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I, INTRODUCTION

‘The propagation of salmonids, especially rain-
bow trout (Salmo gairdseri/ Richardson), has
incteased considerably in Finland during the
last few years. The introduction of dry pelleted
diets in the catly sizties has probably contributed
to this trend. Dry diets were shown to be supetior
to wet food for the propagation of salmon and
trout towars the end of the fifties, as a resuld of
extensive research, especially in the U.5.A.
{(Brocwway 1953, WinrovcuBY 1953, Grassn
1958, MaxwrerLr. 1958, Scuumacmer 1958,
Paivvies et al. 1954, 1957, 1964, Husrou etal.
1959).

Pelleted dry diets are eacier and more economi-
cal to prepare, store, transport and use than wet
food. They ate also efficient producers of fish
and are available all the year round, their loss
through leaching is negligible, feeding can be
automatized and the quality can be controlled
(RuapEL 1964, BruscHEK and HeMsEN 1966,
Exrunp 1966, Harue and Orpana 1968). On
the other hand, after prolonged feeding with dry
diets various vndesirable phenomena have been
observed in fish even during the last fewr years.
These include slight deficiency symptoms and
weakness in the development of eggs (PrHILLIPS
et al. 1964), anaemia (GrassL 1958, SCHUMACHER
1958, STeFrFENs 1968) and fatty liver (FAxTORO-
vicu 1958, KringrLEr 1958, Mann 1961, O11E
1966).

The importance of fish as food is based pri-
rrarily upon the fact that it is an excellent source
of protein of high biological value (GErGrr and
Boresrrom 1961). As not only the amount of
edible flesh but also its chemical composition
can be influenced by nutrition, fish foods should

not be judged solely by the methods generally
used (i.c. gains in weight, mortality, health, con-
dition factor and the conversion of food into
fish) but also by the composition of the fish flesh
produced. Thus the fattening of fish due to over-
feeding and/or feeding with a high-calorie diet
would not be considered as excellent true growth.

To date, very little information about dry diet
feeding experiments on salmonids has been pub-
lished in Finland. Lane et al. (1967 a) have pub-
lished the results of a comparative feeding trial
in which rainbow trout were propagated in
floating net-containers and fed an imported
fioating dry fish food and two domestic non-
floating dry diets. Amo (1968) has presented the
results of long-term trials in which rainbow trout
were fed on Ewos pellets in nets. Feeding ex-
periments with some of these, imported diets
have been conducted abroad (DEUFEL 1963,
Wiesner 1963, Mann and EncELHARDT 1964,
ExLunp 1966).

The purpose of the present study was to
examine and compare the value of domestic and
foreign commercial dry diets for rainbow trout
in a feeding experiment in nets. Some of the
diets used were still at an ezperimental stage.
Compatisons have been made between growth,
mortality, condition factors and flesh colour,
the convetsion of food into fish flesh, and food
costs to produce one kilo of fish. Furthermore,
the raw materials ate discussed and the chemical
composition of the diets has been analysed and
compared with that of the propagated trout and
their livers. A. preliminaty report on some of the
results of this experiment has already been pub-
lished (WestMan and Sumary 1967).



II. MATERIAL AND METHODS

‘The experiment was conducted during summer
1966 at Pyhijirvi (southern Finland) in Kalakas,
a dystrophic pond with no inlets or outlets, and
an area of c. 0.6 ha. The lake has 2 maximum
depth of 13 m and even near the banks the depth
is from 4 to 5 m.

A, Test fish and rearing nets

'The test fish was rainbow trout (Salmo gairdneri
Richardson). The spawn was of Danish origin
and was hatched at Kissalampi Experiment
Station (Boatd of Agriculture, Bureau of Fish-
erics Investigation) in spring 1965. The fish were
not graded before the trial. They were trans-
ported to the lake on May 27, 1966, i.e. 10 days
before the start of the actual trial. The fish were
randomly divided into lots of 200 and stocked
into 10 floating rearing nets 180 ;7 180 x 190 cm
in size (Kalakas Oy, Helsinki). The volume of
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Fig. 1. The sites of the net-containers in the feeding
expetiment.
Kuva 1, Verkkoaltaiden sifoitteln kasvatuskokeessa. Ruokinia-
laituri viivoitetin,
Fig. 1. Skiss §ver nitkassarnas placering vid uppfédnings-
forstket, Bryggan fran vilken utfodring skedde skuggad.

the part of the net in the water was approximately
5 m? and the mesh size 15 mm. The trout aver-
aged 14.5 cm and 34.5 g. The density of fish per
net was 1.4 kg/m3, The net-containets covered
with nets wete anchored 0.5 metres apart from
a floating feeding pier and 1.5 metres apart from
each other (Fig. 1}, Beneath each net the depth
of free water was at least 5 metres. The water
in the nets was changed mainly by the winds
and the movements of the fish, as thete was no
noteworthy water circulation in the lake.

B. Tested dry diets

Fish groups 1 to 6 were fed diets already on
the market and groups 7 to 10 were fed commer-
cial diets still at an experimental stage. The dry
dicts tested ate listed in Table 1.

Groups 3 and 6 were given the same dry diet
(River Pride has been on the Finnish market
under the name of F-Kalarchu also), so actually
only nine different dry diets were tested. The
diet was chosen randomly for each group.

The total chemical composition, raw materials
and composition of the vitamin supplements is
presented in Tables 2,3 and 6 according to the
information of the manufacturers or the im-
porters, In Table 2 is also presented caloties
per kg of diet and the percentage of calories as
protein. Dietary caloties were calculated from
the values recommended by Puivnies and
Brocrway (1959), i.e. 8.0 kealfg fat, 3.9 kcal/g
protein and 1.6 kcalfg carbohydrates. The values
wete calculated on the basis of the information
presented in Table 2, Calories as protein were
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Group 1. Lohi-Sampo. Non-floating. Manufacturer Turun Muna Oy Rehutehdas, Turku, Finland.

Rybmd 1. Lobi-Sampo. Uppoava, Valmisiaja Turun Muna Qy Rebutehdas, Turku, Stuomi.

Grup 1. Lohi-Sampo. §junkande. Tillvitkare Turun Muna Oy Rehutehdas, Abo. Finland,

Group 2. Ewos Rauturchu F 52 B, Floating, Manufacturer AB Ewos, S6dertilje, Sweden.

Rybmi 2. Ewos Rawturehu F 52 B, Kelluva. Valmisiaja AB Ewos, Sédertilfe, Ruotsi.

Grup 2. Ewos Forelifoder I 52 B. Flytande, Tillviirkare AB Ewos, Sodertilje, Sverige.

Group 3. River Pride. Floating, Manufactuter M, Janssen (Accessories) Ltd. London, England.

Rybmé 3. River Pride. Kelluva. Valmistaja M. Janssen (Accessories) Lid, Lonioo, Englanti,

Grup 3. River Pride. Flytande. Tillvirkare M. Janssen (Accessories) Ltd, London, England.

Group 4, Klatkki (Clark§ New Age Dry Fish Feed). Non-floating. Manufacturer Dansk Otredfoder AfS, Brande,
Denmark.

Rybm# 4. Klarkki (Clavki New Age Dry Fish Feed). Uppoava. Valmistaje Dansk Orredforsd A[S, Brande, Tanska.

Grup 4. Klarkki (Clarké New Age Dry Fish Feed). Sjunkande. Tillvirkare Dansk Otredfoder A[S, Brande, Danmark.

Group 5. Kirjo. Non-floating. Manufacturer OTK Rehutehdas, Himeenlinna, Finland.

Rybmé 5. Kirjo. Uppoava. Valmistaja OTKn Rehutebdas, Himeenlinna, Suonti.

Grup 5. Kitjo. Sjunkande. Tillvirkare OTK Rehutehdas. Tavastchus, Finland,

Gtroup 6. F-Kalanrehu (= Rivet Pride). Floating. The same manufactutet as for River Pride (group 3).

Rybmi 6. F-Kalanrebu. (= Rive: Prids). Kelluva. Sama valmistaja kuin River Pridslla (rybmi 1),

Grup 6. F-Kalanrehu (= River Pride). Flytande. Samma tillviirkare som River Pride hat (grup 3).

Group 7. Raision Koerehu. Non-floating. Manufacturer Raision Tehtaat Oy, Raisio, Finland.

Rybma 7. Raision Koersbu. Uppoava. Valmistaja Raision Tehtaat Oy, Raisio, Suoni.

Grup 7. Raision Koerehu. Sjunkande. Tillvirkare Raision Tehtaat Oy, Raisio, Finland.

Group 8. F-Koerchu. Non-floating, Manufactuter Farmos Oy, Turku, Finland.

Rybmé 8. F-Koerebnn, Uppoava, Valmwirtaia Farnes Qy Turks, Suomi.

Grup 8, F-Koerehu. Sjunkande. Tillvirkare Farmos Oy, Abo, Finland,

Group 9. Vaasan Hoyrymyllyn Koerehu 1. Non-floating, Manufacturer Vaasan Héyrymyllyn Osakeyhtit, Helsinki,
Finland.

Rybmi 9. Vaasan Fayrymyllyn Koershu 1. Uppoava. Valmisiaja Vaasan Hiyrymylly Osakeybitié, Helsinki, Snomii.

Grup 9, Vasa Angkvarns Koerehu 1. Sjunkande. Tillvitkare Vasa Anglvarns AB, Helsingfors, Finland.

Group 10. Vaasan Héyrymyllyn Koetehu 2. Non-floating, The same manufacturer as above.
Rybmé 10. Vaasan Hgyrymyllyn Koerehn 2. Uppoava. Sama valmistafa kuin edelliselld.
Grup 10, Vasa Angkvarns Koerehu 2. Sjunkande, Samma tillvirkare som ovanpi.

‘Table 1. Diy diets in the feeding experiment.
Taulukko 1. Kokesssa mukana ollest kuivarebut.
Tabell 1.  Vid forséket ptévade tortfoderpreparat.

calculated from crude protein and calories as
catbodydrates from the nonprotein extracts,
For River Pride = F-Kalantehu no calculation
of calories was made because of incomplete
information on the total composition of the
diet.

C. Feeding

The amount of food given to the fish was
adjusted according to the feeding tables for dry
diets in the New York State Fish Hatchery
Feeding Chatt (DEUEL et al. 1952). Changes in the

water temperature wete taken into account once
a week and changes caused by the growth of the
fish wi re taken into account after June 5, June 29,
August 12 and Sept. 16, when the fish were
weighed. Although the feeding tables were
followed as closely as possible, feeding was
always stopped if it was obsetved that the fish
did not accept the food. Throughout the ex-
petiment feeding was petformed by the same
petson by hand. '

The trout were fed twice a day every day of
the week. Pellet sizes were changed according
to the growth of the fish.
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Comparative dry,

Lohi Erros - S L. . Vaasan | Vaasan

- . ohi- icer. N o ) = 3 = o

G;::g:: m:m;;s Sampo ?;?- Pride Klarkld | Kirjo n:hv.lsm Ig::l:l::: Fr?h‘:: HEUY?'_HL ng);zm
Fodetpreparatens sammansittning rehu 1 1 rehu 2

1 2 3 4 5 6 7 8 9 10

Water — Kortentta — Vattenhalt .., % 2.0 7.0 — 2.0 6.3 — 9.8 8.0 8.0 8.0

Crude fat — Raoakarasvga — Rifett » 5.0 4.0 4.5 8.0 3.4 4.5 6.0 2.5 6.5 6.5

Ciude protein — Rankavalbuaista —

Riprotein ..........oovvan, » | 350 ] 30.0 | 350 | 40.0 | 43.0 | 350 | 28.7 | 39.0 | 38.0 38.0
Crude fibre— Raakakuitua—Raifiber » 50 2.0 4.0 4.5 34 4.0 9.0 2.5 4.5 4.5
Nonprotein extracts -— Typettimii

unteaineita — Kviverfria extrakt-

BIMNBO . v ievannenirerneneanns » | 36.0 | 40.0 — | 250 | 18.9 — | 29.5  33.0 | 31.0 31.0
Ash — Tubkas — Aska .......... » | 10.0 | 10.0 — | 13.5 | 27.0 — | 17.0 | 150 | 120 12.0
Melting crude protein — Swlavaa

raakavalkugivia — Smiltbart ri-

230073 SN » | 33.0 | 24.0 — | 35.0 | 354 — | 253 — i 33.0 33.0
Meiting pure protein — Sulavaz

pubdasvalknaista — Smilthart ten-

protein ... ...iviiiieianann. » | 300 21.0 — | 31.0 295 — | 220 — | 30.0 30.0
Food (kg) corresponding one food-

unit — Yhtd rebuyksikkod vartaava

rebuadird (kg) — Foder (kg)

motsvarande 1 foderenhet ...... » | 1.01 | 0.98 — i 1,12 ] 1.25 — L15 — | 101 1.01
Keal/kg diet — Kealikg rebra —

Keailfkg foler .........00uu... » | 2341 12130 — (2600 [2219 — 2071 |2249 [2498 | 2498
Percent of calories as protein — Vai-

Ruaisen kaloripitoisuns prosentisina—

Procentuella  kalotiinnehdllet i

protoinet L....iieieeiiiiiia, » | 583 | 54.9 — | 60.0 | 75.6 — | 540 | 67.6 | 59.3 59.3
Table 2. Percentage composition of diets according to information supplied by the manufacturers, caleulated

calories per kilo, and percentage of caloties in the form of protein.

Tonlukko 2.

Rebujen  kokonaiskoasirmukses valmisiajisn ilmoitnsicn mukaan sekd koostumurien perusteslls lasketut ribujon

kaloripitoisundct ja valkuaisen prosentuaalinon kaloripitoisuns.

Tabell 2.

Foderpreparatens sammansittning enligt tillverkarnas uppgifter samt pi basen ~v sammansittningen

beriknat kaloriinnehill och det ptocentuella kaloriinnehdllet i proteinet.

Before they were brought to the lake and
between May 27 and June 1, the experimental
rainbow trout had been fed with Klarkki and
consequently fishgroup 4 served as the control
group. A gradual change-over to the test diets
was made between June 1 and June 5. Duting
that period the food consisted of 50 per cent
Klarkki and 50 per cent of the test diet. Feeding
of group 10 was started straight away with the
test diet on June 5, as it was impossible to get
the diet to the lake eatliet.

The fish were fed with the dry diets without
meat supplementation. As there are no wild
fish in Kalakas pond, the only possible food
besides the pellets were plankton and so-called
aerial nutrition, These, however, had no sig-
nificance as regards the compatison of the test

diets, since this kind of nutrition was equally
available in all the nets,

The experiment began on May 5, and termi-
nated on October 23, after a 141-day feeding
petiod. It was not possible to conduct the
experiment in duplicate, but as groups 3 and 6
were fed on the same pellets (River Pride = F-
Kalanrehu), the growth of the fish in these
groups gives some idea of the equality of the
conditions prevailing in different parts of the
experimental area.

D. Water samples for physical and chemical
analyses

Water samples were taken near the nets at
0.5 metres with a Ruttner water sampler. The
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Diet components Lohi- RE:::::- River- | Rlarkki| Kirjo F-X-lan- RI?;l:.n F-Koe- V_nnau;n‘ gua;:;ﬁl

Robnjon racha-aine foorfumukset Sampo rebu | Pride rehu | popy | 2 | goer 1| Koer, 2

Foderpreparatens halt av riimnen
1 2 3 4 5 6 7 8 9 10

Fishmeal — Kalajauboja — Fiskmjsl ... % | 20.0| 300 X 10,0 250 X X X | 30.0 30.0

Fish extract—Kalauntetra—Fiskextrakt » — — —| 50 — — — — —
Whale meat meal — Valaanl:bajaﬂbeya —

Valkdttmjol .....oouvuniannn, » — — — —] 200 — — X 120 4.0
Meat +bonemeal—Lzbalmcbujaﬂbq;a —

Koétthenmjdl ....voveuniinninns » — — — — — — X — -
Liver meal—Maksajanboja—Levermjél » 2.0 — X! 120 3.0 X X — 4.0 4.0
Blood meal — Verijanbgja — Blodmijsl » — — —! 30 — —_ — — — —
Milk powder — Marftofanberta — Mjolk- ‘

pulver (.iiiiiiiii i i, » — — — — 2.0 — X X - —_
Whey meals — Hergfanboja — Vﬂ.sslc-

o3 ) S » o 5.6 ~1 7.0 — — — — 3.0 3.0
Skimmed milk powdet — Karrijauboja—

Skummijslkpulver .......viiiiinan » — — — — — — — X —
Crustacean meal — Ayridigjanboia —

Kraftdjursmjol . ..ooovevininnn, » — - - —| 5.0 e e — -
Shrimp meal — Kaikara_ptgaubaya —

Rikmjbl ..vvviiniiiniinnnnaanns » 8.0 — —| 110 —_— — X — — 8.0
Fish oil — Kalailjyé — Fiskolja . ...... » — — —| 20 — — — — —

Fish liver oil—XKelanmaksasljyi—Fisk-

leverolja ..ooouvivniiaiiininn., .. » 2,0 — — — — — — - 3.0 3.0
Fat — Raspaa —Pett .......co00uis. » — — — — — — — — 3.0 3.0
Preserved animal fat — Siabiloitua eliin-

rasvaa — Stabiliserat animaligkt fett .. » — — X — — X — — — —
Wheat meal — Vebndjauboja — Vetemjdl » — — X 80 6.0 X — X —

Wheat bran -— Vebnileseizd — Vetekli ,. » — — — — — — X — —

Wheat — Vebndalkivita — Vetegrobber » — — — — — — X — — —
Oatmeal — Kawrajanhoja — Havremjsl » —| 56.8 — — — — X —| 18.0| 18.0
Soya bean meal — Soijgjanbgia — Soja-

miBl . e » | 10,0 — X | 11.0 7.0 X X X 5.0 5.0
Grass leaf meal — Viberjanboja — Grbn-

misl e, » — — X —|( t0.0 X X — 8.0 8.0
Flax meal — Pellavajaubsja — Linmjsl » — — — — 3.0 — — — — —
Kelp meal — Levdjanboja — Algmijol .. » 5.0 — — — — — — X 8.0 8.0
Lucerne meal — Sinimallasianbgja —

Lucernmjdl ... ... cviiiienenin » 10.0 — — _— — — — — — —
Corn wash—Maissirankkia—Majsdrank » —_ — — | 13.5 — — — — —

‘Caco groats — Kookosroubetta —Ko-

koSgtOPe +.veiiiii i iiaas » — — — — 0.5 -— X _— — -
Molasses — Melasria — Melass ....... » —_ — X| 40 1.0 X X -— — —
Malt extract — Mallasuntetia — Malt-

extrakt ... ... . i iiiiiiieeana » 16.0 — _— — — — — — —
Lecithin — Lesifiinid — Lecitin . .. ..., » -— — —| 1.0 — — — — —
Distillet’s dried solubles — Rebukbiivaa—

Foderjast ...........vvvineinnnn, » | 20,0 — —| 10.0 6.0 - X — 6.0 6.0
Dried brewet’s yeast — Hiivaa — Jast » — 5.5 X — — X — X — —
Feed lime — Rsbukalkkia — Fodetkalls » — 2.0 — — — — X — - -
Chalk meal ~— Rebaliitujanboja — Foder-

2 7 » —— — — — 0.5 — — — —

Feed phosphate — Rebufosfaattia —

Foderfosfat ............ccvvnn... » — — —| 0.5 — — X — — —
Dicalcium phosphate — Dikalsium for-

faattia — Dikalciumfosfat . ........ » — — X — 0.5 X — — — —
Calcium lignosulphonate — Kalsium

Hgnosulfonaattia — Kalciumlignosul-

fonmat ... it » 2.0 — -— — — — — - —

Salt — Swolea — Salt ............... . » 2.0 — X| 10; 0.999 X X X 2.0 2.0
Potassium iodide — Kaliumjodidia —

Kaliumjodid ................. ... » | 0.003 — X — | 0.001 X — — — -
Manganese oxide — Mangaanioksidia —

Manganoxid ....ovieeiiainan., ., » — — X —_ — X — — — -

Continue — Jatkun — Forts.
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Sodium fetrite — Natriumferriiitia —
Nattjumfertit .. ooovneeeiivneian, » —
Vitamin supplement — Vitamiiniseosia
— Vitaminblandning
Colouring matter—Viriainetta—Firg-
AMNEN o1 cvavnnanaaronnrrransnns »
Binding substances — Sideainetia —
Bindemedel

0.5
0.2

‘Table 3,

3 4 5 6 7 8 9 10
x| — — x| =] = = =

X! 1.0]100 x| x| x| 10| 1o
_ — — - — X —

Diet components according to information supplied by the manufacturers.

