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INTRODUCTION
High levels of fish meal cannot be used in chick diets in the United
States because of the relatively high cost as compared to soybean meal.

In

certain areas or countries where large amounts of fish meal are produced,
it may be economically feasible to use fish meal as the major protein
supplement in the poultry rations.
Feed consumed by poultry must provide most of the materials the birds
need for growth or to produce eggs.

Those who formulate feed must select

ingredients and combine them in proportions which will allow the bird to
grow or produce eggs at the lowest possible cost.
source of essential amino acids.

Fish meal is a good

Numerous studies during the past several

decades have demonstrated the value of fish meal as a source of unidentified
growth factors, essential amino acids, vitamins, minerals, and energy.
The nutritive value of commercially produced fish meal showed great
variation when investigated by the protein quality index method.

The fish

species used , the parts of fish used, amount of heating, fat removal, and
duration of storage significantly affected the nutritional value of fish
meals.

The methods of processing and fractionation of the original fish

carcass are different for different species.

For example, menhaden meal is

made from whole fish, but tuna fish meal is made from cannery scraps that
contain relatively less muscle and more bone .and skin than does menhaden
meal.

Meal high in bone and skin may be inferior to meals high in muscle

protein.

Meals high in oil may be poorer than those lower in oil if the

meals are not processed and stored properly.

The experiments reported in

this thesis were conducted to determine if the three fish meals studied
varied in the amino acid levels and pattern provided to the chick

and to

2
determine if these differences explain differences in the feeding value of
these meals.

Studies were conducted with two lots of Canadian herring

meal, a tuna meal, and Peruvian fish meal probably made from anchovy.
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REVIEW OF LITERATURE
the poultry industry is so large that we must depend on plant protein
supplements to supply most of the protein.

The plant protein supplements

used most are soybean meal, cottonseed meal, and peanut oil meal.
Chick performance is improved by the use of certain animal protein
supplements.

Heuser et al. (1946) fed various combinations of fish meal,

soybean meal, peanut oil meal, wheat germ meal, cottonseed meal, corn
gluten feed, and linseed oil meal.

The weight gain and feed efficiency

were increased when fish meal was used with these plant protein supplements.
Numerous reports of research conducted over the past 30 years indicate that some fish product is desirable in poultry rations.

Winchester

(1963) summarized the feed industry's attitude when he said, "Fish meal
and condensed fish

suppl~,

in a palatable and highly digestible form, high

quality proteins, minerals, B vitamins and other nutrients including trace
elements. _'Fish meal, homogenized condensed fish and condensed fish solubles are excellent sources of the 'fish growth factor.'

These fish products

help maintain rapid growth of young ·swine and poultry and are believed to
assist in maintaining the fertility of hatchery eggs."
Fishmeal is said to contain the "UGF''(unidentified growth factor)
required for rapid growth.

Evidence for this has been reviewed by Menge

et al. (1952), Branion and Hill (1953), and Rasmussen et al. (1957).
Faster growth is obtained when fishmeal or condensed fish solubles replaces
part of the soybean meal in a ration believed to contain adequate quanti-

12 .

ties of all known nutrients including vitamin B

Generally this is

interpreted to mean that fish products contain unidentified substances
required for the most rapid growth of chicks.

Bird et al. ( 1962) determined the "UGF." activity of several commercial
-fish meals.

The meals varied in potency from 50 to 90 percent of the level

in a standard of condensed sardine . solubles.

Chicks fed fish meal contain-

ing diets had improved feed efficiencies when compared to those fed all
vegetable protein diets.
On the other hand, Harms et al. (1961) conducted experiments to study
the value of menhaden fish meal in practical broiler diets containing
various levels of protein, energy, methionine, and glycine.

Their results

indicate no beneficial effects were obtained from supplementing broiler
diets with fish meal when adjustments were made for protein, energy, calcium,
phosphorus and methionine.
Several reports indicate that fish meals vary greatly in feeding value.
Titus et al . (1930) fed diets containing two kinds of fish meal at a level
of ten percent.

The protein of menhaden fish meal was better quality than

that of the North Atlantic fish meal; and the protein of shrimp "bran" was
poorer in quality than protein of menhaden fish meal.
Allardyce et al. (1933) reported that the weight of chick at eight
weeks varied inversely with the fat content but showed no relation to the
protein or ash content of the pilchard meals which were fed.

