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• Abstract

In two experiments it could be demonstrated that the fish meal in
the control diets could successfully be replaced completely by
krill meal in test diets for rainbow trout.
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A. Introduction

Continuing previous investigations'onthe "developmentof'optimal
feeds for rainbow trout" and within a current'program on
t1Replacement of:fishmeal by unconventional and waste proteins"
b~th projects financed by the Federal M1nistryfor Research,and
'Te'chnologie ~,first experiments to r~piace fish meai b~:,k~ill'

meal havebeen undertaken. Full krill meal from.the.Antartic '
. . . '.'

,Expedition 1975/76 of the FederalRepublic of Germany,(4) has been
used in' these experiments. . .

. B. Material ~nd meth~ds

,The setup of the 'experiments'a:nd .the 'evaluation' of the data are

r~~orted accordingtothe ~ecomme~dation~'of the 'ICES~WorkingGroup
on'Mari~ultur~ .( 1). TW'O experime~ts. were ca~ried, o~t,;' in 1'975,. in

exp~riment ,A"in which rai~b~w tröuts w~~e ke~tin c~ges, a control
.- .' . - -," .,'

diet 'containing 35 ~ of fish meal; 15 ~ of hydrolized.feather meal
I . • •..• .•- .....

and 20 % of, poultry by-product rneal.,was .compared with. a; test ratio,
.:. . ,:. .,' • . "," ." • .'< t

in which the fish meal was replaced.by :krill meal~ In',1976, in an
. ".... " .' - "" , ' .

aquarium experiment B a ratio,.in which theprotein was totally
supplied by'krill meal' (full k~iil meal 'ratio), was: tested against ','
a full fish meal ratio~ Thenutrtent analysis:f~r:the'krill meal

'. • 0" < ." ...

:Ls given in T~ble '1. .'. ,

1 • '~!:~2::!E~!2~~2f~~~E~!:~~!!!~1_~!:~!~ . ", .. . . . ' ..
The cage.ei~eriment ha~,been carri~din the, c~astal water of the

• , • _ • " ., •••• ,'.~.. .' ". , ; .~. "'! •• ,1 •

western Baltic,within a harbour area in the experimental station-
t'Ecke;"nförde i•. (!5) .' Each 'cage, measuring 1. 9 ~ '3.9 x 2.6' ~,. '( in ~ater)
wasst~ck~d w'ith 96 ~ai~'b'oW' tr6~ts '" which were equrilly' dis'tributed, " -" :' .' , , . ' .'. +' ,', .
tothe cages,and bad.an average , length of22.2 cm, ~ 2.7 cm and an

.,' a~erage wetght 6f' 129·~. 4' resp'. :3' re~lieat~s: i"ere ~ade.' The' fish were
,. p~chased, from, a 'con;mercial tro~t farm ~ "'hieh:' was' supposed "to be
. fr~e'. fro~ dis~ases., N~,' p~~phyla~tici . o~· acute inedi~al treatment was
applied in' the f~rm"or in' any phase of the 'e:xperime~t itself.,
Salinity (12-180/00) 'and, .temperature changed with season. '..



r

- 2 -

During the experimental period from 5 August to 11 November the
surface temperature increased within 11 days from 15 ~800 to __..~,··:

;, 20.4~0 :and.,then,gradually decreaseddown to 7.6 0 0 at the, end-of the

period.! : , '. ..... '" " '0' .

The ~ oxygen' content was relatively constant and "fluctuatedlittle
around the ave rage .of. 8.7 mg/li tre • . .~, . ,.

