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Triplicate groups of rainbow trout (Salmo gairdneri) fed six 

diets; five based on fish protein concentrate (FPC) ranging in caloric 

density from 4. 36 to 6. 19 kcal/g,   and one based on vitamin free 

casein with a caloric density of 5. 26 kcal/g were evaluated with 

respect to diet ingredient utilization.    The parameters used to evaluate 

efficiency of diet utilization were:    feed conversion,   energy and protein 

conversion,   and growth.    The desirability of the edible portion of the 

fish produced on the different treatments from a flavor and texture 

standpoint was determined. 

The protein level was maintained at 38% of the dry diet,   with 

7. 8% supplied by gelatin and the remainder by either FPC or casein. 

The herring oil levels of the diets ranged from 25% to 45% of the dry 

diet,   and was the primary source of calories.    Alpha-cellulose was 

included as a filler and ranged from 12.2% to 31. 2% of the dry diet. 



The FPC based diets produced statistically superior weight gains 

when compared to the casein based diet.    The efficiency of feed con- 

version was improved as the level of herring oil was increased.     The 

energy and protein conversions were relatively constant for the FPC 

based diets,  with the casein based diet being lower (P < 0. 05). 
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FEED CONVERSION,   PROTEIN UTILIZATION AND GROWTH 
OF RAINBOW TROUT (Salmo gairdneri) FED 

25 to 45 PERCENT HERRING OIL 

REVIEW OF LITERATURE 

Introduction 

The science of fish nutrition has evolved during the past three 

decades to a level of development common to other species of domestic 

and experimental animals. 

McLaren et al.   (22),   using the requirements known for rats,   were 

the first to develop a successful semi-purified test diet for use with 

trout.    This diet was improved upon by Wolf (38),   with the addition of 

gelatin as a binder.    Further modifications were made by Halver and 

his associates and Sinnhuber and his coworkers as indicated later in 

this section to improve the original semi-purified test diet.    Without 

the development of a semi-purified test diet by these researchers the 

nutritional requirements of the salmonids could not have been studied. 

The National Academy of Sciences has published a pamphlet en- 

titled "The Nutrient Requirements of Trout,   Salmon and Catfish" (20) 

which described for the first time the nutritional requirements of fish in 

a condensed form.    This literature review will give a brief summary 

of the nutritional requirements for rainbow trout (Salmo gairdneri). 



Amino Acid and Protein Requirements 

The determination of the amino acid requirements for salmonids 

was reported by Halver jet al. (9) and Shanks et al. (33). Shanks et al. 

(33) replaced the protein with L-amino acids to determine the levels 

required for normal growth of rainbow trout at a water temperature of 

15 C. The following amino acid levels met the requirements for rain- 

bow trout (Halver [ll] ). 

Table 1.    Amino Acid Requirements of Rainbow Trout. 

% of Diet on 
dry weight 
 basis  

Arginine 2. 5 
Histidine 0.7 
Isoleucine 1.0 
Leucine 1. 5 
Lysine 2. 1 
Methionine 0. 5 
Phenylalanine 2.0 
Threonine 0.8 
Tryptophan 0.2 
Valine 1.5 

The essential amino acid requirements are usually satisfied by any 

protein obtained from an animal source, such as fish protein concen- 

trate,   fish meal, casein,   etc. 

In contrast to other species of animals the protein requirement 

is extremely high for the salmonids.    Semi-purified diets in use at the 

present time usually exceed a 50% protein level on a dry weight basis. 



The protein requirement for normal growth of carp was found to be 

38% by Ogino and Saito (24),   based on protein incorporation and using 

casein as the protein source.    Similar requirements,   ranging from 

40-50% protein for fry to 35% for yearlings,  have been observed for the 

salmonids using casein as the protein source (7,   32,   41,   42). 

Lee and Putnam (15) found that there was a direct relationship 

between the caloric content of the diet and the efficiency of protein 

incorporation.    When the protein was maintained at a constant level 

and the caloric value increased there was an increase in the efficiency 

of protein incorporation into flesh.    These workers also indicated that 

the protein level can be reduced without affecting the growth response 

when the caloric value of the diet is maintained. 

Mertz (21) presented an excellent summary of the protein and 

amino acid requirements of the salmonids. 