Furthermore,

there was no relation between the color or the texture of the pilchard
meals and the rate of growth of the chicks.
Sure and Easterling, (1952) determined the biological values of protein
in fish meals by the nitrogen retention method.
were as follows:

The biological values

sardine meal, 86.4; menhaden fish meal, 86.9; red fish

meal, 87.3; Alaska herring meal, 79.7; herring meal with fish solubles,

82.2; anchovy meal, 82.6 and crab meal, 85.9.
Bunyan , et al. (1964) reported that the protein quality of British

--

white fish meal is better than the Peruvian anchovy meal.
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Bender and Haiz-elden ( 1957) found that the net protein utilization

(NPU) of several fish meals ranged from 18 to 80.

The percentage of protein

ranged from 59 to 89.1 and the percentage of minerals ranged from 3.1 to

26.5.

There was no consistent evidence of serious damage resulting from

,

defatting and deodorizing the fish meals to convert them to edible fish
flours.
Potter et al. (1962) reported experiments on six different samples
of menhaden fish meal.

The fish meals varied from 88.1 to 92.2 percent dry

matter, 4.22 to 4.64 Calories gross energy per gram, 59.1 to 64.2 percent
protein and 9.3 to 12.2 percent fat.

The metabolizable energy values of

the fish meal ranged from 2.47 to 3.12 Calories per gram on the dry matter
basis.

The coefficients of digestibility of protein in these fish meals

varied from 65.3 to 76.3, and the coefficients of digestibility of fat from

74.6 to 86.3.
Results of experiments to determine biological avilability of amino
acids in fish meal were reported by Ousterhout ei;, al. (1959).

They devel-

oped a procedure to estimate the amounts of certain amino acids furnished
by different -protein sources.

They state that the method was used · success-

fully to estimate lysine, methionine and cystine, tryptophan, phenylalanine,
histidine and threonine.

It was less successful for arginine and unsatis-

factory for glycine, isoleucine, leucine and valine.
Recently, Smith and Scott (1965 a) showed that fish meals vary widely
in their amino acid content.

The fish meals assayed appeared to be defici-

ent in the sulfur amino acids.
Rand et al. (1960) reported that striking differences in the protein
quality of commercial fish meal samples were measured in their assay and
possible causes were investigated.

Meals made from different fish species

and several fish organs were evaluated.

Fish meal composition, excessive
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heating, fat removal, and duration of storage were shown to have significant
effects on the protein quality of fish meals.
Smith and Scott (1965b) reported that a comparison of the amino acids
available in fish meal protein before and after heat treatment clearly
demonstrated a loss of available lysine to the chick upon heat treatment.
In addition it was shown that threonine is also rendered less available
with heat treatment.
Carpenter et al. (1957) found that the addition of lysine to heat
damaged fish fillets and to a commercial fish meal raised their value; not
much effect was obtained with high quality vacuum dried fillets.
In experiments with chicks it was found that the nutritive value of
herring meal was not improved when the oil was removed by extraction with
hexane.

When low temperature dried herring meal was extracted with hexane

the folic acid in extracted meal was less stable than that in the original
meal, (Biely and March, 1955).
Carpenter et al. (1963) reported that chicks receiving fresh herring ·
meal for 10 ·days gained 6.8 gms./day.

Those receiving meal stored in a can

at 20° C. for one year gained 5.9 gms./day while those receiving a doublefat meal stored one year in air at 20° C. gained 5.1 gms./day.

The add- .

ition to the diet of 2.5 percent herring oil, pre-oxidized to a peroxide
value of 142 micromoles/gm., also failed to depress growth.
March et al. (1962) reported that utilization of the lipid fraction of
freshly prepared meal was approximately 80 percent of that of herring
oil.

The value dropped to 70 percent utilization after storage of the

meal for 11 months.

BHT treatment of herring meal protected the fat

content against oxidative changes.
herring meal was likewise improved.

Utilization of the fat in BHT treated
In freshly. prepared BHT treated meal

the fat was utilized 91 percent as well as herring oil and after storage of

7

11 months the relative utilization dropped only to 82 percent.
Evans and Carver (1944) found no significant changes in the gross
protein value of the fish meals after ten months storage regardless of the
processing treatment or the type of container used for storage.
Culbertson (1960) reported that about 180 separate samples of fish
meals were tested for comparative nutritive value by including a limited
uniform amount of fish meal protein in an otherwise complete practical
broiler diet.

Commercial fish meals and meals processed in a pilot plant

were tested.

