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Studies have been conducted with broilers and layers fed 

manually formulated or linear programmed rations. Experiments 

with broilers have involved the following: 1) determining the lysine 

requirement with and without cottonseed meal in the ration, 2) for- 

mulating by linear programming rations made up from different re- 

ported amino acid mixtures and 3) developing amino acid mixtures 

and formulating rations from these specifications using linear pro- 

gramming. The layer studies have involved: 1) developing rations 

using predicted rates of egg production based on the methionine need 

for egg production and 2) formulating by linear programming rations 

using various amino acid mixtures. 

In studying the lysine requirement of chicks, microbiological 

assays and chick experiments were used. Microbiological assays 



showed that the lysine content of cottonseed meal and the other selected 

feedstuffs exceeded the values reported in the literature. Results ob- 

tained from chick experiments indicated that both manually formulated 

and linear programmed rations meeting the reported lysine require- 

ment of 1 percent resulted in depressed growth. The addition of lysine 

to these rations exhibited a significant growth response. It was con- 

cluded that the lysine requirement of chicks under conditions of these 

experiments was 1. 1 percent for rations containing calculated protein 

levels of 18.4 and 21. 1 percent. 

The results comparing linear programmed rations formulated 

from different amino acid mixtures reported in the literature showed 

that the National Research Council's (NRC) amino acid mixture as 

well as the Dobson -Anderson mixture was inadequate from the stand- 

point of supporting maximum growth. The Klain mixture and the NRC mix- 

ture increased by 50 percent appeared capable of supporting optimum 

growth, while the Arse ott -Brown mixture and the NRC mixture inc r ea s ed 

by 25 percent were considered optimum mixtures from an- economic point 

of view. 

Experiments comparing developed amino acid mixtures and 

formulating rations using these specifications by linear programming 

indicated that the egg albumin -NRC mixture increased by 20 percent 

was capable of supporting optimum growth over the control mixture 

and the egg albumin -NRC mixture. There was no significant 



difference in body weights when the optimum mixture and the egg 

white -NRC mixture were compared. It was concluded that the egg 

albumin -NRC mixture increased by 20 percent more nearly meets 

the chick's amino acid needs than the NRC mixture. 

Layer studies involving manually formulated rations and using 

predicted rates of egg production based on the methionine need showed 

that there was no correlation between the predicted egg production 

rates and the rates of egg production obtained. The addition of methi- 

onine to these rations failed to improve rate of egg production. Ex- 

planations for these results were discussed. 

Layers fed linear programmed laying rations formulated from 

various amino acid mixtures showed no significant difference in 

rate of egg production between the control mixture versus the NRC 

mixture with or without upper amino acid restrictions or a ration de- 

veloped from an amino acid mixture theoretically capable of support- 

ing 100 percent of egg production. It was found that applying an upper 

limit to the NRC mixture appeared to have some adverse effect on 

egg production. 
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DEVELOPMENT AND EVALUATION OF ESSENTIAL AMINO ACID 
MIXTURES IN BROILER AND LAYER RATIONS 

FORMULATED MANUALLY OR BY 
LINEAR PROGRAMMING 

INTRODUCTION 

Statement of the Problem 

The essential amino acid requirements of growing chicks and 

laying hens have received a great deal of attention by nutritionists 

and feed manufacturers. There has been increased interest in the 

possible application of amino acid requirement data to formulate prac- 

tical rations which are adequate for growth, maintenance and repro- 

duction. Numerous investigators have conducted experiments to de- 

termine the individual essential amino acid requirements of growing 

chicks and laying hens. Much work has been done using purified or 

semi -purified diets. Other studies have been conducted with practi- 

cal rations. The relationship of other factors, such as energy intake, 

to these requirements has also been investigated. 

The 1960 revision of Nutrient Requirements of Poultry from 

the National Research Council lists the essential amino acid require- 

ments for growing chicks and laying hens which have been summar- 

ized from reports in the literature. However, data regarding the 

essential amino acid requirements of laying hens is still incomplete. 

Conflicting reports on the essential amino acid requirements of 
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growing chicks are also apparent from the literature. 

Recently, a special technique for formulating rations by 

"Linear Programming" using the electronic computer has been 

developed. This technique has provided a great advantage in 

formulating feeds for poultry and other farm animals. However, 

the change -over from manual formulation to computer formulation 

has not always produced the most efficient rations as measured by 

bird performance. 

As a result of the use of the electronic computer to formulate 

least -cost rations, the need for more quantitative information on the 

essential amino acid requirements has become apparent. Also in- 

volved is the development of suitable mixtures of essential amino 

acids determined by using different criteria. It is recognized that 

data on the amino acid composition of feedstuffs may be a limiting 

factor in studies of this sort; however, a start has to be made some- 

where. 

Purpose of the Studies 

The purpose of this investigation is to develop and evaluate 

essential amino acid mixtures for broiler and layer rations formu- 

lated manually or by linear programming using different criteria. In 

studies with chicks, rations were formulated on the basis of a num- 

ber of reported amino acid mixtures or amino acid patterns present 
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in egg white and egg albumin. In studies with laying hens, rations 

were formulated on the basis of the amino acids needed to sustain 

certain rates of egg production as well as using the amino acid mix- 

ture cited by the National Research Council. 
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REVIEW OF LITERATURE 

General Aspects of Essential Amino Acids 

Rose (1952) stated that the animal needed protein for the syn- 

thesis of a variety of nitrogen -containing compounds and amino acids 

that could not be synthesized in adequate amounts. The essential 

amino acids must be supplied by the diet in proper proportions and 

amounts to meet the requirements for growth, maintenance and other 

metabolic processes. The animal could synthesize the non -essential 

amino acids to meet its requirements; however, the rate of synthesis 

varied with the species and physiological state. It was noted that cer- 

tain amino acids might be dietary essentials under some conditions 

but might not be essential under other conditions. 

Almquist (1944) reported that the chick had a definite require- 

ment for all of the amino acids. Some amino acids must be derived 

from the diet while others could be synthesized by the chick from other 

amino acids. If any one of the essential amino acids in the diet was 

inadequately supplied the utilization of the other amino acids and of 

the diet as a whole was reduced. On the other hand, amino acids 

present in excess would not be stored. 

Almquist (1945) stated that the requirement of the chick for 

protein was mainly an expression of the amino acids which the protein 
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contains. In discussing the essential amino acids of the chick, 

Almquist (1957) noted that the chick, in contrast to the rat, could 

not synthesize arginine at all. The chick apparently could not syn- 

thesize glycine, glutamic acid and proline effectively enough for the 

demands of early rapid growth. All other amino acids required by the 

rat were also required by the chick. Cystine and tyrosine were re- 

quired under certain conditions. Methionine could replace all the 

cystine, but cystine could replace only a portion of the methionine. A 

similar relation held between phenylalanine and tyrosine. Tyrosine 

was synthesized from phenylalanine but only when there was enough 

phenylalanine to meet the needs for both amino acids. 

Amino acids required for the production of eggs and meat have 

been reviewed by Ewing (1963). He noted that amino acid require- 

ments for growth were different from amino acid requirements for 

egg production. The higher contents of arginine, histidine, lysine 

and threonine in chicken muscle, over those of the egg, indicated a 

relatively greater need for these amino acids during the period of 

growth. The need for glycine and cystine for feather formation was 

high during the period of early growth but lower for maintenance and 

feather replacement. 

Determination of Essential Amino Acid Requirements 

Almquist (1956) stated that there were several ways to 
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determine the amino acid requirements of animals. These might be 

described briefly as procedures based upon 1) amino acid composi- 

tion of the dietary protein, 2) growth of young animals, 3) efficiency 

of diet or of nitrogen utilization, 4) nitrogen balance, 5) protein 

repletion or restoration of tissue of protein - depleted adult animals 

and 6) analysis of the carcass for amino acids. 

Rose (1938) stated that growth of young rats was the chief cri- 

terion of amino acid adequacy in the elaboration of the lists of essen- 

tial and non -essential amino acids. Where a sufficient amount of var- 

ious amino acids was added for support of maximal rate of gain that 

amount was regarded as the minimal requirement. Almquist (1957) 

reported that there was a straight line relationship between amino 

acid requirements and rate of growth of the chick when the amino acid 

requirements of chicks were plotted against rate of growth over the 

range of amino acid supply necessary to meet the full requirement. 

If no intake of essential amino acids occurred, tissue protein syn- 

thesis was stopped. Growth increased in proportion to the level of 

the essential amino acid which was fed, up to an optimum point, and 

plateaued with higher amino acid levels. This point determined the 

optimum requirement. 

Grau (1947) stated that the comparison of amino acids of the 

carcass and the diet was a way to estimate amino acid utilization and 

balance, if it was assumed that the proportions of amino acids in the 
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carcass were indicative of the best proportions to be digested. 

Williams et al. (1954) reported on the amino acid content of the 

whole carcass of the rat, chick and pig at different stages of growth. 

They also gave the amino acid requirements of animals based on cal- 

culations from values obtained from carcass analysis. 

Almquist (1956) noted that the amino acid requirements esti- 

mated from carcass analyses could not replace actual feeding experi- 

ments because some amino acids served multiple purposes. Besides 

tissue synthesis, some amino acids were wasted in the metabolic 

processes while others could be regenerated or recovered. Thus, 

it was not reasonable to expect that the correlation of carcass and 

dietary composition would be very high. 

Almquist (1954 and 1956) stated that there was a high correla- 

tion of amino acid content of chick blood and amino acid content of the 

diet. In case of a deficiency of an amino acid in the diet, the same 

amino acid in the blood dropped to a low level; however, when the 

diet supplied levels of amino acids approximating known require- 

ments there was little tendency for a relative accumulation of the 

amino acid in the blood. In case an amino acid in the diet was above 

the requirement, greater accumulation of that amino acid in the blood 

resulted. Since it was noted that relative surpluses or deficiencies 

of amino acids in the diet tend to be magnified in the free amino acid 

content in the blood, one might employ blood amino acid content as an 
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index to the amino acid adequacy in the diet. 

Essential Amino Acid Requirements for Chicks and Layers 

The National Research Council (1960) cited that chicks re- 

quired 20 percent protein in the starting ration and that layers needed 

15 percent protein in laying and breeding rations. They also listed 

the essential amino acid requirements, discussed the relationship of 

some essential to nonessential amino acids and noted the relationship 

of energy content to protein content in rations for chicks and laying 

hens. It was further noted that the convenient way of expressing nu- 

trients in terms of percentage of the ration was inaccurate because 

the dietary intake was dependent on the energy content of the ration. 

Protein and essential amino acid requirements could be defined accu- 

rately only in relation to energy content and degree of fat deposition 

preferably by using a minimum number of feedstuffs in the ration. 

Factors Affecting Essential Amino Acid Requirements 

Nutrition 

Energy- protein. Yacowitz (1953) reported that by increasing 

the levels of fat in chick rations from 2.5 and 5 percent to 10 and 15 

percent, with protein kept constant, signs of protein deficiency such 

as retarded growth and high incidence of feather picking were 
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observed. Hill and Dansky (1954) reported that by reducing the energy 

level in a low protein diet, chick growth could be restored. March and 

Bieley (1954) stated that additions of fat to a low protein diet caused a de- 

pression in growth, but the same additions to ahigh protein diet improved 

growth rate. 

Baldini and Rosenberg (1955) reported that the methionine re- 

quirement in a broiler ration, expressed as a percentage of the diet, in- 

creased as the energy content of the ration increased. They also noted 

that this concept applied only to a diet which was complete in all nu- 

trients. In a diet that was deficient in one or more nutrients the 

methionine- energy relationship was difficult to demonstrate. 

Rosenberg and Baldini (1957) studied the methionine require- 

ment of chicks using isocaloric diets with varying protein 

levels and found that the energy content of the diet governed the methi- 

onine requirement. When sufficient energy from non -protein sources 

was available to permit full utilization of the protein for tissue synthe- 

sis and repair, the methionine requirement, expressed as percentage 

of the diet, increased as protein level increased. In the absence of a 

sufficient amount of energy to permit the bird to make full use of the 

protein offered for growth purposes, increasing levels of dietary pro- 

tein were found not to require corresponding amounts of methionine. 

Griminger, Scott and Forbes (1957) reported that a deficiency 

of amino acids was partially corrected through increased voluntary 

feed intake resulting from replacing part of the carbohydrate in the 
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ration with fiber. Williams and Grau (1956) stated that a ration con- 

taining a suboptimal level of lysine gave better growth when cellulose 

was added to it. They explained that the addition of cellulose reduced 

the available energy content of the ration which forced the bird to con- 

sume more feed to meet its energy needs thereby resulting in more 

lysine intake to meet the amino acid requirement of chicks. 

Grau (1948) reported that the lysine requirement of the chick 

varied with protein levels of the diet. Thus the lysine requirement 

must be defined in terms of the protein level of the diet. Almquist 

(1949) demonstrated that the methionine requirement of the chick for 

maximal rate of gain on a 30 percent protein diet was 0.75 percent of 

the diet. In direct proportion, for a 20 percent protein diet, the es- 

tablished methionine requirement would be 0.5 percent. 

Almquist and Merritt (1950) indicated that the arginine require- 

ment of the chick also increased with the protein level in the ration. 

The arginine requirement was approximately 6. 0 percent of the pro- 

tein in the diet. Later, Almquist (1957) reported that the require- 

ments for the essential amino acids varied almost directly with the 

protein intake. Each essential amino acid must remain in balance 

with the dietary protein and other amino acids for most effective 

utilization. 

Almquist (1964) in a review on the amino acid requirements of 

poultry, noted that if the energy content of a poultry diet increased the 
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animal would tend to eat less food. If other nutrients remained at the 

same level while the energy content of the ration increased the animal 

would eat fewer other nutrients because of less total feed consumed. 

Therefore, the essential amino acid content in the diet must be raised 

in proportion to the increase in energy level. If the energy content of 

ration decreased the rule applied in reverse. However, he also stated 

that the content of essential amino acids in protein was more critical 

when protein was being used as a source of amino acids and less criti- 

cal when protein was used for energy purposes. 