The a.quari·~· 'e'x'pe'riment' was carried out frotJ 10 January·to 25 . Apri1
with· s'mallerf1sh cf 9';'10 cm and -1 0·.2'g ''iriit'ial'~average 'length and'

.... "a.verag~ '~eight'respecti vely •. These' ra'inbow trout ·fingerlings·.

originatcd from' another,commercial farm; to be known as disease free.
No diseases were observed during the course of· the experiment •. Both

. . ~ .. '. -'
test dicts were used in two replicates. Each aquarium 'measurcd "
'44 x' 67 i:'30 cm 7and ·was..··stockedwith' 37fish. The water supply of •

..".. "~ach' a.eiua.ri~amoünted to 2.2 'litfes pe'r minute, the ''Iater' being
"recycled ;'ov~r gravel" filter, 'but 30:%' of the water -flowing into the

';'aquarium'was added:iromthe'city water·supplY. Thetemperature.was
·me.asure·d' t~icea·:·da.y and fluc'tuated between 9'.6 and··12.1 0 0, only
during the :cotirse' :ef'the 'experiment., The oxygen 'content 'was high with
extreme'values for weeklyaverages:of 8.1:and 10~3 ~g:02/1itre~

'v. '
: (. .

..... '. ~

'".... ... ... ., " '
. ;' "'; . -, ... . -~ .' . .~; .

...... " ..' ., . ~"

. 2 .;;~~~~~!!~~~~_~~~1!:2!~' .:' ~: '.' "\; ". . '..

In both experiments the fish wcre fed by hand twice a'dayand six,
times a week. The ration fed.was adjusted.daily to the growth of
the, fioh. In the cage expe~iIb~nt'the' a~bunt' of '2"% f~ed ~ of:' body •

~'WÖight 'per :day was' calculated' ciäiii~a.ssUming'a. conversion rat'e' ,
.,:'( peiieted' feed' p~r \wet wei'glit' ga1n) cf '1 ':8' for the first: period •. Fer
.' the"s~cond part' of the>~xpei-iment'~thedaily'feedingrat'e: was

7: -··~reduceä.:' du~ ·t'o~ iower water"' temperatures' and was.adjusted> to a'
"', ,~ ,- " • , ,'~ • ." ;'. ,'.. ....' " -, • 'l' • • • .. 'I : • ~ . , ••,. '" '.'

- conversion' rate'. of 1.5 according to the previous' control results.
:,':'. ih th~ a(ruari~'·'exper:i.me~t: th~ daily feeding: rate was ke·pt· co'nstant

'~e'8:;" 2'~':~ibo~y"weightper·day.' If, necessary,the ''iood''quantity
':', :w~E{'dkily': adjtis·ted. 'to 'the :'ac'tuai" htimber of:' fish/ wh~never lös'ses

," • , • l.. ' •.oc"cured. , .. -,... ~ ~,. . , ., "-;-~"'.
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,The· cage: experiment 1asted105 ciays, a contro1 was carr1.ed out

after 49 days. Atthe start;'. a"t' the'control'and the end of the
. .' ~

experiment'each set of.fish·was weighed'in total, taking this ,
weightforca1cu1ating growth rate, weight gain and·convers:l.on
rate. In addition all fish were measured on cm-below for. the, . ,
total length:at the start and,at ..the end. At th~end of the

experiment,30 fish per ·cage were' measuredand weighed, individually.

·Ten fish per ratio were'taken·a:t,the'end ofthe experiment for a
sensoric te'st of unspiced, steamed filets, .'which were 'compared with

rish grown on ~ommercial feeds inthe, saltwater of ·the Baltic coas~

and in a ~reshwater trout farm. 5 trouts per,ratio were examined for
macroscop:lc ~ppearance ~i internal·organs.·S' to 9· fishper ratio. '

were,used for chemical analysis at both ~he beginning.and the end. . , . .. ~ ~ . . . ' . . .' .
of the experiment.,

A similar. procedure "was applied inthe.:aquarium, experiment, i.e.
, registration of totalweight.of each group at each of, the controls. . . ...-
'including start 'and' end, i~dividuaTlengthmeasurements at start·
and end, weekly controls during the 15 weeks';"period of· the

experiment. " , ..- "
" .. ,

3. ~~~~~~~~!2~_~~~_22!E2~!~!2~_2!_~~~~~~!~~~

The testod diets useddiffered only in the exchange.of fish meal
. by kri.ll m'eal (Table 2). In b~th experiments 'the krill meal diets

were slightly less in.the·crude prot~in 'content, but due tothe
higher.fat content of the krill meal the 'energy level 'was higher
in. the'krill-diets (T~bl~' 3) •.