All experimental diets were individually balanced using corn

meal, soybean meal, bone meal, fat and methionine.

They were all formu-

lated to contain 21.5 percent protein, 0.5 percent methionine, a

cal6~ie

to protein ratio of 45, 1.05 percent calcium, and 0.66 percent phosphorus.
Fish meal provided three percent protein or about 14 percent of total
protein.

The processing variables for the commercial meals were fresh and

spoiled raw fish, steam and hot air dried scrap, and grinding and bagging
before and after floor cure of the scrap.
Only diets containing meals processed in the pilot plant were statistically different from the others.
of the commercially processed meals.

Quality of protein was equal for most
So with this method of testing only

a few differences in quality of prote-in of fish meals were demonstrated
and none could he correlated with commercial processing variables.

On

the basis of this work, they concluded that for all practical purposes
fish meals of normal commercial production are a more reliable and a
more constant source of supplemental animal protein tlan thought previously.
Coti:@:nseed Meal.

Cotto.nseed meal is the most common vegetable protein

concentrate available for farm animals and poultry throughout the world.
Cotta:nse'ed meal is used as a protein source in poultry rations, but its
use is limited by deficiencies of certain essential amino acids and the
presence of gossypol a toxic substance.

Gossypol is a complex polyphenolic,

8

dicarbonyl compound which is soluble in the common fat solvents.

All of

the gossypol of the seed is contained in gelatinous capsules called pigment glands.
G:rau(l946) reported that lysine and methionine are the most deficient
amino acids when the meals are prepared from glanded cottonseed.

The

methionine deficiency was found to be less marked than that of lysine.
Recently, Anderson and Warnick (1966) have reported experiments conducted to determine the sequence in which the essential amino acids become
limiting for growth of chicks fed glanded cotfu:nseed meal.

Lysine was

found to be the most limiting amino acid in the meals followed by methionine,
is·oleucine and threonine in the order named.

The leucine level appeared to

be marginal when cottonseed meal provided 18 percent protein in the diet.
Soybean meal.
poultry.

Soybean meal is a well balanced protein source for

The United States produces annually about eight million tons.

levels of amino acids are high enough,

ex~ept

for methionine, to compensate

for all the deficient amino acids in the grain used commonly in poultry
rations (Anderson et al. 1964).

The
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EXPERIMENTAL PROCEDURE
Three different fish meals were used in these experiments.
of Peruvian fish meal, herring meal
local feed dealers.
the producers.

The tuna

2

1

The lots

and soybean meal were obtained from

and cottonseed 3 meals were obtained from

The percentages of protein, calcium, phosphorus, and the

estimated metabolic energy in these supplements are given in Table 1.

Table 1.

Composition of the protein supplements used in the experiments
Protein
(%N x 6.25)

. ) Supplement

Calcium
%

Phosphorus
%

Estimated
Met. energy
Cal./gm.

71.9
73.7

2.57
2.28

2.38
2.10

2.97
2.98

Peruvian fish meal

63.0

4.94

3.10

2l 90

Tuna meal

53.1

7.68

2.33

2.75

Soybean meal

50.2

0.25

0.60

2.53

Coti:o-nseed meal

50.2

0.17

1.45

2.22

Herring meal lot #1
lot #2

The first experiment was conducted to compare the value of the three
fish meals when fed as the only source of protein in a chick diet.

Each

ration contained 18 percent protein from one of the fish meals; the composition of these rations was similar to those given in Table 3, otherwise.
The three fish meals were compared in a corn and cottonseed meal
ration.
1

2

Composition of rations fed is given in Table 2.

All rations fed

Produced by British Columbia Packers Ltd., Vancouver, B. C.
star-Kist Foods, Terminal Island, California o

3Ranchers Cotton Oil, Fresno, California.
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in the latter comparison (rations l, 2;,and 3) contained 3.6 percent
protein from one fish meal and the same level of cottonseed meal.

Numerous

reports have demonstrated that the most limiting amino acid in cottonseed
meal is lysine.

Fish meal is high in lysine; and the latter comparison

was d'e signed primarily to determine which meal provided the most available
lysine.

Table 2.

