than meat and

bone meals.

The relatively unbalanced essential amino acid profile of the

Meat and bone meal precludes 1its 1inclusion at high levels since

even at a level of 30X of the protein growth performance is already

significantly reduced, principally as a result of deficiencies In

arginine, leucine, phenylalanine and valine (Section 8.4). One

method to offset essential amino acid deficiencies iIs to use combina-

tions of different protein sources and this iIndeed was one of the

aims of the final trial where different proportions of the three

by-products were assessed.

Based on growth performance and feed utilization efficiency

the best combination of the three animal by-products were 40% Fish

meal, 30% Poultry by-product and hydrolysed feather meal and 30%

Meat and bone meal. However fish fed this diet had a significantly

poorer growth performance and feed utilization efficiency compared

with those fed either a Tish meal control ration or a commercial

trout ration (Section 8.4). In the final trial the best performance

was attained by the ration completely devoid of Meat and bone meal
but where half of the protein was provided by Poultry by-product

and hydrolysed feather meal and half by Fish meal.
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Throughout this study the three Animal by-products have all

been deficient 1In as many as three to Tfive essential amino acids,

and 1n almost all cases the fTirst limiting dietary essential amino

acid has been leucine. As a consequence certain diets have only

supplied as little as 36% of the [leucine requirement for rainbow

trout with the best value only 86%. This was even the case iIn the

only commercial trout ration produced iIn Portugal where only 55%

of the Ileucine requirement was present. Thus, 1In order to improve

the nutritional balance of rations produced from Hlocally available

Ingredients in Portugal one or more of the following measures must

be taken. Improvements 1n processing of the by-products with higher

quality control measures, particularly in the manufacture of fish
meals, are necessary although the implementation of this measure
would not be easy. Alternatively, rations could be fTormulated to

include further protein sources selected to offset essential amino

acid deficiencies. For example, blood meal and hydrolysed feather

meal are rich sources of leucine and can be iIncluded iIn diets for

rainbow trout at levels of up to 12% and 20% of the diet respectively

(Higgs et al., 1979; Koops et ™ . , 1979; Tacdébn, 1983; Hardy et al.,

198V). Finally, there 1is the option of adding synthetic amino acids

to make up deficiencies, but this would undoubtedly produce a sub-

stantial increase In production costs.

Like any other commercial 1industry aquaculture must be profit-

able. Feeds are one of the main variable costs 1In iIntensive

aquaculture (Shang, 1981) and according to Tacén and Jackaon (1985)

can amount to between 90* and 60* of total operating coate. Thila

la particularly the caae In farming rainbow trout where Animal by-

D
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products represent a large proportion of feed costs which iIncrease

the Tinal costs of rations (Chapter 1). The main factor causing

variation in the cost of diet production 1is Tluctuation in the

price of 1ingredients. As a consequence of these fluctuations the

cost of producing a ration based on a fixed formulation 1is likely

to be very variable. Least cost formulation packages designed to

produce nutritionally balanced rations for the least cost are

routinely used 1i1n the more advanced animal production industries

such as swine and poultry. Their use In Tfish diet production 1is

increasing, particularly as more information on dietary requirements

becomes available. Ultimately however, only after further information

becomes available on the nutritional quality of 1ingredients for

fish when wused i1n varying proportions will least cost formulation

gain widespread acceptance in the Tfish feed 1industry (Reinitz,

unpublished).

Feed costs can be reduced either by an improvement iIn the food

conversion ratio or by Jlowering the unit price of feeds or by a

combination of these two factors, and this can be achieved by

utilizing locally available ingredients instead of iImported ones

(Shang, 1981). Although the cost of ingredients 1is an important

factor determining the Tfinal price of a feed and therefore 1its

economic TfTeasibility, the cost per unit of fish production 1iIs a

much more accurate method of assessing the real economic Impact

of a particular 1ingredient on Tfish feed costs since a much more

reliable cost effectiveness analysis 1Is obtained when the price

of an 1ingredient and fTood conversion ratio are related (Crampton,

1985). As far as protein sources are concerned, the coat per
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Kllogramme of a particular Ingredient may be lower than that of,

for example, fish meal. However, it iIs the cost per gramme of protein

which 1s important and particularly the cost of available protein.

