Tl

et

T

bl L e

1y,

0 V.5 Ay |

Y E e S ——itr—
i Ad

1 SO

>y \wlm—ikuw{).&m‘

y “E\h

s Y (AL
Sl s s 2 Vg gt PPt W 4 1 D
e

b 4.l A
LR .

v

cee e
by
3

C P b <l i DA G (R e P B 2t o, BBl Bl W B W € L e
e . ‘ .
: .

‘,"
L]

0
e‘sﬁg
i

R Ot 27 0 § 3
PR

e Bl

3= ;
" i
o
d

«
<.

T >

NS TS gt B it o L PR T WENFRE PN o T RSB BN IRIEc p +r LR

S U e e S R SV Y
T . S e il b e Db LT - PR ) N TN,
. . s b . T, . - R S

EIFACTechnicaljPaper;No36)

m;’:* " S .o

. Digitalization sponsored

‘e. | THUNEN [ 7"

o "_CTM;Jigsd/F”sz .

by Thunen-Institut

< Bundesferschunasonskon : | -
tur Fischieral Hamburg

Rihliothelk -

o -

@@=

- e

-

IREPORTJOFATHEJEIEACH

TUNSVANDICESJWORKINGIGROUE,

IR A2 Sk W T Bt S S B S

e

ON|STANDARDIZAT: "?C}'ﬂmﬂu.

FNpTSENCTRIT ONRESERRC T

Y

O\WEVROEEANINLAND]FISHERIESJADVISORY(COMMISSION

*/ARFOODJANDIAGRICULTURE[ORGANIZATION/OF,THE]JUNITEDINATIONS


ciftci
Thünen


EUROPEAN INLAND FISHERIES ADVISORY COMMISSION (EIFAC)

EIFAC documents are issued in two series:
EIFAC Technical Paper

Selected scientific and technical papers, including some of those contributed
as working documents to sessions of the Commission or its sub-commissions.
Published in English and French.

E1FAC Occasional Paper

Papers of general interest to the Commission. Published in the language sub
mitted, either English or French.

Copies of these documents can be obtained from:

Secretary

European Inland Fisheries Advisory Commission
Department of Fisheries

FAO

Via delle Terme di Caracalla

00100 Rome, Italy




EIFAC Technical Paper No, 36

e decl rechupasons bl
e i 'f-'-rrl‘urg
Bibliothek

EIFAC/T36

REPORT OF THE EIFAC, IUNS AND ICES WORKING GROUP
ON STANDARDIZATION OF METHODOLOGY IN FISH NUTRITION RESEARCH

. . (Hamburg, Federal Republic of Germany, 21-23 March 1979)

Dr. J.D. Castell
Department of Fisheries and Oceans
Fisheries and Environmental Sciences
Resources Branch
P.o. Box 550

‘ HRalifax, Nova Scotia
Canada B3J 257

edited by

and

Prof,Dr, K, Tiews

Institut fiir Klisten- und Binnenfischerei
der Bundesforschungsanstalt fiir Fischerei

Palmaille 9

D-2000 Hamburg 50

Federal Republic of Germany

FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS
Rome, 1980



The designations employed and the presentation
of material in this publication do not imply the
expression of any opinion whatsoever on the
part of the Food and Agriculture Organization
of the United Nations concerning the legal
status of any country, territory, city or area or
of its authorities, or concerning the delimitation
of its frontiers or boundaries.

M-40
ISBN 92-5-100918-X

The copyright in this book is vested in the Food and Agriculture Orga-
nization of the United Nations. The book may not be reproduced, in whole
or in part, by any method or process, without written permission from
the copyright holder. Applications for such permission, with a statement
of the purpose and extent of the reproduction desired, should be addressed
to the Director, Publications Division, Food and Agriculture Organization
of the United Nations, Via delle Terme di Caracalla, 00100 Rome, Italy.

© ra0 1980




b

- iii -

PREPARATION OF THIS DOCUMENT

The present document was prepared by the EIFAC, IUNS and ICES Working Group on
Standardization of Methodology in Fish Mutrition Research which was convened in Hamburg,
Federal Republic of Germany, by Prof.Dr. K. Tiews from 21 to 23 March 1979, at the recommen-—
dation of the Tenth Session of the European Inland Fisheries Advisory Commission (EIFAC).
This report is an elaboration of the guidelines of the ICES Cooperative Research Report
No. 65 (1977) for the standardization of experimental designs and evaluations., It is pub—
lished in this series with the agreement of ICES.

Distritution:

ICES

IUNS

FAO Fisheries Department

FAO Regional Fishery Officers
Authors and participants
EIFAC Mailing List

For bibliographic purposes this document

should be cited as follows:

Castell, J«D. and K, Tiews (eds), Report of

1980

the EIFAC, IUNS and ICES Working
Group on the standardization of
methodolosy in fish nutrition
research, Hamburg, Federal
Republic of Germany, 21-23 March,
1979, EIFAC Tech.Pap., (36):24 p.
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1.  INTRODUCTION

1.1 Origin and Objectives of the Working Group

The Symposium on finfish nutrition and feed technology organized by the European Inland
Fisheries Advisory Commission (EIFAC) in conjunction with the Tenth Sessicn of EIFAC (Hamburg,
20-27 June 1978) with the support of the International Council for the Exploration of the
Sea and the collaboratien of the General Fisheries Council for the Mediterranean (GFCM) and
the International Uhion of Mutritional Sciences (IUNS) recommended (EIFAC recommendation 78/4)
that priority should be given to the establishment of a Working Group of nutrition specialists

sponsored by EIFAC, ICES and IUNS to:-

(i) recommend standard technology to make research results more comparable and 1o deve-
lop formulae to report results in the field of fish nutrition;

(ii)

advise EIFAC of the benefits of an International Network of Feed Inférmat:.on

Centres (INFIC) and the establishment of an International Fish Feedstuffs Mutrient

Data Bank.