Composition of the practical-type rations fed in
the first exPeriment

Ingredients

Ration
2
gms./kg.

l
Ground yellow corn, 10.1% prot.
Cottonseed meal
Alfalfa meal, dehd., 17% prot.
Animal fat
Vitamin mixa
Salt
Limestone flour
Dicalcium phosphate, 18.5% p
Herring meal, lot #l
Peruvian fish meal
Tuna meal
Antibiotic supp l ementb

635
230
20
20
20
4
10
10
50

632.5
230
20
20
20
4
8.5
7

3
627
230
20
20
20
4
2
8

57
l

l

68
l

aComposition of this mixture is given by Anderson and Warnick
(1964) in footnote to Table l; 70% of the mixture is corn.
hProvided 22 mgs. of zinc bacitracin/kg. of ration.

Following this experiment a series of experiments was conducted to
determine which amino acids are most limiting in each of the fish meals.
The amino acid composition of the meals was determined by ion exchange
chromatography by the method of Spackman et al. (1958).
are given in Appendix Table l.

The levels found

However, results of such determinations

are not as accurate as desirable, and some of the amino acid in the meal -s might not be available to chicks.

Thus it was considered worthwhile to

ll
determine by chick test which amino acids are most limiting in each meal.
To determine the most limiting amino acids in a meal, semi-purified
rations were fed which contained 14 percent protein from this meal and
approximately 4 percent protein from an amino acid mixture.
tion of the basic semi-purified rations is given in Table 3.

The composiThe amino acid

mixture used in each basic ration contained all of the essential amino
acids and was designed to produce a well balanced ration when fed with 14
percent protein from that fish meal.
In experiments with each fish meal, the basic ration and 10 other
rations were fed.

Each non-basic ration had one of the strictly essential

amino acids removed from the basic ration's amino acid mixture.

More

glutamic ac·id was added to those rations to keep the nitrogen level constant.
The most limiting or deficient amino acid in each fish meal was considered
to be the amino acid whose removal from basic ration 1 s amino acid mixture·
(ration 4, 5, 6, or 7) produced the greatest reduction in growth rate.

A

ration based on soybean meal and methionine was fed in each experiment for
comparison (ration 8, Table 3).

This ration also contained 18 percent

protein.
Fish meal is a good source of essential amino acids but the cost of
fish meal is usually relatively high.

It is not economical to use fish

meals in chick diets in large quantities.

Tests were conducted to determine

how well chicks would perform when fed rations containing each of the fish
meals as a supplement to a corn and soybean meal ration and as a supplement
to a corn and cottonseed meal ration.
The composition of the rations based on corn, soybean and fish meal is
given in Table 4.

Rations 9, 10, ll and 12 contained 5 percent protein

from one fish meal and some level of corn, soybean meal, alfalfa and vitamin mix.

Ration 13 was based on corn and soybean meal and was fed for

12
Table

2·

Com:Qosition of the basic semi-:Qurified rations

Ingredients

q

5

Herring meal, lot #l
Herring meal, lot #2
Peruvian fish meal
Tuna meal
Soybean meal
Vitamin mix{\
Cottonseed oil
b
Antibiotic supplement
Alphacel-c
Salt
Dicalcium phosphate, 18% p
Limestone flour
Sodium bicarbonate
Sodium sulfate
Magnesium sulfate
Potassium chloride

195

Potassi~ bicar~o8ate

Trace m1neral m1x ~
L-glutamic acid
Glycine
L-arginine HCl
L-histidine HCl H 0
2
L-lysine HCl
L-leucine
DL-isoleucine
DL-valine
DL-phenylalanine
L-tyrosine
DL-tryptophan
DL-methionine
L-cystine
DL-threonine
Glucose monohydratee _

Ration
6
gms./kg.

8

7

190
222
26lj,
80
10
l
15
3.75
16.5

80
10
l
15
3.75
16.5

80
10
l
15
3.75

3.25

3.25

3.25

1.75

1.75

1.75

5
0.6
18
3.5
q
2
0.3
2
q.25
5
q
2.6
0.5
0.5
2
3
615.9

5
0.6
17.95
3.5
q
2
l
2
q.25
5
q
2.6
0.5
l
1.5
3
620.85

5
0.6
21.8
3
5.5
1.25
l
0.8
2.2
q
3
2.5
0.5
0.8
1.2
3
607.1

80
10
l
15
3.75

5
1.3
5
0.6
q5.l
2.5
0.8
0.1
0.8
l
3
l
1.5
0.5
l
l
2
55lj,.05

358
80
10
l
3.75
25
10
l.q
l
0.6

2
508

aComposition given by Dobson et al. (l961j,).