In order to evaluate the cost effectiveness of using Poultry

by-product emd hydrolysed feather meal and Meat and bone meal to

replace Fish meal, and also to compare the relative costs of the

rations based on the six Brown Tfish meals the production costs of

the experimental rations were calculated (Table 10.2 and Appendices

XXV to XXVIID). This took iInto account not only the price of the

ingredients, but also the cost of electricity and water used in

diet manufacture (Table 10.1). It should be noted that In comparison

with practical commercial diets, the costs of the experimental rations

were very high. The high prices indicated for the experimental

rations were caused by the inclusion of products like chromic oxide,

potassium sOrbate, and a very good quality binder and vitamin premix

and also to the use of dextrin and corn starch added both as dietary

carbohydrate sources and bulking agents.

In practical rations cheaper ingredients than dextrin and com

starch are added as carbohydrate sources and bulking agents since

purified 1ingredients are not economically feasible iIn a commercial

scale fTish fTeed production. Although dietary carbohydrates were

present at relatively high inclusion levels iIn some of the experi-

mental diets, levels did not exceed the recommended 255 inclusion

level (Edwards et al., 1977; Bergot, 1979; Hilton et al., 1982).

—
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Ingredients,

electricity and water

costs (in Escudos ($)/Kg and Sterling pounds

(£)/Kg diet).

Ingredients

Brown fish meal

Poultry by-product and
hydrolysed feather meal

Neat and bone meal
"Pruteen”'

Com starch
Yellow dextrin
Cod liver oil
Vitamin premix
Mineral premix

Carboxymethylcellulose
high viscosity

Potassium soOrbate
Butylated hydroxytoluene
Crz0Os

Electricity (Kwt)

Water (m”)

1 sterling pound (£) « Escudos 230.00

(Prices refer to December 1985)*

Escudos/Kg

&)

62.00

50.00
U0.00
151.80
2U0.00
145.00
250.00

2.300.00

2,515.03

5.985.00
120,000.00
10,000.00
7,800.00
3.50

18.00

Sterling/Kg
pounds (£}

0.26956

0.21739
0.17391
0.66000
1.04348
0.63043
1.08696

10.00000

10.93491

26.02174
521.73913
43.47826
33.91304
0.01522

0.07826
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Current prices of Poultry by-product and hydrolysed feather

meal and Meat and bone meal available iIn Portugal are 19% and 35%

respectively cheaper than that of Portuguese Fish meals (Table 10.1).

Consequently experimentail rations based on these two animal by-

products were less expensive than those based on Tfish meal alone

(Table 10.2; Appendices XXV to XXVII). However, in the Poultry

by-product and hydrolysed feather meal trial the variation in costs

was not so great as might have been expected, varying only between

2.66 and 2.63 Sterling pounds (Escudos 611.00 and 606.00 respectively)

per Kilogramme of diet. This was due mainly to the 1iIncreasing

inclusion levels of both dextrin and com starch with increasing

inclusion levels of Poultry by-product and hydrolysed feather meal,

and as a result the high costs of these purified iIngredients offset

the saving of including Poultry by-product and hydrolysed Tfeather

meal iInstead of Fish meal. From Appendix XXV 1t can be seen that

the cost of supplying the protein component of the fish meal control
ration was 21 pence (Escudos U9 .00) per Kilogramme compared with

only 15 pence (Escudos 35-00) where all the fish meal was replaced

by Poultry by-product and hydrolysed feather meal. In the Meat

and bone meal trial carbohydrate costs were relatively constant,

the main variation 1iIn 1ingredient costs other than protein sources

was produced by the variation in the level of cod liver oil.

In the Poultry by-product end hydrolysed feather meal trial

the differences 1In costs per Kilogramme of Tfish production were

much more dramatic. The cost of producing a Kilogramme of fish

using the Tfish meal based control ration was 12.33 Sterling pounds

(Escudos 2835.00) compared with only «*.58 Sterling pounds (Escudos
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1053.00) when 90% of the fish meal was replaced by Poultry by-product

and hydrolysed feather meal (Table 10.2). This again highlighted

the poor quality of the fish meal used since dietary costs of the

fish meal control ration both iIn this trial and iIn the final trial

where a high quality fish meal was utilised were very similar (2.66

and 2.74 Sterling pounds respectively; Table 10.2). However, the

cost per Kilogramme Tfish production in the Ffirst trial was 12.33

Sterling pounds compared with only 3.78 Sterling pounds in the final

experiment (Table 10.2).