1.2 Organiza.tion of‘ the Working Group

The Working Croup was convened by Prof. Dr. K. Tiews (Federal Republic of Germany)

Hamburg from 21 to 23 March 1979.
participants were:

Canada
Dr. J.D. Castell (Rapporteur)

.Department of Fisheries and Oceans -

Fisheries and Environmental Sciences
Resources Branch

P.o. Box 550

Halifax, Nova Scotia B3J 257

France

Dr. G. Cuzon

Centre Océanologique de Bretagne
B.P. 337 -

Brest /CEDEX

Federal Republic of Germany

Prof. Dr. J. Gropp
Institut fir Physiologie,

Physiologische Chemie und Emahnmgsphys:.ologle

im Fachbereich
Tiermedizin der Universit#t MUnchen
Veterintrstrasse 13
8000 Munich 22

Prof. Dr. K. Tiews (Convener)

Institut flir Kusten—- und anent‘1schere1 .
der Bundesforschungsanstalt fiir Flscherel

Palmaille 9

D 2000 Hamburg—-Altona

‘JTceland

Dr. J. Bjarnason

Icelandic Fisheries Laboratories
Skulogotu 4

Reykjavik

Dr. J.D. Castell (Canada) was appointed Rapporteur.

-Prof. Dr.

The

Netherlands

Prof‘ Dr. .A. mlisman
Department of Fish Culture and Inland
Fisheries

 Agricultural University, Zodiac-btuilding -

Mari jkeweg 40, P.0.B. 338
Wageningen

or

-Organisation for Improvement of‘ Inland
- Fisheries

mxtehudelaan
3438 EA Nieuwegein

Dr. C.Le Van Limborgh
Trouw and Co. NV. International
Postbus 40, Nl,]verheldsweg 2

£ 388044 Putten/(nd.

Norway

Dr. B.Re Braaten

Aquaculture Station-Austevoll
Institute of Marine Research
Directory of Fisheries

N 5490 Storebo .

O.R+ Braekkan
Vitamin Research Institute
Directorate of Fisheries
P.0. Box 187

Bergen

Dr. F. Utne

Vitamin Research Institute
Directorate of Fisheries
P.0. Box 187

Bergen



United Kingdom United States of America
Dr. C.B. Cowey Prof. Dr. J.E. Halver
N.ER.Coe . University of waShinthn
Institute of Marine Biochemistiry . , . College of Fisheries

St. Fittick's Road ‘ v Seattle, Washington
Aberdeen AB 1 3RA . and

The University of Texas

Marine Science Institute

Port Aransas Marine Laboratory
Port Aransas, Texas 78373

1.3 Standardization

The Working Group agreed on the desirability of harmonizing the reporting of results,
experimental design, diet formulation, species selection, etc. ‘

Much of the existing literature on fish feeding ard nutrition is less useful than it
might be because it lacks details of diel composition, methods of preparation, etc. It was
recommended that specific details be reported so that research results may be meaningfully
compared. This is one of the first steps necessary in standardizing methodology.

1.4 Appendixes

e of the needs recognized was for a common vocabulary to be used in fish nutrition.
It was recommended that the report of the Working Group should have an Appendix I with defi-
nitions of terms related to fish nutrition work. This appendix should include a review and .
updating of definitions in EIFAC Technical Report No. 12 (Salmon and Trout Feeds and Feeding),
terms defined in the Symposium Review Paper No. 1 (Standard methods and terminology in finfish
nutrition, by F. Utne, now published in Finfish Nutrition end Feed Technology, Halver/Tiews, -
1979, Vol. II, pp. 432-44), plus any additional terms which were found valuable by the
Working Group. :

It was further recommended that Appendix II give the exact formula and description for-
preparation of one or more standard reference diets. OCne example to be used was diet H-440
given in the Symposium Review Paper No. 8, Vitamin requirements of finfish by J.E. Halver
nov)v published in Finfish Nutrition and Feed Technology, Halver/Tiews, 1979, Vol. I, pp. 45~
58). .

Other appendixes were recommended as follows:

Appendix III Proposed List of Data on Feed Ingredient Composition of Interest to Fish
Feed Producers ) : :

Appendix IV Europe, Raw Materials to be Characterized as Potential Ingrediénts in
: Fresh or Salt Water Practical Diets

'Appendix v World ﬁariculture Society Mutrition Task Force Recommended for MNutrition
Papers Published . o

Appendix VI  References of Interest to Fish Muirition Researchers, Fish Culturists and
Fish Feed Manufacturers : ' )
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2. GENERAL CONSIDERATIONS AND RECOMMENDATIONS

2.1 Diets ‘
2.1.1 Identification of diet and dietary ingredients

The full recognized name and International Feed Number of all ingredients should be
given for all prepared foods. Where possible, source and exact species from which ingredients
were prepared should be given together with details of preparation and extraction methods.

The chemical formulae and quality of mineral components and forms and quality of vitamins
should be reported. If a commercially prepared diet or ingrediemt (raw materlal) is used,
the full name of the diet and manufacturer, w1th the mamifacturer's code and lot number,
should be g1ven. . .

2.1.2 Preparation of expetimentai diets

Mixing may present special problems. The choice of components may assist in achieving
homogeneous mixtures. Preparation of premixtures of microcomponents will facilitate more
homogeneous distritution. The addition of preservatlves, stabilizers or other special func-
tion ingredients (such as. flavour attractants) is often necessary. Details of all prepara—
tion methods and ingredients or additives pust be clearly stated. . :

The physical form of presentation will depend on the preference of the experimental
animal and methods of feed.ing. The various physical constraints in feeds were noted for
crustaceans, eels, marine flatfish, molluscs, salmonids and other finfish. Diets may be
presented as: flakes, mlcrogranules, microencapsulated particles, pellets (dry or moist)
or as a mash (wet feed). Details about particle size and, where needed, directions for use
should be given, = : T

2.1.3 Analysis of diets
Physical and chemical analysis of diets should be done with internationally accepted

‘official methods. Specific references for the methods used should be given along with details
of any modification necessary for amalysis of the feed. Information on the following is

~ important in the evaluation of any diet and should be provided.

moisture

crude protein (N x 6.25)

crude fat (ether extract)

ash

crude fibre

nitrogen-free extracts (N.F.E.)