Taulukko 3. Rebujen raaka-ainekoostumukset valmisiajien ilmoitusten mukaan.

Tabell 3.

temperature and pH of the water were deter-
mined on the spot. Dissolved oxygen content,
conductivity, total hardness, KMnO, consump-

tion and colour of the water were determined
at the laboratory of the Bureay of Fisheries Inves-
tigation.

The temperature of the water was measured
twice a day from samples taken at 0.5 metres.

E. Fish samples

For sampling, the nets were raised, so as to
collect all the fish in a small volume of water,
An unselected sample was netted up.

The sampled fish were anaesthetized with M.S.
222 (tricaine methanesulfonate, Sandoz Ltd.,
Basel, Switzerland). The fish were measured and
weighed individually.

Each fish was measured to the nearest milli-
metre from the tip of the chin to the end of the
stretshed tail fin. The fish were weighed to the
neatest gram on a triple beam scale.

F. Comparison of the growth of the fish

The expetiment was divided into four different
periods. They have been numbered as follows:
I (June 5—June 29), II (June 29— August 12),
III (August 12—September 16) and IV (Sep-
tember 16—October 23). In the beginning of the
experiment and at the end of each period a
random sample of fish was measured and weighed.

Foderpreparatens halt av riimnen enligt tillverkarnas uppgifier,

The initial sample consisted of 20 per cent, on
June 29, August 12 and September 16 10 per
cent and at the end of experiment on Octobet 23,
50 pet cent of the total steck in each fsh group.
'T'o evaluate the significance of the differences
in gains in weight and length between different
diets and the control diet Klarkki, the usual
Student’s t-test was used. Evaluations were made
on the basis of samples taken at the end of the
cxperiment. Calculations were made at the
Computing Centre, University of Helsinki,

G. Utilization of the diets by the fish

Conversion of food into fish was calculated
on the basis of the gain in weight of the fish
surviving to the end of the experiment; in cal-
culating their food consumption the amount of
food consumed by the trout which died during
the expetiment was deducted from the whole.

In order to compare the utilization of the
diets, it was calculated how much calories and
proteins were required to produce one kilo of
fish.

H. Determinations of the costs to produce one
kilo of fish

On the basis of the conversion ratios obtained
in the expetiment, the costs to produce one kilo
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of fish were calculated. Inquiries regarding
prices of diets were made directly from the
impotters and manufacturers in February 1967.
The calculation was based in each case on the
retail price of the 4 mm pellet size. Prices for
F-Koerchu and Vaasan Héyrymyliyn Koerehu
1 and 2 were estimated by the manufacturers,
It was not possible to get a price for Raision
Koerehu, as it has been produced only to order.

1. Determination of the condition factors

At the end of the experiment condition factors
for the fish samples were calculated from
Furton’s. equation
K — 100 x weight of the fish (g)

(total length of the fish (cm))®

(RounseFery and Evermart 1960).

According to Browx (1957), the growth of
salmonids has only a slight influence on the
ratio of length to weight. Conscquently the
factor K can be used to calculate the length-
weight ratios of rainbow trout of different sizes,

J. Evaluation of the flesh _colouration

I
At the end of the experiment a sample of
ten fish was taken from each net to compatre the

mean colouration of the flesh. The fish were split
and rinsed with water. The evaluation was made
according to the intensity of the flesh colouration
and not to the attraction of the colour.

K. Chemical analyses of the diets and the fish

Chemical analyses of the diets were made at
the end of the experiment. Unselected samples
of pellets were taken from each of the diets and
stored in a dry place. Fot the analyses the diets
were ground and homogenized with an Ultra-
Turrax homogenizer, -

For the chemical analyses of the fish, samples
of each fish group were taken as described
eatlier. The fish were stored fromen at —18°C.
The analyses was made in duplicate and for each
sample six fish were taken and homogenized.
The analyses were made from whole fish, gutted
fish (gills and intestines removed) and fish livers.

The same analyses were made on the diets and
the fish, as follows: water content {(Aoac 1965),
fat content by a modification of GERBER’s
method (Porya et al. 1956), protein content by a
modification of KjrLpanr’s method {Cocxks and
van REpE 1966) and ash content (Aoac 1965)..
The analyses were made at the Institute of Meat:
Technology, University of Helsinki.



III. PHYSICO-CHEMICAL CHARACTERISTICS OF THE CULTIVATING WATER

The pH of the water before the experiment
was 5.9 at 0.5 metres. In otrder to raise the pH,
the lake was sprinkled with lime. By mistake
this was done too effectively and for a couple of
weeks (June 25—July 9) the pH rose to 9.0—9.5,
after which it gradually sank and at the end of
the experiment was 7.2, measured from 0.5
metres, The effect of liming was also observable
in the raised values of electrical conductivity and
total hardness (Table 4).

At the beginning of the expetiment the dis-
solved oxygen content at 0.5 metres was 11.0
mg/l (saturation value 110 %,) and at the end of
the expetriment 8.3 mg/l (saturation value 72 9).

Owing to the large mesh size of the nets there
was s0 little slime formation during the experi-
ment that the exchange of the water was pre-
sumably not affected in any of the nets. Water
samples for oxygen determinations were not
taken inside the nets but nothing in the behaviour
of the fish (accelerated breathing, restless move-
ments, etc, JoNes 1964) gave reason to suspect
oxygen deficiency in the nets.

The tempetatute of the water was very high
at the beginning of the experiment (Fig. 3).
Between July 20 and 25, it was +24°C in the
afternoon. The high temperature did not cause
extra mottzlity but made the fish unwilling to eat.

Before the Afic: the liming At the end of the

Eﬁ:‘:‘ﬂ?jﬂ Kalkitnkeen jilkos: K;éf;;‘:j;;w‘

Fote foroker | Lrver Malkningen | Cp  farsiker
) 5.9 2.0—9.5 7.2
O MEZIL o etirvit e ie ettt iy 11.0 8.3
Degree of oxygen saturation % — Kylldstysarve, % — Mittnadsgrad, % 110 72,
Conductivity uS — Jebtokyky — Ledningsférmiga .. ......ooiilet 16 85 55
Colour mg Ptfl — Viari —Firg ....... e a et 5 — 20
EMnO,;mg/l oo oo iiinevrennmsnesararetaanasasssnssrcrnrinans 18 — 14
Total hardness dH° — Kokamt.rkowm -— Total hardhet .............. 0.1 2.2 1.7

Table 4,

Watet analyses from the pond Kalakas, S3ampling depth 0.5 metres.

Tanlukko 4. Kalakar-lammesia tebdyt vesianalyysit, Ndytieet otetin 0.5 metrin synyydesii,

Tabell 4,

Vattenanalyser i trisken Kalakas. Provtagning pa 0.5 meters djup.



1V, RESULTS AND DISCUSSION

A. Composition of the diets

Results of the chemical analyses of the dicts
are presented in Table 5. The residue represents
the total amount of nonprotein extracts and
fibre combined. It can be seen from the table
that the dicts were on the whole quite comparable
in composition. The percentage of water varied
from 5.3 to 14.5, fat content from 0.8 to 8.5,
protein content from 26.8 to 42.8, ash content
from 7.3 to 16.0, nonprotein extract and fibre
content from 32.7 to 59.0. 'The unusually high
water content of Raision Koerehu (14.5 per cent)
suggests that the sample got moist for some
reason during the experiment.

Ewos Rauturchu differed most from the other
diets as regards chemical composition. The
percentages of fat (0.8), protein (26.8) and ash

(7.3) wete far lover than those of the other diets
and correspondingly the percentage of non-
protein extracts and fibre was higher. Vaasan
Héyrymyllyn Koerehu 1 and Kitjo had low fat
contents (1.8 and 2.7 per cent) and Klarkki a
rather high fat content (8.5 per cent) as compared
with the other diets. For some diets the com-
position given by the manufacturers (Table 2)
differed greatly from the results of the analysis
presented in Table 5. Special attention was paid
to the exceptionally high ash content given for
Kitjo (27 pet cent) which was as much as 11
pet cent higher than the analysed value, and the
low fat content (2.5) for F-Koerchu. Differences
between the values given and analysed may have
been caused by differences in the water content
and also in the methods.

Most of the manufacturers also stated the

Nonprotein
extracts and
fibet

Diet Water Far Protein, Ash Typeitim3t

Rehw Vesi Ras.+4 Valk:ainen T&Qh unteainest ja
Fodespreparat Vln;:en I.T;:r Pr«.;;:m .Ans/; a - vl:_n::aé N

extraktimnen
och fiber

B . %

LONi-SAMPO .+ 0rneeuvrrare e 6.3 4.4 42.8 13.7 32.8
Ewos Rauturehiz ... .vvvivrvrrnesnriomnanae s smrrrtsanes 6.1 0.8 26.8 7.3 59.0
River Pride ... ovvvreinanr et rerssatnarasansannens 9.6 5.5 38.0 14.2 327
T 1 T R R R 6.2 8.5 38.9 12.0 34.4
KHFJO +vveeueeennns s 5.3 2.7 41.5 16.0 34.5
FEKalanrehll ... ooiivainniranraraessnninssseinanaaenians 9.6 5.5 38.0 14.2 32.7
Raision JCOETENU « oo v vt vr et v arnarasmmsancreneess s unsass 14.5 4.8 35.5 12.5 32.7
I T ) T LA R R R L 6.1 48 394 14.8 349
Vaasan Hoveymyllyn Koerehu 1 .. ooovuiiiivnnniinaenenee 6.5 1.8 40.5 15.0 372
Vaasan Hoyrymyllyn Koerehn 2 c.oovvinnvonnninianemun 7.1 3.8 39.3 13.5 32.7

Table 5. °
Taonlukks 5. Rebujen kokonaiskoostumns anaiyysin mitkaan,

Tabell 5. Foderpreparatens sammansittning enligt utfor
kratstodsprocent.

Chemical analysis of the diets, Nonprotein extracts and fibre by difference.
Typettomizn unteainsiden ja kuidun mddrd = jddnndrprosenisi,
da analyser. Kviveftia extraktimnen och mingden fiber =
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amounits of crude fibre and nonprotein extracts
{Table 2), which were not analysed. Crude fibre
values for Ewos Rauturehu and F-Koetrchu were
rather low (2.0 and 2.5 per cent) and for Raision
Koerehu high (9.0 ‘per cent). Kirjo had an
especially low percentage of nonprotein extract
(16.9).

The high protein content (average 38 per.cent)
in the diets tested is based on the fact that
relatively large amounts of protein are needed
for enetgy, because rainbow trout are inefficient
utilizer of carbohydrates (Purrums and
BrocEway 1956, Pminures et “al. 1963) and
excessive dietary fat may cause various unde-
sirable phenomena (Prirrrvs and PoboriAx 1957,
KrinGLEr 1958, Orre 1966). In general, it can
be stated that the quality and dietary efficiency
of the protein determine the value of a diet.

The calotie contents of the diets: were high,
over 2000 kcal/kg (Table 2). The value was
highest in Klarkki (2 600 kcal/kg) and in Vaasan
Hoyrymyllyn Koetehu 1 and 2 (2498 kcal/kg)

Kai Westman, Olli Sumari & Jorma [. Laine: Comparative dry...

and lowest in Raision Koerehu (2 071 kcal/kg).
All diets contained over 50 per cent of calories
as protein, Kirjo having as much as 75.6 per cent
of calories as protein (Table 2).

A great many raw materials wete included in
the diets, on an average, 13 (7—17) different taw
materials had been used in producing a diet. In
all diets fishmeal or fish extract was quantitatively
the main single ingredient of animal origin
(Table 3). Amounts of this ingredient vatied
from 15 to 30 per cent, Liver and whey meals
had also been used in most diets, The amounts
of liver meal varied from 2 to 12 per cent and of
whey meal from 3 to 17 per cent. Whale meat
meal was the second most important animal
ingredient after fishmeal in Kirjo and Vaasan
Héyrymyllyn Koerehu 1.

Various cereals were the main ingredients of
plant origin. The amounts varied from, 15 to
57 pet cent. In Ewos Rauturehu the amount of
ogtmeal was especially high (56.8 per cent).
Animal concentrates are superior to plant con-

Vitaming ]
Vitantiinit Lohi-Sampo Ewos Riututehu
Vitaminer
Fat soluble — Rasealinkoisst — Fettlosliga
A fufkg kylkg 1e,l'kg 15 000 27 500
L 1200 3 060
S mg,’ kg 35 110
K (menadmn) ............................. et » — 11
Water soluble — Vesilinkoiset — Vattenlslign
By (thiaming) ......oovvviiivanns i i, [ T mgtkg 15 27.5
B, (riboflavin) .............. e e ee ettt » 18 7
Ba (pyridoxine) .......ovviiineian. . P S » 7 27.5
B (cyanoc.oba.lammc) ...... P » 0.022 0.03
Para-aminobenzoicacid . .......... v i i, " — 110
Pantothenicacid ...... ... . i e e i 24
Calclum pantothenate ............... .. ..o iiiiiiiiniaan... » — 105 ]
Folicacid ... v » 4 17
Choline ... i e e » 340 1300
Niacin ...... e A TN N-C SO » 80 330.
Biotin (vitamin H) ... ..... ... e, » — 1.5
Inositol ...e. i » 550
Nicotinicacid .. ..o it i e » — —
Pyndoxme hydrochlotide ... ovuu i » —_ —
.......................................................... » 370 530

manufacturers.

Composition of the vitamin supplement added to the diets according to information supplied by the

Taulukko 6. Rebuibin Hedtyn wtam:mmak.re.; mtam:mkaom{mm valm:.rtq,rzm ibwnoituksen mukaan.

Tabell 6.

Vitaminsammansattningen hos i foderpreparaten tillsatta vitaminblandningat enligt tillverkarnas uppgifter,
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centrates for rainbow trout (Pmirrres and
BrockwAy 1956, Krranrkapo et al. 1964, ManN
1967) but the latter are used to reduce costs.
Yeast had been added to all diets; in I.ohi-
Sampo the amount of yeast was as high as 20
per cent, Fat or fishliver oil had been added to
five diets in amounts between 2 and 3 per cent.
Crustacean meal, which, being zich in xantho-
phyll pigments, causes the coloutation of fish

flesh, was an ingredient of five of the diets {from

4 to 11 pet cent). In Ewos Rautuichu artificial
colouting matter was used as 4 substitute for
crustacean meal.

Amounts of vitamin concentrates added to the
diets varied from 0.5 to 10 per cent. There was
an average of 10 (5—16) different vitamins in the
concentrates (Table 6). Evcry concentrate con-
tained vitamins A and D, all but Kirjo vitamin
E and all but Raision Koerehu vitamin Bjs.
Special atteéntion was paid to the lack of pan-
thothenic acid, B, and choline in some of the
vitamin concentrates of the diets, as these vita-

15

mins are considered essential for rainbow trout
(Davis 1953 pp. 72—75, LErtrirz 1960 pp.
T1—78).

The diets contained about the same amounts
of added vitamins except Ewos Rauturchu, in
which the amounts of vitamins were two-four
fold and significantly higher than is needed for
rainbow trout (Table 7).

B. Growth of the fish

1. Growth resulis at the end of the experiment.

Weights and lengths of fish fed with Lohi-
Sampo and Vaasan Héyrymyﬂyn _K_bérehu 1 and
2 did not differ significantly from those .of fed
with the control diet Klarkki (Table 8). The
weights and lengths of fish fed on the other dists
differed significantly from the controls (P <
0.001). S -

"The frequency distribution of ‘the weights of
the fish samples are presented in Fig. 2.