Carbohydrate Requirement 

The role of carbohydrates in the nutrition of the salmonids is an 

area of conjecture.    If the diet composition were to be determined by 

simulating that which occurs in native foodstuffs,   the carbohydrate 

would be virtually eliminated from the diet.    In all semi-purified 

diets and commercial rations carbohydrates are used as an inexpensive 

source of calories. 



There is question concerning how efficiently salmonids can 

utilize certain types of carbohydrates as a source of energy.    Carbo- 

hydrate metabolism in some fish has been found to be similar to 

diabetic mammals.    The hexokinase isozyme from rainbow trout was 

found to be inhibited by high concentrations of glucose (18).    The glu- 

cose dehydrogenase activity in the liver of carnivorous fish (rainbow 

trout) was 4-7 times higher than in mammals,   and higher than in 

herbivorous fish (19). 

14 14 
The metabolism of labeled acetate-C      and L-alanine-C       in carp 

14 was found to be approximately twice as high as glucose-C     ,   but lower 

14 
than glutamate-C       (16).    From this the assumption can be made that 

acetyl-CoA production by glycolysis is limited even when high carbo- 

hydrate rations are fed and that acetyl-CoA required for lipogenesis is 

derived from the TCA cycle intermediates formed from amino acids. 

The activities of the hepatic enzymes relating to the Embden-Meyerhoff 

Pathway and the hexose monophosphate shunt in rainbow trout are con- 

sidered to have a latent activity for glucose metabolism (17).    Glucose 

has been found as a normal constituent in urine of some species of fish 

(25). 

Some carbohydrates are not utilized as efficiently by fish as by 

mammals.    Phillips and Brockway (27) reported a caloric value of 1.6 

kcal/g for uncooked starch.    The mono and disaccharides are utilized 

more efficiently and have a caloric value to the fish that approaches 



4 kcal/g.    Changes have been observed in the salmonids that would be 

considered abnormal in mammalian species when fed high carbohydrate 

diets,   such as the high glycogen livers observed by Phillips and 

Brockway (27). 

The value of carbohydrates in supplying a particular nutritional 

need seems unlikely. It is generally accepted that carbohydrates are 

not essential for normal growth and serve only as a source of energy 

which could easily be provided by either a lipid or protein. —-- 

Fatty Acid and Lipid Requirements 

Until recently it was assumed that the fatty acid requirements 

of salmonids and mammalian species were similar.    The early diets 

were formulated using corn oil as a lipid source and in some diets a 

low level of cod liver oil was added as a source of vitamin A and D. 

Lee et al.   (13) indicated the need of the w3 fatty acid series for the 

normal growth of trout.    Castell e^ al.   (6) using purified fatty acids con- 

firmed the essentiality of the w3 fatty acids for trout.    It was deter- 

mined that the essential fatty acid requirement would be satisfied if the 

w3 series was present at a 1% level in the diet (5).    Yu and Sinnhuber 

(38) found that both 18:3w3 and 22:6w3 fed at the 1% level supported 

maximum growth in trout. 

The digestibility of fats has been correlated with their melting 

points (29).    When the lipid source is changed from an animal source 



that has a relatively high melting point to fish oil which is liquid at low 

temperatures the digestibility increases.    The body temperature of 

salmonids is regulated by their environmental temperature; it is 

generally accepted that the lipid source should be in a liquid state at 

the temperature found in the gastrointestinal tract in order for it to be 

utilized efficiently by the salmonids. 

There are excellent reviews by Sinnhuber (35) and Lee and 

Sinnhuber (14),  which reflect the present state of knowledge concerning 

the lipid requirements of the salmonids. 

Energy Requirements 

Diets containing from 1. 5 to 4. 5 kcal/g have been fed to sal- 

monids in semi-purified diets by Brett (3), Buhler and Halver (4), 

Phillips et al.   (30),   and Ringrose (31).    The energy requirement for a 

given level of production has not been defined for the salmonids as it 

has in other domestic species used for meat production. 

The various sources of dietary energy have been shown to have 

different caloric values for the salmonids than they do for other 

domestic species (28,   30).    The carbohydrates are used less efficiently 

as they become more complex from a structural stand-point.    Increased 

caloric density of the ration has been shown to improve protein utiliza- 

tion of salmonids by Lee and Putnam (15) and Ringrose (31). 



Protein and lipids are utilized efficiently as a source of calories 

for salmonids as indicated by Phillips et al.   (30) and Smith,   R. R.   (36). 