This proximate analysis should be corrected to total 100 pefcent. Information on the
following is also desirable, for example, .

vitamins
minerals
fatty acids
antioxidants used -

. binders
nethod of preparation
particle size

Physiologmal va.lnes, such as digestibility, metabolizable energy, NPU, etc. (see
Appendix I), are also valuable for mterpretmg results.

2.1.4 Standard reference diet(s) (SRD)

The principle of establishing a standard reference diet was endorsed. - The use of SRD in
all fish nutrition research would permit direct comparison of results among all laboratories,



In selecting a reproducible SRD, the following factors must be considered:

nutrient balance

mitrient positive control

reproducibility between lots and between laboratories
market—-availability of components

standard processing

‘lot identification of diet and 1ngredients

form of nutrients

availability and utilization of nutrlents

stablllty or shelf life

It was recommended that each leh nutrition experiment have a standard reference diet,
a control diet (which may be positive a.nd/or negative control) and treatment dlets.

2.2 _Ez__gemmenta.l Conditions

Information on the follorwmg expenmenta.l conditions will greatly facilitate compa.msons
between dlfferent resea.rch results:

1. Temperature proflle or standard environmental 'temperature (SE'I'),
2. Dissolved gases, in particular 02, COp, MNo;
3. Ammonia dissociationj ’
4. Nitrite, nitrate (especially in recirculated systems) and other ions of interest;
‘5. Total dissolved sollds (TDS); ‘ :
6. Salinity;
T« ©DpH;
8. Turbidity;
9. Description of experimental rearing units giving dimensions and any unusual cha.rac-
: teristics;
10. Lighting type and photoperlod,
- 11e Iﬂcatlon' ’
12. - Sanitation and water treatment (UV, y filtration, etc.), :
13. ° Velocity, flow or exchange rate of water;
14. Size, age, sex, state of maturation, stocking density, previous rearing conditions, .
feed, source and strain;
. 15. Other stress factors.

It was further recommended that these conditions be reported in units recogmzed by the
International Committee for Standardization of Weights and Measures.

2.3 Methods of Measurements

2.3.1 Growth

Growth is measured as the difference (gain or loss) in J.nrha.l and final body bicmass or
body composition or as the partial difference in each sub~period. The inherent errors in wet
weight determination must be recognized. The specific procedure used for welghmg must be

stated. Other methods for reporting growth may.be substituted for weight, increase in body

nitrogen content or body length. The condition factor, a combination of weight and length,
is sometimes reported for estimating health status of fish (see Appendix I).

2.3.2 Feed conversion
Several methods of presentation are possible; definitions of such expressions as feed

conversion, feed efficiency, net protein retention and net energy retention, will be found
in Appendix I of this report.
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2,3.3 Body composition

It was recommended that the proximate analysm and energy- content of an a.dequate number

-~ of whole fish or specific tissues, such as adipose-tissue, muscle and v:.scera., be recorded -

before and after the feedmg trial in order to determine the increments in fish body consti=
tuents and to relate these increments to the intake of the different feedstuff oomponents.
The sample number for this analysis may be quite small becamnse of the lower variation in the
standard deviation of the means of body composition parameters compared with the variation
in the means and length and body weight.

2.3.4 Health status v

If mortalities are higher than should normally be expected, specific comments are required.

At the termination of the experiment, examination of the gross external and internal appearance,

and similarly, histological examination of body tissues should be reported where necessary.
Bacterial, viral, fungal or other disease or parasitic organisms should be considered possible
explanations for mortality or poor health of experimental fish. Whenever possible, f:.ah
dieeasea should be diagnosed and reported.

Commonly accepted or clinical physical or biochemical appllcatmns wizuely developed or
adapted from standard clinical methods used for other animals must be clearly described.

2. 3 5 Produot criteria

The role of nutrition factors on fina.l comsumer quality and commercial value of the fish
should be recognized in designing nutrition experiments. The quality factors measured will
be dependent upon the ultimate use of the reared fish; flavour, texture, colour and genera.l
appearance are important for fish used for human consumption while survival and percent
returns of released fish are assessments of fish for stocking purposes. In evaluating these
quality factors, there are standard methods which are available and should be used (see
Appendix VI).

2.4 Methods of Evaluation of Results

All mutritional variables are dependent rather than independent va.ma‘bles. Ea.ch nutrient
plays some role in the evaluation of other nutrients.

2.4.1 Bias

A1l efforts must be made to minimize bias; for example, randomization of feeding order
and placement of animals in the experiment is one way of reducing bias, It was noted that
specific text books exist giving detailed methods for expermental de51gn (see Appendix VvI).

24442 Sl@iflcant numbers -

-
-

Results are often reported with several d1g1ts after the decimal poi.nt when the results
may be really only accurate to two figures.

2.4 3 Sta.tistics

Classical methods were emphasized as the key factor in considering sta.tlstlcal methods

for analysis of fish nutrition results in hght of the interdependence of expemmental vari-
ables noted above. .