Rires Pridn | Klerkla Kirs F-Kalanrehu Raision Koerehu F-Koerchu Hﬁyr;a;?lyn Hﬁ;r:;;a;lyn
[ ' Kaocrehu 1 Koerehu 2
X 8000 10 000 X 12000 X 12 000 12 000
X 1000 2 250 X 2 000 h:4 1000 1000
X | 25 | X 30 X 30 30
— | e — = . — — —
X - 10 X 5 X | —
X - 14 X 8 X 15 15
= g — — X — —
X 0.02 .02 X — X 0.02 0.02
z L — X —_ .. .
= 20 | 20 — 20 ) 20 20
X | n b'e X —
X | - 4 X — X — =
X = 100 X — X — —
_ _ 30 . - X _. =
X 0.3 X _ X — —
_ | 20 = e | . =
— | — X — — —
X _ i X _ _
X 450 X == X —
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Fig. 2. Frequency distribution of weights of fish samples taken at the beginning (hatched) and

end of the experiment,

Kuva 2. Kokeen alkaessa (vifvoilettn) ja piittyessd oittinfen Ralandyiteiden paincien jakantumat.
Fig. 2. Férdelningen av vikten pj fiskproven frin bétjan (skuggat) resp. slutet av forssket,
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There wese great differences in the ranges of Viamins EDELL 1964 | EIGSELE 1965
. . . itamiinik
the weights of fish fed with different diets. The Vitumiset
smallest range (100—290 g) was in Vaasan Hoy-
rymyllyn Koerehu 2 (Fig. 2) and the greatest Fﬂ:e:‘o_l‘_*ll’:l:tt—kgfi{g”zl"”kﬂi'
(40—370 g) in River Pride. Similarly, Vaasan A .. iufkg, ky/ks ie/kg |7 000—11000 6 000—8 000
Hoyrymyllyn Koerehu 2 had the smallest range g ------------ mg»[kg 1 500202 000 -
of length and River Pride the greatest. At the ‘Water soluble — Vesilis-
i d koisst — VattenlGsliga
end of the experiment the_ smallest fish had a B, (thismiae) ... mekg 10 2030
length of 14.9 cm and weighed 26 g, and the B, (riboflavin) ..  » 8—-15 12—15
latgest fish was 30.1 cm and weighed 362 g. %" (?g;;igﬁi?l; » " 5
The growth of the fish, except for some of the  'mine) ....... — 0.03
pootest tesults, was faitly typical for rainbow Ié;'::l?;};mlc acid - 3%‘[])
trout duting the second summer. For example, Niscin ........ » _ - 0.65
_ Biotin ......... » — 0.3
L-AE[NE et al: {1967 a) un.dcr comparable con- g0 Lt " s 10 .
ditions obtained mean weights of 133, 154 and C...iiiiieins » 200—250 —
171 g 11:& three rainbow trout groups..'I'he ﬁs'h Table 7 Vitamin tequirements of rainbow trout,
were weighed on September 15. In this experi- according to RumperL (1964) and Evsere
ment the mean weights at that time were be- Tudakdo 7 g’%sl).b R (1964)
anlnkko 7. Kirjoloben vitamiinitarve UHDELLZ
tween 101 and 165 g (Table 9). ja Bxsavsn (1965) mukaan.
Tabell 7. Regnbigslaxens behov av vitamin enligt
2. Gains in weight and length during the experiment RumpeLs (1964) och Fassie (1965).
At the beginning of the experiment and at
the end of each period a random sample of fish
was measured and weighed, as mentioned under
Lenght Welght
Diet Pitnns Paino
Rebn 1 Lingd (cm) Vikt (g}
Hoderprepatat |
;S;Islt! P ;S;l:;!:' P-
Lohi-Sampo .....ovens 70| 25.440.3 | 2.2 | —0.85[ 0.10< P<0.50 207.64:6.6 | 55.0 |— 0.67 0.10 < P<0.50
Ewos Rauturehu ...... 690219403 2.6 [ —9.87 P <0.001 124.54-5.2 | 43.1 |—12.00 P <0.001
River Pride ....... ...| 73| 240463 2.6 —4.27 P <0.001 173.846.3 | 53.7 |— 4.B0 P<0.001
Klarkki oovvvveivina 71/25.640.2(1.8| 0.00 — 213.34-5.3 | 4.4 0.00 —
Kiffo ouvrvinnns . 50| 22,540.4 | 3.0 | —6.63 P <0.001 138.4+7.4 | 52.4 |— 8.23 P<0.001
F-Kalanrehu .......... 62| 24.04.03(2.20 —4.77 P<0.001 173.14+5.7 | 449 [— 5.17 P<0.001
Raision Koerehu ...... 70| 24.34-0.2 | 2.0 | —4.36 P <0.001 180.4+5.4 | 45.0 |— 4.36 P <0.001
F-Koerehu ........... 72024241031 2.6 | —3.92 P <0.001 175.24+6.3 | 53.6 |— 4.62 P<0.001
Vaasan Hoyrym. Koe-
rehul .. oviiee-nes 73(25.54-0.3 | 2.3 | —0.34 P <0.50 214.4.1-6.7157.0 |4 0.12
Vaasan Héyrym, Koe-
rehu 2 ....oviaennan 72l 254+0.2]1.8] —0.76| 0.10< P<0.50 |205.845.1]43.0|— 1.02] 0.10<P<0.50
Table 8. Mean lengths (z) and weights (), standard deviations (s), standard errors of the means (S%) and t-values

for significance of differences between groups of rainbow trout,

experiment, The comparison diet is Klarkki,

Tanlukko 8. Kirjolohien

Tabell 8.  Medellingder (g)
avsiutats. Kontrollfoder Klarkki,

3 9175—69

Reskipitundet ( ;) ja keskipainet ( 3), baj
1-testin tulokset kasvatuskokeen padityessd ofstinjen kalandytie
och medelvikter (3) hos regnbigslazen, variati
virdena samt resultaten av Student t-test pd basen av fiskprov, som tag

£ (1) ja

based on samples taken at the end of the

Eeskiarvojen keskivirheet (F3) sekd Sindentin
den perusteella. Vertailurchuna on Klarkki,

oner (s) och medelfel (S3) for medel-
its sedan uppfodningsforslket
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Increaseofthe | qpore0e of the
1 h
Mean length Mean weight rKl’“l‘i engsh Kmf = we%;q
Diet Keskipituns Kastkipaing Jiscys Medelviktens
Rebw Medellingd (crm) Medelvike (g) Medelling- skning
Foderpreparat dens kaing 5.6—23.10
5.6—23.10
56 | 296 | 128 | 169 | 2310 | 56 | 206 | 128 | 16.9 | 2800 | em | % g %
Lohi-8ampo .......... 14.5115.0|18.1|23.0 | 25.4 | 34.5 | 44.7 [ 81.5| 164.6 | 207.6 | 10.9 | 75.2| 173.1] 35017
Ewos-Rauturehy ...... 14.5114.3116.6 [20.5|21,9 | 34.5(38.3|59.8 | 111.5| 124.5| 7.4|51.0| 90.0| 2609
River Pride ........... 14.5|15.6 | 18.7 | 22.4 | 24.0 | 34.5 | 44.8 | 93.1| 147.3 | 173.8| 9.5/65.5| 139.3 403.8
Klarkki .......,.... 14.5115.1118.4 226 (25.6 | 34.5 | 43.8 | 84.5 | 153.0| 213.3 [11.1{76.6 | 178.8 518.2
Kitjio ................ 1451150159 19.9 [22.5|34.5|37.5|46.1 | 101.3| 138.4| 8.0|55.2| 103.9] 3012
F-Kalanrchu .......... 14.5(16.1| 18.5| 22,1 124.0 | 34.5 | 49.2 | 85.4 | 136.5| 173.1| 9.5]65.5| 138.6| 401.7
Raision Koerehu ...... 14.5|15.4 | 17.8 | 21.9 | 24.3 | 34.5 | 44.9 [ 71.7| 133,1| 180.4| 9.8|67.6| 145.9| 4228
F-Koetehu ........... 14.5|14.5|18.0 | 22.2 [ 24.2 | 34.5 [ 37.3 | 73.5 | 136.3| 175.2| 9.7|66.9| 140.7| 407.9
Vaasan Hoytym. Koe-
rehul ............. 14.5]15.6 | 18.7 | 23.2 | 25.5 | 34.5 | 47.0 | 91.0 | 163.3| 214.4|11.0'75.9| 179.9 521.4
Vaasan Héyrym, Koe-
rehu 2 ... ......... 14.5]15.2[18.4| 23.0 [ 25.4 [ 34.5| 42.2| 80.6 | 162.7| 205.8110.9]75.2| 171.3| 496.5
Table 9. Mean lengths (cm) and weights (g) of tainbor trout and their absolute and relative gains during the
course of the experiment.
Toulukko 9. Kirjolobien keskipitrodst {om) ja keskipainot (g) eri mittaus- fa punniteskerroilla sekd niiden todellivet Ja prosen-
inaalisst lisdyksst Rasvatuskokeen atkana,
Tabell 9. Medeilingder (cm) och medelvikter (g) hos regnbigslax vid olika uppmitnings- och uppvigringsprov

samt absclut och procentuell Skning av dessa virden under uppfédningsforssket,

Materials and Methods. The results are prescated
in Table 9. In order to get a better idea of the
growth of the fish, the absolute and relative
increases in the mean lengths and weights during
the expetiment have been calculated (Table 9).
Gains in mean weights arc also presented graphi-
cally (Fig. 3). Absolute and relative increases in
the mean weights during the different periods
have been calculated (Table 9). Because the
petiods were of different durations the daily
increases in the weights have been calculated to
make comparisons between the different periods
easier (Table 10).

When the growth of the fish was examined, it
was found unexpectedly that except in the groups
fed with River Pride and F-Kalanrehu the trout
had grown best at the end of the summer
(period ITI, August 12-September 16). This may
have been due to the changes in the temperature
and pH of the water during the experiment.

The inferior growth during the first period
(June 5—June 29) as compared with the second
and third periods may have been due to the low
pH value of the water (pH 5.9). BErzins (1962)

has reported the following pH limits for rainbow
trout: lethal rates 5.5 and 9.2, comfort range
5.5—6.2, and optimal range 6.2—8.4 (sce also
Banor 1936, ScHieMENZ 1937, SvirDsoN 1961,
JonEs 1964),

The second period of the experiment (June
29—August 12) was affected by the sudden
change of pH and the high temperature of the
water. For a fortnight after liming (June 25—
July 9) the pH rose to about 9. As a result the
fish stopped eating completely for a week and
the simultaneous mortality was high (further
details later). The occasional high temperature
of the water (Fig, 3) also made the fish unwilling
to eat, which influenced their growth.,

During the third period (October 12—Sep-
tember 16) environmental conditions were most
favourable and the growth of the fish was most
rapid in all groups except River Pride and F-
Kalanrehu (Fig. 3, Table 10).

During the last period (September 16—
October 23) the temperature of the water drop-
ped much below the optimal temperature for
tainbow trout, which is, according to GArsipE
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Fig. 3. Mean weights of the rainbow trout during the feeding experiment,
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1 Period —— Jaks) — Perlod I Petiod — Jakse — Petiod I Petiod — frésa — Period | TV Period — faks — Period
_— 5-29.6 29.6—12.8 12.8716.9 16.9-23.10
Heby
Foderpreprrat gjday Ya/day gfday Yafday| glday Y%fday gfday Yofday
g ork % ok g vk % vrk g | ek % vrk 4 ork srik
dygn dygn dygn dyga dygn dygn dygn dygn
Lohi-Sampo ..... 10.2| 0.41296| 1.2(|36.8| 0.8 823 1.9(83.1| 24| 1020 2.9'43.0| 1.1 261 0.7
Ewos Rauturehu .. | 3.8| 0.2, 11,0| 0.5|21.5| 0.5( 56.1| 1.3|51.7| 1.5| 865! 2.5 13.0| 03[11.7] 0.3
River Pride ,..... 103 0.41299) 1.2(483| 1.1|107.8| 2.5|542| 15| 58.2| 1.7]|265| 07 180 0.5
Klarkki.....,,... 9.3 0.4(27.0| 1.1/40.7| 0.9| 93.0/ 2.1!685] 20| 81.1| 23|603| 1.6 324 1.0
Kitjo ..voueoitn, 3001 01y 87| 0.4 86| 02| 229 05/552| 1.6 119.7| 3.4|37.1| 1.0 36.6! 1.0
F-Kalanrehu ..... 1471 0.6/42.6} 1.8(36.2| 0.8| 73.6| 1.7|51.1| 1.5| 59.8| 1.7|36.6] 1.0 26.8] 0.7
Raision Koerehu .. [10.4| 0.4|30.1| 1.3]268| 0.6| 59.7| 1.4|61.4' 1.8| B5.¢ 241473 1.2(355| 0.9
F-Koerehu ....... 28| 01} 81| 0.3(362| 0.8] 97.0/ 2.2|628| 1.8| 854| 24/389| 10 28.5( 08
Vaasan  Hoyrym.
Koerehu 1 ... ., 12,5 0.5(362| 1.5[44.0; 1.0| 93.6| 2.31723] 2.1} 795 23|31 1.3 31.3( o0.8
Vaasan  Hoyrym.
Koerehu 2 ..., 770 03]223] 0.9(38.4] 09| 91.0] 21|821| 2.3| 101.9] 2.9|43.1! 1.1|265 0.7
Table 10. The absolute and relative, total and daily gains in mean weight of rainbow trout during the successive

feeding periods.

Taniukko 10. Kirjolobien keskipainon todellinen ja Prosentuaalinen, kokonais- ja paivittdinen liciys ovi ruokintajaksoina,

Tabell 10.
ningspetioder.

and Tarr (1958), L-11—16°C and, according to
AYERs et al. (1964), +-13—18°C (cf. CALDERON
1965). Consequently the growth of the fish
during this period was poorer than in the
preceding period,

3. Discussion of tke differsnces in growth

Floating dry diets are usually more expensive
than non-floating ones, but losses during
feeding are generally smaller, Although the fish
werte fed as carefully as possible, the floating
Ewos Rauturehu, Rivet Pride and F-Kalanrehu
were found to drift out of the nets to some
extent owing to the winds and especially to the
movements of the fish, As the diets considered
wete not available in non-floating form the
extent to which this drifting influenced the
results cannot be accurately assessed. LAINE et al,
(1967 a) also found that rainbow trout fed on a
floating dry diet in nets grew considerably
slower than fish fed on non-floating diets,

It should be pointed out that to produce a
floating pellet it is necessary to employ either
an extrusion or expansion cooking process,
both of which require a considerable amount of

Absolut och procentuell kning av regnbdgslaxens medelvikt totalt och per dag under olika uppfid-

heat (Prarson 1968). The heat may have a
detrimental effect on the heat-labile vitamins
and proteins, thus resulting in inferior growth
of the fish fed on the diet.

During certain periods some of the fish groups
gained weight as fast as or faster than the group
fed on the control diet Klarkki, while during
other periods they grew considerably slower
than the control group (Table 10, Fig. 3). The
inferior growth of the trout fed on Kirjo, F-
Koerchuand Ewos Rauturehu in the beginning
of the experiment was especially striking. This
may have been due to the different appearance
of these pellets compared with Klarkki, so that
the fish took a longer period to get used to these
diets. According to Lanas (1959), the appearance,
ie. pellet size, form and colour and also the
sinking speed of the pellet, induces strong con-
ditioned reflexes in salmonids (see also Worr
1953, Smaron 1965). If the diet is changed and
the new diet differs considerably from the former
in the above-mentioned respects, the fish may
dislike the new diet for 2 long time, The above-
mentioned Kirjo and Ewos Rauturehu differed
considerably from Klarkki in colour. Floating
Ewos Rauturchu differed from Klarkki very
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smuch not ooly in colour, but also in peliet form.
Furthermore, Kitjo was significantly harder than
the control diet. At the beginning of the expeti-
ment it was noticed that the trout spat out Kirjo
pellets, which may be regarded is cvidence that
the hardness, taste and form of the pellet were of
great impoftance. This behaviour did not conti-
nue for long but, as mote ptecise observations
were not made, the degree to which it accounted
for the  inferior growth of these fish at the
beginning of the expetiment cannot be assessed.

Compated with Klarkki, trout fed on Rivet
Pride and F-Kalanrehu gained in weight espe-
cially well in the beginning but growth became
infetior towards the end of the experiment.
"This may have been due to the composition of
these diets, which was better suited for smaller
than for bigget rainbow trout of to some other
unknown factor which cannot be studied in this
confiection,

Owing to the many faw tnaterials and vita-
mins in the diets it is very difficult to determine
which factors have been of special importance
for the growth of the fish. Lohi-Sampo, Vaasan
Hoyrymyllyn Koerehu 1 and 2 and Klarkki,
which gave the best growth results, had as a
common factor higher calorie contents than the
other diets (Table 2), They also contained about
the same percentage of calories in the form of
protein (58.3—60.0). 'Their fat conteats {5.0—
8.0 per cent) were higher and ash contents
(10.0—13.5 per cent) lower than in most other
diets. The protein contents were also relatively
high (35.0—40.0 per cent).

Tn some feeding experiments a high fat content
has been demonstrated to have a sparing of
dietary protein, resulting in increased fish growth.
(Prrrures et al. 1962) but in other experiments
the supplemental fat calories have been deposited
as body fat, causing an increasc in fish weight
but not in true growth (PHrLLIPS and BROCKWAY
1959). This might be due to differences in the
quality of fats used fot trout.

As stated eatlier, diets must have a compara-
tively high content of ptotein but it is difficult
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to state the optimal protein content for fish
because it depends not only on the quality,
biological value and digestibility of the protein
but also on other characteristics of the diet, and
the age of the fish and on the propagation cof-
ditions (Pmiriips and BROCKWAY 1956, SHANKS
et al. 1962, MiEGEL 1964, MANN 1967, WURZEL
and Hénre 1967).

Differences in the gtowth of the test fish fed
on different diets may be caused by differences in
the quality and proportions of the raw matetials
or in the preparation methods and storage of
the diets. Inferior growth may also be due to
shortage or quantitative imbalance of essential
amino acids (PrrLLirs and BALZER 1957, SHANKS
et al. 1962), deficiency of essential vitamins
(Proriips and BROCKWAY 1956, RUHDEL 1964),
poor digestibility of the diets (PHILLIPSl and
Brocrway 1956, 1959, BARRINGTON 1957) ot
too rapid leaching in the water (Coumps and
Burrows 1958). Improper preparation methods
or storage (Pmmnies and BROCEKWAY 1956,
Perrerson ct al. 1966) may also spoil the diet.
However, these factors cannot be discussed here.

It should be pointed out that although the
rapid increase in pH slowed down the growth
of the fish, this can be ignored in the co mparison
of the diffierent diets, because the effect on all
fish groups was appatently the same. The pH
became even throughout the surface of the lake
shortly after the liming and the fish started to
cat in all the nets at approximately the same time
after the rise of pH.

C. Utilization of the diets by the fish

1. The conversion ratio

The convetsion of food into fish and the
amount of cach diet required to produce onc kilo
of fish compared with Klarkki are presented in
Table 11.

The best conversion ratios were obtained with
Vaasan Hoyrymyllyn Koerehu 2 (1.67), Lohi-
Sampo and Klarkki (both 1.68). According to
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Consumption Calories re- | Proteins re-
of diet com- quired per kilo|quited per kilo
. |pared vith Costs to pro- | fep produced | fish pro duced
Convession |* Kjgrkk . duce onekilo | gelukifon as- | Ralakilom
Diet f8to | Reber kalytys | Price of the of fish sattamiseen | kasvatiamiseen
Ravintolorroln | ™ gy piin dicte | Tuntetun kala- | goyiins hoforic | gavvitey

Reba Fodertkoei- | poppimg | Robum binte | Kilon binia wicz | sallmtmenrd

Foderpreparat cient Foderftr- | Fodrets pris | Kostnader f5t| orciibenoy | Droreictenny

btukning jm- produktionen | g5 broduk. | For produk-

ford med aveet kg fisk | ionen av ere tionen av ett

Klariki ksifo fisk kg fisk

Lohi-8ampo . ..uvevnrniiiian i, 1.68 0.0 0.80 1.40 3933 588
Hwos Rauturehu ......................c0..s. 2.74 +64.0 1.40 3.80 5 836 822
River Pride .....oooovneinii i, 2.28 +-35.7 1.07 2,40 — 798
L 1.68 — 1.00 1.70 4368 672
L 2.00 +19.0 0.80 1.70 4 438 860
B-Kalantehu ....................... taraseias 2.22 +32.1 1.07 2,40 — 177
Raision Koetehu .. ..........ooueivinnnnnn., 1.84 + 2.5 — — isn 528
F-Roerehll ..oiiivnvnenniniinannnannn, 2.03 +20.8 1,15 2,30 4 566 792
Vaasan Hoéyrym, Koerehm 1 .............. ..., 1.80 + 7.1 0.85 1.50 4 496 684
Vaasan Hoyrym, Koetehu 2 .................. 1.67 — 0.6 0.85 1.40 4172 635

Table 11.

Conversion ratios, telative consumption of diets compated with Klarkki, retail prices (mk/kg} of

different diets, costs to produce one kilo of fish (mkfkg), calories (keal/kg) and proteins (g/kg) required

per kilo of fish produced.

Tarlukko 11. Rebujen ravintokerioinset, prosentuaalinen kuluins Klapkkiin verratiuna, vabisdismyntibinnat (mhlhg), tnotetun
kalakilon binta (mklkg) seka kalakilin Rasvattamiseen tarvitty Kalorirsidrd ( keallkg) ja valkuaisainemidrs (glkg)

‘Tabell 11.