--

bProvided 22 mgs. Zinc bacitracin/kg. of ration.
~Finely ground cellulose purchased from Nutritional Biochemicals Corp.,

Cleveland, Ohio.
dProvided the following in gms.jkg. of ration:
0.01 KI0 ; 0.13 Znco ; and 0.01 CuSOlj,.
3
3
6

0.2 FeC H o ; 0.25 MnSOq H 0;
2
6 5 7

Cerelose, Corn Products Company, New York, N. Y.
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comparison to rations 9, 10, 11 and 12.

All five rations were calculated

to contain 2'4: percent protein, 314:0 Calories of metabolizable energy/kg.,
1.08 percent calcium, and 0.67 percent phosphorus.

Table 4:.

Compositi-on of the practical-type rations based on corn, soybean
meal and fish meal

Ingredients

Ground yell ow corn, 10.1% prot.
Soybean meal
Alfalfa meal, dehy.
Vitamin mixa
Cottonseed oil
b
Antibiotic supplement
DL-methionine
Salt
Dicalcium phosphate, 18% p
Calcium carbonate
Herring meal lot #1
Herring meal lot #2
Peruvian fish meal
Tuna meal
Starch
a

9

10

570
250
20
20
23
1
1

570
250
20
20
23.3
1
1

q

11
11.5
69.5

q

12.2
11.5

Rations
11
gms./kg.
570
250
20
20
20.5
1
1

12

13

570
250
20
20
20
1
1

529.8
357
20
20
39
1
1
4:'
17.2
11

q

q

6.5
9.2

8

68
79.5
19

19

18.3

94:
12

See Table 2, footnote 1.

bProvided 22 mgs. zinc bacitracin/kg. of ration.

The composition of three rations containing combinations of fish meal,
corn and cottonseed meal is given in the Table 5.

Ration 14:, 15 and 16

contained 3.6 percent protein from one of the fish meals.

All rations in

Table 5 were formulated to contain 21.8 percent protein, 3100 Calories
metabolizable energy/kg., 0.95 percent calcium and 0.76 percent phosphorus.
Rations 14:, 15 and 16 have the same level of corn and cottonseed meal.
Ration 17, based on corn and soybean meal, was fed for comparison to
rations 14:, 15 and 16.
16 they replaced starch.

When amino acids were added to rations 14:, 15 or

14
Table 5.

Compos·i tion of practical-type rations based on corn, cottonseed
meal. and fish meal

Ingredients

Ration
15

14

16

17

600
230

606.5

gms./kg.

Ground yellow corn, 10.1% prot.
Cottonseed meal
Soybean meal
Vitamin mix~
Alfalfa meal, dehy. b
Antibiotic supplement
Cottonseed oil
Salt
Dicalcium phosphate, 18% P
Calcium Carbonate
Herring meal lot #1
Peruvian fish meal
Tuna meal
DL-methionine
Starch

600
230

600
230

20
20
1
20
4
7.5
12.5
50

20
20
1
18.5
4
4.3
10.8

299
20
20
1
21
4
22.5

20
20
1
18
4
5.3
4.1

5

57
68
1
34.4

35

29.6

aSee Table 2, footnote 1.
bProvided 22 mgs. zinc bacitracin/kg. of ration.

Chicks of both sexes from broiler crosses were used in all experiments.
The chicks were fed a

pr~cal

perimental rations were fed.

type ration for two days before the exGroups of equal weight containing five chicks

were starte·d on the experimental rations at the two days of age.

Experi-

ments with semi-purified rations lasted 12 days; experiments with practical
type rations lasted 24 days.

At the end of each experiment, in which semi-

purified rations were fed, the mean weight gain of each group of chicks was
expre·ssed as a percentage of the mean weight gain obtained when comparable
groups of chicks were fed the basic ration.

A relative

was calculated for each group in the same manner.

g·ain/feed ratio

In experiments with the

practical type rations the weight gain/bird and gain/feed ratios were
calculated for each group.
The birds were housed in electrically heated, thermostatically

15
controlled battery brooders with raised wire screened floors.

Feed and

water were supplied ad libitum.
The data were analyzed by the analysis of variance (Snedecor
and in some cases by Duncan's

(1955) multiple range test.

1956)
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RESULTS AND DISCUSSION
Before discussing the results of these experiments, I

wish '~ to

remind

the reader that what is said applies only to the lots of fish meal used.
I do not wish to infer that what is said about any one meal applies to
all meals prepared from that species.
Results obtained when the three fish meals were compared as the only
source of protein and as a supplement to a corn and cottonseed meal ration
are given in Table 6.

