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Abstract 

Diets consisting of animal and vegetable meals -were pelleted to compare 

dry-meal diets with chopped raw-meat mixtures when fed to rainbow and brook 

trout. Evaluation of the performance of each diet was based on data gained 

from feeding large numbers of trout. Bimonthly weight and length measure­

ments, daily losses, and physiological changes were used to determine the 

nutritional value of each diet. 

Pelleted dry-meal diets were not accepted immediately as food by rainbow 

and brook trout. This was evidenced by a loss of weight during the first two 

weeks of feeding pelleted food. Lost weight was regained completely after 

four weeks of feeding. 

All dry-meal diet ingredien~s 1n the combinations used were acceptable 

as trout food when supplemented with raw beef liver at least one day every 

three weeks. The dry diets can be fed at levels one-half to five-eighths 

lower than those recommended for raw-meat mixtures without reducing trout 

growth rates. 
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A diet containing brewers yeast produced a significantly greater percent­

age gain in weight of rainbow trout than an otherrtse identical diet containing 

torula yeast. Also, it was shown graphically and statistically that one dry 

pelleted diet (Diet 2) was superior to a raw beef liver diet. 

The adoption of dry pelleted diets as standard rations by all state fish 

hatcheries in Michigan increased trout production (in powids) by 6o percent 

and reduced fish food expenditures by 40 percent. 

Introduction 

Practically all of the trout diets employed before 1951 consisted of 

raw meat and raw meat-meal mixtures. Dry concentrates such as vegetable and 

animal meals when mixed with raw ~at in val~ious combinations served to reduce 

the cost per pound of trout raised (McCay, 1937a and 1937b). ·Nevertheless, 

food loss from particle separation in water, high labor costs and expensive 

refrigeration units, meat choppers and mixing units still remained. As the 

demand for hatchery-reared trout became more imperative, investigations were 

started to further reduce trout production costs. 

In MichiB,T:1.n, investigations to determine the practicability of feeding 

dry meals in the form of pellets began in 1952. Results of the preliminary 

feeding tests were satisfactory and further experin:entation on a wider scale 

was started in January of 1953. 

The study was directed toward the goals of (1) developing a practical, 

economical, pelleted, dry-meal diet which could be used to produce healthy, 

legal-sized tro·ut in the shortest time possible, and (2) eliminating the 

need for raw meat. 
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Preliminary Experiments with Pelleted Diets 

Objectives of these experiments were to determine the general value of 

pelleted dry animal e.nd vegetable meals when used as food tor hatchery-reared 

trout. 

Comparison ot a commercially pelleted trout food With a standard hatchery 

!!!!---In 1952, feeding trials were begun e.t the State Fish Hatchery, Oden, 

Michigan, to compare the nutritive value of a commercially pelleted trout 

foodWwith one of Michigan's standard hatchery diets. :Brook trout (Salvelinus 

~Trade name "Headtid.e, n manufactured by Headtide Fish Food Company, lilastport, 

Maine. 

fontina.lis) approximately 6 inches lorl8 were used s.s test a!limals. Feeding 

trials extended over two separate seaso:c .. s of the year; the first from February 

to June o! 1952, a period of 20 weeks; the second, from Novemoer, 1952 to May, 

1953, a period of 28 weeks. '.!:he standard hatchery diet cc.:;uststed of 50 parts 

pork spleen and 50 parts commercial chick star·r.er. The pellet-fed group 

received pellets 4 days and raw meat 1 day per week. Meat was fed in amounts 

double those of the daily allowance of pellets. 

Both diets produced poor results. Even though growth was slow., the 

pellet-fed groups showed a greater gain in wight than the meat-fed groups. 

This was probably due to the physical rather than the nutrient quality of 

each diet. Since, ground raw meat particles tend to separate upon contact with 

water, perhaps the trout were able to derive more nutritive benefit from pellets, 

which do not disintegrate immediately when fed. 
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Other important adv--auta~s ettributed to the use of 1Alle·ted fish food 

were obi:.;e1·ved dui·in,g ti:..ic pcrioc;.. Pel:...cts c0·..;.lii b::::: ied :;;,s i'J.rc~.ase,~ a:.:.d 

could be cto:i:-ed without re!'rigeratlon. W~.:.en i~~::;tir:.g a pelleted f;c.rtic:;..e 

of c!ry i~a.lc, tb.e :fish received &11 of the nutrients in the same proportlont: 

fo:r pond-clec.ning opera tio:.is. 

Consider:i.ng all of these major advantages a dry diet was formulated to 

furnish as nenrly as possible the reqvired nutrients for normal trout growth 

and survival. 