" '

C.Results

1. Growthand feed conversion--------------------------
In the cage experiment in wh1ch thc 50'%crudeprotein from fish
meal was 'replaced by krill meal', · tlie krill. meal" group was at' a
rate of 7 %' significantly superior (Table 4') •... The improved growth

,and 'conversion rate c~uld be demonstrated"for'both coritr~l-periods

(days l' -'49' resp. 50·...;,105) 'and 'is likely t6 be related to the
. .

4.7 %higherenergy level (Table 4).
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In theaquarium experiment .the small fingerlingswith a starting
weight of ·10.2 g:grewslower within.the ,firstweeks'because,of a
slightly.worse feed conversion. 'Withinthe course of'the
experiment, however, the krill groups'improved and,after a few
weeks they ··turned· .to better growth' and .feedconversion rates. than .
the fish meal·groups. Th~ cumulated datafor·the,-.15 weeks -period
were equal in weight. gain (42g) and feed conversion (1.00)(Table 5).
It is.possible that for the small·sized fish of,the first weeks
the higher'content of crude fibre in thekrill meal' diet (5~4,against

'2.0 %) had'a negative effect •.
. .

2. g~!1!~~~!2~_2f_E~~!!~E1~_~~~_~~~Egl~

The calculati'oz{ 'of the utilizati'on'of' nutrients is based: Oll the •
comparision of the amount cf nutrients fed with the'gain in

nutrients'of the fishfrombeginning t6the' end of'experiment;
'Nutrient analyses .havebeen carried·,out forthe'feed (Table 2) andthe

, fishatthe beginning and the end of:the·experiment'(Table6).for
the cage experiments only. .. ;-,
PER (Protein Efficiency Ratio) and PPV (productive Protein"Value)
were at a rate of 10% superior for the krill diet (Table 7).

i . The values for metabolizable e'nergy .per 'weight' gainand' ·for energy
.. retentionby·energy in-:-take were 'slightly. better .for, the control

diet;. however,it'has~to be ment~oned,thatdata for metabolizable
energy are :based on:calculated and not experimentally proved.figures •.

For ~ the aquarium 'experiment these ut'ilizationdata 'could not be '.
evaluated, but they can soon be added when'results 'of corresponding
cage experiments, in which the full krill meal ratio is on the
way to be tested, will be available. ., ,

3. !~!~!:E~1_2Eß~~_~~~_~~~2E!~_~i~~
, . , , , ~ :

Int~rnal o:;,g~ns were ,i.nspected .only i tl ,the fi~h .,from .t~e cage 
experiment., in,which ~ :5Q% krilLmeal diet has been fed. No
significant ~if:t:ere,nce,..was ..visiblefrom the macroscopic view of
t,he. organs •. Both ~oups.s.ho~ed normal gills of .dark red colour.
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Table 1: Analysis of krill meal

Crude protein 56.2
Crude fat 9. 2

Crude fibre 5.7
Crude ash 15.9
Water 8.8

Calcium
Phosphorus

4.00
2.08

•

•

6.5
2.7
1.3
4.9
9.4
4.0

acid 11.6

4.7

Leucine
Tyrosine
Histidine
Arginine
Asparagic acid
Serine
Glutamineic
Alanine

5.9
3.4
1 .1

3.8
3.6
4.3
4.5
4.4

", .1. ~

Lysine
Me thionine
Cysteine
Phenylalanine
Threonine
Glycine
Valine
Il!Ioleucin.e

Carotinoid conc. 35 ppm



.~~ - ~- -- ----------------------------------------------__1

, .

