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FURTHER STUDIES ON PROTEIN AND CALORIE LEVELS OF
MEAT-MEAL, VITAMIN SUPPLEMENTED SALMON DIETS

BY

Laurie G. Fowler, J. Howard McCormick, Jr.

and Allan E. Thomas, Fishery Biologists (Research)

ABSTRACT

Feeding trials were conducted with fingerlings of fall chinook salmon (Oncorhynchus

tsha.vytscha) to determine the effect of feeding three protein levels, four caloric levels,

crystalline vitamins, and meat supplements in a basic meal mixture. After 24 weeks of

feeding the results were as follows:

Fish fed at a protein intake of 27.5 percent produced significantly higher protein

deposition than did fish fed at protein intakes of 25 and 20 percent, but tended to be less

efficient as measured by protein utilization.

Addition of supplemental energy calories in the diets resulted in a sparing action

on the protein and vitamin requirements of the fish. The energy requirement of the

fish increased, in proportion to the protein requirement, as the fish increased in size.

A crystalline vitamin supplement was inadequate when fed in diets containing a

meat supplement

.

Meat supplementation ranging from 10 to 50 percent of the meat-meal combination

produced no measurable differences in mortality, average weight, protein deposition,

or protein utilization.

An all -meal diet produced fish with gains, protein deposition, protein utilization,

performances , and general condition as good as or better than fish in comparable

diets fed meat supplements .

Feeding trials conducted at the Salmon-

Cultural Laboratory, Longview, Washington,

in 1962, were a continuation and enlargement

of experiments reported by Combs et al. (1962).

Fingerlings of fall chinook salmon (Oncorhyn-

chus tshawytscha) were used as the test ani-

mals . The primary purpose of these and the

previous trials was the development of nutri-

tionally adequate and economically feasible

diets for the artificial propagation of salmon

.

The experiments were directed toward

exploring the effect of several protein levels

,

caloric intakes, and meat and vitamin supple-

mentation when fed in a single basic meal ration.

The composite-meal, basal ration was fed with

a meat supplement ranging in amounts from 10

to 50 percent of the total mixture and with or

without a complete vitamin supplement . The
level of protein intake was controlled by partial

reconstruction of the diet with water by the

method developed by Phillips and Brockway

(1959), and the level of calories was increased

when desired by the addition of peanut oil.

With this technique it was possible to determine

the effect of energy calorie supplementation at

several fixed levels of protein intake

.



The 1962 feeding trials demonstrated the

practicability of the meal combination, the

effect of three protein levels on growth, and

the effect of energy calorie supplementation

on protein utilization. It was also demonstra-

ted that an all-meal diet was as successful as

comparable meat -supplemented diets and that

\dtamin supplementation could not be shown to

be of any measurable value when fed in diets

containing a meat supplement

.

Roger E. Burrows, Bobby D. Combs, and

Dr. Wilton W. Heinemann assisted in design

of the experiment and interpretation of results;

Joseph W . Elliott made the chemical analysis

of the fish and diet components

.

METHODS AND TECHNIQUES

The methods, techniques, and equipment

used in the 1962 feeding trials were similar to

those used in previous trials at this laboratory.

Samples of fish weighing 500 grams were

drawn from a homogeneous population and

placed randomly in paired tanks . At bi-

•weekly intervals the fish in each tank were
weighed and from these data the amount of

food fed was calculated from feeding charts

developed for chinook salmon. The food was
ricer-fed with the frequency of feeding de-

pendent on the time required for consumption.

The chemical composition of feeds wa s

used as the basis for diet formulation, with

caloric levels calculated on the basis of

available calories as developed by Phi Hips

and Brockway (1959). The chemical composi-

tion of the fish, as determined by proximate

analysis, was the criterion used for analyzing

the results of the experiments . Protein depo-

sition was used as the measure of growth in-

stead of total gain in wei^t. Protein utili-

zation, a measure of the efficiency of a diet

for growth production, was calculated by

dividing the amount of protein fed by the

amount of protein deposited in the fish . At

the conclusion of the feeding trials, the data

were analyzed statistically by use of analysis

of variance for paired experiments as out-

lined by Snedecor (1956).

The techniques employed are similar to

those used in previous feeding trials as de-

scribed by Burrows et al. (1951; 1952) and by

Combs et al . (1962) with the following exceptions :

1. The difficulties encountered in the 1961

experiments (Combs et al., 1962) were elimi-

nated by the use of pathogen-free well water at

a constant temperature of 53* P. and the housing

of the experimental tanks within the laboratory

to remove the possibility of diet supplementation

with natural foods

.