Balance and imbalance. In a review of evaluation of protein 

nutrition by the National Research Council (1959b) it was stated that 

protein low in one or more of the essential acids was poorly balanced. 

Diets containing only unbalanced proteins could cause the development 

of amino acid deficiencies. If such proteins were not too greatly unbal- 

anced, an increased intake of protein would compensate for the defi- 

ciency and result in maximum performance. However, Almquist 

(1949) reported that growth rate of chicks was related to the proportion 

of amino acids in the ration even at super -normal protein levels. 

Poor results from unbalanced amino acids in diets were not corrected 

fully by feeding more of the same unbalanced protein. 

Klain, Scott and Johnson (1959) reported that when chicks were 

fed rations containing amino acids in the proportion occurring in 
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casein higher levels of arginine supplementation were needed to support 

good growth. Anderson and Dobson (1959) stated that casein was a 

good source of all essential amino acids except arginine and the sul- 

fur containing amino acids, methionine and cystine. These workers 

also reported a higher arginine requirement determined on these ca- 

sein rations and explained this observation on the basis of an imbal- 

ance of amino acids in casein. They formulated a ration containing 

other protein sources and added amino acids to provide the same es- 

sential amino acid content as contained in the casein ration and noted 

that the higher arginine requirement was still evident. 

Anderson (1961) reported that chicks fed rations containing 19 

percent protein with the essential amino acid content equal or over 

the requirements as listed by the National Research Council resulted 

in slow growth rate. The major factor contributing to these results 

was amino acid imbalance. The author also concluded that the es- 

sential amino acid requirements established by the National Research 

Council were not the best for his rapid growing chicks. 

Recently, Dobson, Anderson and Warnick (1964) conducted a 

series of experiments to determine the proportion of essential amino 

acids that would allow the chick to grow at a rapid rate. They re- 

ported that chicks fed a ration containing their calculated essential 

amino acid mixtures gained 25 percent more body weight and gain 

per feed ratio was 15 percent higher than with chicks fed a ration 
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adjusted to the National Research Council's minimum requirement 

levels. 

Availability. Ham, Sandstedt and Mussehl (1945) reported 

that there was a difference in growth rate of chicks fed raw soybean 

meal versus cooked soybean meal. Raw soybean meal contained an 

inhibitor which resulted in depression of growth. This inhibitor 

caused a reduction in the protein digestion of other proteins in a 

mixed ration as well as the protein of raw soybean meal. By chem- 

ical extraction of the inhibitor from raw soybean meal, one could feed 

the meal to the chick without prior heating and good growth resulted. 

Evans and McGinnis (1946) stated that the availability of methionine and 

cystine in soybean meal was increased by autoclaving the raw meal at 

proper temperatures. This availability was not great when the meals 

were autoclaved at high temperatures. 

Riesen et al. (1947), Patton, Hill and Foreman (1948) and 

Clandinin et al. (1946) reported that overheating of protein, in contact 

with carbohydrates, caused a second type of nutritional destruction of 

amino acids apparently through a reaction with carbohydrates that 

particularly attach to lysine, arginine and tryptophan which resulted 

in the formation of complexes that were unavailable to the animal. 

Beuk, Chornock and Rice (1948) demonstrated that overheating of 

fish meal and meat meal caused the side chain of lysine and possibly 
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arginine and histidine to form new linkages with other amino acid side 

chains which were resistant to enzyme reaction. 

Ousterhout (1958) determined the availability of amino acids in 

various protein feedstuffs by feeding the basal ration supplemented 

with the test protein and compared growth to chicks fed a basal ration 

supplemented with pure amino acids. He reported that there were 

great differences between values obtained by chick assay and micro- 

biological assay. It was noted that these differences came from the 

chemical hydrolysis in the microbiological assay which made amino 

acids unavailable to the chick available to the microorganism. The 

digestive enzymes of the chick could not release the amino acids as 

efficiently as did chemical hydrolysis. However, it was emphasized 

that proteins were varying in amino acid availability thus, they should 

be evaluated by the chick when being used as feedstuffs. 

Davis et al. (1961) noted that the first limiting amino acid in 

feather meal rations appeared to be histidine. According to a micro- 

biological assay, feather meal protein contained sufficient amounts 

of histidine. Histidine might not be available to the chick because 

the chick could not digest and assimilate all this amino acid from 

feather meal protein. It was also indicated that other essential 

amino acids in feather meal might be partially unavailable to the 

chick. Recently, Gordon (1964) suggested that the availability of 

amino acids in protein of various feedstuffs was dependent on the 
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nature, processing method and storage condition of such feedstuffs. 

In a complex ration, the determination of availability of amino acids 

was very difficult because many of the feed ingredients used might 

interfere with the assay. However, he stated that one could predict 

the availability of amino acids in the complex ration by determining 

amino acids availability of protein with chick assay and calculating 

the total amount of amino acids contained in the complex ration which 

would be utilized by the chick. 

Vitamins. Almquist (1946) reviewed the interactions between 

choline, betaine and methionine. He noted that chicks grew very 

slowly on a purified diet which involved a combined severe choline 

and partial methionine deficiency. The addition of methionine resulted 

in improved gains which reached a plateau at about two -thirds normal. 

The effect of methionine was definitely limited and, with respect to 

the choline requirement, probably consisted of providing methylating 

agents although there was no extensive synthesis of choline. 

De Bey, Snell and Baumann (1952) reported that in a diet con- 

taining 18 percent casein, without pyridoxine supplementation, the 

addition of methionine to this diet caused growth retardation. As the 

pyridoxine level of the diet was increased, more methionine was re- 

quired to retard growth. 

Henderson, Koeppe and Zimmerman (1953) stated that 
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tryptophan might be used as a precursor of niacin. A niacin deficien- 

cy was hard to produce except when the diets were deficient in trypto- 

phan. Almquist (1956) noted that niacin could not be converted back 

to tryptophan but niacin could spare tryptophan by way of preventing 

the change of tryptophan to niacin. 

Machlin and Shalkop (1956) reported that chicks fed diets low 

in vitamin E and sulfur containing amino acids developed muscular 

degeneration. The addition of vitamin E, methionine or cystine to 

the diet resulted in complete prevention of muscular dystrophy. 

Antibiotics. Jones and Combs (1951) reported that when 

chicks were fed practical rations suboptimal in lysine and tryptophan, 

aureomycin supplementation spared the dietary requirement for 

tryptophan, but not for lysine. Procaine penicillin G added to a ra- 

tion suboptimal in methionine resulted in no growth response; how- 

ever, the addition of procain penicillin G and methionine resulted in 

much greater growth than when methionine was used alone. Sunde 

et al. (1951) found that streptomycindidnot alleviate a partial de- 

ficiency of lysine, but did appear to exert a sparing action on methi- 

onine. 

Machlin et al. (1952) noted that without aureomycin in the diet, 

growth of chicks tended to increase with levels of protein ranging 

from 15 to 21 percent. With aureomycin, growth was improved at all 
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protein levels but not apparently in relation to protein levels above 

19 percent. Slinger et al. (1952) raised heavy breed male broilers 

on practical diets with protein levels varying from 17 to 26 percent. 

They reported that penicillin and aureomycin improved growth at all 

protein levels; however, there were no significant differences on the 

effect of antibiotics to protein requirement. 

Genetic s 

Hegsted et al. (1941) reported that White Leghorn chicks, 

which are a rapid feathering breed, showed growth response to 

arginine and glycine supplementation, while Barred Plymouth Rocks, 

which are a slow feathering breed, showed little growth response. 

They concluded that this effect came from breed differences in amino 

acid requirements. McDonald (1958) stated that White Leghorn chicks 

showed a growth response to methionine addition to the diet but 

Australorp chicks did not. However, Australorp chicks responded 

to the addition of cystine. It would appear that the Australorp chick 

could not synthesize cystine at a rate sufficient to meet the require- 

ments for growth. 

Nesheim and Hutt (1962) noted that there was a highly signifi- 

cant variation among three lines of White Leghorns fed an arginine 

deficient diet. One line grew much more slowly up to four weeks of 

age on the arginine deficient diet than chicks in the other two lines. 
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Significant differences in response to the arginine deficiency were 

found between sire -families within each strain. Results from a study 

of the quantitative requirement for arginine, indicated that chicks 

from one line required at least 25 percent more arginine for maximum 

growth rate than did chicks from the other lines. Recently, Nesheim 

and Christensen (1964) reported that after two generations of selection, 

chicks from the low arginine requirement line had an average weight at 

four weeks of 199 grams on the arginine- deficient diet compared with 

an average weight of 111 grams for chicks selected for a high arginine 

requirement. 

Enos and Moreng (1964) reported that growth from one day to 

four weeks of age on progeny of 16 sire -families supported the hypoth- 

esis that genetic variability exists among domestic fowl for the utili- 

zation of lysine. Measurements on growth response to 0.5 percent 

lysine additions to the diets between sire families showed highly sig- 

nificant differences. Female progeny of different sires varied in 

their recovery rate as measured by body weight comparisons to full - 

sib controls against time. Recovery was measured for all chicks fed 

a standard starter and grower diets from 4 to 20 weeks of age. Sex- 

ual maturity was not inhibited by the dietary lysine deficiency from 

one day to four weeks of age. 

Harms and Waldroup (1962) reported that there were strain 

differences in the protein requirements of laying hens. They obtained 
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a significant difference on the interaction of strain and protein as 

measured by rate of egg production. Strain A gave a higher rate of 

egg production than strain B on a diet containing 17 percent protein. 

Strain A laid eggs at a lower rate than strain B when the diet con- 

tained 11 to 13 percent protein. They concluded that strain A had a 

higher protein requirement than strain B. 

Physiology 

Leweise, Elvehjemand Hart (1951) stated that the older bird 

required less methionine and tryptophan than the younger one of the 

same breed. Kratzer, Davis and Marshall (1955) reported that the 

lysine requirement of poults was decreased as the age of the bird 

increased. The younger poult required more lysine than the older 

poult because synthesis of the protein during growth of the young 

poult was higher than for maintenance. 

Almquist (1956) cited that the growing chick needed more 

lysine than the laying hen. Other amino acids such as methionine, 

tryptophan, leucine and isoleucine required in laying rations were 

approximately the same as for growing chicks. The lysine require- 

ment of laying hens might be less than for growing chicks because 

the egg contains less lysine than the chick's muscle. Almquist (1957) 

also stated that the sulfur containing amino acid requirement might 

be more intense in smaller chicks which had relatively more surface 
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area per unit of body weight. He noted that the lysine requirement 

might be related to speed of growth because this amino acid was con- 

centrated to the greatest extent in the muscle and organ tissues. He 

concluded that the requirement of lysine might be relatively higher in 

faster - growing chicks. 

Stress 

Squibb (1961) noted the effect of lysine on the growth of chicks 

infected with Newcastle disease. There was a growth depression 

during the active involvement stage. The greatest growth depression 

was observed in the group fed the ration calculated to be complete in 

all dietary essentials. The depressing effect of this disease was re- 

duced when a lysine deficient ration was fed alone or supplemented 

with dietary enzymes. Hill (1962) reported that the level of re- 

sistance to fowl typhoid was increased when the vitamin level of the 

diet was increased, but there was a certain degree of specificity 

in vitamins responsible for this increase. In the case of protein, 

susceptibility was greaterwhen the protein levels were increased. 

The high level of protein resulted in earlier and more mortality than 

low protein levels. 

Adams, Andrews and Rogler (1964) reported that slow and 

fast growing chicks gained at a slower rate at environmental tem- 

peratures of 85 ° F than at 70 ° F. This depression in growth at 

85 ° F appeared to be slightly greater for the fast growing 
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chicks. The protein requirement for maximal growth appeared to be 

adequately met with a level of 18 percent in both groups at both temp- 

eratures. However, increasing the dietary protein level improved 

feed conversion for both the fast and slow growing chicks at both tem- 

peratures. Feed conversion was better at 70° F than at 85 °F. 

Evaluation of Essential Amino Acid Mixtures 

Chicks 

Klain, Scott and Johnson (1958) formulated a free amino acid 

diet for chicks based on the amino acid mixture present in the fat free 

carcass. They reported that chicks fed this free amino acid diet 

gained 9 to 11 grams per day. In addition, Klain, Scott and Johnson 

(1960) conducted a series of experiments to determine individual 

amino acid requirements using the amino acid mixture which was 

obtained from the previous report as a criterion. They reported that 

chicks fed this free amino acid diet gained 9 grams per chick per day 

as compared to 2. 5 - 4. 0 grams per chick per day obtained on amino 

acid mixtures employed by other investigators. The authors also 

listed the requirements of essential amino acids which they calculated 

from the regression curves on growth and the amino acid levels in 

diets. 

Greene, Scott and Johnson (1960) cited that supplemental 
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glycine improved the performance of chicks and resulted in a more 

rapid growth rate than Klain's diet. The amino acid mixture used in 

this experiment differed from the mixture used by Klain in that the 

level of each essential amino acid, exclusive of glutamic acid, was 

increased about two -fold and one percent 1- proline was added. Dean 

and Scott (1962) conducted a series of experiments to determine the 

amino acid mixture necessary to support maximum chick growth. 

They listed a mixture of essential amino acids, expressed as a per- 

centage of the diet, which was required for maximum chick growth. 

Askelson and Balloun (1964) formulated a corn - soybean diet 

containing 18 percent protein supplemented with crystalline amino 

acids based on the amino acid mixture cited by Dean and Scott (1962). 

They reported that this ration was deficient in methionine, lysine and 

glycine as measured by its inability to support maximal chick growth 

and feed efficiency. Maximal chick growth and feed efficiency were 

not obtained unless all three of these amino acids were supplemented 

in combination. Further supplementation with arginine, threonine, 

valine, histidine, tryptophan and isoleucine did not improve chick 

growth or feed efficiency. 