. In cases where the total number of repl:.ca.tes as a basis for statistical evaluation is
rather small, range tests [list, e.g., U~Test (Wilcoxon, Mann and Whitney), B-Test (XKruskal
and Walhs)] should be preferred. ) ' ) ) s BN

LN



2.4.4 Conclusions

 The significance of conclusions must be.limited by cons:.derations of the specific popu-—

. lation sampled, size of the fish and experimental conditions. The limitations in interpreting
results based on a very select sample taken from an.entire population were noted. It was

also noted that when taking a representative sample from that whole population is mposmble,

_ generahzations from a limited sample are the best first approximation for the population: -

2.5 Experimental Desisn
2.5.1 Hypothesis
In des:.gnmg an experiment, only one hypothesis should be evaluated at a time..

2.5.2 Rephcation

'The design will be determined by the question asked, but it should allow statistical
evaluation of the results. The number of replicates camot be categorically stated but depends
on the variability of the test animals and the desired accuracy of the experimental results.
Rephca.tion is essential for any statistical evaluation of results,

2.5.3 Dlets

The basal control diet should supply all nutrients required by the test fish and allow
reasonable growth and survival for the experimental period. . During the experiment, there
should be no change in the basal diet except for design nutrient treatments. The energy
requirements may be met by feeding either isoenergetic diets or isoenergetic ratioms. The
composition and chemical evaluation of the etanda.rd and experimental diets should be’ recorded.

2. 5 4 Experimental para.meters

2.5.4.1 Test animals should be deliberately selected for maximum homogeneity and then ran—
domly distributed among treatment groups in appropriate numbers relevant to the experimenta.l
hypothesis to fulfil biological and statistical requirements of the experiment., -

2.5.4.2 Differences in numbers of experimental animals at the start ‘of an experiment'and at
the end should be noted, accounted for, and incorporated into evaluations. This should include
sampling losses, mortalities, escapes, cannibalism or any other unexpected losses or gains,

2.5.4.3 - The stocking density (expressed both as weight/volume and num'ber of fish/volmne)
should be consistent with experimental ob:;ectives. o ) .

2.5.4.4 The feeding method and schedule should be clearly stated.
2.5.4.5 The frequency and methods of handling must be recorded.

2.5.4.6 Description of the environmenta.l conditmns and any changes experienced during the
course of the experiment should be recorded. _

2.5.4.7 The intrusion of unwelcome species vhich might interfere w:.th the experiment must
be noted. v . . . .

2.5.4.8 The working hypothesis should be cleaﬂy stated. ’

2.5.4.9- A minimum replication of treatments should be ixicorporated into the experimental
design for maximum significance of difference in response between treatments. Individual
lot treatments should be randomly pos:.'tioned in the laboratory to eliminate positional bias.

2.5.4.10 Relevant bowndaries and limits should be stated and cons:.dered in the experimental
design.

« o
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2.5.4.11 Censideration of both total biomass and experimental biomass must be given within
the context of the experimental system.

2.5¢4.12 Total biomass = expenmen‘cal fish + food organisms + others. Experlments may be designed
for constant or expanding biomass. Specific details of representative random sampling pro-
grammes for each of the above alternatives must be given. Preferably not less than five ran-

dom samples per treatment should be collected at each period.

2.5.4.13 Animal numbers will depend on homogeneity, size, somatic index and limitations of
the system and should include at least the minimum number of animals for statistical analysis.
The maximum number will depend upon the carrying capacity of the system.

- 3. RECOMMENDATIONS TO EIFAC AND ICES REGARDING INTERNATIONAL NETWORK OF FEED INFCRMATIQN

CENTRES (INFIC) AND FISH NUTRITION DATA BANK

3.1 Fish nutrition researchers of all member nations should obtain information and inpuf

forms from the nearest INFIC centre and submit all pertinent published resulis of analyses

of fish feed ingredients to that centre. The benefit to be gained would be a more complete
data bank, which would be of interest to all those involved in fish feeding and fish diet
formulation.

3.2 The format of submitted data should be amended to store and make available up-to-date
specific data of mterest {0 fish feed formulaters and producers (see Append:.x III and
Appendix IV).

3.3 A Fish Nutritian Réquirement Data Bank should be establisheds One site might be the
National Academy of Sciences Committee on Animal Nutrition in the U.S.A. All relevant data
from accepted published reports should be submitted to: :

Dr. Philip Ross

Executive Secretary

Board on Agriculture and Renewable Resources
National Academy of Science

101 Constitution Avenue

Washington, D.C, 20240
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APPENDIX I

Descrlgtion of Terms Related to FlSh Nutritlon

This appendix contains a description of some key words and phrases often used in the
fields of feeding or nutrition of fish. In all cases, these should be accepted only &s des=
criptions of terms. The methods used to determine any of these factors should be in accor— .
dance with an 1nternatlona11y or officially recognized standard method such as those given
in the Official and Tentative Methods of the Association of Official Analytical Chemists
(40AC) quoting the specific method number or reference for the specific type of sample being
analysed and following exactly that prooedure, 1nc1ud1ng the recommended sample preparation
procedures.

Chemical Ang;ysis Terms

1. Proximate or Weende-snalysis: composition of ingredients or complete feeds according
to the Weende system, The following items are determined: crude protein, crude fat.(ether

" extract), crude fibre, ash and moisture. The nitrogen-free extract (NFE), an estimate of

soluble carbohydrate, is then determined by difference. The total of all items must add up
to 100. ’

2. Moisture content: derived by drying a sample to constant weight (not longer than 24 h)
at 104°C. :

3. Crude protein: nitrogen content (usually vy Kjeldahl) x 6.25.

4. Crude fibre: materials insoluble in boiling wea.k a.c1ds .and alkalis corrected for ash
content of the residue.

5. Crude fat: derived by extracting a finely ground sample of feed with ether continuously
for some hours 1n a suitable apparatus.