Formulation of pelleted diet No. 1.--The formulation of Diet No. l was 

based as much on the physical properties for processing the dry ingredients 

as on the potential nutritive value of the finished diet. Since no data 

were available on the growth-producing performance of this diet when fed to 

trout, the first step was to determine which combination of dry meal ingre­

dients, known to have been used as ra.v-meat supplements, would produce a 

functional pellet. The desired pellet was one which would disintegrate 

slowly or not at all in water and Which would furnish enough buoyancy to 

prevent rapid sinking to the bottom of a tank or raceway. For this reason, 

preliminary studies were carried out to determine Which ingredient combination 

produced a compressed mass that performed as desired when placed in water. 

Since miniature laboratory pelleting machines were not available, a 

hand-operated "Eureka" tablet machine was used. Although awkward in operation 
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and permitting the production of only one tablet at a time, it served the 

intended purpose. 

On a production scale, steam plays an important role in compressing and 

extruding dry meals to form compact pellets. In the use ot the tablet machine, 

it was impractical to use steam as a humidifier. To circumvent this problem, 

a small amount of water was added to the meal mixtures and comparable results 

were attained. 

The diet ingredients were selected from the group of animal and vegetable 

meals known to produce favorable results when added to a raw-meat mixture to 

form a mush.type food. Skim milk, buttermilk, whey, casein, cottonseed and 

soybean oil meals, yeast and various meals of animal origin have been used 

successfully for this purpose. Of these, a group of products selected for 

their availability at nominal cost, and for nutrient quality and quantity, 

were mixed in various combinations and tableted. Skim milk, cottonseed meal, 

Vb.eat flour middlings, soybean meal, brewers and torula yeasts, and fish meals 

were given the most extensive investigation. After tableting, each compressed 

particle was subjected to a water test employing a glass tube eight feet high 

and two inches in diameter filled with water. Tablets of' each ingredient 

combination were placed in the water at the top of the tube and allowed to 

sink to the bottom. The time required to sink from the top to the bottom 

of' the tube and the condition of the tablet with respect to disintegration 

at various distances from the top were also used as criteria in selecting 

the diet combination. 

Twenty different diet combinations were prepared tor tableting in three 

sizes: 3/32, 1/8 and 3/16 inch in diameter; all tablets were 1/4 inch long 
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(Grass~. Of these twenty diets the following combination gave the best 

\JI Grassl, Id.ward 1. 1956. Pelleted dry rations versus standard. meat rations 

tor trout. Ph.D. Thesis. Michigan Ste.te University. 113 pp. 

laboratory results and va.s pelleted by a local feed manufacturer for trout 

feeding trials: 38 parts fish meal, 5 skim milk, 23 wheat middlings, 5 torula 

yeast, 25 cottonseed rreal, 3 condensed fish solubles, and 2 iodized salt. 

Approximately one part is lost in processing. When pellets were placed in 

water, no immediate disintegration tooj. place, and they remained intact for as 

long as 10 minutee. This combillB.tion will be referred to hereafter as Diet l. 

Preliminary feeding trials With Diet l. --This experiment was deeigned to 

(l) compare diet performance of an all-meat diet With an all-pellet diet When 

fed to rainbow trout, and (2) provide tentative data on pellet size preference 

which are essential for full-scale hatchery-'trout feeding. 

Eighteen pounds of rainbow trout (Salmo pirdneri) were pl.aced in each of 

tour concrete tanks at the Hastings State Fish Hatchery preparatory to feeding 

pelleted Dietl and raw pork liver. Dietl was manufactured by a commercial 

feed manufacturer in M.ichiga.#in three pellet sizes: 3/32, 1/8, or 3/16 inch 

Wvalley City Milling Cornpauy, Portland, Michigan. 

in diameter, and 1/4 inch long. Each one of three lots of fish was fed a 

different size of pellet, and the fourth was fed a raw pork liver diet as c. 

control. The experiments were conducted over an 8-veek period vi th rainbow 
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1~rout averaging 4.5 inches in total length and 18 gram.a in weight. These trout 

previously had been fed a meat diet. All fish were counted before and after 

the 8-week period. Once a Week, all fish were weighed. T'.ae lengtil and weight 

of every fish ti:et died was reco:rded. Diet, 1 was fed throughout wi'thout meat 

supplementation. All diets were :fed in amount.a greater than requ.i1-ed. At no 

time during the experi.me.:_t W'.:..::: 2.11 of t:::.1.e focd c:<...::~suwed. 

Figure 1 f-hows tr...e growth rate oi' rainbow trout wnen fed the same diet 

pelleted in three different size.::::. and when red o. po:rt. liver diet (control.). 

Tt,.1: curves are coustrt~ct-ed from weeh.l~· ind.ividml 118,ins in pounu.s ti.erived 

frt)tu c.ividing -tb.e totel weig1r~ e.t the end of each week b~ t:r...e uumber of fish 

preueut in each group. 