Vitamin Requirements 

The symptoms caused by vitamin deficiencies have been related 

to specific vitamins and requirements have been established for most 

of the vitamins.    A number of researchers have been responsible for 

determining the vitamin requirements:   Halver et al.   (10),   McLaren 

et al.   (22),   and Phillips et al.   (26,   27).    A review by Halver (11) sum- 

marizes the vitamin requirements of the salmonids,   and the vitamin 

requirements for rainbow trout are as shown in Table 2. 

Table 2.    Vitamin Requirements. 

mg /kg of dry 
diet 

mg /kg of dry 
diet 

Thiamine 
Pyridoxine 
Niacin 
Cyanocobalamin 
Choline 
As c orb ate 
Vitamin E 

10-12 
10-15 

120-150 
required 
required 
100-150 
required 

Riboflavin 
Pantothenate 
Folacin 
Myo-inositol 
Biotin 
Vitamin A 
Vitamin K 

20-30 
40-50 

6-10 
200-300 

1-1.2 
2000-2500 
required 

Mineral Requirements 

The macro and micromineral requirements for rainbow trout 

have not been well defined and at the present time this is an active 

area of research. 
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The essentiality for minerals has been established and some of 

the deficiency symptoms have been defined,   such as thyroid tumors that 

apparently result from an iodine deficiency.    Only limited information 

is available on the specific mineral requirements,   and the relationship 

in maintaining osmotic pressure gradients between gut,   tissue and gill 

membranes according to Zaugg and McLain (40).    It is generally 

accepted that fish have similar mineral requirements as mammals, 

and this will be assumed until research data is obtained to discount or 

support this assumption. 

The purpose of this research project was to determine the effect 

of high levels of herring oil in a diet on the response of rainbow trout 

with respect to growth,   feed conversion,   and energy and protein con- 

version.    The physical alterations as related to length and width 

dimensions caused by the various diets were assessed by calculating a 

condition factor.    The edible portion of the fish produced on each 

ration was evaluated by a taste panel to determine changes in desira- 

bility caused by the various diets. 



EXPERIMENTAL 

Introduction 

Rainbow trout (Salmo gairdneri) of the Mt.  Shasta strain were 

utilized as the test animal.    Fingerlings were obtained from the 

Department of Food Science and Technology,   Toxicology and Nutrition 

Laboratory at which site these experiments were conducted. 

Six diets containing various levels of herring oil as indicated in 

Table 3 were evaluated.    Five had fish protein concentrate (FPC) and 

gelatin as the protein,   and in the sixth the FPC was replaced with 

casein.    All six diets were isonitrogenous,   with the only diet ingredi- 

ents that varied in concentration being alpha-cellulose and herring oil. 

Each treatment was run in triplicate with 50 fish in each group. 

Table 3.    Composition of Diets. 

Diet FPC Casein Gelatin Herring Oil 
(%) (%) (%) (%) (%) 

1 29.4 -- 7.8 25 

2 29.4 -- 7.8 30 

3 29.4 -- 7.8 35 

4 29.4 -- 7.8 40 

5 29.4 -- 7.8 45 

6 -- 29.4 7.8 35 
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Conditions of Experiment 

Each group of 50 fingerlings was initially placed in 2 1 liter 

perforated plastic buckets designed for the rearing of small lots of 

fingerlings.    After a period of four weeks the fish were transferred 

from the buckets into tubs that contained approximately 42 liters of 

water/tub,   and were maintained in these tubs for the remainder of the 

experiment.    The water supply was well water maintained at a constant 

temperature of 12   C. 

At bimonthly intervals the fish were weighed and the tanks were 

cleaned to remove traces of algae. 

The oxygen content of the water was maintained at approximately 

10 ppm by jetting water into each tub.    A preliminary test was con- 

ducted to determine the effect the bio-mass would have on the oxygen 

content of the individual units.    A biomass of 1200 g per unit did not 

reduce the oxygen content below 10 ppm.    This was deemed to be an 

adequate level for the satisfactory rearing of rainbow trout. 

Feeding Procedure 

The fish were fed for five consecutive days and then fasted for 

two days.    During each feeding period of eight hours the fish were fed 

from five to six times,   and this regime was continued for the duration 

of the experiment. 
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The fish were fed as long as they were actively feeding with each 

group's feed consumption being estimated from the previous feed con- 

sumption records,   and individual daily portions were packaged in plas- 

tic bags and frozen.    The daily portions were thawed in a refrigerator 

the night prior to the day they were to be fed.    The amount of feed con- 

sumed daily was recorded and the remaining diet discarded. 