Table 2: Formulation of test feeds

Exoeriment A Exneriment B
. ' -, .... Control diet Test diet Control diet Test diet

Peru fish meal ' , " - ' 35.0 -- 70 --
Hydrolized feather meal 15.0 15.0 , -- --
Poultryby~produetmeal 20.0 20.0 -- - --
Krillmeal . ,

35.0 70.0 '-- --
Fish:611 7.0 7.0- . 7.0 ',' 7.0
Preeooked:wheat stareh 22.1 22.1 22.1 22.1 '
Vit~Premix1) 0.6 0.6 0.6 0.6
Ca-propionate 0.3 0.3

..... ,

0.3 ." . , 0.3;

1) Vitamin Premix on soy bean meal eontains (per kg final mixture):

Vit. A
Vit. D3Vit. E
Vit. K
Thiamirle
Riboflavine
Pyridoxine

32 000 l.U.
4000'l.U.

100 mg
2.6 mg
10 mg
12 mg

6 mg

Vit. B
Biotin~2
'Folie aeid
Ca-pantothenate
Nicotinie acid
Ascorbie acid
Cholineehlorid

. 60 meg
200 meg ,
400 meg

40 mg
100 mg
160 mg
560 mg

'3

I
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Table 3: Crude nutr1ent analysis of diets

Exneriment A Exoeriment B

Control diet Test diet Control diet Test diet
Crude prote1n . 49~8 47.4 42.8 41.8
Crude fat 12.5 15.6 11.8 13.0
Carbohydrates(NFE n.d. 1) n.d. 21.6 22.4
CrUde fibre n.d. n.d. 2.0 5.4
Crude "ash 9.6 7.9 16.2 11.3
Water 8.0 8.3 5.6 6.1

'.' Kcal( J) ME2) 3,479(14,550) 3 ,644( 15 ,240) 3,390(14,180~ 3,480( 14 t 55 0)
Calcium'

.. 2.05 1.31 4.52 2.68
Phosphorus 1.39 1.09 2.30 1.48
Magnesium 0.09 0.22 n.d. n.d.
Sodium 0.58 0.35 n.d. n.d.
'Potassium 0.33 0.30 . . n.d. n.d •

:

1) n.d. = not determined

. 2) calculated metabolizable energy per kg

• ..
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Table 4: Growth and feed conversion of trout fed with a 50 %
fish meal controldiet resp. a 50 %krill meal test
diet.(Experiment A).

Protein compounds
Fish meal
Poultry by-product and
feather meal
Krill meal

. Control diet·

+

+

Test diet

+
+

------------------------------------------------------------
number of replicates 4 3

------------------------------------------------------------
initial average weight ( g) 130 129
weight gain

day 1- 49 116 122
day 50-105 141 153

total period1 ) 257 275
relative values 100 107
--------------------------------------------------------------------------------------------------------------------
feed conversion
(gfeedfg weight gain)

day 1- 49
day 50-105

total period 1)
relative values

1 • 11
1.22
1.17

100

1.06
1.12
1.09

93

1) significantly different (1 %<P<2 %); according to Wilcoxson
Mann-Whitney U-test applied after Kruskal-Wallis H-test.
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Table 5: Cumulated growth and feed conversion of trout fedwith
a 100 %fish meal control diet resp. a 100 % krill meal
test diet ( weight of the fish was 10.24 g resp. 10.19 g).
(Experiment B).

~

Fish meal grOUPS Krill meal ~roups

week weight ~~ain Ifeed conversion we~gn1; ga~n Ieen ~~nvers~orJ
{~ (feed/gain) '( ~) (feed 'gain)

1 0.86 0.86 0.72 1.04
2 2.67 0.83 2.36 0.93
3 4.46 0.84 3.96 0.94
4 6.41 I 0.85 5.74 0.95
5 7.95 i· 0.90 7.11 1 .01
6 10.50 I 0.88 9.44 0.98
7 12.90 0.91 11.97 0.98
8 15.58 0.93 14.80 0.98
9 18.56 0.94 17.80 0.98