The ndke.l cl.w.nge frot:J. e soft meat diet to a hard pellet diet ·was 

re:t'lectecl 5n lf•l.;s of weight in tl.:e groups fed ·r.he pelleted diet. It. was 

necessa.r~ t() f•eci. the l/'J- an.a. 3/16-5.nch pellet,s 4 weeks before lost weight 

-was rtgf),ined, whereaf.: only 2 weeks '-'ere :required for the group recaivina 

3/32-inch pellets (Fig. 1). lven thoug.'l the 3/32~1nch group recovered more 

quickly tlw.u the ethers, the 1/0--inch gi·oup showed a steadier gain in weight 

after recovery. Tlla group fed i·aw pork liver did not lose weight, uut gained 

steacLily tl.i.rc..-ugl.:.out the e>:periment. 

It is believed that the curves ehown in Figure l are reliable in respect 

to lose and gain in weight of trout but. do not. shew conclusively that a 

particular size pellet was preferred by 5-inch .fish. It is shawn, however, 

th.at ar~y cue of the three -pellet sizes used Will support 11:f'e and growth of 

5-inch trout for 8 weeks. As o.aterlllined ·o;)· loes ancl ga.iu of weight, pe1· unit 

of ti[!'~, raii:::bow -trm:i.t should be allowed a 2·· to 4-wet.k ad.jus tilliint period 

when cl'.,t:t.r.i.g1.n.g i"rom a meat to a ·pellet diet. 
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Pigure 1.--Compa.rison of' loss and gain in weight of rainbow trout 

f'ed the same dry-meal diet pelleted in three 11aea, with control 

fish fed pork liver. 
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In BUDUll&l"Y of the pellet-size preference tests, it can be stated that 

even though rainbow and brook trout are capable of ingesting large particles 

of' relatively soft foods, they are temporarily reluctant to accept particles 

of nonresilient food Which are not easily crushed or indented vhen first 

moved through the buccal cavity of the pharyngeal area. In other words, 

teaching fish to eat pellets of any size is an important function in changing 

from a meat to a dry pelleted diet. 

The results of these experiments wre encouraging enough to warrant 

further work to determine what combination of pelleted fctedstuf'fa would 

1'urnish adequate nutrition for trout when fed alone or in combination With 

raw meat. 

lvaluation of Pelleted Diets Ped 

to Rainbow Trout 

Materials and methoda.--Larp-ecale feeding experiments With rainbow trout 

were carried out at the Wolf Lake State lish Hatchery, located 10 111iles wet 

of Kalamazoo, Michigan. The water supply for the hatchery co-mes from a spring 

which has a flow of approximately 11 500 gallons per lllinute. The clear spring 

water is impounded in an area 100 yards long, 30 yards wide, and 18 teet deep. 

'?he water trom this pond flon through underground metal pipes into the hatch­

ery building. In the hatchery, the vater temperature varied from 42• to 

58• P. during the year. The concentration of dissolved oxygen varied between 

6.0 and 9.0 p.p.m. and free carbon dioxide averaged 2.2 p.p.m. The pH varied 

between 7.5 and 8.1, with an a-verage ot 7.7. Chemical analysis of the vat.er 

shoved a me~l orange alkalinity of l6o p.p.m. 
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'l'Welve concrete tanks and l6 small wooden troughs were used in the study. 

la.ch tank measured 25 by 2.5 by 3.2 teet and was divided ir..to two individual 

water-tight compartments that measured 11.5 by 2.5 by 3.2 feet. la.ch compart­

ment bad an individual water inlet and outlet. The rate ot flow of water was 

regulated by two l-1nch gate valve• inserted in a 2-inch pipe feeder line. 

The 16 wooden troughs measured 32 by 6.5 by 14 inches. One end was titted 

with a 2-inch galvanized metal outlet tube directly in front of which was 

inserted a 6-mesh screen. At the opposite end water entered through a 1/2-

inch spigot from a 2-inch feeder pipe line. A l/4--incll-mesh screen was placed 

directly beneath ea.ch inlet spigot to collect incoming debris. All. troughs 

were completely covered by a framed 1/4-inch-mesh screen. Flow of water 

entering individual troughs was restricted to 8 gallons per minut.6. The 

source of water for tro~ wa.s the ss.r.e a& for the ",,;anks. Mo attempt was 

made to i'ilte:c· out small organisms entering tr.e hatchery building With the 

water supply. 

The experimental work at Wolf La~ State Fish Hatchery was designed to 

follow a syr.tem of pl&nning wliereby the tirst pllase of the experimental work 

was carried out in ar.1all troughs; tbe second, in large tar.ks inside the 

building; the third, in outside concrete and gravel-bottom raceways cu a 

semiproduction scale. Por the third phase, tests were 1·un in ra.cawa.yc both. 

a.t the 'Wolf Lake Ha·i;chery (Michigan's most scutlJB1·ly trout hatchery) and at 

the Marquette Hatchery (the most noi·tberly). Finally the results were sub­

jected tc full-scale hntcbery feeding by all Michigan trout r..atcher1es. 