Diet Preparation 

Each of the diets was prepared in a quantity that would supply 

enough for a two week period.    The diets were prepared from pre- 

mixes that had been mixed prior to starting the experiment.    To each 

pre-mix was added vitamin pre-mix,   herring oil,   and a measured 

volume of hot tap water (60   C) and after thorough stirring the mixture 

was allowed to stand in a refrigerator overnight to allow the gelatin to 

set. 

The semi-solid diets were then cut into the appropriate size cubes 

and weighed into approximate daily intake portions and frozen.    The 

composition of the diets is shown in Table V of the Appendix. 

Weighing Procedure 

Each group within each treatment was weighed on a bi-monthly 

basis and counted to determine the mortality rates.    The fish were 

transferred from their tubs into a preweighed bucket containing water 
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and their weight was determined by difference.    The fish were weighed 

after being fasted for a period of two days to minimize the effect of 

ingested food. 

Amino Acid Determination 

The amino acid composition of FPC and casein was determined 

by the Department of Biochemistry,   Oregon State University.    The 

chromatographic method used was described by Spackxnan (37).   and the 

results are given in Tables IV and XIII of the Appendix.    Tryptophan 

was destroyed during the digestion process,   and a literature value was 

used to estimate its level. 

Proximate Analysis of Fish 

The Seafood Laboratory of the Department of Food Science and 

Technology at Astoria performed the proximate analysis as outlined in 

the Official Methods of Analysis of the Association of Official Analyti- 

cal Chemists.    Duplicate groups of each of the six treatments at the 

termination of the experiment,   plus a sample from the initial popula- 

tion were analyzed.    The composition of each of the groups is given in 

Table XI of the Appendix. 

Flavor and Texture Evaluation 

The fish were maintained on each of the treatments from June 1st 
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to January 15th,   at which time they weighed approximately 200 g each. 

The fish were killed,   cleaned and chilled to 34   F on the day   prior to 

being evaluated.    A triangular test was conducted under the direction 

of Professor Lois McGill of the Department of Food Science and 

Technology.    The parameters that were evaluated were texture,   flavor, 

and overall desirability. 

Diet Evaluation 

A general evaluation of the nutritional characteristics of the 

diets utilized in this experiment with respect to the protein,   lipid, 

carbohydrate,   vitamin,   and mineral content will be given in this 

section. 

Protein Content 

The protein level is approximately 38% of the experimental diets 

on a dry weight basis; this has been indicated by Halver (9) to be pos- 

sibly too low for the first two to three weeks,   but adequate after about 

the fourth week.    Forty percent protein requirement for the salmonids 

using diets with 3.5 to 4.0 kcal/g were found to be adequate by Zeitoun 

et al.   (40) and Fowler et al.   (8).    If the trout regulates its feed con- 

sumption based on the caloric density of the diet as do other mono- 

gastric animals,   the experimental diets may have an inadequate protein 

level due to the high caloric density of the diets.    If feed consumption 
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is not reduced by the trout the experimental diets,   specifically the 

lipid portion,   should have a sparing effect on the protein portion of 

the diet. 

An evaluation of the amino acid content of the FPC-gelatin mix- 

ture and casein-gelatin mixture was determined.    Possibly the first 

limiting amino acid of the FPC-gelatin based diet is phenylalanine. 

Arginine may be limiting for the casein gelatin diet based on the 

requirements as indicated by Shanks et al.   (33).    Other amino acids 

that could be limiting or borderline are methionine and tryptophan. 

Lipid Content 

The w3 fatty acid requirements as determined by Castell et al. 

(5) and Yu et al.   (39) were satisfied by the levels of herring oil that 

were supplemented in the diets.    The quality of the herring oil was 

excellent with no evidence of it being oxidized.    The vitamin E content 

of the diets was increased in order to supply an additional antioxidant 

to prevent the oxidation of the polyunsaturated lipids.    The diets were 

stored at low temperatures (0   F), and allowed to remain at room 

temperature for no longer than eight hours in order to preserve the 

quality of the lipid fraction of the diets. 

Carbohydrate Content 

This experiment was designed so that the ability of the fish to 
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utilize lipids as the primary energy source could be evaluated; there- 

fore,   the only carbohydrate that was used in the formulation of the 

diets was alpha-cellulose which is poorly utilized by most monogastric 

species of animals.    High levels of alpha-cellulose have been used in 

the formulation of semi-purified diets for many years at this station 

with no apparent adverse effects being observed.    The diets were as 

nearly carbohydrate free as possible. 