Fodetpreparatens foderkoefficienter, procentuell forbfukning i relation till Kiarkki, minutpris (mk/kg),

priset pd producerad fisk (mkfkg) samt miingden kalorier (kealjkg) resp, dggvitemingd (gfkg) som

behavts for produktionen av ett kg fisk,

PrarLries and BrRocrwAY (1959), the conversion
ratio decreases as the calotie content of the diet
increases. This was also the case in the present
experiment. The above mentioned three diets
as well as Vaasan Hoyrymyllyn Koerehu 1 had
the highest calorie contents (Table 2).

The poorest conversion of food into fish were
obtained with the floating diets, viz. Ewos Rau-
turehu, River Pride and F-Kalantehu. This may
partly be due to the observed fact that the
floating dicts drifted, to some extent from the
nets, LAINE et al. (1967 a) also obtained a con-
siderably poorer conversion ratio for the floating
than the non-floating dry diets. In experiments
in nets, Ano (1968) reports that he has obtained
such conversion ratios as 2.0, 2.2, 2.9 and 3.2 for
sinking Ewos dry diets (F 52 BP and F 52 CP).

Thete were also differences in the sinking
tates of the diffetent diets. Consequently, it is
possible that quickly sinking diets may have
passed through the nets even though the food
was given in small lots,

The conversion ratios obtained are in rea-

sonable agreement with the values previously
reported by ScnuMacHER (1958), DEUFEL (1963),
Wresner (1963), PurLiies et al. (1964), Manw
and ENGELHARDT (1964), LAINE et al. (1967 a),
StErFENS (1968) and Amo (1968). For 19 differ-
ent dry diets studied they obtained conversion
ratios ranging from 1.21 to 3.2, The calculated
mean was 1.95.

The greatest difference between the above-
mentioned experiments and the present study
is that, except for those made by LAINE et. al.
(1967 a) and (An0 1968), they were not conducted
in nets but in ponds, concrete troughs, etc,,
where the fish were able to take pellets even when
these had sunk to the bottom. It is to be pointed
out that the results of different feeding trials,
especially gain in weight and convetsion of food
into flesh, ate only roughly compatable. The
growth of the fish and the conversion ratio are
greatly influenced by such factors as temperature
of the water, dissolved oxygen content, pH,
quantity of food given, calotic content of the
diet, and age, size and racial characters of the
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fish, which vary greatly in different experiments.
These factors have been discussed at length by
Brown (1957), JonES (1964) and PALOHEIMO
and Dicgie (1965, 1966 a, 1966 b).

On the whole, the conversion ratios obtained
in this expetiment wete for most diets those
excepted under the conditions prevailing.

2. Calories and proteins required #o produce one kilo

of fish

The conversion ratio shows how much food
in kilos is tequired to produce one kilo of fish.
This is of great importance when information
on production cOsts is needed. "The conversion
catio is also sometimes used as 2 measure of the
efficiency of the diet to produce fish but 2 low
convetsion ratio does not necessarily indicate
better utilization compared with a diet of higher
conversion ratio. As a mattet of fact, its wutili-
zation may be greatly inferior, as the convetsion
of food into fish flesh depends largely on the
calotie content of the diet, as was mentioned
before. As a measure of the efficiency of a diet
in producing fish flesh it is preferable to compare,
for instance, the growth of the fish and the
telationship between the caloric and ptrotein
contents of the diet (PHILLIPS and BROCKWAY
1959) ot to compate the calorie content of the
diet and the fish flesh produced (LacLER et al.
1963).

In order to compare the utilization of the
diets, calculations wete made of the amounts of
calories and proteins required to produce one
kilo of fish. The results are ptesented in Table 11.

The numbers of caloties required to produce
one kilo of fish were lowest with Raision Koerehu
(3 811 kcal/kg) and Lohi-Sampo (3 933 keal/kg)
and clearly highest with Ewos Rauturehu (5 836
kcal{kg). Proteins tequired to produce one kilo
of fish were lowest with Raision Koerchu (528 g)
and Lohi-Sampo (588 g) and highest with Kitjo
(860 g) and Ewos Rauturehu (822 g). Accotding
to the analyses made at the end of the experiment,
there was about 20 per cent of protein in the

whole fish on a wet weight basis (details later).
Thus to produce the amount of protein in one
kilo of fish, 2.5—4 times as much dietary protein
was required, indicating that a high percentage
of protein was used to produce enctgy of
deposited as fat.

However, Raision Koerehu, which was the
most efficient diet on the basis of proteins and
calories required to produce one kilo of fish, was
one of the most inefficient to increase the total
body protein of the fish (Table 17). This may
have been due to a too low protein and/or
calorie content in the diet.

As thete was a possibility that the floating
Ewos Rauturehu, River Pride and E-Kalanrehu
drifted from the nets, it is difficult to dtaw any
conclusions about their efficiency. As to Kitjo
and also F-Koerehu, the results obtained possibly
indicate that the protein was of a type not very
suitable for rainbow trout andfor that the
percentage of calories supplied as fat was too
low. In the latter event & relatively high pet-
centage of protein would have been used to
produce energy as compated to the other diets,
with the consequence that the percentage of
protein would have been insufficient for growth.
This is suppotted by the fact that the percent fat
in Kirjo and F-Koerehu (2.5 and 3.4) was con-
siderably lower than in the other diets. The pet-
centages of calories as protein (75.6 and 67.6)
were very high. As mentioned before, in some
feeding experiments PHILLIPS et al. (1962)
observed that supplemental fat caloties led to a
saving of dietary proteins, which became avail-
able for increased growth.

The caloties and proteins required to produce
one kilo of fish in this experiment corresponded
well with the tesults obtained by SteFrFENS (1968)
with rainbow trout fingerlings fed on vatious
pellets. In aquatia less than 4000 keal and in
ponds 4 500 keal wete required to produce one
kilo of trout. Per kilo of fish below 600 g crude
protein was fed in aquaria and from 600 to 700
in ponds.
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Diet -

Rebw 5.6 217 | 2310

Foderpreparat

Lohi-Sampo ................ 200 | 140 135
Ewos Raututehu ..........., 200 138 122
River Pride ................. 200 147 138
Klarkki .....ooovuenne...,, 200 | 144 130
Kitjio .....oovviiininnin.... 200 94 83
F-Kalantehu ................ 200 | 122 109
Raision Koetehu ............ 200 | 142 134
F-Koetchu ................. 200 149 134
Vaasan Hoyrym. Koerehu 1 . .., 200 | 148 137
Vaasan Hoyrym. Koerchu 2 . ., 200 | 146 140

The numbers of fish in the nets at the be-
ginning and end of the experiment and
when the mottality had ceased after liming.
Taulukko 12, Kalemdirdt eri altairsa Bokeen alkasssa fa
Ddattyessd sekdl kalkituksen athenttamar kug)-
leisunden lopntina,

Fiskmingderna i olika nitkassar di férstket
inleddes tresp. avslutades samt sedan den
dodlighet upphért, som foranletts av
kalkning.

Table 12.

Tabell 12,

D. Costs to produce one kilo of fish

There were considerable differences in the
costs to produce one kilo of fish with the diets
tested (Table 11). The costs vatied from 1.40 to
3.80 mk/kg. Lohi-Sampo and Vaasan Héyry-
myllyn Koerechu 2 were the most economic
(1.40 mk/kg) and the floating Ewos Rauturehu,
River Pride 2and F-Kalanrehu the most expensive
(3.80 and 2.40 mk/kg) in this respect.

It must be pointed out that the cost of pro-
ducing one kilo of fish would actually have been
higher than those presented, since such items
as putchasing costs of fish, nets and other devices
and salaries have not been included in the cal-
culations. On the other hand, when diets are
bought wholesale, prices and hence feeding costs
are reduced.

E. Mortality and state of health

As a consequence of the sudden change in the
pH of the water, it was unfortunately not possible
to gain' a clear idea of the mortality among the
fish fed on the different diets. Table 12 shows

Kai Westman, Olli Sumari & Jorma [. Laine: Comparative diy . . .

the number of fish at the beginning and end of
the experiment as well as on July 21 (by which
time deaths caused by the liming had practically
ceased), As the above-mentioned change in pH
was possibly the reason for some mortality ob-
served later in the experiment, no conclusions
about the mortality of fish fed with different
diets will be made.

The temporary rise in the temperature of the
surface water to 424°C (July 20—July 25 de-
termined in the afternoon) was not found to
increase the mortality of the fish. Evidently this
was due to the large mesh of the nets, which
prevented sliming, According to Druzer (1952),
the lethal temperature of water for fingerling
rainbow trout is --24,5°C. For older rainbow
trout AzABASTER (1962) mentions a lethal
temperatute of +28°C. Lethal and optimal
temperatures of fish are greatly dependent on
the acclimatization temperature as well as on
the dissolved oxygen content of the water, and
the race, age, size and nutrition of the fish
(BrerT 1956, Fry 1957, 1958, 1964, Prosser
and Brown 1962, Mimursky and KENNEDY
1967).

According to Browy (1951), the growth of
fish fed on a nutritionally inadeguate diet may be
normal for several weeks and only after pro-
longed feeding do deficiency symptoms even-
tually appear. Prrriies and Barzer (1 957) found
that in water of +15°C a feeding experiment
lasting 16—20 weeks is, under normal conditions,
sufficient for comparing different diets. In this
experiment the state of health of the test trout
was good, except for the mortality due to the
tise of pH. No deficiency symptoms were ob-
served, even at the end of the 20-week feeding
period.

F. Condition factor
In Table 13 are listed the mean, highest and

lowest values for condition obtained for indi-
vidual fish,



Suomen kalatalous 40 Finlands fiskerier

For steclhead trout (Salmo gairdneri) a condi-
tion factor of 0.80—0.90 represents a normal
condition (REIMERS 1963). When the condition
factor to 0.60—0.70 the trout is at the limits of
survival,

Accordingly, all but a few individuals were
in good condition at the end of the present
experiment. The great differences obsetved
within each group of fish may be caused by
inherited factors and by competition for food,
and probable also by the social hierarchy be-
tween the fish (Brown 1957).

Manw (1966) preseated the following rela-
tionship between feeding and the condition
factor for second-summer tainbow trout cul-
tivated in ponds:

Values of K 0.80—0.82 nutrition poor

» 0.98—1.17 » normal
» 1.12—1.25 »  good
» 1.54—1.72 » excellent

Accordingly, the mean condition factors (1.19—
1.29} in this experiment proved that the fish
were in a good state of nutrition.

The differences between fish groups taken
from different nets were so slight that on this
basis it was not possible to draw conclusions
about differences in condition. Such differences
may also be a source of error, as mentioned by
Brown (1957) and TuuNamnes (1966).

G. Flesh colouration

Four different grades in the mean colouration
of the fish flesh were observed (Table 14). Fish fed
on Raision Koerehu and Klarkki had the brighest
red colour. The flesh of trout fed on Kitjo and
Vaasan Hoyrymyllyn Koerehu 1 and 2 was also
well coloured. The differences in colouration of
fish classified as red or light reddish was quite
considerable.

Flesh colouration is of great economic im-

portance in trout cultivation in Finland, as only

4 9175—69
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: M
Foderpreparat Med eln Hisgsta | Lagsta

Lohi-Sampo ................ 1.24 | 1.43 i.16
Ewos Rauturchu ............ 1.19 | 1.34 0.95
River Pride ................ . 1,27 | 1.32 0.86
Klarkki ..... e 1.27 | 1.40 1.07
Kiffo ....covviviiiiniann... 1.25 | 1.34 0.79
P-Kalanrehu ................ 1.27 | 1.39 1.02
Raision Koerehu ............ 1.25 | 1.36 0.93
F-Koerehu ................. 1.25 | 1.29 1.01
Vaasan Hoyrym, Koerehu 1 ... 1.29 | 1.55 112
Vaagsan Héyrym. Koerehu 2 ..., 1.26 | 1.28 1.06

Table 13, Mean condition factors (K) and lowest and
highest K-value of individual tainbow trout

at the end of the experitient.

Kirjolohien keskimdirdiset kuntokertoimet (K}
$eka sunrimmat ja pienimmit yksityisilli kirjo-
Jobilla tavatut Kin arvot kokeen pidttysssi.
Konditionskoefficienternas  medelvirden
(K) hos regnbégslaxen samt de hégsta och
ligsta virdena pd K hos enskilda regnbigs
individ sedan f&rséket avslutats,

Tawlukko 13.

Tabell 13.

Colour of the
flesh
Litan vuri

Kdttfirg

Diet
Riw
Fodetpreparat

&
+
+

Lohi-Sampo........covviviiinnnn.. .,
Ewos Rauturehu
River Pride

'R
B
E
5
..I_

&
=]
=
g
13
g
a
_I._

E-Koerehu
Vaasan Hoyrymyllyn Koerebhu 1
Vaasan Hoyrymyllyn Koerehn 2

+- lightly reddish — binkan punertava — lLitt r5d-
skiftande
++ treddish — pamertava — ridaktig
+++ deep reddish — byvin puneriava — mycket rod-
aktig
+ -4+ red — punainen — réd

Table 14. Colour of trout flesh estimated by eye.
Tanlukko 14. Kirjoloben liban vivi silmiamidrdisesti ar-
vicituna.

Kottets fargrittning hos regnbagslaxen
enligt okulds uppskattning,.

7
LS
Q
+ o+
+ + ++
o R

-+
..
+

Tabeil 14,

red specimens can be marketed with full profit.
‘The typical bright colouration of wild trout is
due to dietary fat-soluble carotenoids, principally
astaxanthin. Trout obtain these pigments from
the crustaceans they eat (STevEN 1947, Fbx 1957,
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Bourmicrier 1961, Jacguor 1961, PeTERsSON
et al. 1966).

Artifical diets for salmonids often embody
ingtedients containing carotenoids to make the
fish »salmon-colouted». Tunison et al. (1943,
1945) reported that astaxanthin and astacin from
crustaceans and capsanthin from paprika were
the most potent pigments for colouring trout.
According to Brsse (1951), an extract of lobster
shells added to the feed coloured trout.
Grawcaun et al. (1952) used astaxanthin,
BoutmiLiier (1961) used shrimp meal and
Deurer (1965) used canthaxanthin in the diet for
trout. PETERSON et al. (1966) found that when

Kai Wesiman, Olli Sumari & Jorma ]. Laine: Comparative dry .

dull-coloured trout were fed on pellets including
crayfish extract, the colouration became brighter
in as little as 5—14 days. The colouration, dis-
appeared little by little when no crayfish extract
was given any more. The extract influenced the
colouration in a much shorter time than crayfish
meal or paprika, which wete also tried. As the
carotenoid pigments decompose easily, they
should be stored in a dry, cool, dark place
{PETERSON et al. 1966).

When colouration is compared, the size and
maturity of the fish has to be considered. Wild
rainbow trout below 20 cm in length rarely have
bright-coloured flesh (Tuunarnen 1965), At

Wet basis Dy basis
Tuorepainasia Kaivapainastz
Av fargkvikten Av torrvikten
J]?:;: Protein Protein
Foderpreparat “;'f:::' Rf:::w Vﬂif:ai—- 3::;1; 312;4 Va:f;ui- TI:ZE’
Vatten Fett 3 Aska Fett ) Aska
% % 19 Ty | w | TRt Ty
Y v o 6%.4 9.0 18.5 22| 29.4| 605 7.2
P 69.1 85| 183 25| 27.5] 599 8.1
Average — Kc.rksmdans — Medeltal ............ ... ... 69.3 88| 184 24| 285| 599 7.7
Evos Ranturebu ........ .o iiiiiiiiiiii it 71.4 5.8 18.9 29| 203| 661 10.1
» T AN 71.7 6.2 18.8 26 21.9( 664 9.2
Average — Keskimiddrin — Medeltal ... .. ... . ........ 71.6 60| 189 28] 21.1| 663 9.7
River Pride .. ..ottt ra e iineinas 69.8 7.3 20.8 24| 239| 682 7.9
» T < - A 69.3 69! 200 251 2235| 651 8.1
Average — Keskimidrin — Medeltal .. ............,.., 69.6 7.1 204 25| 232 66.7 8.0
Klatkki . oirneriininaien oo ir e et 67.5 9.4 18.4 32| 28.9| 56.6 9.8
S T T 67.5 9.6 18.9 28| 29.5| 582 8.6
Average — Keskimddgrin — Medeltal ... ................ 67.5 95| 187 3.0 29.2( 574 9.2
6 T 70.8 7.1 19.7 2.8| 24.0]| 66.6 9.5
B e ey 711 6.6] 191 26 228] 66.1 9.0
Average — Keskimairin— Medeltal .......... ....... 71.0 69| 194 27| 234; 664 9.3
F-Kalantehu . ...vvviiininiiriiiiiiiiiiiiiieiiianenes 70.9 74| 194 25 253| 662 8.5
B e 70.9 7.3| 19.3 26| 25.0| 66.1 8.9
Average — Keskimddrin— Medeltal ... ............... 70.9 7.4 19.4 26| 25.2] 66.2 8.7
Raision Koetreht . .uivuiiiiiiiiiinriveranerarenennans 69.4 9.8 17.9 21| 320 585 6.9
» B e e 69.1 97| 18.4 25| 31.4| 595 8.1
Average — Keskimairin — Medeltal ... ... ... ........ 69.3 98| 18.2 23| 317 590 7.5
F- Koerehu ......................................... 70.0 78| 194 24| 26,0 647 8.0
........................................ 69.8 8.1 19.1 21| 26.8| 63.2 7.0
Avcrage — Keskimddrin — Medeltal ................... 69.9 8.0| 19.3 23| 264 640 7.5
Vaasan Hoyrymyllyn Koerehu L e 68,5 9.0, 19.9 21| 28.6| 63.2 6.7
S T T 68.7 93| 195 23 29.7¢ 623 7.3
Average — Ke.né;maarm — Medcltal .................... 68.6 92| 197 22] 292} o628 7.0
Vaasan Hoy:ymy]lyn Ko&rchu 2 e 69.2 83| 187 23| 30.2| 60.7 7.5
DR B i ieeeae e eaaaas 68.7 9.8 18.7 23 313| 60.0 7.3
Average — Kerk:maarm — Medeltal .................... 69.0 9.6 187 23| 30.8| 60.4 7.4

Table 15.
Toulukko 15, Kokonaisen kirjoloben kemiallinsn koostumus.
Tabell 15.

The chemical composition of whole rainbow trout.

Den kemiska sammansitiningen hos hel regnbigslax.
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spawning time the female fish, at least, are less
brilliant in flesh colour than usual (Fox 1957,
TUUNAINEN, personal note). This is because the
pigments are transported from the flesh to the
developing eggs (STEVEN 1949, Fox 1957).

The diets which produced the most marked
pigmentation in the present experiment con-
tained 11-—15 pex cent crustacean (shrimp) meal,
except for Vaasan Hoéyrymyllyn Koetehu 1.
Ewos Rauturehu, which contained only a small
amount of artificial colouring matter (0.2 per
cent}, did not have any noteworth effect on the
colouration of the trout flesh.

The differences in pigmentation between the

27

different fish groups may be explained by these
facts. It is possible that the contents of carotenoid
pigments were insufficient or that the prepara-
tion methods or storage were unsuitable and
thus made the pigments in the diets inefficient.

H. Chemical composition of the fish

1. Composition of whole and gutted fish

In Tables 15 and 16 are presented the results
of the chemical analysis of the trout made at the
end of the experiment. The results have been
calculated on a wet and on a dty weight basis.