·?he small troi'.gb.s were wsed for preli~insry tests on new diet ingredients 

and/or combinations. T'ne diet iu questi~n ws fed to a small lot (3 pounds) 
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of trout for a sufficient length of time to determine whether further investi­

gation was warranted. After it was determined that the diet, warranted further 

investigation, a more extensive experiment was carried out in the larger 

concrete tanke with J.&rger numbers of fish. Por these experiments a total of 

121000 rainbow trout 2.9 to 5.9 inches in total length, 4 to 20 g:r9;ms in weight, 

and 7 months old were employed. '!heir diet prior to the experiment had con­

sisted of ra.w beef liver, sheep liver a..."ld pork apleen in various combinations. 

One thousand fish were placed in each of the 12 tanks previously descrtbed. 

The investigation included 14 two--week period&, extending from October l, 1953, 

to April 28, 195t~. 

Seven different dry animal and vegetable meal combinatlons (Tables l and 

2) were compressed into 3/32-inch pellets at the beginning of the •xperiment 

and were uzcd until the fish ,-iere large eYJ.011gh to accept 1/8-1.nch r,ellets. 

All diets were then Nturned to the feed. m'ill, crushed, and repelleted to 

1/8-inch size. This size vellet was used :f'or the ren1&.ining experimental 

period. 

As pointed out above, the -percentages of ingredients were selected pri­

ruarily for their pelleting -pr.01,erties. Since it had been esta.bl1ehed that 

Dietl would supvort trout life, all other diets were pl"9J.)~red as mod1ficatio1'.18 

of Diet 1. .A.s shown in Table l, the diet variables wre yeast, cottonseed 

~~al, soybean oil meal, condensed fish solubles, :xa.nthophyll, stablized fat, 

and g~lat1n. Each :Uet C(mtained one er more variables. Diets 1, 2, 3 and 4 

were fed to d.'ll)Ui::ate g"t"o11pe and Diets 5, E and 7 to single lots of fish. Diet 

8 ser.ved ,is -the l'ff.Y-meat control. Since the diet as a. whole had not been tested 

for a suf:ftciently long time, the experiments were r..ot designed to test the 
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'l'able 1.--Pelleted diet composition (parts) 

(9ontrol d!et (No. 8), bee! l!ver 100 parts] 

Diet No. 

Ingredients l 2 3 4 5 

Red fish meal 38 38 40 ,~o 40 

Cottonseed meal 23 23 ••• • •• 23 

Wheat flour middlings 25 25 26 26 25 

Torula yeast 5 ••• ••• 5 3 

Brewers yeast ••• 5 5 • •• 3 

Condensed fish solubles 3 3 ••• ••• 3 

Skim milk ;; 5 5 5 5 

Iodized salt 2 2 2 2 2 

~oybean oil mal ••• ••• 23 23 • •• 

Xanthophyll ••• • •• ••• ••• 0.2 

Gelatin ••• ••• ••• • • • • •• 

Stabllized tat ••• ••• • • • ••• ••• 

6 7 

36 36 

••• • •• 

22 22 

3 3 

3 3 

3 3 

5 5 

2 2 

25 25 

• •• • •• 

2 ••• 

• •• 2 



Diet 
No. 

l 

2 

3 

4 

5 

6 

7 

8 wet 

8 dry 
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Table 2.--Proximate analysis of various diets (1n percent) 

Mois­
ture 

8 

8 

8 

8 

8 

8 

8 

70 

0 

Crude Ether 
pro­
tein 

39.6 

39.3 

40.8 

4o.8 

41.9 

41.8 

40.3 

20.2 

66.6 

ex­
tract 

5.08 

4.40 

4.23 

4.22 

5.36 

3.84 

5.84 

3.10 

9.99 

Fiber Ca p 

4.70 25.2 3.20 2.10 

4.90 25.3 2.90 2.00 

2.27 27.1 3.34 l.91 

2.27 27.1 3.34 1.91 

4.99 26.3 3.36 2.06 

3.28 25.8 3.05 1.78 

3.28 25.8 3.05 1.78 

o.oo 6.o 0.01 0.36 

9.00 20.0 0.02 1.30 

Ash 

13.30 

12.80 

13.43 

13.43 

13.80 

12.78 

12.78 

1.30 

4.32 
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value of a specific diet ingredient. However, several diet ingredients can 

be evaluated when gain in weight and mortality are used as criteria of diet 

performance. For this reason, emphasis ns placed on duplication and on 

determining the pertormance of dry pelleted meal diets when supplemented 

periodically with raw beef liver. 