Vitamin and Mineral Content 

The vitamin supplement satisfied all of the known vitamin require- 

ments of rainbow trout.    Table VI of the Appendix gives the composi- 

tion of the vitamin pre-mix. 

The combination of the FPC and the casein plus the mineral mix 

satisfied all of the known mineral requirements.    An analysis of the 

FPC is contained in Table III of the Appendix.    This analysis was per- 

formed by the Department of Horticulture,   Oregon State University. 
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RESULTS AND DISCUSSION 

Growth 

Average gains for the triplicate groups within each of the treat- 

ments are given in Table 4 and growth curves depicted in Figure 1. 

Table 4.    Weight Gains (grams). 

Diet Days 3 
Std.   Dev. 

No. 23 39 53 67 81 95 

1 120 231 374 565 803 1190a +35.8* 

2 126 241 398 577 800 1149a ±43.3 

3 120 233 372 549 77 9 1140a ±  9.8 

4 132 248 415 559 77 9 1075a ±42.3 

5 133 253 413 592 832 1229a ±104.8 

6 100 184 307 449 613 858b ±52.2 

* 
Standard deviation calculated on total weight gain for 95-day period. 

Numbers with different subscripts are statistically different at the 
(P < 0.01) level of probability. 

The starting weights were 247 ± 19 g for all of the groups (50 fish 

per group),   and the average weight at the termination of the experiment 

was 1354 i 316 g.    The increase in individual fish weight was from 

4. 9 ± 0. 4 g to 27. 1 ± 6. 3 g during the 95-day experimental period. 

This is an ADG of 0.23 g/day/fish.    There were no statistical differ- 

ences between the weight gains of the FPC based treatments at the 



17 

varying herring oil levels,  but all of the FPC groups showed greater 

ADG's than the casein treatment at (P < 0. 01). 

The ADG on a bimonthly basis for each of the treatments is given 

in Figure 1; this increased from approximately 0. 1 g/day/fish to 

0. 51 g/day/fish for the FPC based diet,   and from 0. 087 g/day/fish to 

0. 35 g/day/fish for the casein. 

&    800 

40      60      80 

Days on Experiment 

100 120 

Figure 1. Growth Curve 
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The increased concentration of herring oil had no statistical 

significant effect on the average weight gains,   or the ADG's for the 

FPC based diets. 

Feed Conversion 

The average feed conversion (weight of feed/live weight gain) for 

the three groups within each of the treatments is given in Table 5 on a 

bi-monthly basis. 

4= Table 5.    Feed Conversion  . 

Diet Day s 
Std. Dev. 

No. 23 39 53 67 81 95 

1 1.058 1.006 0.967 0.934 0.932 0.891a i 0.041 

2 0.975 0. 941 0.888 0.890 0.906 0.882a * 0.032 

3 0.947 0.893 0.829 0.827 0.835 0.821b ± 0.013 

4 0.875 0.836 0.764 0.807 0.804 0.791b t 0.018 

5 0.891 0.829 0.787 0.778 0.776 0.756c ± 0.017 

6 1.245 1. 156 1.036 1.001 1.005 0.971fd i 0.034 

Feed conversion = dry feed consumed/live weight of fish. 
** 

Standard deviation is calculated on 95-day feed conversion values. 

Feed conversion values with different subscripts are statistically sig- 
nificant at (P < 0. 05). 

It was noted that when the oil level of the diet was increased that 

feed conversion had an inverse response with a correlation coefficient 

of -0.882.    Feed conversion was statistically different at (P < 0.05) 

for all treatments except one and two,   and three and four. 
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Improvement in efficiency of feed conversion was observed in all 

treatments as the time on the diet increased,   having a correlation 

coefficient of 0. 900.    This trend continued up to the 45% level of oil 

supplementation,   and possibly would continue above this level.    The 

FPC treatment with 35% herring oil has an average feed conversion of 

0. 821,   as compared to the casein + 35% herring oil which had a feed 

conversion of 0. 971.    Figure 2 gives a graphical representation of 

the feed conversion on a bi-monthly basis for each of the treatments. 