Wet basls Dty basis
Tsorepainasta Ruivapainoria
Dict Av firskvikten Av totevikten
Relw - Protei Protein
Foderpreparat vrt‘;t;r .RFa ?-:ra Va!ku:;- Tﬁz:a Rlz-:a Valknai- T‘::;L
Vatten Fett Pr’;ith Aska Fett Prz‘l‘:'cin Aska
% % o Ya Ya o %
Lohi-8ampo ... ..ottt e e, 68.7 9.2 19.4 1.7 294| 62.0 5.4
R 68.3 9.6 19.8 1.7| 30.3| 625 5.4
Average — Keskimddrin — Medeltal ... ... . ......... 68.5 9.4 19.6 1.7| 29.9| 62.3 5.4
Bwos Ramiurehu . ooventriven e iietinoroertoreneearenns 71.8 5.0 19.9 29| 17.7| 70.6 10.3
» e 72.3 5.1 19.5 25| 184 704 9.0
Average — Keskimadrin — Medeltal . ....... ..........., 72.1 51| 19.7 27| 18.1| 70.5 9.7
River Pride ... e e 69.2 84| 203 24| 270| 653 7.7
B e e aae e 69.3 8.7| 19.7 20| 283 64.2 6.5
Average — Keskint@grin— Medeltal ......... ........... 69.3 8.6 200 22| 277, 648 7.1
Klarkki \iiuuinernnnnriinienaiaieineioeannny, 67.7 9.7 19.0 24, 300 588 7.4
N L T T L LR T T T T, 67.8 10.2 19.0 28] 317 59.0 8.7
Average — Keskimddrin — Medeltal .................... 67.8| 10.0| 19.0 26| 30.9| 589 8.1
S 69.8 7.8 19.5 2.6| 258 64.6 8.6
L T 69.7 8.2 19.6 27 269| 643 8.9
Average — Keskimigrin— Medeltal .........,,... 69.8 80| 196 27| 26.4| 64.5 8.8
F-Kalantehu ........ccoociiiiiiiiiiniiiinnnn, 70.8 7.0 193 1.2} 24.0]| 66.1 4.1
i isieniaesieaara st 71.0 7.4 19.2 1.2| 255| 662 4.1
Avetage — Keskimddrin — Medeltal .............. 70.9 7.2 193 12| 2438| 66.2 4.1
Raision Koerehu ..............cccviiviinnnnnn, 70.5 65| 203 2.4 220| 68.8 8.1
» B e e are e 70.6 631 20.2 2.2 214 687 7.5
Average — Keskimiaarin— Medeltal .................... 70.6 6.4 20.3 231 21.7| 68.8 7.8
F-Koerehu ... c0viiiiiiiiiniiniiiiiiicanrannananes 71.6 7.2 19.3 1.7| 25.4| 68.0 6.0
B e e e e ree i eaaa e 71.9 7.0 19.6 1.5| 249| 70.0 5.3
Average — Keskimddrin — Medeltal ............ ....... 71.8 7.1 19.5 1.6| 252| 69.0 5.7
Vaasan Hoyrymyllyn Koerehu 1 ... ...c..coviiiena.. 70.2 74| 20.0 1.7] 248} 671 5.7
» » T 70.1 7.6 20.3 1.6| 254 67.9 5.4
Average — Keskimdidrin — Medeltal .................... 70.2 75| 202 17| 251; 67.5 5.6
Vaasan Hoyrymyllyn Koerehu 2 e 70.3 7.0 202 1.7| 23.6) 68.0 5.7
...................... 70.0 7.0 20.2 21| 233 67.3 7.0
Avcragc — I(e.rktmaarm —_ Medeltal .................... 70.2 7.0 202 1.9 23.5]| 67.7 6.4
Table 16. The chemical composition of gutted rainbow trout.

Tanlukko 16. Peratun kirjolohen kemialiinen koostumus,
Tabell 16.

Den kemiska sammansittningen hos rensad regnbagslax.
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Diet An.mgta ™ ater Fat ' Ash

R,;‘. K:z;%&im Veri Rasva Vcl.ém;m . Tubka

Federpreparat Medelvike Vatten Pett Protein ‘ Asks

e g g B - 3

Lohi-Bampo « v e e it i a e e i, 207.6 1439 18.3 38.2 5.0
Ewos RAULULERT 2o vvv s iariarsnaniasnsanenarsernranassnas 124.5 89.1 7.5 23.5 3.5
River Pride ..o i et iie e e 173.8 121.0 12,3 35.5 4.3
Klatkkl ...yt iiii i it e aaeaeaaeas 213.3 | 1440 20.3 39.9 6.4
o T 138.4 98.4 9.5 26.8 3.7
F-Kalantehti ......vvrtotirineinninnnnirritesisnnaseaninns 173.1 122.7 12.8 33.6 4.5
Raision Koerehtn ... vov vt iiiiii iiiiiee e ineranennaeans 180.4 | 125.0 17.7 .328 41
FKoereht .. iiie it it i ie i i et e et e 175.2 122.5 14.0 33.8 4.0
Vaasan Héyrymyllyn Koerehu 1 ., ... ... iiiiiiiiiiinnas, 2144 | 14741 19.7 42.2 4.7
Vaasan Hoyrymyllyn Koerehu 2 ... .. o iiiiiiiiniinnn 205.8 | 142.0 19.8 38.5 4.7

Table 17.

The chemical composition of average individual rainbow trout fed on the different diets,

Tanlukko 17. Eri kuivarebuilla ruokitinjen Rirjolobien keskimiirdinen yksililiinen kemiallinon koostrmus.

Tabell 17.

The percentage chemical composition of whole
fish shown in Table 15 is expressed in Table 17
as grams per individual fish.

The water content of the whole fish varied by
4.1 per cent {67.5—71.6) and that of the gutted
fish (i.e. gills and intestines removed) by 4.3
per cent (67.8—72.1).

Water content was inversely correlated with
body fat. Concequently, the amount of water
plus fat in the fish groups was rather constant.
It varied in whole fish from 76.7 to 79.1 per cent
and in gutted fish from 77.0 to 78.9 per cent.

Great differences in fat contents were observed
between the fish gtoups. On a wet weight basis
the percentage of fat varied in the whole fish
by 3.8 per cent (6.0—9.8) and in the gutted fish
by 4.9 per cent (5.10—10.0).

The fat content in the whole fish was correlated
on the whole with the fat and calorie contents
of the diet. Fish groups which had the highest
percentage of fat were fed on diets which had
the highest content of fat, i.e. Klarkki, Vaasan
Hoyrymyllyn Koetehu 1 and 2 and Raision Koe-
rehu. The three first-mentioned diets also had high
calotie and protein contents, The trout which
had the lowest percentage of fat had been fed on
diets of low fat and calorie contents, i.e. Fwos
Rauturehu and Kirjo, respectively. The per-

Den kemiska sammasittningen hos enskilda medelstora, pa olika torrfoderpreparat uppfodda fiskindivid.

centage of protein was also low in Ewos Rautu-
rehu but high in Kirjo (Table 2).

In the fish groups with the highest percentage
of fat in the whole fish, the fat content of the
gutted fish was not high (except the group fed on
Klarkki), but on the contrary rather low, espe-
cially in those fed on Raision Koerehu and Vaa-
san Hoyrymyllyn Koerehu 2 (Tables 15 and 16).

The protein content of the gutted fish is
important from the point of view of the utiliza-
tion of the fish. It was very high in all the groups
tested, on a wet weight basis from 19.0 to 20.3
per cent, The percentage of protein in the gutted
fish was equal to or slightly greater than that of
the whole fish, except in fish fed on F-Koetehu.

On a dry weight basis there were differences
in protein content between whole and gutted
trout fed on the different diets. These differences
were correlated with changes in the fat content
of the fish. Of special interest is the low per-
centage of protein in whole fish of the groups
fed on Klarkki, Raision Koerehu, Lohi-Sampo
and Vaasan Hoyrymyllyn Koerehu 2, all of which
had a high fat content and except Raision Koe-
tehu also a high calotie content. The teduction
in protein of these fish was correlated with the
incrase in their fat contents. It should be pointed
out, however, that trout fed on the above-
mentioned diets, except Raision Koetehu, had
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the best increase in total body protein (Table 17).
Prirrres et al. (1966) also found that when
brook trout (Savelinus fontinalis Mitchill) were
fed on diets which contained supplemental corn
oil thete was a reduction in protein content, on
a dry weight basis, in the bodies of these fish.

Differences in the ash content of whole and
gutted fish wete rather high and depended upon
the quality and quantity of food in the intestines
in proportion to the amount of fins and bones.

2. Discussion of the chemical composition of the fish

The chemical composition of rainbow trout
has been found to vary according to the size,
age, sex and sexual phase of the fish, as well as to
season, environment and nutrition.

Mann and ENGELHARDT (1964) with one-

summer-old rainbow trout and LAINE et al.
(1967 a) with trout a year older obsetved an
increase of 0.9—2.4 per cent in fat content and a
decrease of 3.1—5.3 per cent in water content
towards the autumn, Later, LAINE et al. (1967 b)
stated that the chemical composition of trout
“varics according to season and the locality of
the cultivation place. According to Gras et al.
{1967 a, b), the chemical composition of rainbow
trout varies primarily according to the repro-
ductive cycle.

In rainbow trout, it has been found that the
water content is higher in the gutted fish than
in the whoele fish, because from the gutted fish
patts with a relatively low watet content have
been removed. The fat content of the whole fish
is usually higher than that of gutted fish, because
the bulk of the fat is accumulated in the liver
and intestines (JacqQuor 1961). In this experiment
the water content of whole fish was slightly
higher in the groups fed on Lohi-Sampo, River
Pride and Kirjo and in these, same goups as well
as the group fed on Klarkki the fat content was
lower in whole fish than in gutted fish. In other
wotds, in the above-mentioned trout groups the
situation differed from that wsually found,

The fat content of gutted fish is important for

the utilization of the fish. In genetal, a fish with
a low fat content has a higher culinary value and
its keepability is also better. The salmonids are,
however, an exception in this respect, because
despite their rather high fat content their culinary
value is considered high (Geicer and
Borestrom 1961). In this cxperiment the fat
content of gutted fish was rather high in all test
groups.

A correlation has often been obsetved between
the fat content of the food and the fish. Man
(1959), for example, found that when rainbow
ttout were fed on fish with a high fat content
{4.2 per cent), the fat content of the fillets rose
to as much as 11 per cent on a wet weight basis.
When the trout were fed with lean fish (0.16 per
cent fat), the fillets had a fat content of only
4.8 per cent. In experiments by MANN and
EncErmArDT (1964), the values for the fat
content of whole fish and fillets wete rather low
(Table 18) but this was to be excepted, as the
rainbow trout were fed on low-fat diets (Forelli
1.6, Ewos rot 0.35 and Ewos rosa 0.63 per cent
fat). The opposite result was obtained with a
food mixture with a high dietary level of fat
(5.2 pet cent) but the fat content of the fish was
lower than in the test groups fed on the above
mentioned dry diets,

In this experiment the fat and calorie contents
of the diets were correlated, on the whole, with
the fat content of the whole fish. On 2 dry
weight basis, the increase in fat content was
correlated with a reduction in protein content
of the whole fish. It is possible that 2 surplus of
calories was fed, or that the fat or protein was
not very suitable for trout andfor that there
was an unsuitable ratio of protein in the diet.
Fish fed on diets with high fat and calorie
content (Klarkki, Vaasan Hoyrymyllyn Koetehu
1 and 2, Lohi-8ampo) had a low protein content
in whole fish on a dry weight basis but they also
had the best gains in weight and the best increase
in total body protein (Table 17). This might be
due to the fact that some dietary protein was
spared by the dietary fat for true growth (protein
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Duration of -
thc:g;nmmt
Rustoatha Sampling drp Faod
Forstkets l;;—g’::m{'ﬂ" Ravisto
lin Agngs WNiirs
(df;:l dag wrae
pélvid
dagat)
MANN & ENGELHARDT 1964 ..., . .. cieiiinininencinnnns 103 24.9 Fotelli
1-summer old rainbow trouts — 7-kesdisid &irjolobia — 1-somriga regn-
bégslax ..........c.ciiiiiiiiii i e e
» » Ewos rot
» » Ewas rosa
» » Wet food — Twore ra-
vinto — Firsk foda
LAINE et al, 19672 . ..ouiniiiiiiiiii i caeienenenrrnnnnnnn 86 15.9 Dry diet I — Kuiva-
2-summezr old raisbow trouts — 2-, /'ee.mmd k:r_;olobm — 2-somriga regn- reby I—Torrfoder I
27«1 S
» » Dry diet I — Kaiva-
rebu  IT -— Torrfo-
der 11
» » Dry diet IIT — Kuiva-
rebu FIT — Tore-
foder IIT
LATNE etal. 1967b ..ot i it i e e e aan 103 26.9 Dry diet I—EKuivarehu
3-summer old rainbow trouts — F-kesdisid kirjolobia — 3-somriga regn-| I — Tortfoder I
bagslax ..., . . e e e e
» » Dry diet o — Kuiva-
rebu II — Tott-
foder II
» » Dry diet III — Kuiva-
rebuy TIT — Torr-
foder I]I
» » Naturzl food — Ltmx-
tion ravinty — Na-
turlig niring
‘Table 18. The chemical composition of rainbow trout obtained in some feeding expetiments.

Taulukko 18. Kokonaisen ja peratun kirjoloben Eemiallinen koostumur erdissd kasvatuskokeissa.

Tabell 18,

synthesis). The increase in fat content indicates
that a surplus of energy calories was available,

Similarly, Parrries et al, (1966) reported that
in brook trout (Savelinus fomtinalis Mitchill) diets
with higher calorie contents resulted in deposi-
tion of significantly more grams of body fat
than lower calotie diets. Trout fed on oil-
supplemented diets significantly increased their
body fat.

The percentage of protein in fish depends not

Den kemiska sammansittningen hos hel tesp. rensad regnbigslaz frin vissa uppfodningsforssk.

only on nutrition but also upon water and fat
contents and the proportion of fish fillets
(GerGER and BorgsTroM 1961). According to
Mann (1966), the amount of fish fillets in rain-
bow trout two summets old varies from 59.0
to 66.4 per cent, LAINE et al. (1967 b) reported
that the amount of gutted fish in trout three
summers old varied from 80.5 to 93.0 per cent.
Variation depends on the size and sexual phase
of the fish and also on the season and conditions.
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W F Protei Ash
g vr/a:? 1%,:54 VPalri;:;:m T
: atten et tein Aska
i % % %
3
Whole fish -— Koke kalz — Hel fisk 76.7 4.5 —
Fillet — Filee — Filé 77.1 3.5 —
Whole fish — Kokos kala — Hel fisk 78.4 3.6 —
Fillet — Files — Filé 77.7 3.2 — —
Whole fish — Koke kala — el fisk 77.0 4.6 —
Fillet — Fjilee — Filé 76.5 3.9 —
Whole fish — Koko kalz — Hel fisk 77.2 4.8 — -
Fillet — Files — Filé 77.3 2.9 —
Whole fish — Koke kzla — Hel fisk 73.1 7.4 16.3 1.9
Gutted fisk — Peratin kala — Rensad fisk 73.9 4.1 16.9 31
Whole fish — Koko kala — Hel fisk 70.4 7.2 16.7 3.7
Gutted fish — Perattu kala — Rensad fisk 75.1 3.4 16.8 3.3
Whole fish — Koko kalz — Hel fisk 73.2 6.3 16.8 2.6
Gutted fish — Perattu kala — Rensad fisk 76.1 4.5 15.8 25
Whole fish — Koko kalea — Hel fisk 69.7 10.8 17.1 2.1
Gutted fish — Peratiu kala — Rensad fisk 73.4 6.5 18.1 2.7
Whole fish — Koko kala — Hel fisk 67.0 12.5 17.4 2.1
Gutted fish — Peratin kala — Rensad fisk 68.2 8.9 18.7 2.8
Whole fish ~— Koko kalz — Hel fisk 71.9 8.8 17.5 2.4
Gutted fish — Peratéu kala — Rensad fisk 69.3 7.4 18.2 2.2
Whole fish — Koko &ala — Hel fisk 68.8 11.9 17.4 33
Gutted fish — Peratiu kala — Rensad fisk 69.0 8.4 18.5 2.7

The chemical composition of rainbow trout
reported by ManNn and ENGELHARD (1964) and
LaNg et al, (1967 a, b) ate presented in ‘Table
18. To facilitate comparison with the results of
the present study only analyses made in the
autumn have been taken into account, Trout
produced in this feeding trial have a higher
percentage of protein in both whole and gutted
fish as compated to the values presented in
Tables 15 2ad 16. The body fat content was also

high in fish fed on the test diets. In general, the
nutritive value of the rainbow trout (especially
the gutted fish) produced in this experiment
may be considered rathet good.

3. Composition of the liver

Table 19 shows the composition of the livers
on 2 wet and a dry weight basis.
The water content of the livers varied by 3.4
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Wet basis Dry basls
Trorepainosic Rutvapaimasia
Av Farskvikten Av torevikten
o T ==
Protein o 1
ot AR A A
Vatten Fett . Aska Fett i ska
% % | | Tt |y | PR Ty

Lohi-Sampo . ..iuiiiiiiii i e 73.3 371 178 1.2 | 13.7 | 5.9 4.4
B e e et aae e ias 73.3 3.8 1 18.0 1.4 | 141 | 66.7 5.2
Average — Koskimagrin — Medeltal ... ... ... ......... 73,3 38 17.9 1.3 | 139 | 663 438
Ewos Rauturehu ... i 75.1 341 15.8 1.4 | 13.7 | 635 5.6
» B et iar ey, 74.8 34| 16.0 1.5 | 13.5 | 63.5 6.0
Average — Keskimadrin — Medeltal .................... 75.0 34| 159 1.5 | 13.6 | 63.5 5.8
River Pride.........ocuuvnen. et eaa e renar e, 72.4 56 | 16.1 1.5 | 203 | 583 5.4
» B e et crar i earaaaeaaaas 72.1 6.0 | 16.2 1.2 | 21.5 | 581 4.3
Average — Keskimadrin — Medeltal ..., ............ 72.3 58 162 1.4 209 | 582 4.9
Klarkki 733 55| 16.6 1.4 | 20.6 | 622 5.2
» 73.7 58 | 16.8 1.6 | 221 | 63.9 6.1
Average — Keskimdadrin — Medeltal 73.5 57 167 1.5 | 21.4 | 63.1 5.7
Kitffo vvvvieriiiiiiiiiiiiii i P 72.0 6.0 | 151 1.4 | 214 | 539 5.0
B e ea et iaaneaana 71.9 6.3 154 1.4 | 22.4 | 54.8 5.0
Average — Keskimddrin — Medeltal .................... 72.0 62| 153 1.4 219 | 544 5.0
F- Kalanrehu ....................................... 71.6 6.4 | 158 1.6 | 22,5 | 55.6 5.6
........................................ 71.5 65| 15.6 1.5 | 22.8 | 547 5.3
Average — Keskimdirin — Medeltal .................... 71.6 65| 157 1.6 | 22,7 | 55.2 5.5
Raision Koetehu .......oi ittt iiiiiiiniiiiinanns 72.9 50| 17.0 1.5 | 18.5 | 62.7 5.5
» B e e it reaaaraaaaaas 72.9 53| 169 1.4 | 19.6 | 624 5.2
Average — Kerkimddrin — Medeltal ... ............... 72.9 52| 17.0 1.5 | 19.1 | 626 5.4
F-Koerehtu .. ...vviiiin it i i cieiinnneannns 74,0 44| 16.8 1.6 | 169 | 649 6.2
B s a ettt anan 74.1 4.6 | 16.5 14| 17.8 | 63.7 54
Average — Keskimidrin — Medeltal . .................. 741 4.5 16.7 1.5 | 17.4 | 642 5.8
‘Vaasan Hoyrymy].lyn Koexchu T 73.2 65| 16.1 14| 243 | 60.0 5.2
2 73.0 6.4 | 165 1.5 | 23.7 | 611 5.6
Average — Kerk:ma“ﬁrm — Medeltal .................... 731 65| 16.3 1.5 | 24.0 [ 60.6 5.4
Vaasan Hoyrymy].lyn Koerehu 2 ........... e 731 55| 16.7 13| 204 | 621 4.8
» L2 73.2 57| 16.9 1.4 | 213 | 63.1 5.2
Average — Ke.rkmaarm ~— Medeltal .............0.0hnnn 73.2 56 | 1568 1.4 | 209 | 62,6 5.0

Table 19.
Tanlukko 19, Kirjolohien maksojen kemiallinsn koostuvius,
Tabell 19,

per cent (71.6—75.0) the fat content by 3.1
per cent (3.4—6.5) the protein content by 2.6
per cent (15.3—17.9) and the ash content by
only 0,3 per cent (1.3—1.6). The calculated
tesidve (=nonprotein extracts) in the liver was
approximately 4 per cent.