After pelleting, the :food was stored in a cool, relatively dark, dry 

place. The amount :fed per day was based on percentage of body weight. The 

control group was started at a 6.0-percent level and all others at a 3.0-

percent level. Since definite feeding levels have not been established for 

pelleted foods, the levels used here are tentative. They were determined 

by calculating the dry equivalents ot the levels suggested tor raw meats by 

Deuel, Haskell, and Tunison (1911,2). The amounts of foods to be fed were 

determined by using a metal container mrked at a level which corresponded 

with the desired weight of food tor each :feeding. Although this procedure 

may have introduced minor errors, it eliminated the necessity for weighing 

many small amounts of pellets or ground raw l1 ver. All fish were allowed to 

adjust to the pelleted food tor a period ot 4 weeks. la.ch morning bef'ore 

feeding operations began all tanks and troughs were cleaned and dead trout 

were counted, weighed and measured. The cause of death was determined when 

possible. A J'airbanks-Morse platform scale or 11 000-pound capacity was 

used to weigh each lot of fish at two-week intervals. All t'ish were weighed 

in a container sufficiently large to hold a volwne of water plus the fish. 

The water was weighed before adding the fish, and weight of fish was deter­

mined by the difference. In dipping .fish from the tanks for weighing, excess 

water was allowed to drain from the net and its contents for about 15 seconds. 
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The amount of food fed per day was held constant throughout the experiment 

because it was observed near the beginning of the experiment that not all 

the food was consumad. 'lb.is partially invalidates the conversion factors, 

but establishment of a detini te feeding level was held to be more important 

than the determination ot accurate conversion factors. Since the tanks 

used wre adequate in size to compensate tor increase in growth, no "thinning" 

was carried out. 

leeding schedules included tour feedings of pellets per day tor tour 

days and raw beef ,11ver tor one day every week. The control group received 

raw beef liver tour ti11111s per day, five days a wek. Due to conditions 

beyond the control ot the investigator, all food was withheld on Saturday 

and Sunday. The usual practice ot adding water to ground raw beef' liver 

before feeding was not tollowd; the liver was fed in the form that it came 

from the meat chopper. 'lb.is reduced the amount of particle separation during 

feeding. 

Regression analysis, stan4&rd error ot eatimate, and "t" values according 

to tha method ot Sne4ecor (1946) wre used for statistical analysis of differ­

ences in the percentage gain in weight between groups fed pelleted diets 

and a raw beef liwr diet and between groups fed various pelleted diets. 

Comparison of pins in weight of rainbow trout ted on different diets.-­

Performances of Diets l to 8 inclusive are summarized in 'fable 3. The results 

of feeding Diets 11 21 3 and 4 concurrently to two different groups of rainbow 

trout are inclucled. Conversion factors are calculated by dividing the total 

pounds ot food fed for the twenty-eight wek period by the total gain in 



Table 3.--Pertorma.nce of various diets during a period of 28 weeks when :fed to individual lots of 11 000 rainbow trout 

~verage water temperature 47• F. in each test] 

Diet No. -
Item l l 2 2 3 3 4 4 5 6 7 8 

Bumber of tish at end 863 864 911 880 963 922 816 934 .. w 823 .. w 948 

Weight at end (pounds) 144.9 144.4 164.o 163.5 169.0 133.5 115.0 139.0 130.5 134.o 156.0 158.5 

Weight at start (pounds) 39.6 39.3 39.9 36.6 38.1 36.5 29.1 35.5 34.5 31.3 38.5 39.5 

Gain in weight (pounds) 105.3 105.3 124.1 126.9 130.9 97.0 85.9 103.5 96.0 102.7 117.5 119.0 

Cost per pound of food $0.07 $0.<Y( $0.08 $0.08 $0.08 $0.08 $0.08 $0.08 $0.07 $O.o8 $0.08 $0.14 

Conversion 2.4 2.4 1.4 1.4 1.3 1.6 1.6 1.5 1.6 1.5 2.0 3.0 

Cost per pound of .... fish gain $0.16 $0.16 $0.ll $0.ll $0.ll $0.12 $0.13 $0.13 $0.11 $0.12 $0.16 $0.42 ~ 

Percentage gain 266.0 267.4 311.0 346.7 343.5 265.8 295.2 291.5 278.3 328.1 305.1 301.2 

Food proportions fed: 
Meat (percentage} 17.l 16.8 25.7 23.7 24.4 26.9 28.8 26.3 16.2 25.9 17.1 100 
Pellets (percentage) 82.9 83.2 '"(4.3 76.3 ~r5.6 73.1 71.2 73.7 83.8 74.1 82.9 ••• 

Percentage of recorded .. w .. :V loss 1.4 1.7 4.3 2.5 2.6 1.9 3.0 4.5 4.o 3.2 

Percentage of unaccount- .. w •·•* able loss 12.3 11.9 4.6 9.5 1.1 5.9 15.1 2.1 13.7 2.0 

Percentage of total .. w .. w mortality 13.7 13.6 8.9 12.0 3.7 7.8 18.4 6.6 17.7 5.2 

l 
No data. 
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weight of fish. Percentage gain is calculated by dividing tbe total gain 

in weight of fish 4uring a period by the weight at the start. Other entries 

in the table are self-explanatory. 