Although i1n the fish meals trial (Chapter 6) the Pruteen

based diet was the most expensive, Tish production costs were the

lowest despite the 'Pruteen'" component being around twice the price

of other fish meals (Table 10.2; Appendix XXVI). However, TFish

production costs of the ™"Pruteen” ration were almost twice those

of the Tfish meal control rations used iIn the last two trials where

a good quality fTish meal was used. Based on fish production costs,

the best fish meal iIn Experiment 2 was Fish meal A although it was

also the most expensive of the six Fish meal based rations evaluated

in this trial. Again however, the fish production costs using this

ration were almost two times higher than that incurred for the high

quality Fish meal rations used iIn the last two trials (Table 10.2;

Appendix )CXVI).

In the Meat and bone meal trial the cost per unit production

at the 20» Meat and bone meal 1inclusion level was similar to that

of the control baaed on good Quality Tfish® meal. Thereafter there

was a very significant trend of iIncreasing coat per unit of production

*I



-323-

with 1increasing 1inclusion levels of this product, so that at 100%

inclusion level the cost per Kilogramme production was 32% greater

than that of the fish meal based ration (Table 10.2; Appendix XXVII).

Although all of the experimental rations with different combina-

tions of the animal protein sources were cheaper than the ration

based on Fish meal alone, in Tfish production terms only the ration

containing 50% of the protein as Poultry by-product and hydrolysed

feather meal was more cost effective. Of the rations containing

different combinations of all three Animal by-products, the cheapest

in terms of Tfish production costs was the one containing Brown fish

meal. Poultry by-product and hydrolysed feather meal and Meat and

bone meal iIn the ratio 1.3:1:1 (Diet 6; Table 10.2; Appendix XXVIII).

Based on the 1i1nformation accumulated in the thesis certain

recommendations can be made concerning the feasibility of developing

a Tish fTeed manufacturing industry to produce nutritionally balanced

diets for rainbow trout in Portugal. Although there are adequate

supplies of [locally produced fish meals 1iIn Portugal, 1t appears

that they are generally of a relatively poor quality and are of

variable chemical composition. Furthermore the only high quality

meal located contained a significant proportion of an iImported meal.

It i1s therefore 1Important either to locate a reliable source of

a good quality meal, or to try to encourage manufacturers to produce

a more vreliable product with a higher crude protein and lower ash

content. Alternatively the dependence of feed manufacture on Tfish

meal could be reduced by providing the protein component from

alternative sources. Adequate quantities of both Poultry by-product
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and hydrolysed feather meal and Meat and bone meal are available

in Portugal to support a substantial fish feed manufacturing industry.

It has also been demonstrated in this work that they are both of

a consistent quality. The results obtained with Poultry by-product

and hydrolysed feather meal 1indicate that this material can be

successfully 1incorporated in rations at relatively high 1inclusion

levels. The maximum i1nclusion level for the Meat and bone meal

however, 1i1s significantly lower. Unfortunately both of these by-

products and the Tfish meals had significant essential amino acid

deficiencies and formulating rations based on combinations of these

three protein sources did not produce a ration with an amino acid

profile balanced for rainbow trout. Thus, 1In order to iImprove the

nutritional quality it would be necessary to evaluate further protein

sources which would offset the deficiencies, particularly those

in leucine levels. The option of i1Incorporating synthetic essential

amino acids is unlikely to be’cost effective. There are also adequate

levels of plant proteins available 1i1n Portugal 1including rapeseed

meal, sunflower meal and sweet lupin meal which could be i1ncluded

in practical rations to provide both energy and bulk. Ultimately

however, the success of developing a fish feed Industry in Portugal

would depend on further more detailed evaluation of the cost of

producing rations from locally available 1ingredients and on the

availability and suitability of further protein sources which could

be used to iImprove the nutritional balance of the rations developed

in this study.

In th« short ten. the data accunulat.d In this th.ala could b. u.ad

to improve th. exl.tIn* »_all acal* diet manufacture Induatry In

f m
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APPENDIX XXV Cost of exporlMental

hydrolysed feather meal

pound

Percentage of
protein replaceaent

Brown fish aeal
PBHFa

Com starch
Yellow dextrin
Cod liver oil
Vitaain preaix
Mineral preaix

Carboxyaethyl -
cellulose

Potasaiua sorbate

Butylated
hydroxytoluene

Coi 0 *
Electricity
Water

Total cost/Kg
Escudo (S)

Total cost/Kg
Pound (£)
Cost/Kg weight gain

Escudo (S)

Cost/Kg weight gain
Pound (£)

0%

49.042

6.525
5.520

23.275

46.000

27.375

59.850

240.000

1.500
39.00
112.982

0.027

611.076

2.6568

2835.393

12.328

diets per Kllograi

* Escudos 230.00)

20«

39.

184

7.050

21.
46 .