6. Ash. tha.t portion of a sample remaining after burning (at up to 500°C) unt:.l the residue
is free of organic matter.

Feed Conversion or Utilization Terms

7. Apparent digestibility coefficient by faecal method

S

Da= =7
where I is measured feed intake and F is the total faecal output without correction for meta-
bolic faecal losses., ' T ;

Apparent digestibility by indicator method. Estlma.tes are made by 1nc1ud1ng an.inert
indicator at a known level in the food and then measuring the nutrient level in food and
faeces relative to that inert indicator »

4 indicator in feed x % nutrient in faeces
% indicator in faeces x % nmutrient in feed °

D,(%4) = 100 - 100 x

8. - True digestion coefficient

— I-(F- Fm) Food absorbed

I : ® Food consumed

where F, 1is the metabolic faecal nutrient excreted.
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g, Peed conversion: the dry weight of feed per unit wet weight gain (feed/gain).

10. Feed efflc:.ency (the inverse of feed convers1on) wet weight gain per unit dry weight
of feed (gam/feed . . S

11. Gross energy of feed: the amount of energy (kcal) obtained by total oxidation of the
feed in a bomb ca.lorlmeter. ’ ’ D

12. ‘Apparent dmestlble energy of feed: the gross energy of feed minus gross energy of the
total faeces produced per unlt weight of consumed food

Ry = Py
Ry

RE = ration energy

IE =

FE = faecal energy

13. Metabolizable energy of feed is the gross energy of feed mims gross energy of the total
faeces minus gross urinary energy minus gross ‘bra_nchia.l waste energy per unit feed intake.

ME=RE—(FE+UE+BE)
By

Fg

branchial waste energy

urinary energy

14. Net energy is metabolizable energy minus heat increment or energy retained per unrl:
feeding. .

15. Net energy for maintenance is that fraction of net energy expended to keep the amma.l
in energy equilibrium. . .

16. Net energy for production is that fraction of net energy expended for g-rowth a.nd. meta—
bolic production.

17. Biological value of protein
N, - (Nf - Nm) - (Nu - Nen) - (Nb -

B, = -

Neb )

where N. = nitrogen intake
Nf = faecal nitrogen
Nm = metabolic faecal nitrogen
Nu = urinary nitrogen
Nen” endogenous urinary nitrogen
N, = branchial nitrogen

o= endogenous branchial nitrogen

18. True net protein utilization (NPU)

NFU = N; - (Nf - Nm) - (Nu - Nen) (N eb) - th =~ N0
Ni Ni

where th = carcass nitrogen of test group

Nco = carcass nitrogen of group receiving a nitrogen—free diet.




19, Apparent net protein utilizatiom (prbductive'protein value)

N.-N.-N - X N retained
. i f u b
app NPU = N

i " N consumed

where N, is branchial nitrogen.

2C. Protein efficiency ratio

Weight gain
Protein intake

PER =
21. Chemical score: the ratioc of the most limiting indispensable amino acid in a test pro-

tein to the percent weight of that amino acid in standard reference whole egg protein.

22, Indispensable amino acid index: the nth root of the product of the ratios of indispen—
sable amino acids in test protein to content of each of those amino acids in whole egg protein.

S

where aay is amino acid in test protein and AA1 is amino acid in whole egg protein.

Diet Description Terms

23. Standard reference diet (SRD): a precisely defined and reproducible test diet satisfying
the nutritional needs of fish for use in feeding studies to facilitate comparisons between
various experiments, species, locations, researchers and other factors and conditions.

. 24. Reference diet (RD): a diet with which one can compare respcnse to experimental design

and dietary treatments.

25. Control diet: may be either a negative or positive reference diet used to coinpare
dietary treatment responses. It can be SRD or RD.

Anima.i Parameters

26. Mortality: number of recorded deaths per unit time or percent of .total number of anima.ls
which died per unit time.

27. Crowth: weight gain per wnit time.

28. Morbzd:.ty. number of recorded deaths due to disease per unit of time or percent of
total number of animals which were ill per unit of time.

29. Relative growth: growth as a percentage of initial body weight
W, =W
t 9 100

Yo

RG =

where Wt is body weight at time t and Wo is initial body weight.

30. Specific growth rate:

W, =W (1+L)t
t o 100

where w1," = weight at time t

Wo = weight at time o .
t = time .
a = specific growth rate
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31. Survival of stocked fish estimated by percentage of tag returns

tags returned
tags released x 100

In reporting tag (or marked) returns, it is important to specify the type of tag or mark
used, location of release and location and method of recapture.

32, Condition factor:
100 x weight (g)

k= [1ength (omﬂ3 _




;/‘——'_.:1" L

el Q

-l3-.

APPENDIX II

Exact Formula and Description for the Preparation of Standard Reference Diets

The H-440 standard reference diet (Table 1) is an example of an SRD which has proven
satisfactory for use with salmonids, char, catfish, carp, sea bream, sea bass, perch, redfish,
pompano, red snapper, black cod and black bass. If this exact formula does not prove satis—
factory for growth and survival of.the test fish, slight modifications of clearly explained
ingredient changes still permit meaningful comparisons of the test fish results with other
species. An example is the addition of 0.5 to 1.0 percent cholesterol to satisfy the essential
sterol requirements of a crustacean species (Table 1). '

Lot numbers of punfled diet ingredients should be listed,

Diet may be prepared as mo1st, sem-moist or dry diet, or as a pdwdef, rolled pellets,
extruded pellets,or compressed pellets.