As AvLBrECHT (1967) has pointed out, defects
due to overfeeding or improper feeding will be
observable earlier from the chemical composition
of the liver than from the cortesponding values
for the flesh on blood, or the condition of the
fish.

The fat content of the liver is of great im-
pottance for the health of the fish. Several feed-

The chemical composition of the livers of the rainbow trout tested,

Den kemiska sammansittningen av levern hos regnbigslax.

ing trials have revealed that too high a percentage
of fat in the food andfor ovetfeeding cause
fattening of the liver as well as of the kidneys.
As a result, the mortality may be high (Hewrrr
1937 a, b, Woop and Yasuraks 1956, Tack
1961, Fowrer and Woop 1966). High con-
centrations of carbohydrates in the food may
also cause accumulation of fat and glycogen in
the liver (PrrLiies and Brocrway 1956) as well
as high percentages of protein in the food
(PerLres and Poporrak 1957, Orre 1966).
ManN and ENGELEHARDT (1964) fed rainbow
trout on a lean dry diet (fat content (.35--2.5
per cent) and the fat content of the liver fe-
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mained low in all fish groups, 0.8—1.4 per cent,
Marn (1966) found that in wild two-summer-old
rainbow trout the fat content of the liver (0.56—
0,70 pet cent} was considerably lower than in
propagated trout {(1.50—4.50 per cent). Ac-
cording to DrUFEL (1963), the fat content of dry
diets should not exceed 8 per cent to avoid
fattening of the liver. PrirLirs and Poporiax
(1957) consider 3—5 per cent dietary fat safe in
general, Tack (1961) and Mann (1961) observed
signs of liver degeneration when the fat content
of the liver exceeded 5 per cent. The safe percen-
tage of dietary fat depends upon several factors,
such as the composition of the fat and the con-
tents of vitamin E and choline in the diet (Prrr-
Lips and Brockway 1948). For instance, 20 mg
of vitamin E per kilo of food prevents fatty dege-
neration of the liver (RunpEeL 1964).

The fat content of the dry diets were high in
this experiment, in Klarkki as high as 8.5 per
cent. The percentage of fat in the livers exceeded
the »dangerous» 5 per cent level (see above) in
most of the experimental fish groups. The high
fat content did not cause any apparent damagae
to health or growth, but it is possible that some
harmful effects might have appeared had the
cxperiment been prolonged over the wintet
{CarisTENSEN 1966).

I. General discussion

The most important critetia generally em-
ployed in assessing the value of diets by means
of feeding experiments have been discussed
separately above. Although each one of them
is of interest, the most impottant thing is to
gain an idea of each diet as a whole. For instance,
efficient conversion of food into fish is of little
significance if the growth of the fish is simul-
taneously slow or the mortality high.

In the discussion of the results, attention was
drawn to the fact that none of the diets used was
superiof to the others in every respect. It depends
upon circumstances and personal interests which

5 9175—s9

of the above-mentioned critetia is considered the
most important and what significance is attribu-
ted to the differences. According to the criteria
by which evident differences could be observed
between the diets (growth and colour of fish,
conversion of food into fish, food costs to
produce one kilo of fish) Lohi-Sampo, and Vaa-
san Hoyrymyllyn Koerehu 1 and 2 were in our
opinion equal to Klarkki. Food costs per kilo
of fish with Lohi-Sampo and Vaasan Hoyry-
myllyn Koerchu 2 were more favourable but the
colour of the fish flesh was somewhat paler than
with Klarkki, The growth of fish fed with
Vaasan Hoyrymyllyn Koerehu 1 was as good as
with Klarkki, the flesh was somewhat duller, the
convetsion of food into flesh a little inferior but
the cost of producing one kilo of fish was
somewhat lower than that of the comparison
diet.

Of the other diets, only a couple were equal to
Klarkki according to some of the ctiteria men-
tioned earlier. With Kirjo the cost per kilo of
fish was as favourable as with Klarkki, and the
flesh colour of fish fed with Raision Koerehu
was equal to that of Klarkki. Raision Koerehu
and Lohi-Sampo proved to be cleatly more
cfficient than Klarkki in producing rainbow
trout according to calories and protein required
per kilo of fish produced.

As mentioned eatlier, it cannot be stated with
certainty to what extent drifting of floating
Ewos Ravturehu, River-Pride and F-Kalanrehu
from the nets influenced the growth of the trout
and the conversion ratios. In our opinion the
only possible conclusion to be drawn from this
experiment is that the floating dry diets are less
suitable than non-floating diets for propagation
of trout in floating nets.

It is to be pointed out that the growth of fish
fed on Kirjo and F-Koerehu and their conver-
sion to fish would obviously have been superior
to the values now obtained had the accustoming
feeding period in the beginning of the experi-
ments been longet.
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As regards the comparability of the results, it F-Kalanrchu indicate that the conditions in the
should be noted that the equal growth and con-  different nets during the expetiment were
version ratios obtained with River Pride and  similar.



V. SUMMARY

1. In the present study six Finnish and three
foreign commercial dry diets for rainbow trout
were studied and compated in a feeding ex-
periment in floating nets. Compatisons were
made in regard to growth, mortality, condition
factor, flesh colour, conversion of food into
fish and food costs to produce one kilo of fish,
Furthermore, the raw tmaterials of the diets wete
ascertained, and their chemical composition
analysed and compared with that of the propa-
gated trout and thejr livers. ,

2, Thete was not much to choose between
the diets as regards composition. Ewos Rautu-
rehu differed most from the others. Fat, protein
and ash contents in Ewos Rauturehu were far
lower and nonprotein extracts and fibre higher
than in the other diets (Tables 2 and 5).

The protein and calotie contents of the diets
were high. The protein content averaged 38 per
cent and the calorie content exceeded 2000
kcal/kg. In all diets, over 50 per cent of the
caloties were supplied as protein (Table 2).

A great number of raw materials were used in
the diets. On.an average, 13 different raw materials
had been used in producing a diet. In all diets
fishmeal or fish extract was the chief ingredient
of animal crigin. Various cereals wete the chief
ingredients of plant origin (Table 3).

A vitamin concentrate made up 0.5 to 10 per
cent of the diets. Special attention was paid to
lack of some vitamins considered essential for
tainbow trout in some vitamin extracts added to
the diets (Tables 6 and 7). The amounts of added
vitamins in the diets were about the same, except
in Ewos Rauturehu, in which the amounts were
two to four fold compated with the other diets.

3. At the end of the experiment the weights
and lengths of fish fed on Lohi-Sampo and
Vaasan Hoyrymyllyn Koerehu 1 and 2 did not
differ significantly from fish fed on the control
diet Klarkki (Table 8). There were significant
differences in weights and lengths between fish
fed on other diets and on Klarkki (P < 0.001).

There were differences in the frequency dis-
tribution of the weights of the fish groups at the
end of the experiment (Fig. 2). The trout grew
best at the end of the summer (period III, August
12—September 16) except the groups fed on
River Pride and F-Kalanrehu (Table 10). This
might be due to changes in the temperature and
pH of the water during the experiment (Table 4,
Fig. 3). _ .

. Lohi-Sampo, Vaasan Hoyrymyllyn Koerehu
1 and 2 and Klarkki, which gave the best growth
results, had as a common factor a higher calorie
content than the other diets (Table 2). They also
had about the same percentage of calories as
protein (58.3—60.0). Their fat contents (5.0—
8.0 per cent) were higher and ash contents
(10.0—13.5 per cent) lower than in most other
diets. The protein contents were also relatively
high (35.0—40.0 per cent). L

4, 'The best conversions of food into -ﬁshwe_ré
obtained with Vaasan Hoéyrymyllyn Koerchu 2
(1.67), Lohi-Sampo and Klarkki (both 1.68)
(Table 11). According to Purriies and
Brockway (1959), the conversion ratio decreases
when the calotie content of the diet increases.
This was also the case in the present experiment,
as the calorie contents were highest in the above-
mentioned diets (as well as Vaasan Hoyrymyllyn
Koerehu 1),
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‘The conversion ratios obtained were in tea-
sonable agreement with the values reported
from other feeding experiments.

The floating diets, i.e. Ewos Rauturehu, River
Pride and F-Kalanrehu, were found to drift out
of the nets to some extent owing to the winds
and especially to the movements of the fish.
This may partly account for the high conversion
ratios obtained with these diets. This indicates
that floating dry diets are not so suitable as non-
floating diets for propagation of rainbow trout
in small nets.

The growth of fish fed on Kitjo and F-Koe-
tehu and their conversions to fish would evi-
dently have been superior to the values obtained,
had the accustoming period in the beginning of
the experiment been longer. This is due to their
different appearance compared with Klarklki.

5. The number of calories required to produce
one kilo of fish were lowest with Raision Koerechu
(3 811 kcal/kg) and Lohi-Sampo (3 933 kcal/kg)
and clearly highest with Ewos Rauturehu (5 836
kealfkg) (Table 11).

Proteins required to produce one kilo of fish
were lowest with Raision Koerehu (528 g) and
Lohi-Sampo (588 g) and highest with Kirjo
(860 g) and Ewos Rauturehu (822 g} (Table 11).

Calories and proteins required to produce one
kilo of fish corresponded to the values obtained
in other feeding experiments.

6. There were considerable differences in the
costs to produce one kilo of fish with the diets
tested (Table 11). Lohi-Sampo and Vaasan Hoy-
rymyllyn Koerehu 2 were the most economic
(1.40 mk/kg) and the floating Ewos Rauturchu,
River Pride and F-Kalanrehu the most expensive
{(3.80 and 2.40 mk/kg).

7. As a consequence of the sudden change in
the pH of the water, it was unfortunately not
possible to gain a clear idea of the mortality of
trout fed on the different diets (Table 12). No
deficiency symptoms were observed, even at the
end of the 20-week feeding period.

8. According to the calculated condition
factors (Table 13), all but a few of the fish were

in good condition at the end of the experiment.
Differences between fish groups taken from
different nets were so slight that it was not
possible to draw any conclusions about differ-
ences in condition.

9. Fish fed on Raision Koerehu and Klarkki
had the brightest red colout. Flesh of trout fed
on Kitjo and Vaasan Hoyrymyliyn Koerehu 1
and 2 was also well coloured (Table 14). The
diets which produced the most marked pig-
mentation in this experiment contained from
5 to 11 per cent crustacean (shrimp) meal,
except Vaasan Hoyrymyllyn Koerehu 1 (Table 3).

10. Different percentages of water were found
in fish fed on the diets tested (Tables 15, 16
and 17). These differences were correlated with
changes in body fat.

Great differences in fat content were observed
between the fish groups. On a wet weight basis
the fat content vatied in the whole fish by 3.8
per cent (6.0—9.8) and in the gutted fish by 4.9
per cent (5.1—10.0).

The fish groups with the highest fat content
of the whole fish had not a high fat content in the
gutted fish (except those fed on Klarkki) but,
on the contrary, a rather low fat content. The
protein content of the gutted fish was very high
in all test groups, on a wet weight basis, from
19.0 to 20.3 per cent.

On a dry weight basis, there were differences
in the percentage of protein in whole and gutied
trout fed on the different diets. These differences
were correlated with changes in the fat content
of the fish. In this experiment the fat and calorie
contents of the diets were correlated on a whole
with the fat content of the whole fish. On a dry
weight basis, increase in fat content was cotre-
lated with a reduction in protein content in the
whale fish. Fish fed on diets with 4'high fat
content and calorific value (Klarkki, Vaasan
Hoyrymyllyn Koerehu 1 and 2, Lohi-Sampo)
had a low protein content in the whole fish on a
dry weight basis but they also had the best gains
in weight and the best increase in total body
protein (Table 17). This may have been because
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some dietary protein was spared by the dietary
fat for protein synthesis. An increase in fat
content indicates that a surplus of energy calories
was available.

Differences in ash content between whole and
gutted fish were rather high and depended upon
the quality and quantity of food in the intestines
and the ptoportions of fins and bones.

11. Trout produced in this experiment had a
higher percentage of protein in both whole and
gutted fish as compared to values obtained in
some other feeding experiments (Table 18). In
general, the nutritive value of rainbow trout,
and especially of gutted fish, produced with the
diets tested may be considered rather good.

12. The fat content of the liver is of great
importance for the health of the fish. Tacx (1961)

and Mawnn (1961) observed signs of liver de-
generation when the fat content of the liver
exceeded 5 per cent. The percentage fat in the
livers analysed exceeded the »dangerous» 5 per
cent in most fish groups (Table 19). The high
fat content did not cause any district damage to
health or growth, but it is to be pointed out that
some harmful effects might have appeared, had
the experiment been prolonged over the wintet.

13, None of the diets tested was superior to
the othets in every respect. According to the
qualities in which evident differences wete ob-
served between the diets (growth and colour of
fish, conversion of food into fish flesh, food
costs per kilo of fish) Lohi-Sampo and Vaasan
Hoyrymyllyn Koerehu 1 and 2 wete equal to
Klarkki.



VI. YHTEENVETO: KUIVAREHUILLA VERKKOALTAISSA SUORITETTU KIRJO-
LOHEN (SALMO GAIRDNERI RICHARDSON) VERTAILEVA KASTATUSKOKEILU

1. Tissd kisiteltivini olevassa kokeessa tut-
kittiin kuutta kotimaista ja kolmea ulkolaista
kuivarehuvalmistetta kirjolohilla verkkoaltaissa
suoritetussa kasvatuskokeessa. ‘Tutkimuksessa
vertailtiin eri rehuvalmisteilla ja vertailurehuna
kiytetylld Klarkilla ruokittujen kitjolohien kas-
vua, rehujen ravintokertoimia ja tuotetun kala-
kilon hintoja sekd kalojen kuolleisuutta, kuntoa
ja lihan viritystd. Lisiksi tutkittiin eri kuiva-
rehujen kemiallista koostumusta ja sen vaikutusta
kirjolohen kemialliseen koostumukseen ja mak-
san koostumukseen,

2. Rehnjen kemialliset koostumukset eivit
yleisesti ottaen poikenneet kovin paljoa toisis-
taan. Poikkeuksena oli Ewos Rauturehu, jonka
rasva-, valkuais- ja tuhkapitoisuudet olivat huo-
mattavasti muiden rehuvalmisteiden vastaavia
arvoja alhaisemmat ja uuteaineiden ja kuidun
miirit vastaavasti korkeammat (Taulukot 2 ja 5).

Rehujen  valkuaispitoisuudet sazmaten kuin
kaloripitoisuudet olivat varsin korkeat, Val-
kuaista oli keskiméirin 38 9, ja kaloreita yli
2000 kealfkg rehua. Kaikissa tehuissa oli yli
50 9 kaloreista valkuaisessa (Taulukko 2).

Rehujen raaka-ainekoostumukset olivat moni-
puoliset. Keskimidrin 13 erilaista raaka-ainetta
oli kiytetty rehujen valmistuksessa. Kaikissa
rehuvalmisteissa muodosti kalajauho tai kala-
uute méirillisesti suurimman eldinperiisen raaka-
aineen ja kasvisperiisisti olivat eniten kiytettyji
etilaiset viljatuotteet (Taunlukko 3).

Rehuihin oli lsitty vitamiinirikastetta 0,5—
10 9. Erityisti huomiota kiinnitti ersiden kir-
jolohelle vilttimittéming pidettyjen vitamiinien
puuttuminen muutamista tikasteista (Taulukot

6 ja 7). Rehuihin lisittyjen vitamiinien miirit
olivat samaa suuruusluokkaa Ewos Rauturehua
lukuunottamatta, jossa ne olivat usciden vita-
miinien kohdalla kaksin—nelinkertaiset ‘muihin
rehuihin verrattuna.

3. Kasvatuskokeen paittyessi otettujen kala-
niytteiden perusteella olivat Lohi-Sampolla seks
Vaasan Hoyrymyllyn Koerehu 1:114 ja 2:lla ruo-
kitut kirjolohet kasvaneet yhtd hyvin kuin Klar-
killa ruokitut. Muita rehuvalmisteita saaneet
kalat olivat selvisti pienempikokoista, silli kala-
niytteiden pituus- ja painoerot olivat tilastolli-
sesti erittdin merkitsevid (P < 0,001) (Tauluk-
ko 8). Eri rehulaaduilla ruokittujen koekalojen
painojen jakautumissa oli kokeen piittyessi
suuria eroja (Kuva 2),

Kalojen kasvu oli nopeinta vasta loppukesills,
kolmantena ruokintajaksona (12.8-—16.9), lu-
kuunottamatta River Pridea ja F-Kalanrehulla
ruokittuja kaloja (Taulukko 10). Timi johtui
todennikoisesti veden limpétilan ja pHin muu-
toksista kokeen aikana (Taulukko 4, Kuva 3).

Lohi-Sampolla, Vaasan Hoyrymyllyn Koe-
rehuilla sekd Klarkilla, joilla saatiin parhaat kas-
vutulokset, olivat kalotipitoisuudet korkeammat
kuin muilla rehuilla (Taulukko 2). Niilli oli
mydskin lihes sama prosentuaalinen osa kalo-
reista valkuaisessa (58,3—60,0 9%,). Niiden rasva-
pitoisuus (5,0--8,0 %) oli korkeampi ja tuhka-
pitoisuus (10,0—13,5 %) alhaisempi kuin nseim-
milla muilla rehuilla. Niiden valkuaispitoisuus
oli my&s suhteellisen korkea (35,0—40,0 94).

4. Edullisimmat ravintokertoimst saatiin Vaa-
san Hoyrymyllyn Koerehu 2:lla (1,67) seki
Lohi-Sampolla ja Klarkilla (molemmilla 1,68),
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{Taulukko 11). Privrirsin ja BrockwaxN (1959)
mukaan ravintokerroin alenee ravinnon kalori-
miirin kasvaessa, Timi osoittautui vatsin hyvin
paikkansa pitiviksi myos tdssi tutkimuksessa,
silli edellimainituissa kolmessa rehussa oli Vaa-
san Hoyrymyllyn Koerehu 1 ohella eniten kalo-
reita.