Recently, Dobson, Anderson and Warnick (1964) conducted a 

series of experiments to evaluate an essential amino acid mixture for 

rapidly growing chicks. They reported that chicks fed rations formu- 

lated on the basis of their amino acid mixture grew well and that the 
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gain to feed ratio was higher than for chicks fed a ration adjusted to 

the National Research Council's essential amino acid requirements. 

These investigators also reported a list of essential amino acid re- 

quirements which would allow the chick to grow at a rapid rate. 

More recently, Maddy and Dudley (1964) conducted two series 

of experiments to evaluate the amino acid requirements for growing 

chicks. They used linear programming to formulate their rations. 

The first series of diets was formulated to a minimum of 70, 80, 90, 

100, 115 and 130 percent of the essential amino acid requirements of 

the chick from 0 -5 weeks of age. A second series of diets was for- 

mulated by using the same amino acid restrictions except the methi- 

onine plus cystine levels were reduced 20 percent. No reference was 

made in this report as to what servedas a source of the required amino 

acids. They reported that in both series, lysine and methionine or 

methionine plus cystine were the limiting amino acids. The mixture 

of amino acids for maximum gain and feed efficiency in the first 

series of diets was calculated to be 89 and 105 percent of the amino 

acid requirements. In the second series of diets the best mixtures 

were 117 and 123 percent of the amino acid requirements. Lysine 

was the limiting amino acid in the first series and methionine plus 

cystine limited performance in the second series of diets. 
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Layers 

Fisher and Johnson (1956) noted that the inadequate informa- 

tion existing regarding the essential amino acid requirements for egg 

production was the result of inability on the part of researchers to 

formulate and feed a free amino acid diet. These investigators used 

a forced feeding technique employing free amino acids for laying hens. 

They reported that this free amino acid diet could maintain normal 

egg production for one week. Later, Johnson and Fisher (1958) de- 

termined the minimum essential amino acid requirements of laying 

hens by using a ratio technique involving the amino acid content in 

whole -egg protein as the criterion. They reported that the purified 

diet formulated on the basis of these minimum requirements resulted 

in good egg production for a period up to one month. However, it was 

noted that egg size and body weight were not maintained on this diet 

because they attempted to formulate a ration containing only the mini- 

mum requirement to support normal egg production. Subsequently, 

Johnson and Fisher (1959) reported that they could maintain egg pro- 

duction over a prolonged time interval with practical rations formula- 

ted on the basis of the minimum amino acid requirements reported 

previously (Johnson and Fisher, 1958). 

Bray and Garlich (1960) reported that supplementing a 9 per- 

cent protein corn - soybean meal laying ration with amino acids 



25 

equivalent to the minimal amino acid requirements as suggested by 

Johnson and Fisher (1958) resulted in a significant increase in egg 

production and nitrogen retention. Moreover, Bray (1960) stated that 

he was able to sustain a high rate of egg production over a 13 -week 

period with a corn -soybean diet containing 10 percent protein by per- 

mitting soybean oil meal to contribute 58 percent of the protein. It 

is interesting to note that this investigator used vegetable protein 

from corn and soybean meal without amino acid supplementation. He 

also gave optimum combinations of soybean protein for the 9 and 10 

percent protein levels as 51 and 56 percent, respectively. 

Waibel and Johnson (1961) reported that laying hens fed a 

corn - soybean diet containing 10 percent protein showed a marked 

depression of egg production and body weight. The addition of methi- 

onine and lysine to the 10 percent protein diet improved egg produc- 

tion but did not support production equal to that provided by the 16 

percent ration. Fitzsimmons, Waibel and Snetsinger (1963) noted 

that White Leghorn hens fed a diet containing 80 percent of ground 

yellow corn as the only protein- bearing ingredient showed a rapid 

decline in body weight, egg production, and egg weight. They were 

able to prevent these adverse effects through supplemental amino 

acids to bring the total dietary amino acids to 1. 25 times the mini- 

mum requirement estimated by Johnson and Fisher (1958) or with 

7. 68 percent of isolated soybean protein, thus, bringing the total 
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dietary protein to 13. 1 percent. 

Scott (1961) noted that the laying hen put about 6. 2 - 6. 7 grams 

of protein into each egg. In addition to this, she required about 3. 0- 

3. 3 grams of protein per day for maintenance of her body protein 

tissues. He showed by calculation that, in experiments by different 

workers using diets with protein levels ranging from 13 to 18 percent, 

the daily intake of protein by high producing birds was constant at 

17. 5 to 18.5 grams per hen. Tests on protein digestibility indicated 

that hens actually digested and absorbed about 85 percent of the prote- 

in in modern -day laying diets. Thus, over - eating of protein must 

come from lack of efficient utilization of the dietary protein to obtain 

amino acids for egg formation. However, he used methionine to de- 

termine if the addition of this amino acid to the laying ration would 

make it possible to reduce the amount of protein consumed by the hen 

in order to make an egg. Results from his experiment indicated that 

addition of methionine hydroxy analogue at the level of 0. 125 percent 

to a diet containing 16 percent protein produced a marked improve- 

ment in egg production and feed utilization. For the 18 percent level 

only feed efficiency was improved for hens fed the ration containing 

0. 125 percent added methionine hydroxy analogue. 

Runnels (1961) reported that methionine hydroxy analogue 

supplementation of corn -soybean meal -meat and bone meal laying 

rations containing 16 and 18 percent protein resulted in a 
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response in egg production and feed efficiency; however, the major 

effect of the supplement was observed on feed efficiency. These re- 

sults offered sufficient evidence that the primary amino acid defi- 

ciency of laying rations based on corn and soybean meal was methi- 

onine; and that a methionine- active supplement resulted in more 

economical production. 

Combs (1961) predicted the essential amino acid mixtures in 

laying rations by determining the methionine requirement and calcu- 

lating the levels of the other essential amino acids required after ap- 

plying conversion factors based on the relative amount of the amino 

acid present in egg protein. The author computed the methionine and 

energy needs for four and six pound hens laying at different rates in 

fall and winter and predicted the other essential amino acid levels 

based on the described method. He reported that the actual require- 

ments and the predicted methionine and energy needs agreed extreme- 

ly well. 

Biely and March (1963) reported that the hens receiving 16 

percent protein in the ration consistently laid larger eggs than did 

those receiving the 14 percent protein level. Supplementation of the 

14 percent protein ration with both lysine and methionine increased 

egg weight markedly over that obtained with the unsupplemented 14 

percent protein ration and to a greater extent than did supplementa- 

tion with either lysine or methionine alone. It was concluded that 
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the amino acids had a greater bearing upon egg size than did the level 

of protein provided that protein intake was adequate for normal egg 

production. 

Harms, Douglas and Waldroup (1962) indicated that corn - 

soybean -fish meal diets containing 14.7 and 16.7 percent protein 

supplemented with O. 075 percent methionine resulted in no beneficial 

effect on egg production, feed efficiency, egg weight, body weight and 

mortality. Harms and Waldroup (1963) reported that with laying ra- 

tions containing 13 percent or more protein, the first limiting amino 

acid was methionine. When the level of protein was reduced below 13 

percent, lysine was the first limiting amino acid and methionine was 

the second. Addition of lysine and methionine to an 11 percent protein 

diet did not completely restore the performance of pullets . 

Linear Programming 

Waugh (1951), Fisher and Schruben (1953), Hutton and Allison 

(1957) and Hutton and McAlexander (1957) employed linear program- 

ming to minimize the cost of rations using a number of specifications. 

The use of linear programming to formulate least cost broiler rations 

has been described by Hutton, King and Boucher (1958), Van 

Breevoort (1960), Brown and Arscott (1960), Arscott and Brown 

(1961a), Potter et al. (1962), Bishop (1962) and, more recently, by 

Maddy et al. (1963), Combs, Milligan and Martin (1963), Combs and 
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Nicholson (1964) and Day (1964). Reports concerning the use of linear 

programming to formulate least -cost broiler rations willbe reviewed. 

Hutton, King and Boucher (1958) stated that linear program- 

ming was a technique to formulate least -cost rations based on a num- 

ber of specifications. There were three classes of specifications 

used in the program, namely: the nutrient requirements including 

restrictions for minimum and maximum amounts of the several feed - 

stuffs that made up the ration, the nutrient composition of feedstuffs 

and the cost of the feedstuffs. The specifications for amino acids 

were the essential amino acid requirements cited by the National 

Research Council (1954). Three alternative proposals as the re- 

quired minimum levels of the amino acids in the event that energy 

increased were noted as follows: 1. the minimum amino acid level 

remained constant regardless of the energy and total protein content, 

2. the ratio of each of the amino acids to the total protein of the for- 

mula remained constant throughout all changes in protein level; and 

3. each amino acid should be maintained at a prescribed minimum 

level per unit of productive energy. However, they noted that re- 

search on this question was presently insufficient to favor one over 

the other. 

Van Breevoort (1960) stated that linear programming was 

technically a mathematical procedure to consider a number of 
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variables and to find, within given limits, the best possible solution. 

A problem involving these components could be expressed through a 

linear programming model and the mathematical answer could be 

computed by an electronic computer. The quantitative elements of the 

nutritional problem such as the nutrient requirements, the nutrient 

content of feedstuffs and the costs could be translated into a program 

by the specialist. With an adequate program, the electronic corn - 

puter would print out a certain formula which would provide the cheap- 

est composition of a ration adequately meeting all the nutritional spec- 

ifications. 

Brown and Arscott (1960) reported that the use of linear pro- 

gramming allowed a large number of specifications to meet the cheap- 

est combination of feed ingredients. The usefulness of this procedure 

was to reduce the total feed cost. There was no consideration of re- 

turns, such as body weight and feed efficiency, given by the usual linear 

programmed formulation. However, returns must be considered in 

order to find the most profitable combination of feed ingredients for 

the ration. These investigators made use of linear programming to 

predict least cost broiler rations by determining the optimum energy 

and protein levels on the basis of animal performance. They reported 

that the most profitable ration specifications for energy and protein 

were 1,500 Calories of metabolizable energy per pound of feed and 21 

percent protein, respectively. 



31 

These investigators also raised the question: Would various 

rations composed of different feed ingredients actually give the most 

economical ration performance if these various rations all met these 

energy and protein specifications plus additional stipulated nutrient 

requirements and certain ingredient restrictions ? To answer this 

question, Arscott and Brown (1961a) conducted experiments in which 

they reported that least cost rations containing cottonseed meal were not 

necessarily the most economical rations. Their results indicated 

that a lysine insufficiency was a major limiting factor in such rations. 

However, these investigators emphasized that this in no way suggested 

that linear programming was at fault but that more information con- 

cerning nutrient requirements and composition of feedstuffs was re- 

quired in the program specifications. 

Potter et al. (1962) stated that least cost formulation of 

poultry diets in feed manufacturing appeared to be a common prac- 

tice. The solution to a linear programming problem was no better 

than the values which enter into its construction. This fact placed 

emphasis on the accuracy in the values for the nutrient composition 

of feedstuffs and the nutrient requirements of animals. 

Bishop (1962) noted that commercial broiler diets could be 

formulated more economically by linear programming techniques 

using direct specifications of requirements for each of the 12 essen- 

tial amino acids in relation to energy content. The electronic 
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computer made it practical to balance the ration on the basis of amino 

acid content. However, this investigator also noted that the use of 

linear programming in the field of feed formulation was based on a 

number of assumptions. First one should assume that nutrient corn- 

position of ingredients must be accurately recorded at fixed single 

values. Second, one should assume that the requirements for each 

nutrient total must be accurately estimated. 

Maddy et al. (1963) stated that least cost linear programming 

of feed formulation required three items: nutrient requirements or 

restrictions, available nutrient content of the feedstuffs and relative 

costs of the feedstuffs. They also noted that in the application of 

amino acids one must be especially careful in establishing restrictions 

for amino acids because the use of maximum restrictions on amino 

acids that could be present in excess with no effect on performance 

might increase the cost of the formula without improving the nutritive 

value. A protein type feedstuff brought into a formula to meet a re- 

striction for the first limiting amino acid carried along other amino 

acids in quantities in excess of their requirements. Small quantities 

of these excess amino acids had no effect on performance and restrict- 

ing them would increase the cost of the feed formulation. However, 

they noted that one must be extremely careful in evaluating each re- 

striction to make sure that it not only met minimum requirements, 

but also did not increase cost without contributing nutritional benefits. 
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Combs, Milligan and Martin (1963) presented their nutritional 

specifications for linear programming of experimental broiler rations 

involving a minimum of arbitrary restrictions which permitted much 

greater selection of ingredients. The amino acid requirements were 

based on a direct amino acid -energy ratio. There was no considera- 

tion of protein level per se in the program because it was assumed 

that the practical ingredients contained sufficient amino nitrogen for 

the program. The amino acids which might be critically limiting 

were considered. They emphasized that this part of the program was 

extremely critical in that the amino acid requirements will influence 

greatly the make up of the ration. These specifications were subjected 

to further modifications as more information was developed. Further- 

more, these investigators also attempted to assign relative amino acid 

availability values to various feed ingredients by using soybean meal 

and corn as a relative standard for protein supplements and cereal 

grains, respectively, to adjust available amino acid content of each 

ingredient before inserting specifications into the program. 

Combs and Nicholson (1964) conducted experiments to test 

these nutritional specifications for linear programming of broiler 

rations which have been reported previously. They stated that the 

present amino acid specifications were adequate providing suitable 

amounts of total protein were available. Improvements in gain and 

feed efficiency were obtained by increasing the level of total protein 
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without raising the levels of the first limiting amino acid. Further- 

more, these investigators also presented amino acid - energy ratios 

including a desirable calorie -protein ratio to establish a minimum 

amount of protein supplied in linear programming. 