27

59.

240.

39

112.

608.

1845.

.265

.720

025
000

375

850

000

.500
.000

962

.027

958

.6476

143

.0224

- 381

(PBHFs) trial,

le weight gain of Poultry by-product and

(Prices refer to Deceaber 1985;

Dietary treataenta

40X

29.388
14.050
10.005

8.400
18.024

46.000

27.375

59.850

240.000

1.500
39.000
112.962

0.027

606.581

2.6373

1571.045

6.8306

60*

19.592

21.

13.
11
13.

46.

27.

59.

240.

100

485

.280

704

000

375

850

000

1.500
39.000

112.

962

.027

605.976

2.6347

1169.

532

.0849

80~*

9.
28.

16.

796
100

965

13.920

46.

27.

59.

240.

1
39.

112.

604.

1185.

.384

000

375

850

000

.500

000

962

.027

879

.6230

563

.1546

90+

4.398
31.600
20.445
16.800

5.064
46.000

27.375

59.850

240.000

1.500
39.000
112.962

0.027

605 .521

2.6327

1053.606

4.5810

1 Sterling

100*

35.100

23.925
19.680
0.744

46.000

27.375

59.850

240.000

1.500
39.000
112.962
0.027

606.163

2.6355

1151.710

5.0074



APPEWDIX XXVI Cost of expsri»ental

Ingredients

Broun fish neal
“"Pruteen"

Com starch
Yellow dextrin
Cod liver oil
Vitasiin preaix
Mineral preeiix

Carboxjneethjri-
cellulose

Potassiua soOrbate”

Butylated
hydroxytoluene

Electricity

Water

Total cost/Kg
Escudo (S)

Total coat/Kg
Pound (£)

Cost/Kg «sight gain

Pound (£)

100.340

18.705

15.600

24.275

46.00

23.275

59.850

240.000

1.500
39.000
112.962
0.027

681.534

2.9632

1601.605

6.9635

46.500

13.775

11.280

15.025

46.000

23.275

59.850

240.000

1.500
39.000
112.962
0.027

609.194

2.6437

1632.640

7.0984

- 382

1 Sterling pound

diets per Kg and Kg/weight gain of Broun fish »eals
(Prices refer to Deceaber 1985;

Dietary treatiaents

58.032

0.580
0.480

2.525

46.000

23.275

59.850

240.000

1.500
39.000
112.962

0.027

584.231

2.5401

1659.216

7.2140

&

49.600

12.760
10.560
5.025

46.000

23.275

59.850

240.000

1.500
39.000
112.962

0.027

600.559

2.6111

1987.850

8.6428

51.460

7.395

6.000

11.525

46.000

23.275

59.850

240.000

1.500
39.000
112.962

0.027

598.994

2.6043

1970.690

8.5682

trial

« Escudos 230.00)

55.180

5.365
4.320

1.775
46.000

23.275

59.850

240.000

1.500
39.000
112.962

0.027

589 254

2.5620

2121.314

9-2231

49.600

11.745

9.840

7.525

46.000

23.275

59.850

240.000

1.500
39.000
112.962

0 .027

601.324

2.614

2002.409

8.706
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APPBMDIX XXV I Co«t of expeii«ent«l diets per K« and Kg/weight gain of Heat and

bone neal trial. (Prices refer to Oecenber 1985;

1 Sterling
pound m Escudos 230.00)
Dietary treataents
Brown fish aeal HO.5*»8 28 600
Heat and bone aeal 22 330
Com starch 18. 180
Yellow dextrin 1.525
Cod liver oil 46.000
Vitaain preaix 27 375
Hineral preaix
_ 59.850
Ca:t:m:yswthyl 50850 59 850 59 850 59.850 59.850
ce ulose - 240.000
Potass iusi soérbate 210.000 240-000 240-000 240000 240009
1.500
ﬁ;giéi;igluene 1.500 1.500 1.500 1500 1999
39.000
Crjoi i 112.962
Electricit 112.962 112.962 112.962 112.962 112.962
ectricity -
0.027 0.027 0.027 0-027 0-027 0021
Water "
Lota; c%z; 620.462 614.735 609 .008 603.281
scudo
Total cost 5 7929 2.6,77 2.6728 2-6*79 2M29 2-9985
Pound (£) -
Co.t/Ki ~1.»t ,.1P y AT 767.350 850.626  1010.027
Escudo (=) N ./
Cost/Kg weight gain n

3.345] 3."57%B 3-3363 3.6984 $-391»
Pound (t) “
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