10 21.78 0.96 21.15 0.99
11 25.53 0.97 25.06 0~99

12 29.06 0.98 28.70 0.99
13 35.04 0.95 34.67 0.95
14 37.31 0.99 37.31 0.98
15 42.03 1.00 41.49 1.00

•



Table 6: Body composition of fish from Experiment A at the beginning and at the end
of the experiment

, "

-- ' ' '" .' af experiment End' Start of experiment
F1Sh meal grOUps Kri 11 meal groups

average weight (g) 116 341.0 + 70.0 370.9 + 112.7 ,'- -
n 10 8 9

dry matter (%) 22.5 33.0 + 3.9 33.0 + 0.8- -
in % of dry matter

Crude protein 73~6
+ 4.0 51.8 + 3.7 50.9 + 2.6- - -

, Crude fat 9~3
+ 4.1 39.9 + 3.6 39.5 ' + 3.4- -

'- + + ' + 'Ash, ,',. ' 12.1 - 1.6' 6.8 - 0.5 '6.5 - 0.4'
--------~--~-------------.----------------------. --------------------- .----~-------------~----

Calcium '2.69 + 0.42 1.07 + 0.16 1.08 + 0.14- - -
Phos'phorus 2.33 + 0.28 1.23 + 0.20 1 .16 + 0.05-

\ + + +'Magnesium ' .0.14 0.10 0.08 0.01 0.08 - 0.01
+ + + .

Sodium -0.41 .- 0.06 0.22 - 0.03 0.21 - 0.01
Potassium 1.24 + 0.44 0.79 + 0.06 0.80 + 0.04- -

.5



Table 7: Nutrient and energy utilization, Experiment A (calculated' by data fr?m Tables 3 and 6)

I .
, Fisb meal ~rouns Krill meal llrouns

Fish be~inninf cf experiment
to äl wo ght. . (g) 49',920 37,158

n384 288
total dry matter !gj 11,232 8,361
Protein g 8,267 6,153
total 11 g ,'.1,323 . 985

_____~2~~!_~~~rg~ ~__!!~~!_!~11 ~---2Z~~2-!~2~~22Ql . ~~~~§1!1ZZ~22Ql _

, ..... '. -,

2,461 (10,290), ..

32.6

,51
...

J:

'; ..

29.8

50

,2,372 (9; 920)' ,

(g) 148,681 ", ·;-:'115~976
n 384 287

weight losses (g) - - .~ 84 .
final weight plus .. , .. , .... . ... ' ..... ., -_...

, .... weight·,·losses····· .... ,. Igj .. ' '148;681' ,," 116,060 ..
dry matter' (total) : g. , '," 49,065 .' , 38,300 : ' , '.

. Protein g ., 25,416, .19,495 ,,:.
total N . . g' , ,. 4,066 . ': . .. . . 3, 119 ", I

_~ ~2~~!_~~~rg~ {!~~!_!~11 .~_22Q~§~2_!1~2~2~~2Ql~_~. ~~2~~§22_!1~Q§2~§1Ql

Food'" . ~. ' . , , .,. '. .'
·total feed fed : '!gj 115,419 86,303
total protein fed :' g " .' 57,479 ; , 40,908'

.' .i~i:i·:ei:~olizable"·ene~gy~cai'(Jj) "~46~:~4~~":' ., '. ;~Z:~~6' . ::,~.'
_____~Q~~!_ßr2~~_~~~rg~ ~_!!~~!_!~11_~ __ ~~_221~ZQ2_!g~2Q§~22Ql ~1§~2ZQ_!1_Z2QLg2Ql

utilization . _ .
.... .P~.. \g weight. gain per protein intake) 1.72

.' >. 1

( N. gain· " )'
:PPV N lntake x. 100

gross energy utilization'·

. . (energy increase x 100) ",

. . " ' .energy Intake"
net energy (kcal (J)/kg feed».

Fiah end of eiEeriment
total we ght

J'

. I':

••. ~' e