Day (1964) reported that the use of linear programming re- 

quired more exacting knowledge of the amino acid requirements and 

the amino acid composition of various feedstuffs. Furthermore, the 

amino acid requirements should be related to energy content of the 

ration. He also noted that this method was confounded by the lack of 

agreement among research workers as to requirements and composi- 

tion of feedstuffs with respect to both amino acid and energy content. 
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EXPERIMENTAL PROCEDURE 

Chick Studies 

Duplicate lots of 12 Red Vantress x Nichols 108, White 

Vantress x Nichols 108 or White Vantress x Cobb broiler chicks 

equally divided for sex were raised in electrically heated batteries 

to four weeks of age. The number and type of chicks used in each 

experiment are indicated in the experimental outlines contained in 

subsequent tables. Feed and water were supplied ad libitum. Twenty - 

four hour lights were used and force -draft ventilation was employed. 

Body weights and feed conversion which was calculated from feed con- 

sumption corrected for mortality were recorded at the end of four 

weeks. 

The experimental outlines are shown in Tables 3, 7, 10, 11, 

12, 13, 17, 21, 25 and 26. The nutrient content of various feed - 

stuffs used to formulate the experimental rations is given in Table 1. 

The prices of various feedstuffs used in the program are given in the 

appendix, Table I. It should be noted that these prices were held con- 

stant for all experiments. The programs for linear programming 

were developed by Dr. W. G. Brown and Dr. G.H. Arscott of the 

Departments of Agricultural Economics and Poultry Science, respec- 

tively. IBM electronic computers, Models 1620 and 1410, were used 



Table 1. Nutrient Content of Various Feedstuffs Used in the Program. 

Corn, 
yellowl 

Milo Barley1 Soybean Soybean Cotton- Corn Fish Meat& 
meal, meal, seed meal, gluten meal, bone 

solvent solvent solvent meal herring meal 
(44% (50% (42% (43% (70% (50% 
protein)" protein ?'4protein) '4protein1 2protein 

1 2 
rotein protein) protein) 

Feather 
meal 

(82% 
3,8 

protein) 

Poultry 
byproduct 

meal 
(55% 

protein) 

Alfalfa 
meal, de- 
hydrated 

( ° 20% 6,7 
protein 

Brewer's Whey 
dried dried1'2 
yeast 1 

Protein 
Metabolizable 

energy 

8.9 

(Cal/lb) 1560 

11.0 

1505 

11.6 

1205 

45.8 

1020 

50.9 

1120 

41.6 

1160 

42.9 

1475 

70.6 

1350 

50.6 

810 

85.0 

1078 

55.0 

1258 

21.6 

740 

44.6 

840 

13.1 

868 
Arginine % 0.5 0.4 0.6 3.2 3.5 4.4 1.4 4.0 4.0 5.6 3.5 0.9 2.2 0.4 
Cystine % 0. 1 0.2 0. 2 0. 7 0. 7 0.9 0. 6 1.6 0.6 3. 1 1.0 0.4 0. 5 0. 3 

Glycine % 0.5 0.4 0.4 1.6 1.8 2.3 1.0 5.0 6.6 6. 8 2.9 0.8 1.7 0.0 
Histidine % 0.2 0.3 0.3 1. 1 1.2 1.1 1.0 1.3 0.9 0.4 0.9 0. 3 1. 1 0. 2 

Isoleucine % 0.5 0.6 0.6 2.5 2.8 1. 6 2. 3 3.2 1.7 3.8 3.9 0.9 2. 1 0.9 
Leucine % 1.1 1.6 0.9 3.4 3.7 2.4 7.6 5. 1 3. 1 7.4 3.5 1.3 3.2 1.4 
Lysine % 0.2 0.3 0.6 2.9 3.2 1.6 0. 8 7.3 3.5 1.5 3.7 1.0 3.0 1.1 
Methionine % 0. 1 0. 1 0. 2 0. 6 0.7 0.6 1.0 2.0 0.7 0.5 1.0 0.3 0.7 0.2 
Phenylalanine % 0.5 0.5 0.7 2.2 2.4 2.2 2.9 2.6 1.8 3.8 2.8 0.8 1.8 0.4 
Treonine % 0.4 0.3 0.4 1.7 1.9 1.4 1.4 2.6 1.8 4.0 3.4 0.7 2. 1 0. 8 

Tryptophan V. 0. 1 0. 1 0.2 0.6 0.7 0.5 2.0 0.9 0.2 0.6 0.5 0.2 0.5 0.2 
Tyrosine % 0.5 0.4 0.4 1.4 1.5 1.2 1.0 2. 1 1.7 2.4 2.4 0.8 1.5 0.3 
Valine V. 0.4 0.6 0.7 2.4 2.6 2.0 2.2 3.2 2.4 6.5 3.2 1.0 2. 3 0. 7 

1 National Research Council (1959a). 
2 National Research Council (1956). 
3 Nopco Chemical Company (1960). 
4 

Arscott (1960). 
5 Alexander (1960). 
6 National Research Council (1958). 
7 Nopco Chemical Company (1961). 
8 Davis et ál. (1961). 

3,5 

o 
. 
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for linear programming problems during the course of these studies. 

The electronic computers were operated by Dr. W. G. Brown and 

later by Mr. T. L. Yates of the Statistic Computing Laboratory. 

The method of providing ingredient restrictions and nutrient specifi- 

cations in the program was described by Arscott and Brown (1961a). 

It should be noted that since the above report, these investi- 

gators have arbitrarily applied a 20 percent range above the amino 

acid specifications except for histidine and isoleucine for which a 50 

percent range has been indicated as a necessary item in the program 

(Arscott and Brown, 1961b). Their experience has shown that exact 

specifications with no range permitted at all, resulted in no solutions 

or solutions with high levels of added amino acids required. On the 

other hand, removing the upper restrictions entirely, provided ra- 

tions with levels of amino acids in feedstuffs that were often consider- 

ably above the required specifications or requirements. These spec- 

ifications were used in these studies unless otherwise noted. 

It should also be reported that in these experiments methionine- 

cystine levels were maintained at a ratio of 0. 45 to 0. 351, respectively, 

with methionine making up a deficiency of either. Furthermore, the 

phenylalanine- tyrosine levels were maintained at the ratio of 0. 7 to 

0.71 with phenylalanine making up any deficiency of either. 

1 Ratio cited by the NRC (1960). 
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Ingredient restrictions and nutrient specifications used in the 

program are given in Tables 4, 8, 18 and 22. Specifications for the 

amino acids in Tables 4, 8 and 18 were obtained from the reported 

amino acid mixtures. Specifications for the amino acid mixtures in 

Table 22 were obtained by a ratio- technique using the amino acid con- 

tent in egg white or egg albumin and employing the methionine or 

leucine content as common denominators. Procedures for calculating 

these mixtures will be described later. 

The composition of the experimental rations is shown in 

Tables 5, 9, 15, 19 and 23. Ration 1 (Table 5) designated as ration 

4 by Arscott and Brown (1961a) was employed in slightly modified 

form due to availability of feedstuffs. Ration 2 (Table 9) reported as 

ration 5 by the above workers was formulated to the same specifica- 

tions as ration 1, except the energy level was increased from 1400 to 

1500 Calories of metabolizable energy per pound of ration. Both 

rations were used extensively as controls throughout these studies. 

Rations 3 to 9 and 13 to 18 (Tables 5, 9, 19 and 23) were for- 

mulated by linear programming using ingredient restrictions and nu- 

trient specifications outlined in Tables 4, 8, 18 and 22. Rations 10 

to 12 shown in Table 15 were obtained by blending varying amounts 

of rations 4b and 5b (Table 9). 

The protein level and the amino acid content of the experi- 

mental rations are given in Tables 6, 10, 16, 20 and 24. 
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Supplementation with amino acids, in addition to the amount indicated 

in the formula, was made without adjustment in the level of other in- 

gredients in the ration. Reduction or omission of supplemental amino 

acids from the rations were made by replacing the amount of the 

missing amino acid with ground corn. 

The lysine content of the major feed ingredients including the 

degossypolized egg tested cottonseed meal was determined by a micro- 

biological assay using Leuconostoc mesenteroides P -60 as the test 

microorganism. The procedure used to prepare samples for micro- 

biological assay was described by Horn et al. (1953) except that sam- 

ples were refluxed in a sealed ampule rather than an open beaker 

using the technique cited by Hawk, Osen and Summerson (1947). 

Preparation of the stab stock culture, inoculum broth, standard 1- 

lysine solution and assay medium as well as the assay procedure 

was reported in the Difco Manual (1960). The growth response of the 

microorganism was measured acidimetrically using the procedure 

and materials reported by Horn, Jones and Blum (1950). 

The methods used are described as follows: A 2. 0 gram (gm. ) 

sample and 10 milliliters (ml. ) of 3 Normal (N) hydrochloric acid 

were placed in a 15 -20 millimeters (mm. ) diameter soft glass test 

tube. The tube was then sealed using a Bunsen Burner to form the 

ampule (Hawk, Oser and Summerson, 1947). Each sample was pre- 

pared in duplicate. The sealed sample was autoclaved at 15 pounds 
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pressure per square inch (p. s. i. ) at 120° C for 8 hours. After 

autoclaving the hydrolysate was evaporated to a small volume on a 

steam water bath and the residue was made up to a volume of 100 ml, 

with distilled water. The solution was adjusted to a pH of 4. 0 using 

a 1 N sodium hydroxide solution and then filtered through a sintered 

glass funnel. The filtrate was taken and made up to 1000 ml. with 

distilled water. The resulting solutions were stored under toluene 

in the refrigerator at 5°C (Horn et al. , 1953). 

Leuconostoc mesenteroides P -60 was transferred from the 

stab stock culture into the Difco Bacto -Micro Inoculum Broth which 

was prepared by dissolving 0. 31 gm. of the medium in 10 ml. of 

distilled water. The inoculum broth was poured into a 15 ml. centri- 

fuge tube covered with an aluminum cap. The inoculum broth was 

sterilized by autoclaving at 15 p. s. i. at 120° C for 15 minutes and 

allowed to cool before inoculation. Inoculations using aseptic pro- 

cedures and techniques were made in triplicate tubes. After incuba- 

tion at 37° C for 24 hours, the cells were centrifuged under aseptic 

conditions at 3,000 revolutions per minutes (r. p. m. ) for 15 minutes 

and the supernatant liquid was decanted. The cells were resuspended 

in 10 ml. of sterile Bacto Sodium Chloride solution (0. 85 percent). 

One ml. of the cell suspension was diluted with 20 ml. of sterile 

sodium chloride solution. One drop of this suspension was used to 

inoculate each of the assay tubes (Difco Manual 1960). 
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The standard 1- lysine solution for the standard curve was pre- 

pared by dissolving O. 6 gm. of 1- lysine hydrochloride (containing 80 

percent of 1- lysine) in 100 ml. of distilled water. Dilution of this 

stock solution was made by adding 1 ml. stock solution to 99 ml. of 

distilled water. Each ml. of this resulting solution contained 48 

micrograms of 1- lysine. The amounts of 0. 0, 0. 5, 1. 0, 1. 5, 2. 0, 

2. 5, 3. 0 and 4 ml. per tube of the diluted stock solution were used 

for the standard assay (Difco Manual,1960). 

The assay was carried out with the Bacto- Lysine Assay Me- 

dium. This medium is free from lysine but contains all other growth 

factors and amino acids necessary for the growth of Leuconostoc 

mesenteroides P -60. One hundred and five gm. of the assay medium 

were suspended in 1000 ml. of distilled water and heated to boiling 

for 2 -3 minutes. Five ml. of the resulting solution were added to each 

tube containing the materials under assay (Difco Manual, 1960). 

The assay was conducted in triplicate with two levels per sam- 

ple. Each assay tube contained 5 ml. of rehydrated medium, 0 -4 ml. 

of the standard solution of the unknown, and 5-1 ml. of distilled 

water to give a total volume of 10 ml. per assay tube. The assay 

tubes were autoclaved for 10 minutes at 15 p. s. i. (120 ° C). After 

cooling, the tubes were inoculated with one drop of the inoculum and 

incubated at 37° C in a water bath for 72 hours (Difco Manual, 1960). 

After incubation the lactic acid produced was titrated with 
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standard O. 05 N sodium hydroxide using bromthymol blue as an indi- 

cator. The end point was obtained when a greenish -blue color ap- 

peared (Horn, Jones and Blum, 1950). An alternative method would 

be to titrate to a greenish -blue color (pH 6. 5 or above) and titrate to 

pH 6. 8 using a pH meter. 

The standard curve was plotted on standard graph paper by 

averaging the volume of standard sodium hydroxide used for a spe- 

cific level of 1- lysine. A standard curve was constructed each time 

the assay was run. Results from the unknown based on the amount of 

alkali used were read from the straight line section of the standard 

curve. The lysine content of the sample was reported as the percent 

present in the feed. 

Layer Studies 

Duplicate lots of 40 to 50 White Leghorn pullets of the Oregon 

Agricultural Experimental Station egg production stock were distrib- 

uted into floor pens providing at least 3 square feet per bird when they 

were approximately 5 months of age. The pens were equipped with 

either constant flow or automatically regulated waterers as well as 

adequate feeder and nesting space. At least 14 hours of light per day 

were provided during the experiments. 

Feed and water were supplied ad libitum. Daily egg produc- 

tion, mortality, monthly feed consumption, initial and final body 
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weights were recorded. Egg weight determinations were made on 

eggs laid during three successive days at the end of each 28 -day per- 

iod throughout the trial. No culling was practiced during the experi- 

ments. 

The experimental outlines are shown in Tables 30, 33 and 37. 

The calculated essential amino acid mixtures to sustain varying rates 

of egg production are given in Table 27. The procedure for obtaining 

these amino acid mixtures was described by Scott (1961), Johnson and 

Fisher (1958) and Combs (1961). The calculation of these amino acid 

mixtures is given in the appendix (Table III). 

Rations 1 to 4 were manually formulated on the basis of the 

calculated essential amino acid mixtures in Table 27. Rations 5 and 

6 were corn - soybean rations and the procedure for obtaining these 

rations will be described later. Rations 7, 7a and 8 were formulated 

by linear programming. Ingredient restrictions and nutrient specifi- 

cations used in the program to formulate rations 7, 7a and 8 are 

given in Table 34 and will be described subsequently in more detail. 