1.3 

1.2 

1.1 

1.0 

0.9 

0.8 

0.7 

Diet # 

1  A 
2  0 
3  o 
4  V 
5  $ 
6  "o 

20 40 60 80 100 120 

Days 

Figure 2.     Feed Conversion 
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Energy Conversion 

The total caloric value of the feed consumed was calculated for 

each of the groups using 5. 6 kcal/g of protein and 9. 3 kcal/g of lipid. 

These values are given in Table 6 for each of the treatments. 

Table 6. Energy Conversion. 

Diet No. 
1                 2 3                 4 5 6 

Total calories 
consumed (kcal)       4266 4506 4624 4715 5453 4119 
Std.  dev. 64.4 58.8 65       262.5       379.3 200 

Energy/g of 
gain (kcal/g) 
Std.   dev. 

3.35 
0. 18 

3.76 
0.98 

3.82 
0.04 

4. 14 
0. 12 

4.20 
0.09 

4.53 
0. 18 

Energy con- 
version (%) 
Std.  dev. 

58.6 
3. 1 

54.3 
1.5 

56.0 
0 

54.3 
1.5 

55.3 
2.5 

41.3 
3.2 

The energy conversion rate shows that the higher the oil content,   the 

more energy required to gain a unit of live weight.    All of the FPC 

treatments were superior to that observed in the casein treatment with 

respect to energy conversion (P < 0.01). 

When the caloric value content in the tissue of the different treat- 

ments was calculated it was observed that the percent of energy con- 

verted was approximately equal for all treatments.    The differences 

that seem to exist between the energy required per unit of gain,   and 
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the efficiency that the energy is incorporated into gain is due to an 

increase in caloric density of the fish as shown in Table 7.    Fish 

receiving the higher level of oil supplementation incorporated more 

fat into their tissues; therefore,   the caloric value of the tissue per 

unit of weight was higher than for those receiving the lower level of 

supplemented oil. 

Table 7.    Proximate Analysis. 

Diet           Protein                        Fat                    Moisture                       Ash 
No. (%) (%) (%) (%) 

1           16.8 * 0. 15 13.9 * 0.25 68.9 * 0.30 2.16 i 0.07 

2           16.3 t 0.61 15.4 i 0.20 68.3 ± 0.65 2. 10 ±0.02 

3           16. 1 t 0.70 16.2 ± 0.34 67.4 i 0.25 2.07 ± 0. 12 

4           16. 1 i 0.48 17.4 * 0.22 66. 1 i 0.42 2.07 * 0. 12 

5            15.6 f 0.71 18.5 +0.22 65.5 i 0.25 2.03 ± 0.09 

6           15.6 t 0.20 14. 1 t 0.92 68.5 t 0.68 2. 19 -0.09 

Initial**      16. 6 5.9 76.8 2.21 

Analysis of ten fish taken from each treatment at the termination of 
the experiment. 

** 
Sample from initial population 

The increase was approximately one calorie per calorie of 

protein incorporated as the lipid level was raised from 25% to 45% of 

the diet,   indicating that from a calorie stand-point protein conversion 

becomes less efficient as the caloric density of the ration is increased 

by the addition of fat to an isonitrogenous diet.    The FPC based diets 
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were more efficient with respect to energy conversion and calories 

required to incorporate proteins,   indicating that casein might be 

limiting with respect to protein quality for trout. 

Protein Conversion 

The calculations for the efficiency of protein incorporation for 

each of the different treatments were based on the proximate analysis 

performed on each of the treatments at the termination of the experi- 

ment,   and the amount of protein that was fed to each of the groups. 

The percent protein conversion is given in Table 8.    There was a non- 

statistically significant trend to increase protein conversion as the 

calorie density of the diet increased.    The FPC treatments were sig- 

nificantly more efficient in converting dietary protein into tissue than 

was the casein (P < 0.05). 

Table 8.     Percent Protein Conversion. 

 Diet No.  
1 2 3 4 5 6  

61.3*3.5     56.7*2.2     63.0*3.1     64.1*1.1     66.3*5.8     50.4*1.4 

Condition Factor 

The condition factor was calculated to determine if any differ- 

ences in the shape of the trout were caused by the alteration of the 
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level of oil supplementation.    The equation used to calculate the con- 

dition factor (K-factor) is: 

_.   _   Weight in g x 100 
K   - j- , 

(Length in cm) 

and the K-factors for each of the treatments are contained in Table 9. 

The value for a normal fish is approximately 1,  with values of less than 

one tending towards the lean side,   and values greater than one having 

a tendency to be obese.     All groups were considered to be within the 

normal range. 