Within each experiment means followed by the same

letter are not significantly different (P<0.05).

The gain/bird and the

gain/feed ratio obtained with herring meal were better than those with
tuna meal or Peruvian fish meal.

The gain/bird was significantly (P~0.05)

greater with the soybean meal and methionine ration than with any fish meal
ration.
The corn and cottonseed rations in the first experiment were designed
primarily to determine which fish meal contained the most available lysine.
The results showed that herring meal was the best source of lysine.

The

gain/bird and gain/f·e ed ratio of the chicks fed ration l were better than
that obtained with rations 2 and 3.

The growth rate and gain/feed ratio

were higher with the Peruvian fish meal supplement than with the tuna
meal.

We know from the later experiments that the most limiting amino acid

in Peruvian fish meal is arginine.

Cottonseed meal is high in arginine, so

the arginine deficiency in the Peruvian fish meal is not serious when it
is used with cottonseed meal.
Results obtained in the studies conducted to determine which amino
acids are most limiting in the three fish meals are presented in Tables 7,
8, and 9.

Many similar experiments have been conducted at the Utah State

17

Table

6.

Results obtained when three fish meals were compared as the
only source of protein and as a supplement to a corn and
cottonseed meal ration

Ration protein source

Gain/bird .
a
23 days-gms.

Gain/feed
ratio

17.9% Soybean meal protein
& 0.2% DL-methionine-Ration 8

308 a

.57 a

18% Herring meal protein-lot #1

282 b

.57 a

18% Tuna meal protein

188 c

.45 b

18% Peruvian meal protein

143 c

.44 b

Corn, cottonseed & herring
Ration 1

281 a

.53 a

Corn, cottonseed & Peruvian
fi-sh meal - Ration 2

260 a, b

.51 a, b

243 b

.50 b

Corn, cottonseed & tuna
Ration 3

aFour groups of five chicks each were fed each ration. Within each
experiment means followed by the same letter are not significantly
different (P~0.05).
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University Poultry Farm on other sources of protein.

Most of the data

have been analyzed statistically; almost always a difference of 8 in
relative gain and a difference of 5 in relative gain/feed ratio are significant (P<.0.05), when four groups/treatment were used.
The experiments were conducted primarily to determine which amino
acids are most limiting in the protein of feedstuffs used in poultry
rations.

Such tests would be of greater value to the poultry industry if

the abso-lute available amount of each essential amino acid could be estimated from the test.

It may be desirable to do this later, but even the

information gained in these experiments are helping to identify some of the
less seriously limiting amino acids in practical poultry rations.

The more

seriously limiting amino acids have already been identified.
Each essential amino acid of the mixtures in rations q, 5, 6 and 7
was removed in turn to determine which is the most limiting in the three
fish meals.

The relative gains and gain/feed ratios obtained with herring

meal are shown in Table

7.

The most limiting or deficient amino acid in

the herring meals is defined as the amino acid whose removal from amino
acid mixture of rations q and 5 produces the greatest decrease in growth
rate.

Thus isoleucine was found to be the most limiting amino acid in her-

ring meal followed by histidine, methionine and cystine and tryptophan.

Th~

analysis (see Appendix Table l) also indicated isoleucine and histidine are
found in this meal at relatively low levels.
in herring -meal are not serious for the chick.

These amino acid deficiencies
When isoleucine was removed,

the relative gain decreased only about 25 percent.

Removing methionine and

cystine from a similar ration based on soybean meal decreased gain by
70 percent.
Chicks fed the basic rations _. based on either lot of herring meal performed as well as chicks fed the ration based on s_o ybean meal and
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Table 7.

Results obtained when ~ach amino acid was removed from an
amino acid mixture adde'd to rations based on two lots of
h-erring meal

Amino acid removed

Lot #2
Lot #l
. a Re-1. GjF! -Re-1-. gain Rel. GjF
Rel. ga1n-

77
78
80
85
88
89
90
93
94
104

100
89
93
89
95
93
97
94
99
97
103

100
76
77
84
79
92
81
87
86
92
96

100
92
87
88
89
97
90
93
93
94
97

94

91

104

90

None

100

Isoleucine
Histidine
Methionine & cystine
Tryptophan
Arginine
Phenylalanine & Tyrosine
Leucine
V-aline
Threonine
L;tsine
Ration with soybean meal and
methionine (Ration 8)

aThe values given are the average relative gains and gain/feed ratios
obtained in two experiments with a total of 4 groups of 5 chicks each
per ration. A difference of 8 in the relative gain or a difference of
5 in the relative gain/feed ratio is required for statistical signifi;cance at the 5% level.
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methionine (ration 8).
The amino acid patterns in the two samples of herring meal were
similar, but the herring meal of lot
amino acids and valine.