2 . The original control diet was the Entiat

production diet which had been fed on a produc -

tion basis at Entiat, Washington, for several

years and at Longview during 196 1 with excel -

lent results , but always on an increasing water

temperature. This diet was marginal in vitamin

content and when fed on a constant water temper-

ature where the intake of the fish was much
lower than at a rising temperature , a severe

anemic condition became apparent at the end of

eight weeks which resulted in the termination of

this group of fish as a control. A new group of

fish was substituted and placed on the Leaven-

worth production diet with satisfactory results

.

Table 1 gives the basic components of the diets

and the vitamin supplement fed. The ingredients

of the basic mixtures and their proximate analy-

sis are shown in table lA.

3. The feeding trials were carried on for

a 24 -week period. Data included in this report

were compiled at the end of 12 weeks and at the

end of 24 weeks

.

4 . Stamina tests were run on fish from

each diet at the conclusion of the experiments,

utilizing the stamina -tunnel device developed at

this laboratory. Two 100-fish samples were

tested from each diet and a performance index

calculated.

5. Vitamin injection studies were conducted
after the regular feeding experiments in an attempt
to determine the cause of a nutritional deficiency

which became apparent in all the experimental diets

after 16 weeks of feeding. Affected fish from low-
calorie, low -protein diets were selected to be used
for the studies

.



Table 1.—Basic components used in diets

A. Basic mixtures fed in the 1962 feeding trials



Lots of 30 fish each were injected intra

-

peritoneally with a 10 -day supply of the B-

complex vitamins. The injections were with

single vitamins, groups of vitamins, and the

entire B-complex with the exception of choline

chloride

.

RESULTS OF EXPERIMENTS

The test diets included a standard control

and 20 experimental diets which were designed

to measure the effect of four levels of meat

supplementation, the addition of a crystalline

vitamin supplement, three protein levels, and

four caloric levels . A summary of the results

of this experiment compiled at 12 weeks and

24 weeks is presented in table 2. At the con-

clusion of the feeding trials fish from each of

the experimental diets were showing symptoms
of hypovitaminosis . With the exception of the

low-calorie, 20-percent protein diets, the

remaining experimental diets produced gains

comparable to or exceeding that produced by

the control diet.

Effect of meat and vitamin supplementation

12 weeks .- -IDiets containing the highest

level of meat supplementation tended to pro-

duce fish with greater protein deposition and

better protein utilization at each of the three

protein levels fed, but these differences were
not significant . Meat supplementation did not

have any effect upon mortalities. At the 20-

percent protein level, diet 6, which was vita-

min supplemented, had significantly less

mortality than the comparable unsupplemented

ration, diet 5. There was no difference in

growth. No differences in either mortalities

or growth could be shown in the 25 -percent

protein diets due to vitamin supplementation.

24 weeks. -- In the low -calorie 20 and 25 per-

cent protein diets , no difference due to the

amount of meat supplementation could be seen

in either mortalities, average weight, protein

deposition, or protein utilization. In the high-

calorie, 25-percent protein diets, fish from

the higher meat-supplemented diets, diets 11

and 12, had significantly greater protein de-

position than did fish from comparable diets

containing the 10-90 combination, diets 16 and

17. The trend was for the fish from the higher

meat- supplemented diets to have better protein

utilization and to have fewer mortalities, but

these differences were not significant. No

differences due to meat supplementation were

shown in the 27.5-percent protein diets but

again the trend was for the fish in diet 19 witn

30 parts of meat to have greater protein depo-

sition and better utilization than fish in diet 20

with 10 parts meat . Table 3 summarizes the

results of the 25- and 27. 5 -percent protein

diets at the end of 24 weeks

.

TTie hypovitaminosis present at the con-

clusion of the experiments undoubtedly obscured

the effect of the meat supplementation. It does

appear that protein deposition was greater and

protein utilization was better at the higher

levels of meat supplementation when the caloric

and protein levels were increased.

An increase in growth or a decrease in

mortalities could not be demonstrated when a

crystalline vitamin supplement was added to

diets which included a meat supplement (table 4).

Whether the vitamin supplement had any benefi-

cial effect upon the all-meal diet has yet to be

tested. Several possibilities as to why the

crystalline vitamin supplement was not effective

or available to the fish when fed in conjunction

with the meat supplement can be postulated. The

vitamins were pre-mixed using high -viscosity

CMC (carboxymethyl cellulose) as the carrier.

This mixture was extremely hygroscopic and

also highly alkaline . This combination may
have produced such conditions in the meal

mixture that when it was fed with a meat sup-

plement the vitamins were unavailable to the

fish or were destroyed. Other possibilities

are that the vitamin supplement was not adequate

,

or that a significant portion of the supplement

was lost through leaching into the water.