A graphic comparison of percentage gain in weight in relation to 

average water temperature and amount ot tood. ted is given in ligure 2. The 

curves represent the results of feeding Diet 2 and Diet 8 to rainbow 

trout. The percentage of food fed includes both pellets and meat. 

The amount of food fed per clay in terms of percentage of body weight 

was not adjusted after each nighing period. However, since the trout 

were growing at a steady rate the percentage of food fed per clay, in 

relation to body weight, decreased progressively. Th.is continued through­

out the experiment tor all groups in an attempt to establish a definite 

daily food requirement for trout of e particular size and at a specific 

we.ter temperature. This appeared to occur near the end of the sixth 

month of feeding when the amount of food fed per clay was equal to 1. 5 

percent ot total fish weight and at a water temperature ot 42• P. At this 

time the average length was 6.4 inches (range, 3.0-10.1) and the average 

weight was 2.3 ounces. 

The performance of all diets when presented graphically depicts a 

reduction in rate of gain during the last period similar to that shown 

in Pigure 2. 

Diets 2 and 6 produced greater gains than any ot the other diets; 

Diets 3, 7 and 4 were next, in that order. The average rates ot growth 

produced by Diets l, 4 and 5 were less than that of Diet 8 {control). 

The only known difference in the formulation of Diets land 2 was 

the use of two different yeast products (Table 1). Dietl contained 
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Figure 2.--Compar1son of growth rates of rainbow trout 

fed different diets. 
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torula yeast, and Diet 2, brewers yeast. Diet 2 produced gains consider­

ably higher than Diet l. The similarity in the performance of Diets 3 

and 4 indicates no differences in the two yeasts when soybean oil meal 

is substituted tor cottonseed meal. Diet 6, containing gelatin, resulted 

in a steadier rate of gain in weight of fish than did Diet 7 Which contained 

a stabilized f'at. Diet 5 produced a rate in gain of weight consistently 

lower than Diet 8 (the control). 

The results of statistical analysis (Table 4) tor differences in 

percentage gain in weight (based on cumulative percentage gain per 2-week 

period) between groups fed pelleted diets and a raw beef liver diet and 

between groups fed various pelleted diets shoved a highly significant 

difference ( t • 2. 96'") between Diets l and 2 and a difference approaching 

significance (calculated t • 2.01, tabular t • 2.5641-) between Diets 2 and 

8 (cor.trol). All other diets compared in Table 4 did not differ signi­

ficantly. 

In MichigaJ, it is the policy to plant hatchery trout shortly after 

they reach the legal length of 7 inches. Thus many of' the experiments 

were terminated when tbe maJority of fish bad reached this size. 

Trout in each experimental lot were counted before, during, and at 

the end of the experiment, and counts were verified b;y a second person. 

Thus it was possible to evaluate diets in respect to numbers and length 

ot fish as well as weight gained. 

Among other factors, Table 3 presents the recorded loss and unac­

countable loss. The recorded losses consisted of f'ish Which died from 
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Table 4. --'lne results of st.atistical analyses tor differences in the percentage 

gs.ins in. weight between groups fed pelleted diet.s and a raw beef lh1tr 

diet a~d between groups fed pelleted diets 

Calculated 
Diets Total cumulative Percentage loss "t" 

compared percenta.ge gain or gain va1ueW 

Wand sW 139.4--143.3 Diet 11 - 3.9 1.27 

Wand a 152.9--14 3.3 Diet 21 + 9.6 2.01 

~and 8 151.6--143.3 Diet 3, + 8.3 1.65 

!Wand 8 143.5--143.3 Diet 4, + 0.2 1.30 

6 and 8 153.8--143.3 Di.et 61 + 10.5 1.96 
l and 2 139.4- 152.9 Diet 11 - 13.5 2.96~ 

3 and 4 151.6--143.5 Diet 3, + 8.1 1.22 

WTabular t 05, 26 d.t. • 2.056* (significant); Tabular t 61, 26 d.f. • 2.77~ 

(highly significant). 

\@/Re-,licated diets. 

~Control diet. 
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Jumping out of the tank and from handling during tank claan1ng and weighing 

operations. It was ntner possible to diagaose the cause ot death as mal­

nutri"tion. 

It is difficult to determine specifically the reason for the extremely 

hish and varied unaccountable loss. All experiments were conducted within 

a building, preventing losses by predators except trout. Since there was 

a considerable variation in length of fish in each group, it appears that 

cannibalism operated as the major factor in producing 1.lM.ccountable losses. 