The composition of the experimental rations is given in Tables 

28, 31 and 35. The protein level and the amino acid content of the 

experimental rations are shown in Tables 29, 32 and 36. 

Statistical Procedure 

Body weights and feed conversion data of chicks and egg 
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production, egg weight and feed consumption of laying hens were sta- 

tistically treated using analysis of variance and least significant dif- 

ferences (L. S. D. ) computed as described by Li (1957). The level of 

5 percent probability was selected to determine significance. 
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RESULTS AND DISCUSSION 

Studies on the Lysine Requirement of Chicks 

Since Arscott and Brown (1961a) reported that lysine was a 

limiting factor in a least cost broiler ration containing cottonseed 

meal as the major vegetable protein source, this experiment was 

conducted to determine if the growth depression noted was due to the 

following possibilities: 1) that the lysine content of cottonseed meal 

was below the specification actually employed in the program; 

2) that a problem of availability of lysine existed in cottonseed meal 

or 3) that the actual lysine requirement exceeded the 1. 0 percent 

cited for a 20 percent protein diet by the National Research Council 

(NRC) in 1960. 

To investigate the possibility that the lysine content of the 

cottonseed meal used might be below the specification actually em- 

ployed in the linear program model a microbiological assay using 

Leuconostoc mesenteroides P -60 as the test microorganism was em- 

ployed. The lysine content of the degossypolized egg tested cotton- 

seed meal previously used by Arscott and Brown (196la) as well as 

other major ingredients noted in the diet were determined. 

Results of the actual lysine determinations for selected feed - 

stuffs as measured by the microbiological assay and those values 
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reported in the literature from which the linear programmed rations 

were developed are shown in Table 2. It is evident that the lysine 

content of cottonseed meal substantially exceeded the values cited in 

the literature as did most other feed ingredients used, except for fish 

meal and barley. The lysine content of feather meal and milo equal- 

led the reported values. 

To examine the possibilities that lysine might be unavailable 

in cottonseed meal or that the lysine requirement might be greater 

than cited by the NRC, chick experiments were used. The effect of 

replacing an equivalent amount of soybean protein with feather meal 

protein at the 3 and 6 percent levels in the absence of cottonseed 

meal was studied. This was done to lower the lysine content of a 

conventional corn -soybean ration making it more comparable to a 

corn -cottonseed ration. The results (Table 3) show that reducing the 

calculated lysine content of ration 1 (Table 5), through manual manipu- 

lation, from 1. 23 percent to 1. 03 percent with 6 percent feather meal 

brought about a significant decrease in body weight at four weeks of 

age. No adverse effect was noted with chicks fed 3 percent feather 

meal (1. 15 percent lysine). Supplementing the diet containing 6 per- 

cent feather meal with 0. 05, 0. 10 and 0. 15 percent of 1- lysine re- 

sulted in improved growth for all levels comparable to that obtained 

with the control ration. No significant difference in feed conversion 

was noted. These results showed that a growth depression could be 
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Table 2. Lysine Content of Selected Feedstuffs. 

Feedstuffs Average Values 

Actual 1 Cited 

Cottonseed meal, solvent(42% protein) 

Soybean meal, solvent (44% protein) 

Soybean meal, solvent (50% protein) 

Fish meal, herring (70% protein) 

Feather meal (80% protein) 

Meat and bone meal (50% protein) 

Corn, yellow 

Barley 

Milo 

Alfalfa meal, dehydrated (20% protein) 

% 

2. 0(5) 

3. 1(3) 

3.7(3) 

6. 9(1) 

1.5(2) 

3.7(2) 

0. 3(2) 

0.5(4) 

0.3(1) 

1. 1(2) 

2 
% 

1. 6 
3 

2. 9 3 

3. 2 4 

7.3 3 

1.5 5 

6 3.5 
3 

0. 2 

3 
0. 6 

3 
0. 3 

3 
1. 0 

1 Obtained through microbiological assay. 

2 Figures in ( ) represent number of determinations. 

3 National Research Council (1959a). 

4 Arscott (1960). 

5 Davis et al. (1961). 

6 National Research Council (1956). 
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Table 3. Effect of Lysine Levels on Growth and Feed Conversion of 
Chicks Fed a Soybean -Feather Meal Manually Formulated 
Ration. 1 

Level Added Content 
Lysine Level 

Average 4 Week 
Feather Meal Lysine Body 

Weight 
Feed 

Conversion 

% % % gm. 

0 0 1.23 465(48)2 1.61 

3 0 1. 15 466(47) 1.58 

6 0 1.03 416(48) 1.65 

6 0.05 1.08 464(48) 1.60 

6 0. 10 1. 13 468(48) 1.57 

6 0. 15 1. 18 468(48) 1.58 

L. S. D. (P< 0. 05) 33 

1 Averaged values from two experiments. Each treatment of each 
experiment contained duplicate lots of 6 male and 6 female Red 
Vantress x Nichols 108 chicks. 

2 Figures in ( ) represent number of chicks surviving. 

-- 
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obtained in the absence of cottonseed meal which was related to the 

lysine level. 

In view of the above, ration 3 was formulated by linear pro- 

gramming using the NRC's (1960) essential amino acid requirements 

but with lysine restricted to exactly 1. 0 percent. The specifications 

and the ration are shown in Tables 4 and 5, respectively. It should 

be noted that this ration contains 3. 24 percent cottonseed meal. The 

protein level and the amino acid content of this ration are given in 

Table 6. Upon supplementing this ration with O. 1, 0. 2 and 0.3 per- 

cent of 1- lysine, results shown in Table 7 were obtained. A signifi - 

cant decrease in body weight was noted when lysine was restricted to 

1. 0 percent of the diet. In the presence of O. 1 percent supplemental 

lysine, growth comparable to ration 1 was obtained. Higher levels of 

lysine resulted in no further response. No significant difference in 

feed conversion was noted. 

Since the results shown in Table 3 were obtained with rations 

containing no cottonseed meal and those in Table 7 with only 3. 24 

percent cottonseed meal, it is concluded that availability of lysine in 

cottonseed meal is not the limiting factor unless availability is also 

a factor with ingredients other than cottonseed meal. Rather, it 

would seem that lysine levels per se are implicated. Under condi- 

tions of these tests a level of 1. 1 percent lysine appears to more 

nearly meet the chick's needs for this amino acid with calculated 
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Table 4. Ingredient Restrictions and Nutrient Specifications Used in 
the Program for Ration 3. 

Items Amount 

Weight 
Metabolizable energy 
Corn, yellow 

= 

= 

> 

100 
150 
40.00 

lbs. 
Therm 
lbs. 

Soybean meal, solvent (44% protein) > 10. 00 lbs. 
Fish meal, herring (70% protein) > 3. 00 lbs. 
Alfalfa meal, dehydrated (20% protein) > 2. 00 lbs. 
Salt, iodized = 0.30 lb. 
Vit. -min. premix = 0. 25 lb. 
Calcium = 1.00 lb. 
Phosphorus, inorganic = 0.45 lb. 
Arginine > 2 1. 20 lbs. 
Cystine < 2 0. 35 lb. 
Glycine 3-2 1. 00 lb. 
Histidine > 3 0. 30 lb. 
Is oleuc ine 3-3 0. 60 lb. 
Leucine 32 1.40 lbs. 
Lysine 1. 00 lb. 
Methionine + Cystine > 2 0. 80 lb. 
Phenylalanine + Tyrosine 3-2 1.40 lbs. 
Threonine 3-2 0. 60 lb. 
Tryptophan 3.2 0. 20 lb. 
Tyrosine < 0.70 lb. 
Valine > 0. 80 lb. 

1 Based on the National Research Council's essential amino acid 
requirements (1960). 

2 
But not to exceed 20 percent of the requirement. 

3 But not to exceed 50 percent of the requirement. 

2 
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Ingredients Ration 
11 32 

Corn, yellow 
Milo 
Barley 
Fat, animal 
Soybean meal, solvent (44% protein) 

69.25 

0.60 

55.32 
8.42 
2.92 
6.96 

10. 00 
Soybean meal, solvent (50% protein) 15. 55 

Cottonseed meal (42% protein)4 3. 24 

Fish meal, herring (70% protein) 4. 90 4. 16 

Meat and bone meal (50% protein) 6. 20 4. 97 

Feather meal (82% protein) 0. 47 
Alfalfa meal, dehydrated (20% protein) 2. 00 2. 00 
Limestone flour 0. 80 0.74 
Salt, iodized 0.30 0.30 
MESA 5 0. 15 0. 25 

Vit. -min. premix 6 0. 25 0. 25 

Coccidiostat 7 + + 

100. 00 100. 00 

1 Control ration, reported as ration 4 by Arscott and Brown (1961a). 

2 Computer formulated ration. 

3 Prime tallow (Cologen -Swift and Co. , Inc. , Portland, Ore) 
stabilized with Tenox R which is composed of 20% citric acid 
(anhydrous), 20% butylated hydroxyanisole and 60% propylene 
glycol. 

4 Egg tested degossypolized (Ranchers Cotton Oil, Fresno, Calif. ). 

5 Methionine hydroxy analogue - Ca, 90% (Monsanto Chemical Co. , 

St. Louis, Mo. ). 

6 Nopcosol M -5 (Nopco Chemical Co.,Richmond, Claif. ) supplies 1 lb. of 
mixture: Vit. A, 700, 000 USPU; vit. D , 200, 000 ICU; vit.E 200 IU; vit. 
K, 100 mg. ; riboflavin O. 6 gm.;D- pantothenic acid, 1 gm. ;niacin, 4gm. ; 

choline, 40 gm. ;vit.Biz, 1 mg. ;Zn bac itrac in, 0.8 gm. ;butylated hydroxy- 
toluene, 22. 68gm.;Mn, 10.8 gm. ;Fe,3.6 gm. ;Cu,0.363 gm. ;I,0.218 gm. ; 

Zn, 5 gm. 

7 Zoamix (Dow Chemical Co. , Midland Mich. ), to supply 227 mg. /lb 
of diet. 

% 

3 
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Table 6. Protein Level and Amino Acid Content of Rations 1 and 3. 

Amino Acids Ration 
1 3 

Calculated protein 

% 

21.1 

% 

18.4 

Arginine 1.35 1. 21 

Cystine 0.33 0.31 
Glycine 1.30 1. 14 

Histidine 0.45 0.40 
Isoleucine 1.06 0.90 
Leucine 1. 8 1 1.61 
Lysine 1. 23 1. 00 
Methionine 0.44 0.57 
Phenylalanine 0.97 0.87 
Threonine 0.83 0.71 
Tryptophan 0. 24 0. 21 

Tyrosine 0.80 0.70 
Valine 1.01 0.89 

Table 7. Effect of Lysine Levels on Growth and Feed Conversion of 
Chicks Fed a Soybean- Cottonseed Meal Computer Formu- 
lated Ration. 

Rations Lysine Level Average 4 week 
Added Content Body Weight Feed Conversion 

% % gm. 

1 2 0 1. 2 495 (48)4 1.66 
3 3 0 1.0 448(47) 1.75 
3 0. 1 1. 1 501(48) 1.71 
3 0.2 1. 2 507(48) 1.66 
3 0.3 1.3 509(48) 1.68 

L. S. D. (P< O. 05) 23 

1 Averaged values from two experiments. Each treatment of each ex- 
periment contained duplicate lots of 6 male and 6 female White 
Vantress xNichols 108 chicks 

2 3 Manually formulated ration. Computer formulated ration. 
4 Figures in ( ) represent number of chicks surviving. 

1 
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protein levels of either 18.4 or 21. 1 percent than does the 1. 0 per- 

cent level for a 20 percent protein ration cited by the NRC (1960). 

Increased lysine levels above 1. 0 percent using manually calculated 

rations have also been reported by Donovan, Sherman and Schnell 

(1959), Edwards, Norris and Heuser (1956), Hill (1953) and Schwartz, 

Taylor and Fisher (1958). 

Comparison of the Reported Amino Acid Mixtures for Chicks 

Development of Rations 

Since the NRC (1960) summarized the essential amino acid 

requirements for growing chicks, conflicting reports on these levels 

have been noted in the literature (Klain, Scott and Johnson, 1960; 

Arscott and Brown, 1961a; Anderson, 1961 and Dobson and Anderson, 

1961). Furthermore, evidence from the previous experiment indicates 

that the lysine requirement cited by the NRC is inadequate. Reports 

have also suggested that the amino acid mixture reported by the NRC 

was inadequate from the standpoint of balance (Anderson, 1961 and 

Dobson and Anderson, 1961). Accordingly, the following experiment 

was conducted using linear programmed rations to determine the effect 

on chick performance of the amino acid mixtures which have been re- 

ported by the NRC (1960); Arscott and Brown (1961a); Klain et al. 

( and Dobson and Anderson (1961). 
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Ingredient restrictions and some nutrient specifications, ex- 

cept for amino acids, were the same as the values given in Table 4. 

Specifications for amino acids used in the program are shown in 

Table 8. The amino acid specifications for rations 4a and 4b were 

based on the essential amino acid requirements listed by the NRC 

(1960). All amino acids in ration 4a were arbitrarily assigned a 20 

percent range above the requirement. In ration 4b all amino acids 

were arbitrarily given a 20 percent range above the specification, 

except that a 50 percent range was applied to histidine and isoleucine. 

Rations 5a and 5b were formulated based on the NRC mixture in- 

creased by 50 percent. Restrictions for rations 5a and 5b were the 

same as rations 4a and 4b, respectively. Ration 6 was formulated 

using the amino acid content of ration 5 as the mixture in the report 

cited by Arscott and Brown (1961a) with the same restrictions used as 

in ration 4a. Ration 7 was formulated on the basis of the amino acid 

mixture cited by Klain et al. (1960) while in ration 8 specifi- 

cations were arbitrarily set 25 percent above their reported 

essential amino acid mixture. The restrictions used in ration 4b 

were applied to both rations 7 and 8. Ration 9 was formulated based 

on the amino acid mixture listed by Dobson and Anderson (1961) with 

restrictions the same as ration 4b. Composition of the experimental 

ration is given in Table 9. The protein level and the amino acid con- 

tent of these rations are shown in Table 10. 
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Table 8. Specifications for the Essential Amino Acids Used in the 
Program Based on Reported Essential Amino Acid Mix- 
tures. 