#2

appeared to be lower in the aromatic

Herring meal ranked high in available lysine; this

was also reported by Ousterhout et al. (1959).

These experiments showed

that herring meal is a good source of essential amino acids and high in
lysine.

Many of the protein sources used in poultry rations are deficient

in lysine.

A supplement such as herring meal is needed.

This is the main

reason herring meal is relatively high in cost today.
Results obtained in the experiments with ration 6 are given in Table 8.
The most limiting amino acid in the Peruvian fish meal is arginine, followed
by valine.

Ousterhout et al. (1959) also found arginine to be deficient in

a Peruvian fish meal.

--

The performance obtained with ration 6 was not as

good as obtained with ration 8.

This makes it unreasonable to compare

results obtained with the herring and Peruvian meals for the purpose of
listing relative available quantities of the essential amino acids in the
two meals.
Results obtained when each amino acid was removed from the amino acid
mixture added to the basic ration based on tuna meal are given in Table 9.
They indicated that methionine and cystine are the most limiting amino
acids in tuna meal followed by arginine and valine.

Again performance

obtained with ration 7 was not good as with ration 8.
the tuna meal is not as digestible as the herring meal.

This suggests that
The high glycine

level in this meal (see Appendix Table 1) indicates that the tuna meal
contains a different type of protein than the other meals.

Experiments

are now being conducted to determine the apparent digestibility of the
protein of this meal and the other meals used in these experiments.
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Table 8.

Results obtained when each amino acid was removed
from an amino acid mixture added to a ration based
on Peruvian fish meal

Amino acid removed
None (Ration 6)

. a

Rel. ga1n

Re-1. (]:/Fa

100

100

Arginine

65

76

Valine

88

101

Methionine & cystine

95

94

Histidine

96

101

Lysine

98

100
104

Leucine

99
100

101

Threonine

102

101

Phenylalanine & tyrosine

104

104

Isoleucine

109

103

Soybean meal & methionine
(Ration 8)

133

107

Tryptophan

aThe values given are the average relative gains and gain/feed
ratios obtained in two experiments with a total of 4 groups
of 5 chicks each per ration. A difference of 8 in the relative
gain or a difference of 5 in the relative gain/feed ratio is
required for statistical 8significance at the 5% level.
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Table 9.

Results obtained when each amino acid was removed
from an amino acid mixture added to a ration based
on tuna meal

Amino acid removed

. a.

Rel. ga1n

Rel. G/Fa

100

100

Methionine & cystine

74

83

Arginine

88

91

Valine

88

94

Isoleucine

93

96

Phenylalanine & tyrosine

94

97

Threonine

96

98

Histidine

96

97

Leucine

96

97

Tryptophan

99

98

Lysine

104

99

Soybean meal & methionine
(Ration 8)

129

112

None (Ration7)

aThe values given are the average relative gains and gain/feed
ratios obtained in two experiments with a total of 4 groups of
5 chicks each per ration. A difference of 8 in the relative
gain or difference of 5 in the relative gain/feed ratio is
required for statistical significance at the 5% level.
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The results obtained when chicks were fed the practical type rations
based on corn, soybean meal, and fish meal are given in Table 10.

Sub-

stitution of any fish meal for part of the soybean meal in ration 13 significantly increased growth rate and feed efficiency.

The improvement

obtained with lot #2 herring meal was greater than that obtained with the
other fish meals.

Methionine addition significantly increased growth rate

and feed efficiency.

The performance tended to be increased more by the

addition of methionine to ration 13

than··~ to

rations containing one of the

fish meals, and the increase was greater with rations containing tuna and
Peruvian meals than with the rations containing the herring meals.

The

results suggest that the fish meals are better sources of methionine and
cystine than soybean meal and that the herring meals are better sources
than the tuna and Peruvian meals.

However, the interaction between methion-

ine and fish meal is not statistically significant.

Table 10.
Ration
No.