Table 9.    Condition Factor. 

Diet 
No. 

Average 

1 
2 
3 
4 
5 
6 

. 13 

.16 

. 18 

.16 

.19 

.21 

Standard 
Deviation 

0. 07 
0. 05 
0. 07 
0. 06 
0. 07 
0. 09 

Based on 20 observations for each of the three groups 
within each treatment. 

Flavor and Texture Evaluation 

The fish from the different treatments were evaluated from a 

texture,   flavor,   and overall desirability stand-point to determine if 

there was a difference between the treatments with respect to accepta- 

bility of the product.    Table 10 has the mean scores and the LSD (.05) 
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for flavor,   texture,   and overall desirability.    The texture of the fish 

evaluated from each of the different treatments was approximately the 

same except diet 4 which was found to be less acceptable (P < 0.05). 

The higher herring oil diets produced fish that were less acceptable 

than the 25,   30% herring oil and 35% casein at (P < 0.05).    The overall 

desirability evaluation found the lower level of oil supplementation as 

the most desirable,   finding diets 4 and 5 less desirable (P < 0.05) as 

compared to diets 1,   2,   3,   and 6. 

Table 10.    Mean Scores and LSD. 

Flavor Texture Desirability 
No.  

6.31 6.31 
6.39 6.36 
6.47 6.03 
5.78 5.44 
6.31 5.97 
6.47 6.36 

0.51 0.57 

Conclusion 

The results indicate that rainbow trout are able to utilize very high 

caloric density diets with lipid as the primary source of calories with 

a relatively high degree of efficiency.    The trout were able to convert 

approximately 56% of the dietary calories into flesh for all treatments, 

except for the casein where only 41% was converted.    Feed conversion 

1 6.36 
2 6.50 
3 5.89 
4 5.42 
5 5.81 
6 6.56 

LSD (0.05) 0.61 
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improved as the lipid level increased with the FPC based diets being 

superior to the casein diet.    Protein conversion tended to increase for 

the FPC based diets when the caloric density of the diet was increased. 

Feed conversion improved as the caloric density of the diets increased. 

The FPC protein based diets were found to perform superior to casein 

for all parameters that were evaluated. 

The results would indicate that trout are able to utilize high 

caloric density diets when the primary source of energy is a polyun- 

saturated oil.    The fact that the FPC based diets were superior to the 

casein diet would indicate that the protein quality of the FPC exceeded 

that of the casein for rainbow trout. 
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Appendix Table I. Herring Oil. 

Fatty Acid Compos ition 
Ratio Perc ent 

14:0 7.6 

15:0 0.4 

16:0 18.3 

16:1 8.3 

17:0 0.5 

18:0 2.2 

18:1 16.9 

18:2 1.6 

18:3 0.6* 

18:4 2.8* 

20:1 9.4 

20:4 0.4 

20:5 8.6* 

22:1 11.6 

22:5 1.3 * 

22:6 7.6* 

* i w3 Fatty acid series (ShimmaL34j  ). 
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Appendix Table II.    Mineral Analysis of Fish 
Protein Concentrate. 

Potassium. 0.24% 

Phosphorus 0.74% 

Calcium 0.63% 

Manganese 2 ppm 

Magnesium 0. 12% 

Iron 29 ppm 

Copper 4 ppm 

Boron 2 ppm 

Zinc 59 ppm 

Molybdenum 1 ppm 

Aluminum 10 ppm 

* 
Analysis based on an as-is basis. 

Mineral analysis was performed by the Depart- 
ment of Horticulture,  Oregon State University. 
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Appendix Table III.    Mineral Mix Composition. 

Ingredients 
Percent of 

Mix 

Calcium Carbonate 2. 1 

Calcium Phosphate (dibasic) 73.5 

Potassium Phosphate (dibasic) 8. 1 

Potassium Sulfate 6.8 

Sodium Chloride 3.06 

Sodium Phosphate* 6H O 2. 14 

Magnesium Oxide 2.5 

Ferric Citrate-5HO 0.558 

Manganese Carbonate (1) 0.418 

Cupric Carbonate (2) 0.034 

Zinc Citrate-2H20 0.081 

Potassium Iodide 0.001 

Citric Acid (3) 0.682 

Sodium Fluoride (4) 0.002 

Cobalt Chloride (5) 0.02 

Modified Bernhart-Tomarelli Salt Mix (23). 