Amino Acids Amounts Present in 100 lbs. of Ration 
4a,b1 5a ,b1 63a 74b 85b 96b 

lbs. lbs. lbs. lbs. lbs. lbs. 

Arginine > 1.20 1.80 1.30 1.63 2.04 1.28 
Cystine < 0.35 0.53 0.30 0.60 0.75 0.32 
Glycine > 1.00 1.50 1.30 1.60 2.00 1.00 
Histidine > 0.30 0.45 0.40 0.69 0.87 0.42 
Isoleucine > 0. 60 0. 90 1. 10 1, 10 1. 38 0. 80 
Leucine > 1.40 2. 10 1.80 2.53 3. 16 1.38 
Lysine > 1.00 1.50 1.30 1.50 1.87 1.20 
Methionine + 

Cystine > 0. 80 1. 20 0. 80 0. 87 1. 09 0.72 
Phenylalanine + 

Tyrosine > 1.40 2. 10 1.80 1.94 2.42 1.34 
Threonine > 0.60 0.90 0.80 0.87 1.09 0.76 
Tryptophan > 0.20 0.30 0.20 0.25 0.31 0.20 
Tyrosine < 0.70 1.05 0.80 1.05 1.31 0.67 
Valine > 0.80 1.20 1.00 1.25 1.56 0.90 

1 

2 

3 

4 

5 

6 

Based on the NRC's essential amino acid requirements (1960). 

Based on 50 percent above values in 1. 

Based on the essential amino acid content in ration 5 in the report 
cited by Arscott and Brown (1961a). 

Based on the essential amino acid mixture reported by Klain et al. 
(1960). 

Based on 25 percent above values in 4. 

Based on the essential amino acid mixture cited by Dobson and 
Anderson (1960). 

a But not to exceed 20 percent of the given values. 

b Histidine and isoleucine not to exceed 50 percent and the other 
amino acids not to exceed 20 percent of the given values. 



Table 9. Composition of Experimental Rations. 

Ingredients Ration 
21 4a 4b 5a 51) 6 7 8 9 

% % % % % % % % % 

Corn, yellow 64.75 40.00 55.32 40.34 44.17 49.76 40.00 40.00 40.00 
Milo 8. 42 
Barley 2.92 
Cellulose2 3 10.47 
Fat, animal 4.65 18.92 6.96 12.31 10.14 8.80 8.79 9.41 14.34 
Soybean meal, solvent (44% protein) 10.00 10. 00 10.00 20. 51 17. 52 10. 00 10. 00 10.00 
Soybean meal, solvent (50% protein) 15. 35 
Corn gluten meal (43% protein) 7.46 10.27 10.43 
Cottonseed meal (42% protein) 10.87 3.24 23.35 5.29 4.17 14.33 1.06 10.41 
Brewer's yeast, dried 1.60 
Fish meal, herring (70% protein) 5.80 4.16 2.85 13.13 2.97 14.14 12.86 
Meat and bone meal (50% protein) 5.90 4.59 4.97 4.73 0.60 1.38 1.76 4.23 
Feather meal (82% protein) 0.47 1.71 2. 19 11.42 
Poultry byproduct meal (55% protein) 3. 13 1.22 
Whey, dried 14. 25 
Alfalfa meal, dehydrated (20% protein) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
Limestone flour 0.85 0.68 0.74 0.80 1.16 0.92 1.00 1.37 0.79 
Dicalcium phosphate 0.63 0. 05 0.81 
Salt, iodized 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
Vit. -min. premix5 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 
L- Arginine hydrochloride (80 %) 0. 14 

Glycine 0.07 0.01 0.22 0.07 0.02 0.04 
L- Histidine hydrochloride (88 %) 0.09 0.40 
L- Leucine 0. 19 0.31 
L- Lysine hydrochloride (80 %) 0.35 0.42 0.21 0.34 0.31 
MHA (90 %)6 0.15 0.39 0.25 0.44 0.21 0.10 0.17 
L- Tyrosine 0. 08 0. 11 
DL- Threonine 0.04 0.09 
DL- Tryptophan 0.06 0.07 
DL-Valine 0. 11 

Coccidiostat 7 

100.00 100.00 100.00 100.00 100.00 100. 00 100. 00 100.00 100. 00 

1 Control ration, reported as ration 5 by Arscott and Brown (1961a). 
2 Solka Floc, BW -100 (Brown Co., Berlin, N.H. ) 

3, 4, 5, 6 and 7 See footnotes 3, 4, 6, 5 and 7 in Table 5, respectively. v, 
O 

. 

° 



Table 10. Protein Level and Amino Acid Content of the Experimental Rations and Growth and Feed Conversion of Chicks. 

Items Ration 
2 4a 4b 5a 5b 6 7 8 9 

% % % % % % % % % 

Calculated protein 21.1 15.4 18.4 24.2 27.4 22.3 27.7 32.3 18.3 

Arginine 1.35 1.20 1.21 1.97 1.80 1.40 1.83 2.04 1.31 
Cystine 0.31 0.25 0.31 0.46 0.52 0.35 0.50 0.75 0.30 
Glycine 1. 30 1.00 1.14 1.50 1.54 1.31 1.61 2. 00 1.01 
Histidine 0.45 0.36 0.40 0.50 0.58 0.50 0.70 0.88 0.41 
Isoleucine 1.06 0.72 0.90 1.07 1.34 1.19 1.33 1.57 0.92 
Leucine 1.79 1.40 1.61 2.10 2.20 2.15 2.55 3.14 1.48 
Lysine 1.27 1.00 1.00 1.51 1.79 1.32 1.57 1.87 1.22 
Methionine 0.54 0.60 0.57 0.79 0.70 0.51 0.57 0.58 0.44 
Phenylalanine 0.97 0.76 0.87 1.17 1.24 1.16 1.38 1.52 0.87 
Threonine 0.82 0.59 0.71 0.90 1.05 0.88 1.00 1.29 0.80 
Tryptophan 0.23 0.19 0.21 0.31 0.32 0.24 0.29 0.32 0.21 
Tyrosine 0. 79 0.65 0.70 0.93 0.9 3 0. 80 0. 89 1.01 0.64 
Valine 1.01 0.85 0.89 1.20 1.37 1.11 1.34 1.82 0.91 

Body weight2(gm. ) 494(24)3 414(24) 445(23) 535(23) 532(24) 509(24) 551(25) 517(24) 479(24) 
L. S.D. (P<0. 0 ) 45 
Feed conversion 1.69 1.90 1.78 1.57 1.56 1.58 1.51 1.49 1.70 
L.S.D. (P<0.05) 0.07 

1 Each treatment contained duplicate lots of 6 males and 6 females White Vantress x Nichols 108 chicks. 
2 

Averaged values at 4 week. 

3 
Figures in ( ) represent number of chicks surviving. 
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Results on growth and feed conversion of chicks fed the experi- 

mental rations are shown in Table 10. Chicks fed rations 4a and 4b, 

the NRC mixture, were significantly smaller in body weights when 

compared to those fed ration 2, the control ration. 1 No significant 

differences in growth responses were obtained with chicks fed rations 

5a and 5b, the NRC mixture increased by 50 percent; ration 6, the 

Arscott -Brown mixture; and ration 8, the Klain mixture increased 

by 25 percent, when comparisons were made to chicks fed ration 2. 

Chicks receiving ration 7, the Klain mixture, showed a significantly 

greater body weight than those fed ration 2. No significant difference 

in growth response was noted between chicks consuming rations 9, the 

Dobson -Anderson mixture, and 2. 

When comparisons were made with the NRC mixture chicks fed 

rations 5a, 5b, 6, 7 and 8 exhibited significantly improved growth over 

those fed rations 4a and 4b. However, chicks consuming ration 9 

showed a significant improvement in growth only when compared to 

chicks fed ration 4a. No significant difference in body weights was 

noted between chicks receiving rations 4a and 4b although the actual 

weights were somewhat different. Chicks consuming ration 5a also 

showed no significant improvement in growth over those fed ration 5b. 

Feed conversion of chicks fed rations 5a, 5b, 6, 7 and 8 

1 Ration 2 has been previously described in the experimental pro- 
cedure and is also cited in Table 9. 
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showed significant improvements over those consuming ration 2. 

Chicks receiving rations 4a and 4b exhibited significantly poorer feed 

conversion when compared to those fed ration 2. No significant dif- 

ference in feed conversion was noted between chicks consuming ra- 

tions 9 and 2. Chicks fed ration 4a exhibited significantly poorer 

feed conversion than those fed ration 4b. No significant difference 

in feed conversion was noted between chicks consuming rations 5a 

and 5b. Feed conversion of chicks fed ration 7 also showed no sig- 

nificant difference when a comparison was made to those receiving 

ration 8. 

These results show that the rations which were derived 

using the NRC amino acid mixture with calculated protein levels of 

15. 4 and 18. 4 percent (rations 4a and 4b, respectively) proved inade- 

quate from the standpoint of supporting optimum growth. On the other 

hand, increasing these amino acid levels by 50 percent above the NRC 

mixture appears to more adequately meet the chick's needs with cal- 

culated protein levels of 24. 2 and 27. 4 percent (rations 5a and 5b, 

respectively). 

The evidence also suggests that the Arscott -Brown mixture 

(ration 6), the Klain mixture (ration 7) and the Klain mixture in- 

creased by 25 percent (ration 8) are adequate and meet the chick's 

needs when calculated protein levels were 22. 3, 27.7 and 32.3 per- 

cent, respectively. The ration developed from the Dobson -Anderson 
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mixture (ration 9) appears inadequate with a calculated protein level 

of 18. 3 percent. 

Evaluation of Rations 

In view of the fact that some of the previously developed ra- 

tions required amino acid supplementation, it was deemed desirable 

to ascertain if these supplements were absolutely necessary especially 

in view of economic considerations. Since the control ration (ration 

2) required 0. 14 percent added methionine, lowering this amino acid 

in ration 2 was studied. Levels of 0.05 and 0. 14 percent methionine 

were omitted from ration 2. The effect of methionine omission on 

growth and feed conversion of chicks fed ration 2 is given in Table 11. 

No significant differences in growth and feed conversion were noted. 

The evidence suggests that ration 2, which is a conventional 

corn -soybean ration, does not need 0. 14 percent added methionine 

and that the total methionine plus cystine content of ration 2 (without 

methionine supplementation) of 0.71 percent appears adequate to meet 

the chick's needs with a calculated protein level of 21. 1 percent. This 

is somewhat below the value of 0.80 percent cited by the NRC (1960). 

Similarly, since ration 5b (the NRC mixture increased by 50 

percent) called for 0. 19 percent added methionine, the effect of 

methionine omission on growth and feed conversion of chicks fed 

ration 5b is given in Table 12. Since no significant differences in 
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Table 11. Effect of Methionine Omission on Growth and Feed Con- 
version of Chicks Fed Ration 2. l' 2 

Methionine Average 4 Week 
Omission Total Content 3 Body Weight Feed Conversion 

% gm. 

0. 00 0. 85 483(24)4 1. 62 
0. 05 0. 80 475(23) 1.71 
0. 14 0.71 473(22) 1. 75 

1 See Table 9. 
2 Each treatment contained duplicate lots of 6 male and 6 female 

White Vantress xNichols 108 chicks. 

3 Methionine plus cystine. 
4 Figures in ( ) represent number of chicks surviving. 

Table 12. Effect of Methionine Omission on Growth and Feed Con- 
version of Chicks Fed Ration 5b. 1' 2 

Methionine Level Average 4 Week 
Omission Total Content 3 Body Weight Feed Conversion 

gm. 

0. 00 1. 22 564(48)4 1.41 

0. 19 1. 03 546(47) 1.45 

1 

2 

3 

4 

See Table 9. 

Average values from two experiments. Each treatment of each 
experiment contained duplicate lots of 6 male and 6 female White Van - 
tress xNichols 108 chicks. 

Methionine plus cystine. 

Figures in ( ) represent number of chicks surviving. 
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growth and feed conversion were obtained, the data suggest that 0. 19 

percent supplemental methionine can be omitted from ration 5b. How- 

ever, it should be noted that a slight decrease in growth was consist- 

ently observed in each experiment when methionine was omitted. If 

it is assumed that this difference is unimportant a total methionine 

plus cystine level of 1. 03 percent would be indicated to meet the 

chick's requirement for methionine plus cystine. 

Likewise, since ration 6 (the Arscott -Brown mixture) required 

added amino acid supplementation, lowering the glycine and lysine 

levels in ration 6 was studied. Levels 0. 11 and 0. 22 percent of 

glycine were omitted from ration 6 in the first experiment while 0. 08 

and 0. 17 percent of lysine were omitted from ration 6 in the absence 

of 0. 22 percent glycine in the second experiment. Results of amino 

acid omissions on performance of chicks are shown in Table 13. No 

significant effect was noted with glycine omission although growth ap- 

peared somewhat lower when 0. 22 percent glycine was omitted. When 

0. 08 and 0. 17 percent lysine were omitted, the results indicate that 

no significant difference in chick performance was obtained. It would 

appear, therefore, that 1. 09 percent glycine and 1. 15 percent lysine 

in ration 6 are adequate to meet the chick's needs with a calculated 

protein level of 22.3 percent. 

Since ration 7 (the Klain mixture) included 0. 07 percent added 

glycine and 0. 08 percent supplemental histidine, omitting these amino 
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Table 13. Effect of Glycine and Lysine Omission on Growth and Feed 
Conversion of Chicks Fed Ration 6. 1, 2 

Amino Acids Average 4 Week 
Omission Content Body Weight Feed Conversion 

% % gm. 