Grading each lot of fish to a uniform size at the begtnning =>f the experi­

ment would have., no doubt, prevented raost of the cannibalism. 

In 3everal groups s 0,m.e factor other th!tn difference in size could 

have caused a. greater ca.nnibaliGtic :irge than i.n other groups. F:rom the 

db.ta p~-e&ented in Tables 1 a~1d 3, the evidence ls '.i.ncon.:lusi\"e tha~ or.e 

dieta.ry constituent operated more than a.nother to instigate ce:o.n1balisca. 

Nevertheless, it appears prooo,ble that one or perhaps a combination of 

dietary fo.ctors in several of the diets 1nf1uen.ced the natural canni­

balistic ins•i.inct. It is believed t.ba-t a <1ieta.ry solution for this niajor 

problem can be found. 

Results from the several diets varied wi t...11 respect to production of 

legal-sized. trout (7 inches and ov-er), a.nd with resr.ect to mortalit;r and 

condition factor. Diets 6, 8., land 2 (in that 0:rder) p?oduced the highest 

percentage of legal-sized fish; Diets 3 and J:., the lowest. Recorded losses 

iu gl'OU.f>S l'ecelviag Diet 1 were the lowest., and those receiving Diet 41 

the highest. However, one group fed Diet 3 ~howecl. the lowefl't total loss ot 

any gr<Jup. llhen. com:par~~r..g Diet 8 wt th pe llet-.ed dr~- diets, -~he ave::rase 
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length of large fish produced by the raw beef' 11-ver diet at the end ot 

the 6-m.onth period was approximately l inch less than tor those groups 

receiving pellets; at the end ot the 7-month period, however, almost the 

same percentage of legal-sized trout were present as there were in the 

groups fed pellets. As expected, the condition factor of the rainbow trout 

in the control group (Diet 8) was someWbat higher than that of the others. 

Brook Trout .Peeding Experiment 

This experiment was carried out on a production scale at the Marquette 

Hatchery, and was designed to serve a dual purpose. It was desired to 

know the performance of a pelleted diet when fed to brook trout, and,. since 

a meat supplement was used periodically., it was designed to determine what 

length of time could intervene between raw meat feedings. J'our lots of 

41000 young-of-the-year brook trout were placed in gra-vel-bottom raceways 

sufficiently large to compeneate for normal growth during the experimental 

period without danger of overcrowding. Group A received l>iet l tour clays 

per week and raw beet liver one day per week. Group B received J>iet l 

nine days., and raw beef liver one day, every two weeks. Group C received 

Diet l fourteen days, and raw beef liver one day, every three weeks. A 

diet consisting ot 8 percent torula yeast and 92 percent beet liver served 

as the control. (This control was used because it was the usual practice 

at the hatchery to use this mixture for the regular hatchery diet.) All 

fish in each group were weighed at the end of each month. The methods were 

similar to those previously described. The experiments were conducted oar 
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a 28-week period. The meat-control group received food equal to 3.6 

percent of body weight per day and the other groups received amounts 

equal to l. 7 percent of body weight per day. 

Table 5 shows the differences among the four groups in respect to 

conversion, average percentage gain at 28-day intervals, cost per pound 

of trout reared, and cost per hundred pounds of diet. '?he cost per pound 

of trout in the meat-fed control group was more than twice that of pellet­

fed fish, and a lower percentage gain was evident. Feeding of pelleted 

foods for a 3-week period without a raw-meat supplement did not adversely 

affect growth rate. 

Savings Due to Feeding Pelleted Dry Meals to 

Hatchery-Reared Trout 

The first Michigan trout food, Diet l, was formulated and pelleted 

in 1953. After several months of use at a number of Michigan hatcheries, 

the results were so favorable as compared to previous die·ts that it was 

adopted by the Michigan Department of Conservation as a. standard production 

diet. Some state fish hatcheries were slow in adopting the pellet food on 

a production scale, but all are now feeding pellets. 

Since the pellet-feeding program started in 1953, fish food expendi­

tures decreased and number of pounds of trout planted increased (Table 6). 

This is directly reflected in the cost per pound of fish produced. 

Before the pellet-feeding program was adopted, it cost 68 cents for 

food to produce one pound of trout. During the three fiscal yea.rs of 

1953-1956, when pellets were fed, Michigan hatcheries produced a total of 

1,105,822 pounds of trout. The cost of food for this quantity of fish at 



Table 5. --Summary of brook trout growth experiments (average water temperature, 4o.8• F.) 