(1) Manganese Carbonate replaced Manganese Citrate 
(2) Cupric Carbonate replaced Cupric Citrate 
(3) Level increased from 0.205% to 0.682% 
(4) Added to Modified Bernhart-Tomarelli Salt Mix 
(5) Added to Modified Bernhart-Tomarelli Salt Mix 



33 

Appendix Table IV. Amino Acid Composition of Fish 
Protein Concentrate. 

g/100 g Amino 
 Acid  

Lysine 9. 97 

Histidine 2.28 

Arginine 6.9 

Aspartic Acid 10.7 

Threonine 4. 5 

Serine 4. 1 

Glutamic Acid 15. 9 

Proline 4.2 

Glycine 4.7 

Alanine 5.8 

Half Cystine 0.8 

Valine 5.4 

Methionine 3.4 

Isoleucine 4.8 

Leucine 8. 3 

Tyrosine 3.8 

Phenylalanine 4.3 

Ammonia 1. 35 

Tryptophan 1.4 

Amino acid analysis performed by Department of 
Biochemistry,   Oregon State University,   May 1973. 
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Appendix Table V.    Diet Composition. 

Ingredients 
Percent in 

Diet* 

Herring Oil (1) 

Fish Protein Concentrate 29.4 (2) 

Gelatin 7.84 

Alpha- cellulos e (3) 

Carboxymethyl cellulose 1.27 

Vitamin E (alpha-tocopherol) 0.294 

Choline chloride 0.98 

Mineral Mix 1.96 

Vitamin Mix 1.96 

* 
Percent on a dry weight basis. 

(1) Content in each treatment varied as follows: 
no.   1 - 24.5%,   no.  2 - 29.4%,   no.   3 - 34.3%, 
no.   4 - 39.2%, no.   5 - 44.1%,   no.   6 - 34.3%. 

(2) Fish Protein Concentrate was replaced by the 
same level of casein (NBC Vitamin Free) in diet 
no.  6. 

(3) Alpha-cellulose in each treatment varied as 
follows:   no.   1 - 31.8%, no.  2 - 26.9%,   no.  3 - 
22.0%,   no.  4 - 17.0%,   no.   5 -  12.2%,   no.   6 - 
22.0%. 
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Appendix Table VI.    Vitamin Mixture. 

Percent 

Thiamine 0. 32 

Riboflavin 0.72 

Niacinamide 2.56 

Biotin 0.008 

Ca-pantothenate (D) 1.44 

Pyridoxine (HC1) 0.24 

Folic Acid v 0.096 

Menadione 0.08 

B12 (Cobalamine 3000 lU/g) 0.2667 

i-Inositol (meso) 12. 5 

Ascorbic Acid 6.0 

Para-amino-benzoic acid 2.0 

Vitamin D2 (500, 000 USP/g) 0.04 

Vitamin A (250,000 lU/g) 0.5 

Alpha-cellulose 73.2 
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Appendix Table VII.    Amino Acid Aneilysis 
of Gelatin. 

Percent 

Lysine 4.6 

Histidine 0.9 

Arginine 10.2 

Aspartic Acid 6.6 

Threonine 2. 1 

Serine 3.4 

Glutamic Acid 12.0 

Proline 15.4 

Glycine 23.0 

Alanine 9.7 

Half Cystine 0 

Valine 2.8 

Methionine 1. 1 

Isoleucine 1.5 

Leucine 3.3 

Tryosine 0.8 

Tryptophan 0 

Phenylalanine 2.6 

Amino acid analysis performed by the Depart- 
ment of Biochemistry,  Oregon State 
University,  May 1973. 

* Literature value from Metabolism (1). 
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Appendix Table VIII.    Amino Acid Composition 
of NBC-Casein. 

Percent 

Lysine 7.2 

Histidine 3.0 

Arginine 3.8 

Aspartic Acid 7.0 

Threonine 4. 1 

Serine 4. 9 

Glutamic Acid 22.0 

Proline 9. 9 

Glycine 1.6 

Alanine 2.8 

Half Cystine 0.2 

Valine 6.4 

Methionine 2. 1 

Isoleucine 5.2 

Leucine 8.8 

Tyrosine 5.8 

Tryptophan 1.35* 

Phenylalanine 5. 3 

Amino acid analysis performed by Department 
of Biochemistry, Oregon State University, 
May 1973. 

* 
Literature value from Metabolism (1). 