Glycine 0.00 1.31 552(71)3'4 1.51 
0. 11 1.20 542(71) 1.52 
0.22 1.09 531(68) 1.51 

Lysine 0.00 1.32 520(23)5' 6 1.45 
0.08 1.24 509(24) 1.50 
0. 17 1. 15 517(24) 1.54 

1 See Table 9. 

2 Each treatment contained duplicate lots of 6 male and 6 female 
White VantressxCobb chicks. 

3 Averaged values from three experiments. 
4 Figures in ( ) represent number of chicks surviving. 

Ration 6 with 0. 22 percent glycine omitted. 

6Averaged values from one experiment. 

5 

Table 14. Effect of Glycine and Histidine Omission on Growth and 
Feed Conversion of Chicks Fed Ration 7. 1, 2 

Omission Content Average 4 Week 
Glycine Histidine Glycine Histidine Body Weight Feed Conversion 

% % % %o gm. 

0. 00 0. 00 1. 61 0.70 574(69)3 

0.07 0.08 1.54 0.62 562(69) 

1.45 

1.45 

1 See Table 9. 
2 

3 

Averaged values from three experiments. Each treatment of each 
experiment contained 6 male and 6 female White Vantress xNichols 
108 chicks. 

Figures in ( ) represent number of chicks surviving. 
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acids in ration 7 was studied. The effect of glycine and histidine 

omissions on growth and feed conversion of chicks fed ration 7 is 

given in Table 14. The results show no significant effect due to the 

dietary treatments. The evidence suggests, therefore, that ration 7 

does not need 0.07 percent added glycine or O. 08 percent supple- 

mental histidine. The 1. 54 percent glycine and O. 62 percent histidine 

present in natural ingredients of ration 7 appear to meet the chick's 

needs for these amino acids with a calculated protein level of 27.7 

percent. 

Since it is evident that ration 5b (the NRC mixture increased 

by 50 percent) appears to more adequately meet the chick's amino 

acid needs than ration 4b (the NRC mixture), it was postulated that 

ration 5b may contain higher amino acid levels than necessary. Thus 

a series of experiments was conducted to determine the effect of de- 

creasing the amino acid levels present in ration 5b by blending it with 

varying amounts of ration 4b. The composition of the blended rations 

is given in Table 15. Rations 10, 11 and 12 were obtained by blending 

three parts of ration 4b and one part of ration 5b (ration 10), one part 

of ration 4b and one part of ration 5b (ration 11) and one part of ration 

4b and three parts of ration 5b (ration 12), respectively. The protein 

level and the amino acid content of the blended rations are shown in 

Table 16. 

Results on growth and feed conversion of chicks fed the 
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Table 15. Composition of Experimental Rations Obtained by Blending 
Rations 4b and 5b1 in Varying Proportions. 

Ingredients 
Ration 

102 113 124 

% % % 

Corn, yellow 52. 52 49. 74 46. 94 
Milo 6.32 4.21 2. 11 

Barley 2. 19 1.46 0.73 
Fat, animal 5 7.76 8.55 9. 35 

Soybean meal, solvent (44% protein) 12. 63 15. 26 17. 88 
Cottonseed meal (42% protein)6 3. 75 4. 26 4. 78 
Fish meal, herring (70% protein) 6. 40 8. 65 10. 89 
Meat and bone meal (50% protein) 3. 88 2.78 1. 69 
Feather meal (82% protein) 0. 90 1.33 1.76 
Alfalfa meal, dehydrated (20% protein) 2. 00 2. 00 2. 00 
Limestone flour 0. 85 0. 95 1. 06 
Dicalcium phosphate 0.01 0. 03 0. 04 
Salt, iodized 0.30 0.30 D. 30 
MHA7 0.24 0.23 0.22 
Vit. -min. premix8 0. 25 0. 25 0. 25 

Coccidiostat9 + + + 

100. 0 100. 0 100. 0 

1 See Table 9. 

2 Three parts of ration 4b:one part of ration 5b. 
3 

One part of ration 4b: one part of ration 5b. 
4 One part of ration 4b: three parts of ration 5b. 
5to9 See footnotes 3 to 7, Table 5, respectively. 
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Table 16. Protein Level and Amino Acid Content of Experimental 
Rations. 

Amino Acids Ration 
10 11 12 

% % % 

Calculated protein 20.7 22.9 25. 1 

Arginine 1. 35 1.50 1. 65 

Cystine 0.35 0.41 0.47 
Glycine 1. 24 1. 34 1. 43 
Histidine 0. 44 0.48 0.5 2 

Is oleuc ine 1. 01 1. 12 1. 24 

Leucine 1.76 1.90 2.04 
Lysine 1. 20 1.40 1. 60 
Methionine 0.55 0.64 0.71 
Phenylanaline 0. 96 1. 05 1. 15 

Threonine 0.79 0.88 0.97 
Tryptophan 0. 23 0.27 0.30 
Tyrosine 0.76 0.81 0.87 
Valine 1. 02 1. 14 1. 25 

Table 17. Growth and Feed Conversion of Chicks Fed Experimental 
Rations. 1 

Rations Average 4 Week 
Body Weight Feed Conversion 

gm. 
2 2 549(93) 1.54 

4b 497(96) 1. 60 
5b 575 (97) 1. 39 
10 536(95) 1.51 
11 5 65 (90) 1. 47 
12 571(93) 1.42 

L. S. D. (P <0. 05) 19 0. 06 

1 Averaged from four experiments. Each treatment of each experi- 
ment contained duplicate lots of 6 male and 6 female White Vantress 
xNichols 108 chicks. The last two experiments used White Vantress 
x Cobb chicks. One experiment was subjected to an outbreak of avian 
encephalitis. 

2 Figures in ( ) represent number of chicks surviving. 
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blended rations are given in Table 17. Chicks consuming the blended 

rations 10, 11 and 12 showed a significant improvement in perform- 

ance over those fed ration 4b. No significant difference in growth was 

noted between chicks receiving rations 5b, 11 and 12 although chicks 

fed all these rations showed a significant improvement in growth over 

those consuming ration 10. 

Feed conversion of chicks fed ration 4b was significantly 

poorer when compared to those receiving all other rations. A signifi- 

cant improvement in feed conversion was noted with chicks fed ration 

5b when compared to those consuming all other rations with the ex- 

ception of ration 12. Chicks receiving ration 11 did not prove dif- 

ferent in feed conversion when compared to those fed rations 10 or 12. 

These results suggest that the blended ration using no more 

than one part of ration 4b and one part of ration 5b (ration 11) appears 

to adequately meet the chick's amino acid needs as effectively as does 

the NRC mixture increased by 50 percent. It is of interest to note 

that this amino acid mixture represents a 16. 6 percent reduction of 

the amino acids in ration 5b. 

Since the blended ration 11, obtained by combining rations, 

was shown to contain amino acids adequate for the chick's needs, a 

ration formulated by linear programming using the NRC mixture in- 

creased by 25 percent was considered desirable. Thus, ration 13 is 

a linear programmed ration based on the NRC mixture increased by 
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25 percent. Ingredient restrictions and nutrient specifications, ex- 

cept for amino acids, are the same as the values given in Table 4. 

The amino acid specifications used in the program to formulate ra- 

tion 13 are shown in Table 18. Composition and resulting protein 

level and amino acid content of this ration are shown in Tables 19 

and 20, respectively. It should also be noted in view of previous 

results, the lysine content of ration4b was increased from 1.0 to 1.1 percent. 

Results on growth and feed conversion of chicks fed ration 13 

are given in Table 21. Chicks receiving ration 13 showed a signifi- 

cant improvement in growth over those consuming ration 4b, however, 

no significant difference in body weight was noted when chicks fed ra- 

tion 13 were compared to those receiving rations 2 and 5b. 

Feed conversion of chicks fed ration 13 exhibited no signifi- 

cant difference to those consuming ration 2, A significant improve- 

ment in feed conversion was noted with chicks receiving ration 1.3 

when compared to those fed ration 4b. However, chicks consuming 

ration 13 showed significantly inferior feed conversion than those re- 

ceiving ration 5b. 

These results indicate that a linear programmed ration which 

was formulated on a basis of the NRC mixture increased by 25 per- 

cent appears to more adequately meet the chick's needs with a cal- 

culated protein level of 23.4 percent than does the NRC mixture. 

These results suggest that the amino acid mixture for growing, chicks 
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Table 18. Specifications for the Essential Amino Acids Used in the 
Program for Ration 13. 1 

Amino Acids Amount Present in 100 lbs. of Ration 

lbs. 
Arginine > 2 1. 50 
Cystine < 0.44 
Glycine 3-2 1. 25 

Histidine >3 0. 38 
Isoleucine >3 0.75 
Leucine 3.2 1.75 
Lysine 3.2 1.38 
Methionine + Cystine 3-2 1. 00 
Phenylalanine + Tyrosine 3.2 1.75 
Theronine 3'2 0. 75 
Tryptophan 3.2 0. 25 

Tyrosine < 0.88 
Valine >2 1.00 

1 Based on values 25 percent above the NRC's essential amino acid 
requirements (1960), except the lysine requirement is increased 
from 1.0 to 1. 1 percent. 

2 But not to exceed 20 percent of the given values. 

3 But not to exceed 50 percent of the given values. 



Table 19. Composition of Ration 13. 

Ingredients Ration 13 

Corn, yellow 
Milo 
Fat, animal 

56.34 
2. 59 
6.39 

Soybean meal, solvent (44% protein) 10. 00 

Cottonseed meal (42% protein) 2 5. 40 
Fish meal, herring (70% protein) 13. 69 

Meat and bone meal (50% protein) 0. 87 

Feather meal (82% protein) 0. 89 
Alfalfa meal, dehydrated (20% protein) 2. 00 

Limestone flour 1. 15 

Salt, iodized 0.30 
MHA3 0. 13 

Vit. -min. premix4 0. 25 

Coccidiostat 5 + 

100. 0 

70 

1 to 5 See footnotes 3 to 7, Table 5, respectively. 

Table 20. Protein Level and Amino Acid Content of Ration 13. 

Amino Acids Ration 13 

Protein Calculated 

Arginine 

23.4 

1.50 
Cystine 0. 44 
Glycine 1. 39 
Histidine 0.49 
Is ole uc ine 1. 14 

Leuc ine 1. 95 

Lysine 1. 5 6 

Methionine 0. 60 
Phenylalanine 1. 05 

Threonine 0. 90 
Tryptophan 0. 28 
Tyrosine 0. 84 
Valine 1. 13 
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Table 21. Growth and Feed Conversion of Chicks Fed Experimental 
Rations. 1 

Rations Average 4 Week 
Body Weight Feed Conversion 

gm. 

2 566(47)2 1.55 
4b3 524(47) 1. 66 
5b 606(48) 1.41 
13 579(47) 1.52 

L.S.D. (P< 0.05) 31 0. 11 

1 Averaged from two experiments. Each treatment contained dupli- 
cate lots of 6 males and 6 females White Vantress xCobb chicks. 

2 Figures in ( ) represent number of chicks surviving. 

Contained 1. 1 percent lysine. 3 
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which are listed by the NRC (1960) should be increased at least 25 

percent above the cited values. 

Comparisons of Amino Acid Mixtures Developed from Egg 
White and Egg Albumin Patterns for Chicks 

Development of Rations 

Since Taylor (1949) cited that the egg white is utilized and 

completely absorbed by the embryo in the second week of the incuba- 

tion period, it may be implied that amino acids in egg white are avail- 

able and nutritionally balanced. Thus, by developing amino acid 

mixtures using the amino acid pattern in egg white or egg albumin as 

a criterion to formulate rations for growing chicks, optimum amino 

acid mixtures may result. Such a technique has been described by 

Johnson and Fisher (1958). An experiment was conducted to deter- 

mine the effect of amino acid mixtures developed in this manner. 

Rations 14 to 18 were formulated by linear programming. 

Ingredient restrictions and nutrient specifications, except specifica- 

tions for amino acids, are the same as ration 3 (Table 4). No upper 

limits above the amino acid specifications are stipulated in rations 

14 to 18. The amino acid mixtures used in the program to formulate 

rations 14 to 18 are given in Table 22. Rations 14 and 15 were de- 

veloped using the ratio technique cited by Johnson and Fisher (1958), 

using the amino acid content of egg white cited by Block and Weiss 
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Table 22. Specifications for Essential Amino Acids Used in the Pro- 
gram to Formulate Rations 14 to 18. 

Amino Acids Amount Present in 100 lbs. of Ration 

141 152 163 174 185 

lbs. lbs. lbs. lbs. lbs. 

Arginine >6 1. 18 0.92 0.98 1. 17 0.78 
Cystine < 0.52 0.41 0.30 0.36 0.24 
Glycine > 0.74 0.57 0.57 0.68 0.45 
Histidine > 0.50 0.39 0.36 0.42 0.29 
Isoleucine > 1.28 0.99 1. 11 1.33 0.89 
Leucine > 1.80 1.40 1.47 1.76 1. 18 

Lysine > 1.28 0.99 1.06 1, 27 0.89 
Methionine + 

Cystine > 0.80 0.62 0.80 0.96 0.64 
Phenylalanine + 

Tyrosine > 2.06 0.94 1. 16 1.39 1.48 
Threonine > 0.94 0.92 0.69 0.83 0.55 
Tryptophan > 0.36 0.28 0.25 0.30 0.20 
Tyrosine < 0.86 0.67 0.64 0.77 0.51 
Valine > 1.56 1, 22 1.32 1.58 1.06 

1 

2 

3 

4 

5 

6 

Based on the amino acid content in egg white (Block and Weiss 1956) 
using total methionine requirement cited by the NRC (1960) as a base. 

As 1 except using the NRC's leucine requirement. 

Based on the amino acid content in egg albumin (Block and Weiss, 
1956) using total methionine requirement cited by the NRC (1960) 
as a base. 