Cost per 
pound of Percentage gain 

Feeding schedulw 
Cost per 100 trout Conver- per 

Weeks pounds o;f food reared sion 28 days -
Group A 

Diet 1, 4 days/week 

Meat, 1 da:vtweek 
o/ I 

28 $7.00 $0.23 2.7 23.0 

Group B 

Diet 1, 9 days /2 weeks !\'• 
C, 

Meat, l day/2 weeks 28 7.00 0.20 2.5 22.5 

Group C 

Diet 1, 14 days/3 weeks 

Meat, 1 day /3 weeks 28 7.00 0.19 2.3 23.3 

Yeast and meat controW 28 9.90 0.50 5.0 20 .. 8 

\1/No feeding on Saturdays and Sundays. 

\511!:ight percent torula yea.st and 92 percent raw beef liver, 5 days pe:..· week. 



Table 6.--Production costs prior to, and follov1ng the stnrt of pell<::t feea.ir.g 

Year 

Cost 
of 

food 

Pounds 
trout 

planted 

Food cost per 
pound of 

trout 

Calculated 
cost at 

681 Dif:f'erenc~ 

-------------------------------------------------

1951 

1952 

1953 

1954 

1955 

•rota.l 

Other expenditure~ 

Prior to pellet feeding 

$200,498 

180,971 

282,641 

284,628 

$0.71 

o.64 

Pellet feeding proem started 

159,452 297,774 0.54 

141,736 390.,613 0.36 

127,521 li-17,495 0.30 
._ ____ ,,_ .. ____ 

42c3,709 1,105.,882 

••• • •• 

••• • •• 

••• • •• 

202,486 43,034 

265,617 123,881 

283,896 156,375 

-
751,999 323,290 

... 18z.QQ2. 

305,290 

Wsalary aud expenses allotted investigator for formulating and testing dry pelleted diets during 3-

:year period. 

~ Calcu.la·ted cost at 624 minus actual i'ood i;ost. 

I\) 
--.1 
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tbe 68-cent rate would have been $751,999; but the actual cost of the 

pelleted food used was $428,709--a saving of $323,290 tor the three-year 

period. 

The indirect savings resulting from the use c:t pellets a.lso constitute 

a major item. In &ddition to the averages already cited, more trout 

reacbad leggl or planting size in the second year when fed pelleted food. 

Th16 means f'e\o-er trout have to be carried over into the third year, making 

more pond space available for smaller fish. 

Summary and Conclusions 

In feeding trials conducted vi th rainbow and brook trout several 

pelleted diets were formulated and tested. Tbe study was clirected toward 

developing practical pelleted dry diets vhich could be fed to trout to 

produce strong, healthy, legal-sized fish in tlle shortest time possible 

and eliminate the need tor raw meat mia:tures as much as possible. Large 

numbers of trout were used as test animals, both on an experimental scale 

and on a production scale. 

The following conclusions were drawn: 

l. The binding properties of teed constituents used for Diets l 

through 7 were suitable tor pellet production. These combinations remain 

intact in pellet form tor as long as 8 minutes when put in water. 

2. As determined by loss and gain of body weight, rainbow trout 

require l to 2 weeks to ad.Just trom a relatively soft meat diet to a hard 

pelleted diet. They lose weight during the adJust•nt period but begin to 

regain it after the first 2 weeks of pellet feeding. 
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3. Rainbow trout averaging 4.5 inches in length Vill eat pellets 3/16, 

1/8, and 3/32 inch in diameter and l/4 inch long. The evidence from this 

study is inade11uate to demonstrate definitely that any size pellet is pre­

ferred by rainbow trout 4.5 inches long. 

4. J>ry pellet diets can be fed at levels one-half to five-eighths lower 

than those recommended tor raw IDl&t mixtures Without reducing trout growth 

rates. 

5. '?he difference between Diet l (containing torula yeast) and Diet 2 

(containing brewers yeast) and between Diet 2 and Diet 8 (control) was 

statistically significant. Under the conditions described and in the comb:lr 

nations used, brewers yeast was superior to torule. yeast on the basis of 

percentage gain in weight ot rainbow trout. Also statis•tical analysis 

showed Diet 2 to be superior to Diet 8 (control) and Diets l, 3, 4 and 6 

to be equal to Diet 8. 

6. Feeding a raw-meat supplement can be dispensed With, on a pro­

duction scale, for as long as three weeks vi thout adversely affecting 

trout growth rate. 

7. All of the diet ingredients listed in Table l are suitable, in the 

combinations shown and with a weekly meat supplementation, to rear rainbow 

and brook trout on a production scale. 

I. The dxy pelleted rations uned during these experiments a.re superior 

to raw meat diets in enoug.'1 respocts to warrant their adoption for full-scale 

hatchery feeding. A direct result of the adoption of dry pelleted Diets l 

and 2 by all the state fish hatcheries in Michigan as standard diets was au 

increase in trout production (in pounds) by 60 percent and a reduction in 

fish food expenditure by 40 percent. 
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