Results obtained when three fish meals were used to supplement
a corn and soybean meal rationa
Fishmeal

Without methionine
Gain7bird
Gain7feed

With methionine
Gain7bird
Gain7feed
gms .

gms.
None

318

. 54

412

.57

9

Herring lot #l

443

.59

454

.58

10

Herring lot #2

472

.58

477

.58

ll

Peruvian

414

.55

440

.58

12

Tuna

421

.55

432

.57

13

\t least four groups· of five chicks each were fed each ration except the
rations with herring meal of lot #2; only two groups were fed each ration
with lot #2 herring meal.

Results obtained with the three rations based on corn, cottonseed
meal and fish meal are given in Table 11.

The performance obtained with

ration 17, a ration based on corn and soybean meal, is significantly better
than that obtained with rations 14, 15 and 16.
contain 23 percent cottonseed meal.

Rations 14, 15 and 16 all

The producer of this meal has reported

that typical lots of the meal contain 0.02 percent free gossypol and 0.94
percent total gossypol.

The relatively high

gos~ypul

content of these rations

may be responsible for the poorer performance.
The chicks fed ration 14 gained more weight than those fed rations

15 and 16.

Methionine addition to rations 14, 15 and 16 did not signifi-

cantly affect the chick's performance, but weight gain and feed efficiency
were increased by the addition of a mixture of methionine and lysine (a
mixture of five amino acids in the case of ration 16).

The amino acid

mixtures added appeared to make the rations containing the Peruvian and
tuna meals equivalent to the rations containing herring meal.

Table 11.

Ration
No.

Results obtained when three rations based on corn, cottonseed
meal and fish meal were supplemented with methionine, and
methionine and lysine~
Fishmeal

Basal ration
Gain
G7F
gms

14
15
16
17

Herring lot #l
Peruvian
Tuna

363
356
323

Basal & meth.
Gain
G7F
gms.

.52
.54
.49

None-corn &
soybean meal

Basal z meth.&_:-::-l;ys .b
Gain
G7F
gms.

369
343
331

.52
.49
.49

448

.56

390
412
394

.56
.56
.53

a Two groups of 5 chicks each per treatme;nt
bMethionine was added at a level of 0.125%, and lysine at a level of
0.075%; DL-isoleucine (0.05%), DL-valine (0.05%), and DL-threonine (0.03%)
were added with the methionine, and lysine added to ration 16.
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SUMMARY

Experiments were conducted to compare the value of three fish meals
when fed as the only source of protein in the chick's diet.

The meals

studied included herring meal, tuna meal, and Peruvian fish meal.
ration contained 18 percent protein from one of the fish meals.

Each
Herring

fish meal produced faster gains and better feed efficiency than the other
fish meals.
Experiments were conducted to determine which amino acids are most
limiting for chicks fed rations based on the three fish meals.

Isoleucine,

arginine, and methionine and cystine were found to be the most limiting
amino acids in the herring meal, Peruvian fish meal, and tuna meal respectively.
The three fish meals were used to supplement a corn and soybean meal
ration.

Addition of any of the three fish meals increased growth rate of

chicks; the herring meal produced the greatest increase.
Experiments were conducted to compare the value of these fish meals
when fed as a supplement to a ration based on corn and cottonseed meal.
The herring meal supplemented ration produced greater gains and better
feed efficiency than the tuna or Peruvian fish meal supplemente-d rations.
When a mixture of methionine and lysine was added to all three rations
equivalent results were obtained.
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APPENDIX
Table 12. Amino acid content of three fish meals as determined
by ion exchange chromatography
Peruvian
Tuna meal
Amino acid
Herring meal
fish meal
gms./16 gms. N
~()

Arginine

6.3

6.3

4.6

Histidine

1.9

2.6

3.1

Lysine

7.2

7.6

7.4

Leucine

8.2

6.9

Isoleucine

3.9

9-9
4.8

:<..}),_.
'q. V
?. o

3.5

3'j

Valine

4.3

5.0

3.6

'f. I

Phenylalanine

3.3

3.5

2.9

3<#

Tyrosine

2.5

2.5

2.1

~r/,.

Methionine

2.3

3.1

1.8

Threonine

5.1

4.3

4.0

Glycine

6.1

7.2

12.2

Glutamic acid

19.3

14.1

9.6

Aspartic acid

8.8

11.1

4.9

Proline

5.7

3.2

4.4

Alanine

6.8

7.9

9.0

Serine

5.5

5.0

3.8

Jf?L

2t/6~~
'-(~

~Jr
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