Table 1

Standard Reference Diet H—440§/

Complete Test Diet - () Vitamin Mixture (2)
Vitamin—free casein ' 38 a-oelluloseQ/‘ . 8.000
White dextrin. 28 Choline chloride : ’ 0,500
Gelatin s 12 . Inositol 0.200
Corn oil '_b/ R 6 - I~Ascorbic acid 0.100
Cod liver oil o . 3 * Nicotiniec acid - . 0.075
Vitamin mixture 9 Ca-pantothenate L . 0,050
Mineral mix’ ’ : 4 . Riboflavin, 0.020
| . - - Thiamin-HC1 R 0,005
Total 100 Pyridoxine=HC1 | 0.005
Water ‘ 200 Menadione (X). 0.004
:  as Folic acid , 0.0015
Total diet as feed 300 Vitamin B12g/ . 0.0011
: Biotin o 0.0005
a-Tocopherol acetate (E)2 0,040
Mineral Mix . (2) USP_XIT No. 2 _ (2)
USP XII No. 2 . 100.000 Calcium biphosphate 13.58
AICly + 6R,0 ' 0.015 . Calcium lactate : ' 32.70
ZnSO4 H2 ) . 0.300 ) Ferric citrate , 2,97 -
CuCl 0,010 Magnesium sulphate 13.20
¥nSO, ¢ H,0 0.080 .+ Potassium phosphate (dibasic) 23.98
KI ; : . 0.015 . Sodium biphosphate . 8.72
CoCl, « 6H,O0 . 0.100 Sedium chloride 4.35
' ' "~ 99.50

__/ Digt preparation:. Dissolve gelatine in cold water. Heat with stirring on water bath to
80°C." Remove from heat. Add with stirrmg - dextrin, casein, minerals, oils and vitamins .
as temperature decreases. Mix well to 40°C. Pour into containers; move to refrigerator
to harden. Remove from irays and store in sealed containers in refrigerator until used.
Consistency of diet adjusted by amount of water in final mix and length and strength of
beating.

For fat soluble vitamin test dlet, delete oils, add 9 pa.rts molecularly distilled fish
.01l plus vitamins A and D3-

Delete 2 parts ®-cellulose and add 2 pa.rts QC for prellmma.ry feeding

Add vitamin By, in water during final mxmp. ’

Dissolve d—tocopherol in oil mix. .

H
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APPENDIX ITI

Proposed List of Data on Feed Ingredient Composition of Interest to Fish Feed Producers

Proximate analvsis, corrected to 100 percent:

Crude protein

Crude fat (ether extract)
Nitrogen—free extract NFE
Crude fibre

Ash

Moisture

Apparent digestibility coefficients for:

Crude protein
Crude fat
NFE

Crude fibre

kcal per gramme digestible for:

Crude protein
Crude fat
NFE

Crude fibre

Metabolizable energy:

Calculated and estimated by biological assay

Total amino acids of protein:

Ten indispensable amino acids
Plus cystine and tyrosine

Digestible amino acids:

Fatty acid types as g/kg of total fat:

Saturated
Mono enoic
Poly enoic
Tw 6
o 3

Minerals:

Ca, P, NaCl, Na, K, Mg, C1, CO3, available phosphorus
Zn, Cu, Co, Se, Fe, Mn, I

- Vitaming ¢

As listed in NRC reports

Sieve analysis to estimate particle size:

Smaller than 0.05, 0.1, 0.2, 0.5, 1 and greater than {1 mm

Volume weight:
g/ml
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APPENDIX IV

BEurope, Raw Materials to be Characterized as Potential
Ingredients in Fresh or Salt Water Practical Diets

Fish meals

Specify by:

Proximate analysis (and its method)

Origin regiong

Source (fish species)

Technical treatment (dried by? stabilized by ?)
Other treatment (hydrolysed ? defatted ?)

Fish solubles

(Specifications: see Fish meals)

Meat and bone meal

Specify by

Proximate analysis (and its method)

Lysine content (total and available)

Type (meat and bone, tankage, bone, misc,)

Source (animal species)

Technical treatment (dried by ? stabilized by ?)
Other treatment (sterilized ? hydrolysed ?)

Blood meal

Specify by:

Proximate analysis (and its method)

Lysine content (total and available)

Source (whole blood, blood plasma, blood cells)
Special guarantees (sterilized, pathogen free)

Other animal by-products

Specify bys '
Proximate analysis (and its method)
Source (animal species, tissue type)
Treatment (dried by ? hydrolysed ?)

Specify ass

Yellow maize

White maize

Maize gluten feed écrude protein content ?;
Maize gluten meal (crude protein content ?
Expanded maige

Hominy feed

Other maize by-products
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Wheat

Specify as? :

Wheat, soft (protein content ?) = .
Wheat, durum‘éprotein-content ?). - '
Wheat shorts (classified by crude fiber content)
Wheat middlings (crude fiber content ?)

Wheat bran (crude fiber content ?)

Expanded wheat (specification ?)

Wheat flour, first and second clears

Spaghetti offal

Custard powder (starch content ?)

Other cereals and by-products

Specify ass

Oat (steamed, rolled groats 7)

Barley (steam rolled ?)

Potato flakes

Manioa (steamed ? flour or whole roots 7)
Molasses (cane or beet ?)

Biscuit meal

Starch (kind of cereal, treatment)
Dextrin (kind of cereal, water soluble ?)
Glucose monohydrate, dextrose

Sugar (denatured ? specification)

Milk products

Specify by:

Proximate analysis :

Lysine content (total and available)
Kind of drying

Treatment (delactosed, neutralized by)

Specify as:

Skimmed milk powder
Buttermilk powder

Whey powder (sweet or acid)
Casein

Whey protein concentrate

Fillers

Specify as:

Rice polishings (white or brown)
Rice hulls

Grape hulls, dried

Soy products

Specify ass

Soy bean oil meal (44 % crude protein)

Soy bean oil meal dehulled (50 % crude protein)

Soy bean partly extracted (ether extract ?)