- 'Tassd kasvatuskokeessa saadut ravintokertoi-
met olivat useimpien rehuvalmisteiden osalta
tiysin tyydyttivit verrattuna muissa kirjolohella
suoritetuissa kokeissa saatuihin,

Kokeessa mukana olleiden kelluvien rehujen
Ewos Rauturchun, River Priden ja F-Kalanrehun
havaittiin jossain midrin ajautuvan pois verkko-
altaista kalojen lifkkeiden ja tuulen vaikutuksesta,
miki mahdollisesti oli syyni niilli saatujen ra-
vintokertoimien epiedullisuuteen. Timin vuoksi
kelluvien rehujen katsottiin soveltuvan uppoavia
rehuja heikommin pienikokoisissa verkkoaltaissa
suotitettuun kirjolohien kasvatukseen,

Mikili totutusruokinta ennen koetta olisi ol-
lut pidempiaikainen, olisi Kirjolla ja F-Koere-
hulla ruokittujen kalojen kasvu ja ravintoker-
toimet olleet ilmeisestikin paremmat kunin nayt
todetut.

5. Kaloteiden kulutuksen mukaan mitattuna
osoittautuivat Raision Koetechu (3 811 kealfkg)
ja Lohi-Sampo (3 933 kcal/kg) tehokkaimmiksi
ja Ewos Raututehu selvisti heikoimmaksi (5 836
keal/kg) (Taulukko 11)

Valkuaista tarvittiin kalakilon kasvattamiseen
vihiten Raision Koerehulla (528 g) ja Lohi-
Sampolla (588 g) ja eniten Kirjolla (860 g) ja
Ewos Rauturchulla (822 ¢) (Taulukko 11).

Kaloreiden ja valkuaisen kulutus kalakilon
kasvattamiseksi oli samaa suurunsluokkaa kuin
erdissi muissa kasvatuskokeissa saadut.

6. Kokeessa saatujen ravintokertoimien ja
tehojen vihittiismyyntihintojen perusteella las-
ketuissa kalan kasvatuskustannuksissa oli suuria
eroja eti rehuvalmisteiden vililld. Kalakilon lkas-
vattaminen tuli edullisimmaksi Lohi—Sampolla
ja Vaasan Hoyrymyllyn Koerehu 2:lla (1,40
mk/kg) ja kalleimmaksi kelluvilla rehuilla Ewos

Raututchulla, River Pridella ja F-Kalantehulla
(3,80 ja 2,40 mk/kg) (Taulukko 11).

7. Eri tehuvalmisteilla ruokittujen kalojen
kuolleisuudesta ei voitu valitettavasti saada sel-
vii kuvaa pH:in korotuksesta johtuen (Tau-
lukko 12). Minkiinlaisia puuntostautien oireita
ei havaittu missdin kalaryhmissi, ei edes 20
viikkoa kestineen kokeen loppupuolella.

8. Koekalojen keskimiitiiset -kuntokertoi-
mien atvot (Taulukko 13) olivat hyvit, Erot eri
altaista otettujen kalaniytteiden vililli olivat niin
vibiiset, ettd niiden perusteella ei voitu tehdd
johtopiit6ksii kalojen erilaisesta kunnosta.

9. Punalihaisemmat kirjolohet saatiin Klarkilla
ja Raision Koerchulla. Kirjolla sekd Vaasan
Hoytymyllyn molemmilla koerehuilla ruokitut
kalat olivat my$s hyvin punertavalihaisia (Tau-
lukko 14). Vaasan Hoyrymyllyn Koetehu 1 lu-
kuunottamatta oli punalihaisimpia kaloja  kas-
vattaneisiin rehuihin lisitty 5—11 9 dyrifis-
(katkarapu}jauhoja (Taulukko 3):

10, Koko kalan ja peratun kalan vesipitoi-
suuksissa oli eri kalaryhmien vililli vihiisii
eroavaisuuksia (Taulukot 15, 16 ja 17). Vesi- ja
rasvapitoisuuden vililli vallitsi kidnteinen suhde.
Rasvapitoisuuksissa oli huomattavia eroja ha-
vaittavissa eri kalaryhmien wvililli. Koko kalan
rasvapitoisuuden vaihtelu oli 3,8 9, (6,9—9,8)
ja peratun kalan 4,9 9, (5,1—10,0) tuorepainosta
laskettuna,

Kalaryhmilli, joilla koko kalan suhteellinen
tasvapitoisuus oli korkein, oli petatussa kalassa
suhteellisen alhainen rasvapitoisuus lukuunotta-
matta Klarkilla ruckittuja kaloja.

Kalan hyviksikiytén kannalta on peratun
kalan valkuaispitoisuus tirked. Se oli kaikissa
kalaryhmissi huomattavan kotkea, 19,0—20,3 %
tuorepainosta,

Lri rehuvalmisteilla ruckittujen kalojen koko-
kalan ja peratun kalan suhtecllisissa valkuais-
pitoisuuksissa oli eroavaisuuksia kuivapainosta
laskettuna. Kalojen valkuaispitoisuudet korre-
loivat rasvapitoisuuksien kanssa.

Rehujen tasva- ja kalotipitoisuudet korreloivat
kalojen rasvapitoisuuksien kanssa. Kun koko
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kalan suhteellinen rasvapitoisuus oli kotkea,
suhteellinen valkuaispitoisuus oli alhainen (kui-
vapainosta laskettuna). Kaloilla, joita oli ruckittu
runsaasti rasvaa ja kaloreita sisiltivilli rehuilla
(Klarkki, Vaasan Héyrymyllyn molemmat koe-
tehut, Lohi-Sampo), oli koko kalan suhteellinen
valkuaispitoisuus alhzinen (kuivapainosta}, mutta
samoilla kalaryhmilli oli toisaalta kasvu no-
peinta ja kokonaisvaluaispitoisuus korkein (Tau-
lukko 17), Timi saattaa johtua siitd, ettd ko.
rehujen, runsaat rasvakalorit olivat sHistineet
ravinnon valkuaistz ja siten parantaneet kalojen
kasvua, Kalojen suhteellisen rasvapitoisuuden
kohoaminen viittza sithen, etti mainituissa re-
huissa oli kaloreita enemmiin kuin miti energian
tuottamiseen tarvittiin,

Koko kalan ja peratun kalan tuhkamiirit
vaihtelivat paljon. Vaihtelu riippui suolessa ole-
van rehun mifiristd ja laadusta sekd lniden, ruo-
tojen ja evien suhteellisestd madristi.

11. Tissi tutkimuksessa saadut kitjolohen
koko kalan ja peratun kalan koostumukset
eroavat erdissi muissa tutkimuksissa saaduista

vastaavista tuloksista korkeamman valkuaispi-
toisuuden suhteen (Taulukko 18). Kokonai-
suutena katsoen voidaan saatuja tuloksia ja eten-
kin peratun kalan koostumusta pitii varsin hy-
vind kalojen hyviksikiyttdd ajatellen,

12, Maksan rasvapitoisuudella on keskeinen
merkitys kalojen hyvinvoinnin kannalta. Maksan
rasvapitoisuus kohosi useimmilla kalaryhmilld
yli Tackin (1961) ja Manxin (1961) vaarallisena
pitimin 5 % rajan (Taulukko 19). Mitdin sel-
visti nikyvid haittaa kalojen terveydentilalle tai
kasvulle el tdstd havaittu olevan, mutta on mah-
dollista, ettd haittavaikutuksia olisi tullut niky-
viin; mikili kasvatusta olisi jatkettu talven yii.

13. Mikdin rehuvalmiste ei ollut joka suh-
teessa muita patempi. Ne arviontipetusteet huo-
mioiden, joissa rehujen vililli havaittiin selvid
etoja (kalojen kasvu ja lihan viritys, rchujen
ravintokerroin ja tuotetun kalakilon hinta) olivat
Lohi-Sampo ja Vaasan Hoyrymyllyn molemmat
samanarvoiset Klarkin

koerehut suunnilleen

kanssa.



VII. SAMMANDRAG: JAMFORANDE TORRFODERFORSOK MED REGNBAGSLAX
(SALMO GAIRDNERI RICHARDSON) I FLYTANDE NATKASSAR

1. Vid det forsdk som hir redovisas, undet-
stktes sex inhemska och tre utlindska torcfoder-
preparat genom uppfddningsforstk med regn-
bégslax i nidtkassar. Vid understkningen jim-
fordes tillviixten hos regnbigarna vid utfordring
med olika foderpreparat och kontrollfoder av
mirket klarkki, likasd klarlades foderkoefficient-
erna f6r fodetpreparaten och priset pi produ-
cerad fisk per kg samt fiskens dédlighet, kondi-
tion och kottets firg., Yiterligare undersdktes
de olika torrfoderpreparatens kemiska samman-
sittning, dennas inverkan pi regnbigens kemiska
uppnyggnad och leverns sammansittning.

2. Den kemiska sammansittningen pd foder
av olika mirken uppvisade ej stdrre differenser.
Eit undantag utgjorde Ewos Forcllfoder, som i
friga om halt av fett,dggvita och aska hade be-
tydligt ligre virden #n Ovriga foderpreparat,
medan extraktiva imnen och fiber uppvisade
motsvarande hdgre virde (Tabellerna 2 och 5).

Fodetpreparaten uppvisade ritt hdga virden
for dggvitehalt och kaloriinnehall, Aggvita fanns
i medeltal 38 9, och kaloriinnehillet var i medel-
tal §ver 2 000 kcal/kg foder. I alla foder férekom
over 50 % av kalorivirdet bundet i dggvitan
{Tabell 2).

Foderpteparatens sammansittning var ming-
sidig i friga om rdiimnen, I medecltal hade 13
olika riimnen anvints vid fodertillverkningen,
I alla foderpreparat ingick fiskmjol eller fisk-
extrakt i stdtre halt 4n andra dmnen av animaliskt
ursprung och av material frin vixtriket hade
frimst olika sidesprodukter anvints (Tabell 3).

I fodten hade tillsats skett av anrikade vita-
minpreparat till en halt av 0,5—10 9,. Speciell

7 9175—69

uppmirksamhet vickte det faktum, att vissa
vitaminet, som anses nddvindiga fér regnbigen
fattades i nigra av vitaminanrikningarna (Ta-
bellerna 6 och 7). Halterna av tillférda vitaminer
var av samma storleksotdning i olika foder-
ptreparat med undantag av Ewos Forellfoder, dir
flera wvitaminer ingick i mingder som var tvi-
fyrdubbla i jimforelse med halterna i andra foder.

3. Sedan uppfédningsférsiket slutforts visade
analyserade fiskprov, att fisk som uppfotts pd
TLohi-Sampo och Vasa Angkvarns Koerehu 1 och
Koerehu 2 vuxit lika bra som fisk som uifodrats
med Klarkki. De pi &vriga foderpreparat upp-
f6dda fiskarna wvar klart mindre till storleken,
ty differenserna i friga on lingd och vikt hos
fiskproven vat statistiskt taget ytterst signifika-
tiva (P < 0,001) (Tabell 8).

Viktférdelningen hos de pa olika foder upp-
fodda forsdksfiskarna uppvisade efter slutfort
forsok stora differenser (Fig. 2).

Fiskarnas snabbaste tillvixt infoll forst pa
sensommaten, under tredje utfodringsperioden
(12.8—16.9), dock med undantag av fisk som
uppfétts pi River Pride och F-Kalantehu
(Tabell 10). Detta berodde sannolikt pi att
vattnets temperatur och pH férindrats under
forsdket (Tabell 4, Fig. 3).

De foder som gav bista tillvixt (Lohi-Sampo,
Vasa Angkvarns Koe-tehu 1 och 2, Klarkki),
hade hogre kaloriinnehill dn vriga foder (Ta-
bell 2). Dessa foder uppvisade dven i det niit-
maste samma proceatuella andel av i dggvitan
bundna kalorier (58,3—60,0 %). Dessa foders
fetthalt (5,0-—8,0 %) var hégre och askhalten
(10,0—13,5 %) var ligre in hos de flesta Svriga
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foder, Aggvitehalten hos dessa foder var ocksi
relativt hég (35,0—40,0 %)

4, De mest f6rmanliga foderkoefficientetna
uppnidddes med Vasa Angkvarns Koerehu 2
{1,67) samt med Lohi-Sampo och Klarkki (var-
dera 1,68) (Tabell 11). Enligt Paiviies och
BrocrwayN (1959) sjunker foderkoefficienten
di fodrets kaloriinnehdll &kar. Detta konsta-
tetande visade sig vil sld in dven vid dessa undet-
sOkningar, ty nyssnimnda tre foderpreparat hade
vid sidan av Vasa Angkvarns Koerehu 1 storsta
kaloriinnehilt,

De vid detta uppfordningsférstk erhillna
foderkoefficienterna var for de flesta foderpre-
parats vidkommande helt tillfredsstillande i jim-
forelse med de virden man fitt vid andra férsdk
med regnbige.

De undersbkta flytande foderpreparaten Ewos
Forellfoder; River Pride och F-Kalanrehu kon-
staterades 1 viss mdn pd grund av fiskens forelser
och under vindens invetkan, driva bort ur nit-
sumparna, vilket méjligen var orsaken till att de
for dessa preparat erhillna foderkoefficienterna
var ogynnsamma, Slutsatsen blev, att flytande
foder simre #n sjunkande preparat limpar sig
f6r uppfédning av regnsbige i nitsumpar av
smd dimensioner.

Ifall fisken under en lingte tid dn nu var fallet
fitt vidnja sig vid hir doserade foderpreparat,
skulle tillvixten hos fisken som uppfoddes pa
Kirjo och F-Koerehu tydligen ha uppvisat gynn-
sammare virden och foderkoefficienterna skulle
ha blivit férminligare,

5. I friga om kaloriférbrukning visade sig
Raisio Koerehu (3 811 kcal/kg) och Lohi-Sampo
(3 933 kcal/kg) vara mest effektiva medan Ewos
Forellfoder limnade klart
(5 836 kcalfkg) (Tabell 11).

Fér produktionen av ett kilogram fisk be-

svagaste resultat

hévdes minsta mingder 4ggvita i friga om Raisio
Koerchu (528 g) och Lohi-Sampo (588 g) och
storsta mingder f6r Kirjo (B60 g) och Ewos
Forellfoder (822 g) (Tabell 11), Férbrukningen
av kalorier och dggvita for produktionen avettkg

fisk var av samma stotleksordning som de vid
andra uppfédningsforsck erhillna resultaten,

6. De foderkoefficientet som utriknades vid
forsdken och de omkostnader som pa basen av
foderpreparatens minutpris beriknades fér pro-
ducerad fiskvikt (kg) uppvisade stora differenser
for olika foderpreparats vidkommmande. Pro-
duktionen av ett kg fisk stillde sig forminligast
med Lohi-Sampo och Vasa Angkvarns Koerehu
2 (1,40 mk/kg) och dyrast med flytande Evos
Forellfoder, River Pride och F-Kalanrehu (3,80
och 2,40 mk/kg) (Tabell 11).

7. Dédligheten for pié olika foderpreparat
uppfédd fisk kunde pi grund av stigande pH
tyvire ef klart utredas (Tabell 12). Inga som helst
bristsjukdomssymptom konstaterades i nigon av
fiskgrupperna, ej ens mot slutet av forsdkspetio-
den, som omfattade 20 veckot.

8. Konditionskoefficientetna hos forsdks-
fiskarna uppvisade i medeltal gynnsamma virden
(Tabell 13). Differenserna mellan fiskprov frin
olika nitsumpat vat si ringa, att man pd basen av
dessa ej kunde dra ndgra slutsatser om olika
kondition pi fisken.

9. Starkaste rodfirgning hos regnbdgsforellen
erhélls med Klarkki och Raision Koerehu. Fisk,
som uppfotts pa Kirjo och bida foderpreparaten
frdn Vasa Angkvarn uppvisade ocksi mycket
god firgsittning (Tabell 14). Med undantag av
Vasa' Angkvarns Koerehu 1 hade de foderpre-
parat, som 4stadkom bista rodfirgning hos
fisken, tillsatts 5—11 9, kriftdjurs (rik)-mjsl
(Tabell 3).

10. I friga om vattenhalten hos hel fisk och
tensad fisk forekom i olika fiskgrupper smitre
differenser (Tabellerna 15, 16 och 17). Mellan
vatten- och fetthalt forekom omvind ptoporttio-
nalitet. I fetthalterna forekom betydande skill-
nader mellan olika fiskgrupper. Fetthalten i hel
fisk varierade med 3,8 9%, (6,9—9,8) och i rensad
fisk med 4,9 9, (5,1—10,0) beriknad pa firskvikt.

De fiskgrupper, hos vilka den relativa fett-
halten i hel fisk var st&rst, hade i rensad fisk en
relativt 14g fetthalt, detta dock med undantag av
fisk som uppfoits pa Klarkki.
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Med tanke pa fiskens anvindning dr dggvite-
halten i rensad fisk viktig. Den uppvisade i alla
fiskgrupper en avsevirt hog andel av firskvikten
(19,0—20,3 9,).

I friga om fisk som uppfotts pd olika foder-
preparat forekom mellan 4 ena sidan hel fisk och
i andra sidan rensad fisk differenser i de pi torr-
vikt beriknade relativa halterna av dggvita.
Kotrelation konstatetades féreligga mellan dgg-
vitehalterna och fiskens telativa fetthalt (av
torrvikten).

Korrelation konstaterades dven mellan i ena
sidan foderprepatatens fett- och kalotiinnehall
och 4 andra sidan fiskens telativa fetthalt. Ifall
den relativa fetthalten i hel fisk var hog, var den
relativa dggvitehalten lig (berdknad pd torrvikt).
Fisk, som utfodrats med foderpreparat innehl-
lande rikliga mingder fett och kalotier (Klarkki,
Vasa Angkvarns bdda foderpreparat, ILohi-
Sampo) var hela fiskens relativa dggvitehalt ldg
(beriknad pa torrvikt) men resp. fiskgrupper
uppvisade 4 andra sidan spabbaste tillviixt och
hogsta dggvitehalt (Tabell 17). Detta kan beto
P, att den rikliga kaloriférekomsten i fettet hos
ifrigavarande foder medfért en inbesparing av
dggvitan i fodret och silunda forbitirat fiskens
tillvixt, Héjningen av fiskens relativa fetthalt
tyder pd, att i nimnda foder forekom ett stdrre
kaloriinnehall in vad som ir nddigt for frigdran-
det av energi,

Variationerna i askinnehdllet i hel och rensad
fisk var stora och betingade av den i matsmilt-
ningskanalen befintliga foderméngden och den-
nas kvalitet samt telativa mingd en av ben och
fenor.

11. De sifferviirden for sammansittningen pi
hel och rensad fisk som erhillits vid denna un-
dersdkning avviker frin de resultat som erhallits
vid vissa andra undersékningar samt i friga om
hel och rensad fisk for den hégre dggvitehaltens

vidkommande {Tabell 18). Som helhet tagna
kan de ethillna resultaten och sirskilt samman-
sittningen pd rensad fisk anses ritt gynnsamma
med tanke pi anvindningen av fisken.