Effect of protein levels

The original experiment was designed to

test three protein levels, 20 percent, 25 percent,

and 30 percent. However, from the start, the
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Table 3.—Effect of meat on protein deposition and
utilization and on mortalities



Table 5.—Effect of protein level on the protein
deposition and utilization



Table 6;—Effect of caloric levels on protein deposition and utilization,

fat deposition, and mortality



the caloric intake of the fish from 2,000 in diet

20 to 2,350 in diet 21 significantly increased fat

deposition but did not increase protein utilization

or deposition. The protein calorie to energy

calorie ratio was lower than the ratios in the

20- and 25 -percent protein diets as would be

expected since the protein intake was increased.

The optimum level at this time appeared to be

1:0.8.

24 weeks. --Results at the 20-percent

level of protein intake showed that diet 8 with

2,000 calories produced fish with significantly

greater fat deposition than did diet 7 with 1,650

calories and diet 6 with 1,300 calories. There

was no difference between fish from diets 7 and

6 in fat deposition. Raising the caloric level

from 1,300 in diet 6 to 1,650 calories in diet 7

resulted in a significant increase in the amount

of protein deposited in the fish. The additional

increase to 2,000 calories in diet 8 did not in-

crease protein deposited over that of the 1,650-

calorie diet. A caloric intake of 1,650 calories

per kilogram with a protein calorie to energy

calorie ratio of 1:1 appears to be optimum as

it did at 12 weeks. Increasing the caloric

level from 1,650 calories in diets 10 and 15 to

2,350 calories in diets 12 and 17 increased fat

and protein deposition with the protein utiliza-

tion factor remaining the same . Tne increase to

2,350 calories also produced significantly

greater protein deposition than did comparable

diets at caloric intakes of 2 , 000 . A protein

calorie to energy calorie ratio of 1:1.35, with a

caloric intake level of 2,350, appears to be

superior to the 1:1 ratio favored at 12 weeks.

Results at the 27. 5 -percent protein level were
similar to those of the 25-percent level. The
caloric increase to 2,350 in diet 21 produced

significant increases in fat and protein depo-

sition as compared with diet 20 at 2,000 calories.

Whereas the 1:0.8 protein calorie to energy

calorie ratio and a caloric intake at 2,000

appeared to be optimum at 12 weeks, a 1:1 ratio

with a caloric intake level of 2,350 calories

appears to be more favorable at 24 weeks, when
feeding at a level of 27.5 percent protein.

Proximate analysis of samples of fish

from the diets showed a reduction in the percent-

age of body fat in the fish at the end of 24 weeks

as compared with analysis at the end of 12 weeks

,

while the percent protein in the body of the fish

remained approximately the same. These

changes in body composition indicate an increas-

ed energy requirement in the larger fish.

By increasing the caloric level of a diet, a

sparing action was produced on the protein and

vitamin requirements of the fish at aU three

levels of protein intake. Phillips et al. (1963),

in diet trials with brook trout, also reported a

sparing action on the protein utilization of brook

trout, when corn oil was added to the diet. This

sparing action is also in agreement with the

results of Combs et al. (1962). At the 20-per-

cent protein intake levels, a point appears to

have been reached where further additions of

calories as an energy source becomes inpracti-

cal. A protein calorie to energy calorie ratio

of 1:1 was optimum at both 12 and 24 weeks.

However, there was a trend towards greater

protein deposition, as the ratio was increased

to 1:1.5 in diet 8. The presence and extent of

the hypovitaminosis may have been a factor

which limited protein deposition at this protein

level. At both the 25- and 27.5-percent protein

levels, the protein calorie to energy calorie

relation changed as the fish became older and

larger, indicating an increased energy require-

ment. The increased protein deposition and

utilization in the fish receiving these caloric

increases supports this conclusion.

Stamina tests

The summarized results in table 2 show

that the performance indices of the diet fish

varied considerably. Normally, a difference in

performance of three is considered to be sig-

nificant. This wide spread can be explained by

the extreme differences found within the diets

themselves. Not all of the fish within a diet

suffered the nutritional deficiency to the same
degree; consequently, performance within the

same diet was somewhat variable. Even though

differences were not significant the fish in diets

in which the vitamin deficiences were marginal

had higher stamina indices than the fish in diets

where the deficiency was extensive

.

10



Vitamin injection studies

At the end of 16 weeks the fish in the low-

calorie, low -protein diets began showing nutri-

tional deficiencies. These deficiencies were
characterized by frayed fin membranes, in

which the upper extremities of the fin rays be-

came bare and frayed; extreme emaciation due

to a loss of aopetite; partial retraction of the

head; high mo.talities; and a very noticeable

loss of equilibrium, in which the fish swam at

an angle from the horizontal with the head

elevated. As the deficiency increased this

head-up position became progressively worse,

until the fish were nearly vertical and helplessly

drifting with the current

.