Whole beans (expanded, e.g. HISOY 40 % CP, 40 % CF)
Soy protein concentrate (crude protein ?
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Miscellaneous

Specify as:

Brewers dried yeast (crude protein %)

Torula yeast

Single cell protein (specification)

Other plant products (e.g. cotton seed meal, etc,)
Distillers dried solubles (fermentation source)

Oils and fats

Specify by:

Melting point

Free fatty acids, peroxide number)

Source (e.g, animal, tissue)

Treatment ?hydrogenated, special fraction %)

Specify ass

Soy oil

Soy lecithin

Linseed oil

Maize oil

Fish oil

Code liver oil (vitamin content 7)
Lard

Tallow

Minerals

Specify bys
Salt form
Mineral content
Source

A selection of the currently most available and used ingredients should be tested in
vivo in order {o develop calculation methods to determine digestibility coefficients, meta-
bolizable energy and availability of amino acids,

Also include any other raw materials that might be of interest as fish feed ingredients,
The characteristics, chemical and physical, should be described in detail, as it is relevant
{$o its physiological impact on digestibility, metabolizable energy, etc.

Also particle size is of interest.
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APPENDIX V-
World Mariculture Society Mutrition Task Force
Recommended for Nutrition Papers Published

Diets
1. TMull name of diet manufacturer, manufacturer's code, lot number, etc,
. 2. Complete composition of diet expressed as percent, g/kg,or mg/kg, dry weight of

diet ;

3. Ingredients: full recognized name or international feed number

4. ' Moisture content of diet as feed ,

5. Purified chemicals: recognized chemical name or formula

6. Micronutrient premix: give recognized name or formula

7. Method of preparation: binding, flaking, drying, etc.

8. Indicate results of any chemical analysis or calculated content ’based on published

II.

III.

Iv.

v.

values in accordance with a specific study

Feedin Procedures

1.
2.
3.
4.

Frequency of feeding

How many animal units (replicates) fed each diet

Amount of feed per unit expressed in welght/day or week
Determination of actual food consumption

Experimental Animals

1.
2.
3.
4.
5e
6.
7.

Species = scientific rame and common name

Source

Age and sex, if appropriate

Initial weight and, if appropriate, length, carapace length (crustaceans), etce

" Number of individuals per replicate

Previous dietary regimen .
If appropriate, the dietary regimen of parent stock

Methods of Handling, Management and Collection of Data

1. Description of experimental rearing units, surface area, volume (dimensions), and

. unusual characteristics . '

2. length of experiment: days, weeks, etc.

3. Important environmental conditions, photoperiod, etc., which might a.ffect matri-

, tional experiment

4. Water Quality °

.o a) Temperature C
b) Concentration of nutrients in water, e.g., Ca, Mg, etc.
c) Dissolved oxygen
d) Indicate source of water supply to each unit, noting any difference between -

units, recirculation, etc.
(e) Water treatment can be in terms of published reference work or give actual
. details: UV, filtration, etc.:

5. Description of methods used to make measurements with reference, e.g., carapa.ce
length

6. Complete description of statistical methods, analysis of variance, regressim
analysis, etc., with citation or reference for method

Results

1. Survival, giving details of any differential survival and overall survival

2. Mean final weight or gain

3. Mean cumlative amount of food fed per unit ‘

4. Results of any special measurement. ‘Sympioms of deficiency, any conditions related
to feeds observed

Se Results of statistical analysis of data, including ameasure of expenmental variability

6. Any special observations pertaining to effects of treatment: <fish going off feed,

" lobsters throwing food out of tank, etc.



~

Ll & Buteud

—

w

v e

-

————

—

T L T ey, ATV T T Y % T T W

-23 -

APPENDIX VI

References of Interest to Fish Natrition Researchers,
Fish Culturists and Fish Feed Manufacturers

1. Chemical methods

AOAC (Association of Official Analytical Chemists), Official methods of analysis. Monasha,
1975 Wisconsin, George Banta Co., 12th ed. - S

Rand, M.C., A.E. Greenberg and M.J. Taras (eds.), Standard methods of the examination of
- 1975 water and waste water. Washington, D.C., American Public Health Association;
. American Waterworks Association and Water Pollution Control Federation,. 14th ed.

2. Experimental designs

Cochin, W.D. and G.M, Cox; Experimental designs. New York, John Wiley and Sons
1957

3. Statistics

Sachs, L., Angewandte Statistik. Berlin, Springer Verlag, 4th ed.

1974
Snedecor, G.H. and W.G. Cochran, Statistical methods. Ames, Jowa, Iowa State University
1967 Press :

Steel, R.G.D, and J.H. Torrie, Principles and procedures of statistics with special reference
1960 to the biological sciences. New York, McGraw-Hill

4. Physiology of fish

_ Hoar, W.S. and D.J. Randall (eds.), TFish physiology. Vol. 1. Excretion, ionic regulation

1969 and metabolism. New York, Academic Press, 465 p.

, Fish physiology. Vol. 2. The endoérine system. New York, Academic Press,

1969 446 pe.

y Fish physiology. Vol. 3. Reproduction and growth bicluminescence pigments
1970 and poisons, New York, Academic Press, 485 p.

s Fish physiology. Vol. 4. The nervous systenm, circulatit_)n and respiration.

1970 New York, Academic Press, 532 p.

, Fish physiology. Vol. 5. Sensory systems and electric organs. New York,

1971 Academic Press, 600 p.

y Fish physiology. Vol. 6. Environmental relations and behavior. New York,
1971 Academic Press, 559 p. .

+ Fish physiology. Vol. 7. Locomotion. New York, Academic Press, 576 p.
1978 :

, Fish physiology. Vol. 8. Bioenergetics and growth. New York, Academic Press
1979

Young, W.D. and D.S. Robson, Estimation of populaticn number and mortality rates. In Methods

1978 for assessment of fish production in fresh waters, edited by T. Bagenal., 3rd ed.
IBP Handb., (3):137-164
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5. Feed technology and nutrition

Albanese, A.A. (ed.), Protein and amino acid nutrition. New York, Academic Press

1959

+ Newer methods of nutritional biochemistry and interpretations. New York,
1963~72 Academic Press, Vols. 1-5

Cowey, C.B. and J.R. Sargent, Fish nutrition. Adv.Mar.Biol., 10:383-492 "
- 1972 ‘

Crampton, E.W. and L.E. Harris, Applied animal nutrition; the use of feedstuffs in the formu-
1969 lation of livestock rations. San Francisco, W.H. Freeman (Animal science series),
2nd ed.