12. Pettinnehéllet i levern spelar en viktig roll
for fiskens vilmiga. Leverns fettinnehdll &ver-
steg 1 de flesta fiskgrupperna den riskgrins om
59, som Tack (1961) och Mann (1961} anfért
(Tabell 19). Det kunde dock ej konstateras, att
denpa klart skulle ha medfért oligenhet fir
fiskens hilsotillstind eller tillvixt. Mbjligt ir,
att negativa konsekvenser skulle ha upptritt
ifall uppfédningen fortsatt Gver vintern.

13. Inget av de anvinda foderprepraten var i
alla avseenden bittre &n &vriga preparat. Ut-
giende ifrin de kriterier, fér vilkas vidkom-
mande tydliga differenser konstaterades mellan
olika foder (fiskens tillvixt, kottets firg, foder-
koefficient och priset pi producerad fisk per kg)
var Lohi-Sampo och Vasa Angkvarns bida
foderpreparat i stort sett jimbordiga med
Klarkki.

Acknowledgments, We wish to express our most sincere

thanks to Peklea Korpinen, B.Sc., for most valuable aid,
and for his providing opportunities for the fulfilment of
the work. .
We are also indebted to professotr Erkki Halme, Ph. D,
head of the Bureau of Fisheties Investigations and Mr,
Veikko Sjoblom, Ph. D., for valuable criticism in the
cource of the study and help in various problems.

Qur sincere thanks are also due to the late Mr. Kustaa
Metsaranta, Mr. Timo Siukosaari, B.Sc., Mr. Antero
Wihetheimo and Mrs. Annikki Ekman for most valuable
technical aid.

Further, we wish to express our thanks to Mrs. Pitjo
Westman, Academic Secretary, for valuable aid in
translation of the manuscript and Mrs, Jean Margaret
Perttunen, B.Sc., who has kindly checked the English of
the manuscript and Mr, Gosta Bergman, Mag. Phil.,
for translation of the Swedish sumtnary, We are also
indebted to Mt. O. Ranta-aho, who has drawed the
figures.



REFERENCES

Ano. 1., 1968: Odling av regnbigslax i ndtkassar.— Husd
viol.st., Meddelande 13, 1423,

ALABASTER, J. 8., 1962: The effect of heated efhuent on
fish. — Conf. Water Poll. re.. London. Oxford.

AvrprEcHT, MaRre Luisg, 1967: Normale und krankhafte
Verinderung der Karpfenleber. — Dt, Fischerei —
Ztg., 14, 230—240.

Aoac, 1965 Official methods of analysis. — 10th ed,
Assoc. Offic. Agr. Chem. Washington D.C.

Avers, H. D., H.R. Mccrmvmon & A, H, Brrsr, 1964
Construction and management of farm ponds in
Ontario. — Ontario Depariment of Agriculture, Pub-
lication 515.

B.npt, H. H., 1936: Der fiir Ficche tédliche pH-vert im
alkalischen Beteich, — Z. Fisch. 34, 359—361,

Berzmns, B., 1962: Sportfiskevatten och rotenon. —
Foredr., vid Svenska Fiskeritjinstemannaférbundets
sammantride 14. 3. 1962, 268—276.

Bssse, P., 1951: La saumonisation artificielle des salm-
onides, truites et saumons de fontaine. — Compt.
Rend. Acad. 233, 637—639,

Brrzer, R. R., 1963: For brighter colors in trout, — U.S.
Ttrout News 8, 3.

BourHmLier, L, P, 1961: The influence of vatrious diets
on trout growth and pigmentation. - Prog. Fish-Cult,
23, 169—174.

Brerr, J. R., 1956: Some principles in the thermal re-
quirements of fishes, — Quart. Rev. Biol, 31, 75—87.

Brockway, D. R., 1953: Fish food pellets show promise.
— Prog. Fish. — Cult. 15, 92—93,

Brown, MirGaRrer E., 1946 4: The growth of brown
trout (Salmo trutta Linn.). I. Factors influencing the
growth of trout fry, — J. Exp. Biol. 22, 118—129,

— 1946 b: The growth of brown trout (Salmo trutta
Linn.). II. The growth of two-year-old trout at a
constant temperature of 11,5°C. — Ibid. 22, 130—144.

— 1946 c: The growth of btown trout (Salmo trutta
Linn.). OI. The effect of temperature on the growth of
two-yeat-old trout. — Ibid. 22, 145—155.

— 1951: The growth of brown trout (Salmo trutta Lion.).
IV. The effect of food and temperature on the survival
and growth of fry, — Ibid. 28, 473, 491.

— 1957; Experimental studies on growth. — In: Brown,
MArcArsr E. (¢d.), The Physiology of Fishes I, 361—
400. New York.

Bruscuek, E & Hemsen, 1966: Die 4. Tagung der Euro-
piischen Binnenfischereikommission. — Osterreichs
Fischerei 19, 98—111.

CarpErSN, E, G., 1965: The raising of brown trout and
rainbow trout in water at high temperatares. — Stud.
Rev. gen. Fish Coun, Medit. 30, 1—-33.

CurisTENSEN, N. O., 1966: Fiskesygdomme.-Copenhague.

Cocgs, 1. V. & C. van ReDE, 1966: The laboratory hand-
book for oil and fat analysis.-London.

Cowmss, B. D. & R. E. Burrows, 1958: An evaluation of
bound diets, — Prog. Fish-Cult. 20, 124—128.

Daris, H. 8.,1953: Culture and diseases of game fishes.
— 332 pp. Berkeley and Los Angeles,

Deugt, C. R., D. C, Haskerr, D. R. Brockway & O. R,
Kingspury, 1952: The New York State fish hatchery
feeding chart. — New York Cons. Dept. Fish Res.
Bull. 1952/3, 61 pp.

DzureL, J., 1963 Fiitterungsversuche an Regenbogen-
forellenbrut mit Trockenfutter. — Allg. Fisch. — Zitg
88, 36—37.

— 1965: Pigmentierungs—ersuche mit Canthaxanthin bei
Regenbogenforellen, — Axch. Fischereiwiss, 16, 125—
132.

Druzer, H. W., 1952; Akute Hypoxie und Atemfrequenz
bei Regenbogenforellen-Setzlingen, — Fischwrirt 7,
241—244.

Doupororr, P. & D, L. SumuMmw.iy, 1967: Dissolved
oxygen criteria for the protection of fish. — Amer.
Fish. Soc. Spec. Publ. 1967/4, 13—19,

Emsere, W., 1965: Futter und Fitterung. — Osterreichs
Fischerei 18, 75—83,

ExkiLunp, G., 1966: Sammanstillning &ver foderkostnader
vid Bergeforsens laxodling. — Svensk Fiskeritidskrift
75, 16—17.

Faxrorovicu, K. A,, 1958: O narushenii zhirovogo
obmena v pecheni raduzhnoi foreli pri vyrashchivanii
na isskustvenykh kormakh (On fat metabolism dist-
urbances in rainbow trout (Salmo gairdneri) liver
raised on artificial fees). ~- Tr. Soveshch Ikhtiol.
Komis. Akad, Nauk. SSSR 8, 237, 243. 1959: Referat.



Suomen kalatalous 40 Findands fiskerier 45

Zhur. Biol. 39916, (Translation}. 1964: Biological
Abstracts 45:16, 67926.

Fox, D, L., 1957: The pigments of fishes. — In: Brown,
Mareaner E. (ed.), The Physiology of Fishes II
367—385. New Yotk.

Fry, F. E. J., 1957: The aquatic respiration of fish. —
In: Brown, Marcirer E. {ed.), The Physiology of
Fishes I, 1—63. New York.

— 1958: Tempetatute compensation. — Ann. Rev,
Physiol. 20, 207—224.

— 1964: Animals in aquatic environments: fishes. —
In: Bz, D. B. (ed.), Handbook of Physiologr, 715—
728. Washington, D. C.

GarsiDE, E. T. & J. 8. Tarr, 1958: Preferred temperature
of rainbow trout (Salmo gairdneri Richardson} and its
unusual relationship to acclimation temperature. —
Canad. J. Zool. 36, 563—567.

Gricer, E. & G. BorestrRoM, 1962: Fish protein,
nutritive aspects. — In; BoresrroM, G. {ed) Fish zs
Food II, 29—114, New York.

Grangaun, R., R. Digvzeipe, R. Massower & T.
Douarp, 1952; Saumonisation de Saltao irideus Gibb.
par administration d’astaxanthine, — Compt. Rend,
Acad. Sci. 253, 213—214.

Gras, J., R, Reynaup, L. Gawmory, J. Frer & J. C.
Hewry, 1967 a: Atnde biochimique des poissons: 1.
Variations semestrielles de la tencur en eau ct en
protéines du tissu musculaire de la truite Arc-en-ciel
(Salmo gairdnerii Rich), — Experientia 23, 430—431.

— 1967 b: £tude biochimique des poissons: 2. Variations
semestrielles de la teneur en glycogéne, en lipides
totaux et en minéraux du tissu muscnlaire de la truite
Arc-en-ciel (Salmo gairdnerii Rich.). —Ibid. 23,
431—432,

Grassr, BE. 7., 1958: Relation of a dty pelleted ration to
nutritional anemia in brook and rainbow trout, —
Prog. Fish-Cult. 20, 62—065.

Hainue, B, & V, Orrana, 1968: Lohenkasvattajan opas.

— 2, painos, Porvoo.

Huserou, W. F., J. Wacrws, T. B. McgEg, D. K. Law,
R. O, Smnnsuser & T. C. Yu, 1959: Development of
the Oregon pellet diet, — Research Briefs, Fish Com-
mission of Oregon, 7, 28—56.

Jacquor, R., 1961: Organic constituents of fish and other
aquatic animal foods. — In: BorgstROM, G. (ed.),
Fish as Food I, 145—209. New York,

Jons, ). R. E.,1964; Fish and River Pollution.— London.

Krranixkano, M,, Morsuita & 8. TacuiNo, 1964:
Digestibility of dietary ptotein in rainbow trout. —
Bull. Jap. Soc. Scient. Fisheries 30, 46—49,

Kimverer, K., 1958: Forellenfiitterung und »neue
Krankheit» (infektibse Nierenschwllung und Leber-
degeneration der Regenbogenforelle = INuL).
Allg. Pisch. — Ztg. 83, 12—14, 27—30.

Lasas, Y. A., 1959: O znachenii vneshnikh priznakov
pishchi pri kotmlenii molodi lososya i foreli (The
importance of the outward appearance of food in the
feeding of young salmon and trout), — Rybn. Khoz.
6, 32—37. 1960: Referat. Zhur. Biol. 25655. (Trans-
lation). 1967; Biological Abstracts 48;7, 31960,

Lameg, J. J., Kerrro Osrring & B, P. NuNivaara,
1967 a: Rainbow trout (Salmo iridens) produced in
Finland. II, The effect of different food on the grovith
of rainbow trout. — J. of the Scient. Agric. Soc. of
Finland 39, 23—28,

— Erina Varesmas & F. P, NuNrvaars, 1967 b: Rain-
bow trout (Salmo irideus) produced in Finland. IIL.
Seasonal variations in rainbow trout. — Ibid. 39,
133—141.

Lemrrivz, E., 1959 Trout and salmon culture, — State
of California, Department of Fish and Game, Fish.
Bull. 107, 169 pp.

Mann, I, 1959: Der Einfluss der Fiitterung auf die
Fettbildung bei Forellen. — Allg. Fisch. — Ztg. 84,
496—498.

— 1961 a: Chemische Untersuchungen an Forellen nach
Fiitterung mit einem Trockenfuttermittel. — Fisch-
wirt, 11, 138—140.

— 1961 b: Fish cultivation in Europe.— In: BorcsTtroM,
G. (ed.), Fish as Food I, 77—102. New York.

— 1966: Kérpetform, Organgewichte und Fettgehalt bei
Wild- und Teichforellen, — Fischwiri 16, 88—91.

— 1967: Verdaulichkeit und Ausnuizung der Eiweis

(Protein) verschiedenartiger Futtermittel durch Regen-
bogenforellen, — Ibid. 17, 280—282,

— & H. EnceLHArRDT, 1964 Fitterungsversuche an
Regenbogenforellen mit Trockenfuttermitteln. — Ibid.
14, 159—168.

MaxwerL, J. M., 1958: Advance in use of pelleted trout
food. — Prog. Fish-Cult. 20, 182,

MireceL, H., 1964: Die Bedeutung des Eiweisses in der
Forellenzucht. — Der Fischwirt. 14, 128—130.

Mimursky, J. A, & V. 8. KenNNEDY, 1967: Water tem-
peratur criteria to protect aquatic life. — Amet. Fish.
Soc. Spec. Publ. 1967{4, 20—32.

Or1E, E., 1966: Die lipoide Leberdegeneration von Re-
genbogenforellen unter besonderer Berlicksichtigung
der Trockenfiitterung, — Osterreich Fischerei 19,
T4—78.

Paromemmo, J. E. & L. M. Dickig, 1965: Food and
growth of fishes. I. A grovth curve detived from
experimental data, — J. Fish. Res. Bd. Canada 22,
521—542.

— 1966 2: Food and growth of fishes. II. Effects of food
and temperature on the relation between metabolism
and body weight. Ibid. 23, 869—908,



46 Kaoi Westman, Olli Sumari & Jorma J. Laine; Comparative dry ...

— 1966 b: Food and grovth of fishes. IIL. Relation among
food, body size, and growth efficiency. — Ibid. 23,
1209—1248,

Prarson, W. E., 1968: The nutrition of fish. — F.
Hoffman-La Roche & Co. Ltd. 47 pp. Basle,

Prrerson, D. H., H. K. Jiger, G. M. Savace, G. N.
Wasasurn & H, WesTERS, 1966: Natural coloration
of trout using xanthophylls. — T'rans, Amer. Fish. Soc.
95, 408—414.

Puarcues, A. M., Jt., 1956: The nutrition of trout, I.
General feeding methods. — Prog. Fish-Cult. 18,
113—119,

— & G. C. Bavzer, 1957: The nutrition of trout. V.
Ingtedients for trout diets. — Ibid. 19, 158—167,

— & D, R. Brockway, 1948: Vitaminology. — Ibid. 10,
117—124,

— & D. R. Brocrway, 1956: The nutrition of trout. II.
Protein and catbohydrate. — Ibid. 18, 159—164.

— & D. R. Brocrway, 1957: The nutrition of trout, IV,
Vitamin requirements, — Ibid, 19, 119—123.

— & D. R, Brockway, 1959: Dietary calories and the
production of trout in hatcheries. — Ibid, 21, 3—16,

— D R. Brocgway, F. E. Loverace & H. A. PoboLiag,
1957: A chemical comparison of hatchery and w-ild
brook trout. — Ibid, 19, 19—25,

— G, L. HaMmer & B. A, Pyig, 1964: Dty concentrates
as complete trout foods, — Ibid. 26, 21—24,

— R. 5. Nirrson & D, R, Brockway, 1954: A compari-
son of hatchery diets and natural food. — Ibid. 16,
153—157.

— & H. A. PopouiAk, 1957: The nutrition of trout. TIL.
Fats and minerals, — Ibid. 19, 68—75.

—H. A. Poporiax, H, A, Poston, D. L. LivincsTon,
H. E. Beooke & G. L. Hamuer, 1962: Cortland
Hatchery teport 30 for year 1961, — New York
Conservation Department, Fish. Res. Bull. 25, 57 pp.

— H. A. PopoLiak, H. A, PostoN, D. L. Livinesron,
H. E. Booke, E. A, Py & G. L. Hammer, 1963:
Cortland Hatchery Report 31 for year 1962, — New
Yotk Conservation Department, Fish. Res. Bull, 26,
87 pp.

Scriemenz, F., 1937: Saures Wasser in siuregefihrdeten
Teichwirtschaften, — Allg. Fisch. — Ztg, 40, 1721,

Scrumacuer, R. E., 1958: Experimental feeding of a
pelleted trout food to latge fingerling and yearling
brook, brown and rainbow trout, 1955—1956. —
Prog. Fish-Cult. 20, 51—57,

Saanxs, W, E., G. D, Gamiver & J. E. HaLver, 1962:
The indispensable amino acids for rainbow trout. —
Prog. Fish-Cult. 24, 68—73.

Smaron, J. M., 1965: Sensory properties of food and

their function during feeding. — Food Technology 19,
35—36.

SterrEns, W., 1968: Fiittetungsversuche bei Regen-
bogenforellen (Salmo gairdneri). — Z. Fisherei 16,
61--76.

StrvEN, DD, M., 1947: Astacene in brown trout. — Nature
160, 507.

~— 1949: Studies on animal carotenoids. II. Catotenoids in
the reproductive cycle of the btown ttout. — J. Exp.
Biol. 26, 295—303.

Svirpson, G., 1961: Regnbdgen i sura vatten. — Svenskt
Fiske 1961/5, 143—144.

Tack, E., 1961: Forellfiittetong mit Trockenfutter, —
Der Fischwirt 11, 133—138.

TrorFmmova, T. I. 1962: Vliyanie vitaminnykh dobavok
na rost raduzhnoi foreli (Effect of vitamin supplements
on the growth of tinbow trout (Salmo gairdneri)), —
Tt. Vserosii Nauchn-Issled Inst. Prudovogo Rybn.
Khoz. 11, 13—18. 1963; Referat. Zhut. Biol. 9159

(Translation). 1964: Biological Abstracts 54:20, 85146.

Tunson, A. V., D. R. Broceway, J. M. Maxwzrr, A, L.
Dorr & C. M. MC Cay, 1942: The nutrition of trout.
— New Yotk Cons. Dept, Fish Res. Bull. 1942/4.

— A. M, Pumrres, H, B. Scrarrer, J. M, MaxwgrLL,
D. R. Brocxwary & C. M, MC Cay, 1945: The nut-
tition of trout, — Nevwr York Cons. Dept, Fish Res.
Bull. 1945/6.

TuuNAmEN, P., 1965: Taimenen ja sateenkaariraudun kas-
vusta ja ravinnosta v. 1960—62 rotencnilla myrky-
tetyissi lammissa. — Manusceipt, Dept, Zool., Univ.
Helsinki

— 1966; Taimenen ja kitjolohen kasvusta vuosina 1960
ja 1962 rotenonilla myskytetyissi lammissa, Summary:
About the growth of brown trout (Salmo trutta) and
rainbow trout (Salmo gaitdneri) in ponds poisoned
with fotenon in the years 1960 and 1962.) — Maata-
loushallituksen kalataloudcllinen tutkimustoimisto 28,
23 pp. (Moniste/Mimeographed report).

WestMan, K, & O, Sumanrz, 1967: Kuivarehuilla verkko-
altaissa suoritettu kitjolohen vertaileva kasvatusko-
keilz, (Summary: Comparative dry diet feeding exper-
iment on rainbow trout in floating net-containers.)
— Maataloushallituksen kalataloudellinen tutkimus-
toimisto 30, 33 pp. (Moniste/Mitneographed report).

WonLouGHsY, H., 1953: Use of pellets as trout food. —
Prog. Fish-Cult. 15, 127—128,

Worr, H., 1953: Colored fish food pellets. — Prog. Fish-
Cult, 15, 182,

Wurzer, W. & J. Honig, 1967 Der Einfluss unter-
schiedlicher Eiweissversorgung auf das Wachstum von
Regenbogenforellen. — Det Fischwirt 17, 200—206.