Fish in all of the diets, with the exception

of the all-meat control, eventually showed this

deficiency syndrome, despite high levels of

meat and/or crystalline vitamin supplementation

in some rations. The deficiency symptoms were
believed to be a hypovitaminosis of one or more
of the B-complex vitamins . In an attempt to

determine which of the vitamins was lacking, an

experiment was designed in which affected fish

were injected with various B-compiex vitamins,

singly and in groups , in amounts equalling a

10 -day requirement. Twenty days and two in-

jections later, no noticeable alleviation of the

deficiencies -could be noted in any of the groups

with the exception of the lot receiving the entire

group of vitamins. In this group, the majority

of the fish returned to a normal swimming
position and began to feed readily. A chi-square

test on mortalities showed only the lot receiving

the complete vitamin complement to have a

significantly lower mortality than the control.

The injection studies clearly indicated

that the nutritional deficiency evident in the

fish at the end of 24 weeks was due to an in-

adequate supply of the B-complex vitamins

available to the fish . Prior calculation of the

meal and meat combinations within the diets

,

showed that these ingredients were under the

minimal requirements for chinook salmon as

defined by Halver (1957). It was hoped that by

supplementing the diets with a crystalline

vitamin package containing the full amount of

the B-complex group required for maximum
storage that the requirements would be met.

The appearance of the nutritional deficiency in

all diets suggests that either the vitamin supple-

ment was not adequate , or that a significant

portion of the crystalline vitamins was unavail-

able to the fish either through loss by leaching

into the water or an antagonistic action within

the diets containing both meats and meals , or

possibly a combination of all three factors .

An all-meal diet

Probably the most significant result of this

experiment was the capability of an all -meal

diet , devoid of raw meat supplementation and

fed at 2,000 calories per kilogram, to maintain

fish for a 24-week period. Gains, protein

deposition and utilization, performance, and

general condition were equal to if not better

than comparable meat-supplemented diets . A
cursory gill check was run on all diets every 2

weeks, and it was not until the end of 20 weeks
tiiat any fish from this diet were found to have

anemic tendencies using pale gill color as the

criterion. Mortalities were below 5 percent for

the entire 24-week period and the nutritional

deficiency so apparent in other diets was nearly

lacking in this diet. Additional testing with this

diet is indeed warranted.

SUMMARY

The results of the 1962 feeding trials may
be summarized as follows:

1

.

At the end of the feeding trials , all of

the experimental diets had some fish showing

symptoms of a hypovitaminosis . The severity

of these symptoms was most pronounced in the

low -protein, low-calorie diets.

2. All experimental diets, with the ex-

ception of the 20 -percent protein low -calorie

rations
, produced gains comparable to or ex -

ceeding that produced by the control diet.

3 . Fish fed meat supplements ranging

from 10 to 50 percent of the meat-meal combi-
nation were not measurably different in either

mortality, average weight, protein deposition,

or protein utilization.

11



4. A crystalline vitamin supplement

had no measurable effect on either growth or

survival in the meat- supplemented diets.

5 . Diets fed at the 27 .5-percent level of

protein intake produced fish with higher levels

of protein deposition than did diets fed at the

25- and 20-percent protein levels. Protein

utilization factors did not differ significantly

between comparable 2 7. 5 -percent protein diets

and 25-percent protein diets, but the 27.5-per-

cent protein diets tended to be less efficient.

6 . Increasing the energy calorie intake

of the fish at all three protein levels signifi -

cantly increased the protein deposition without

decreasing the protein utilization, and reduced

both mortality and the symptoms of hypovita -

minosis. A sparing action, at higher caloric

intakes, on both the protein and vitamin re-

quirements is indicated.

7 . A protein calorie to energy calorie

ratio of 1:1 appears to be optimum at the 20-

percent protein level . The optimum protein

calorie to energy calorie ratio increased at

both 25-percent and 27.5-percent protein

levels as the fish increased in age and size

.

A ratio of 1:1 appeared optimum in the 25-per-

cent protein diets at 12 weeks, but at the con-

clusion of the experiment, a ratio of 1:1.35

appeared to be superior. Similarly at the

27.5-percent level of protein intake, a ratio

of 1:0.8 was optimum at 12 weeks, but a ratio

of 1:1 was superior at 24 weeks. Proximate

analysis of the fish showed that the percentage

of body fat decreased during the last 12 weeks

of the experiment, while the percentage of

body protein remained essentially the same.

A higher energy requirement in the larger fish

is indicated.

8 . Stamina tests of the diet fish at the

end of the feeding trials were not conclusive

owing to the hypovitaminosis which caused a

variable performance within the diets them-

selves .

were unavailable because of loss in the water

or an antagonistic effect within the diet.

10. Gains, protein deposition, protein

utilization ,
performance , and general condition

of fish fed an all -meal diet were as good as or

better than comparable diets fed with meat

supplements

.
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