Halver, J.E. (ed.), Fish nutrition. New York, Academic Press, 713 p.
1972 -

Halver, J.E. and K. Tiews (eds.), Finfish nutrition and fishfeed technology. Proceedings of
1979 a World Symposium sponsored and supported by EIFAC(FAO)/ICES/IUNS, Hamburg,

20-23 June 1978. Schr,Bundesforschungsanst.Fisch.Hamb., (14/15) Vol.1:593 p.,
Vol.2:622 p. ‘ ’

National Research Council, Nutrient requirements of trout, salmon and catfish, Mutrient
1973 requirements of domestic animals, Washington, D.C., National Academy of Sciences,

57 pe

+ Mutrient requirements of warmwater fish. Mtrient requirements of domestic
1971 animals., Washington, D.C., National Academy of Sciences, 78 p.

Russell, F.S. and M. Yonge (eds.), Advances in marine biology. Adv.Mar.Biol., 10:555 p.
1972

Sebrell, W.J. Jr. and R.S. Harris (eds.), The vitamins: chemistry, physiology, pathology,
1967-72 methodology. New York, Academic Press, Vols.1-7 ~
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Water quality criteria for European freshwater fish. Report on finely divided solids and inland fisheries {1964).

Fish diseases. Technical Notes submitted to EIFAC Third Session by Messrs. J. Heyl, H. Mann, C.J. Rasmussen and A. van
der Struik (Austria, 1964). '

Feeding in trout and salmon culture, Pagpars submitted to a Symposium, EIFAC Fourth Session {Belgrade, 1966).
Water quality criteria for European freshwater fish, Report on extreme pH values and inland fisheries {1968).
Organization of inland fisheries administration in Europe, by Jean-Louis Gaudet (Rome, 1968).

Water quality criteria for European freshwater fish, Report on water temperature and inland fisheries based mainly on Stavonic
literature (1968).

Economic evaluation of inland sport fiéhing, by Ingemar Norling {(Sweden, 1968).
Water quality criteria for European freshwater fish, List of literature on the effect of water temperature on fish {1969).
New developments in carp and trout nutrition, Papers submitted to a Symposium, EIFAC Fifth Session (Rome, 1968).

Comparative study of laws and regulations governing the international traffic in live fish and fish eggs, by F.B. Zenny, FAQ
Legislation Branch {Rome, 1969). .

Water quality criteria for Edropean freshwater fish, Report on ammonia and inland fisheries (1970).

Salmon and trout feeds and feeding (1971].

Elements of the theory of age determination of fish according to scales, The problems of validity (1971).
EIFAC consultation on eel fishing gear and techniques (Rome, 1971):

Water quality criteria for European freshwater fish, Report on monohydric phenols and inland fisheries (1972).

Symposium on the nature and extent of water pollution problems affecting inland fisheries in Europe. Synthesis of national
reports (1972).

Symposium on the major communicable fish diseases in Europe and their control. Report (1972).

The major communicable fish diseases of Europe and North America. A review of nationa! and international measures for
their control, by P.E, Thompson, W.A, Dill and G. Moore {1973).

Symposium on the major communicable fish diseases in Europe and their control. Panel reviews and relevant papers {1973},

The role of administrative action as a tool in water pollution control, by G.K. Moore, FAQ Legislation Branch (Romz, 1973).
Water quality criteria for European freshwater fish. Report on dissolved oxygen and inland fisheries (1973),

Water quality criteria for European freshwater fish, Report on chlorine and freshwater fish (1973).

Water quality criteria for European freshwater fish, Report on zinc and freshwater fish {1973).

- Ecological diagnosis in salmonid streams — Method and Example, by R. Cuinat et s/, (1975).

Report on the Symbosium on methodology for the survey, monitoring, and appraisal of fishery resources in lakes and large
rivers (1974).

Symposium on the methodology for the survey, monitoring and appraisal of fishery resources in lakes and large rivers —
Pane) reviews and relevant papers/Symposium sur ] les méthodes de prospection, de surveillance et d’évaluation des ressources
ichtyologiques dans les lacs et grands cours d’eau — Exposés des groupes et communications apparentées (1975},

Report on fish toxicity testing procedures (1975).

Workshop on controlled reproduction of cultivated fishes — Report and relevant papers/Réunion sur la reproduction contrélée
des poissons d’élevage — Rapport et communications apparentées (1976). .

Economic evaluation of sport and commercial fisheries. Report and technical papers of the Second European Consultation,’
held in Gdteborg, Sweden, 22-24 September 1975 {1977).

Water quality criteria for European freshwater fish. Report on copper and freshwater fish (1976).

Joint ICES/EIFAC Symposiumon eel research and management (Anguilla spp.). Report/Symposium conjoint CIEM/CECPI sur
la recherche et V'exploitation des anguilles {Anguilla spp.). Rapport (1976).

Water quality criteria for Europeén freshwater fish. Report on the effect of zinc and copper pollution on the salmonid fisheries
in a river and lake system in centra! Norway (1977).

Water quality criteria for European freshwater fish. Report on cadmium and freshwater fish (1977).

Réport on the Symposium on Finfish Nutrition and Feed Technology (1978).

The value and limitations of various approaches to the monitoring of water quality for freshwater fish (1978).

Guidelines for sampling fish in freshwater (1979).

Report on the EIFAC/EVO fishing gear intercalibration experiments {(1979).

Report of the EIFAC workshop on mass rearing of fry and fingerlings of freshwater fishes (1979).

Report of the E{FAC/IUNS-and ICES working g}oup on standardization of methodology in fish nutrition research (1980).