As 3 except the NRC's total methionine plus cystine requirement 
increased by 20 percent. 

As 3 except the NRC's total methionine plus cystine requirement 
decreased by 20 percent. 

No upper limits applied. 
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(1956) and the chick's requirement (NRC, 1960) for total methionine 

(ration 14) or leucine (ration 15) to calculate the levels of other amino 

acids required. 

Methionine was selected for this purpose since reports in the 

literature (Almquist, 1952; Hill, 1953 and Nelson et al. , 1960) sug- 

gested little if any conflict in the requirement for this amino acid. 

Since Block and Weiss (1956) cited that the egg white contains a high 

level of leucine, it was felt desirable to determine if the high level of 

leucine would influence the ratio used to develop the amino acid mix- 

tures. Thus, leucine was used as a basis to develop the amino acid 

mixture for ration 15. 

The egg white ratio values for ration 14 were obtained by assign- 

ing the methionine content of egg white a value of 1. 00 and dividing this 

methionine content into the levels indicated for the other amino acids 

(see the appendix, Table II) to obtain the various ratio values. The 

actual amino acid levels were then obtained by multiplying the total 

methionine requirement with the ratio for a given amino acid. Ra- 

tion 15 was developed similarly with leucine assigned a value of 1. 00. 

Further, since Romanoff and Romanoff (1949) have stated that 

albumin is the major protein in egg white, an amino acid mixture 

might also be developed applying the ratio technique to egg albumin. 

Therefore, rations 16, 17 and 18 were formulated on a basis of the 

amino acid pattern in egg albumin (Block and Weiss, 1956) using 
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methionine as the base amino acid. The procedure used here is simi- 

lar to that described for egg white, The NRC's total methionine re- 

quirement was used for ration 16 while this value was arbitrarily in- 

creased or decreased by 20 percent for rations 17 and 18, respec- 

tively. 

The composition of rations 14 to 18 is given in Table 23. The 

protein level and the amino acid content of these rations are shown in 

Table 24. Results on growth and feed conversion of chicks fed rations 

14 to 18 are given in Table 25. Chicks consuming ration 17 showed 

significantly improved growth over those fed rations 2, 15, 16 and 18 

while no significant difference in growth was noted when compared to 

chicks fed ration 14. Chicks receiving ration 18 showed significantly 

lower growth when compared to those fed all other rations. Chicks 

fed ration 14 exhibited a significant improvement in body weight over 

those consuming ration 15. No significant differences were noted 

for chicks consuming rations 2, 14 and 16. 

Chicks fed ration 17 showed significant improvement in feed 

conversion over those receiving ration 18 and no significant differ- 

ences were noted when compared to chicks fed rations 2, 14, 15 and 

16. Chicks consuming ration 18 proved significantly poorer in feed 

conversion than those fed all the other rations. Chicks receiving ration 

14 exhibited a significantly improved feed conversion than those con- 

suming rations 2 and 15 while no significant differences were noted 



Table 23. Composition of Experimental Rations. 

Ingredients Ration 
14 15 16 17 18 

Corn, yellow 40.00 40.00 40. 00 40.00 40.00 
Milo 22. 03 23, 84 
Fat, animal 11. 13 6. 09 11. 76 7. 44 6. 62 
Soybean meal, solvent 

(44% protein) 26. 14 10. 00 28. 34 10. 93 10. 00 
Corn gluten meal 

(43% protein) 9. 43 17, 45 
Fish meal, herring 

(70% protein) 14. 57 15. 27 14. 80 
Meat and bone meal 

(50% protein) 6. 42 2. 62 
Feather meal 

(82% protein) 4. 40 2.76 
Poultry hyproduct 

meal (55% protein) 8. 85 5. 39 13. 56 
Alfalfa meal, dehydrated 

(20% protein) 2. 00 2. 00 2. 00 2. 00 2. 00 
Limestone flour 1. 21 1. 26 0.41 1.21 0. 67 
Dicalcium phosphate 0. 04 
Salt, iodized 0.30 0.30 0.30 0.30 0.30 

76 

MHA2 0. 10 0. 23 0. 14 

DL Valine 0. 14 
Vit. -min. premix 0. 25 0. 25 0. 25 0. 25 0. 25 
Coccidiostat4 + + + + + 

100.0 100.0 100.0 100.0 100. 0 

1 to See footnotes 3 and 5 to 7, Table 5, respectively. 4 

3 
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Table 24. Protein Level and Amino Acid Content of Experimental 
Rations. 

Amino Acids Ration 
14 15 16 17 18 

% % % % % 

Calculated protein 30. 0 24. 1 24. 7 31. 5 20. 0 

Arginine 1. 89 1. 39 1.54 1. 7 1 1. 21 

Cystine 0.60 0.49 0.35 0.63 0.32 
Glycine 1. 67 1. 42 1. 26 1. 7 6 1. 04 
Histidine 0.59 0.48 0.56 0.59 0.41 
Isoleucine 1. 5 1 1. 19 1. 29 1.57 1. 18 

Leucine 2.43 2. 14 2.38 3.32 1.74 
Lysine 1. 99 1. 61 1. 25 1. 7 2 1. 05 

Methionine 0.56 0.49 0.49 0.86 0.45 
Phenylalanine 1. 35 1. 05 1. 25 1. 55 0. 98 
Threonine 1. 17 0.92 0.93 1.20 0.92 
Tryptophan 0.36 0.28 0.25 0.31 0.20 
Tyrosine 1.01 0.84 0.84 0.98 0.83 
Valine 1.57 1. 22 1. 3 2 1. 65 1, 06 

Table 25. Growth and Feed Conversion of Chicks Fed Experimental 
Rations. 1 

Rations Average 4 Week 
Body Weight Feed Conversion 

2 

gm. 

5 22(24)2 1.54 
14 541(24) 1. 37 

15 492(24) 1.54 
16 519(24) 1.48 
17 555 (24) 1.44 
18 45 2(24) 1. 67 

L. S. D. (p<0. 05) 28 0. 13 

1 Each treatment contained duplicate lots of 6 male and 6 female 
White Vantress x Nichols 108 chicks. 

2 Figures in ( ) represent number of chicks surviving. 
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when compared to chicks fed rations 16 and 17. 

The evidence suggests that the egg white ratio using the NRC's 

total methionine requirement as a basis (ration 14) appears to more 

adequately meet the chick's needs than using the NRC's leucine re- 

quirement as a basis (ration 15). The results also indicate that chicks 

fed rations developed from the egg albumin pattern using the NRC's 

total methionine requirement alone (ration 16) or increased by 20 per- 

cent (ration 17) show significantly improved growth over those re- 

ceiving the NRC's total methionine requirement decreased by 20 per- 

cent (ration 18) , although a difference is also noted between chicks 

consuming rations 16 and 17. These results indicate further that the 

developed amino acid mixtures based on the egg white or the egg 

albumin patterns using the NRC's total methionine requirement as a 

common basis (rations 14 and 16) show no major difference in per- 

formance of chicks. The egg albumin ratio using the NRC's total 

methionine requirement increased by 20 percent appears to permit 

maximum growth. 

Evaluation of Rations 

Since ration 16 (the egg albumin -NRC methionine mixture) 

required 0. 07 percent supplemental valine, omitting this amino acid 

in ration 10 was studied. Accordingly, levels of 0. 04 and 0. 07 per- 

cent supplemental valine were omitted from ration 16. Results of 
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valine omission on performance of chicks are given in Table 26. No 

significant effect was noted although growth appeared to increase 

somewhat as the level of valine was decreased. These results sug- 

gest that 0. 07 percent supplemental valine can be omitted from ration 

16. The findings also suggest that the 1. 25 percent valine in natural 

ingredients is adequate and meets the chick's needs with a calculated 

protein level of 24.7 percent. 

Studies on the Development of Amino Acid Mixtures for Laying Hens 

Experiment 1 

Scott (1961) calculated the amount of protein required per hen 

per day for optimum egg production and feed efficiency. He stated 

that over - eating of protein by the laying hens was the result of a lack 

of efficient utilization of the dietary protein to obtain amino acids for 

egg formation. Evidence from this report suggested that the protein 

level in laying rations could be decreased when sufficient methionine 

was provided for egg formation. It would appear from his report that 

varying rates of egg production could be predicted depending upon the 

methionine level present. Accordingly, an experiment was conducted 

to evaluate the effect of amino acid mixtures which were calculated to 

sustain varying rates of egg production. 

The calculated amino acid mixtures needed to sustain varying 
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Table 26. Effect of Valine Omission on Growth and Feed Conversion 
of Chicks Fed Ration 16. 1, 2 

Valine Average 4 Week 
Omission Content Body Weight Feed Conversion 

% gm. 

0. 00 1.32 524(48)3 1.51 
0. 04 1. 28 538(48) 1.47 
0. 07 1. 25 555 (48) 1.47 

1 See Table 23. 

2 Averaged values from two experiments. Each treatment of each 
experiment contained duplicate lots of 6 male and 6 female White 
Vantress x Nichols 108 chicks. 

3 Figures in ( ) represent number of chicks surviving. 

Table 27. Calculated Amino Acid Mixtures to Sustain Varying Rates 
of Egg Production. 1 

Amino Acids 
Estimate Egg Production ( %) 

100 
(1) 

80 
(2) 

60 
(3) 

40 
(4) 

% % % % 
Arginine 0.57 0.54 0.49 0.45 
Cystine 0. 20 0. 19 0. 17 0. 15 

Glycine 0. 29 0. 27 0. 25 0. 23 

Histidine 0. 20 0. 19 0. 18 0. 16 

Isoleucine 0.59 0.55 0.50 0.46 
Leucine 0.80 0.76 0.68 0.63 
Lysine 0.59 0.55 0.50 0.46 
Methionine 0.28 0.27 0.24 0.22 
Phenylalanine 0.49 0.46 0.42 0.39 
Threonine 0.43 0.40 0.36 0.33 
Tryptophan 0. 13 0. 12 0. 11 0. 10 

Tyrosine 0.35 0.33 0.30 0.28 
Valine 0.63 0.60 0.54 0.50 

1 The procedure for calculating these amino acid mixtures is shown in 
the appendix (Table III). 

% 
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rates of egg production are given in Table 27. The procedure for 

obtaining these amino acid mixtures is given in the appendix (Table 

III). The amount of methionine needed per hen per day for main- 

tenance to sustain varying rates of egg production was computed 

using the method cited by Scott (1961). After the methionine require- 

ment was determined for specified conditions, the levels of the other 

amino acids were estimated using the amino acid pattern in whole 

egg protein as a common criterion based on the ratio technique de- 

scribed by Johnson and Fisher (1958) using the amino acid content in 

the whole egg protein as listed by Block and Weiss (1956). The pro- 

cedure to estimate varying rates of egg production as related to the 

calculated amino acid mixture was cited by Combs (1961). 

Rations 1 to 4 were manually formulated based on the calcu- 

lated amino acid mixtures which are given in Table 27. These ra- 

tions were developed to sustain varying rates of egg production, 

namely: 100, 80, 60 and 40 percent for rations 1, 2, 3 and 4, respec- 

tively. Rations 2a, 3a and 4a were supplemented with methionine so 

that the methionine content in these rations was theoretically ade- 

quate to sustain 100 percent egg production. The composition of the 

experimental rations is given in Table 28. The protein level and the 

amino acid content of these rations are given in Table 29. It should 

be noted that ration 1 was employed as the control ration in all 

experiments. 
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Table 28. Composition of Experimental Rations. 

Ingredients Ration 
1 2, 2a 1 3, 3a 2 4, 4a3 

% % % % 

Corn, yellow 72. 00 72. 25 78. 40 79. 90 

Soybean meal, solvent 
(44% protein) 13.75 13.75 8. 25 4.75 

Fish meal (70%o protein) 3. 00 1. 80 1. 80 

Meat and bone meal 
(50% protein) 4. 00 

Feather meal (82% protein) 2. 00 
Alfalfa meal, dehydrated 

(20% protein) 3. 00 3. 00 3. 00 3. 00 

Limestone flour 2.50 2. 50 2, 50 2, 50 
Oystershell 2.50 2.50 2.50 2.50 
Bone meal 2.50 1. 25 2. 80 2. 80 
Salt, iodized 0.50 0.50 0.50 0.50 
Vit. -min. premix4 0. 25 0. 25 0. 25 0. 25 

100. 0 100. 0 100. 0 100. 0 

1 Supplemented with 0. 04% methionine hydroxy analogue calcium (MHA), 

90% (Monsanto Chemical Co. , St. Louis, Mo. ). 

2 Supplemented with 0. 05% MHA. 

3 Supplemented with 0. 06% MHA. 
4 Nopcosol M -3 (Nopco Chemical Company, Richmond, Calif.) 

supplies 1 lb. of mixture: Vit. A, 600, 000 USPU; vit. D3, 200, 000 
ICU; vit. E, 200 IU; riboflavin, 0. 4 gm. ;D- pantothenic acid, 0. 6 

gm. ; niacin, 3 gm. ; choline, 20 gm. ; vit. B12, 0. 8 mg. ; butylated 
hydroxy toluene, 22. 68 gm. ; Mn, 10. 8 gm. ; Fe, 3. 6 gm. ; Cu, 
0. 363 gm. ; I, 0. 218 gm. ; Zn, 5 gm. 
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Table 29. Protein Level and Amino Acid Content of Experimental 
Rations. 

Amino Acids Ration 

1 2, 2a1 3, 3a2 4, 4a3 

% % % % 

Calculated protein 16.0 16. 0 13. 0 13. 0 

Arginine 0.95 0.99 0.75 0.76 
Cystine 0.23 0.20 0. 18 0.21 
Glycine 0.75 0.86 0.63 0.73 
Histidine 0.34 0.34 0.28 0.25 
Isoleucine 0.83 0.80 0.69 0.69 
Leucine 1 . 45 1 . 42 1 . 27 1. 3 2 

Lysine 0.79 0.71 0.56 0.49 
Methionine 0.29 0.27 0.26 0.25 
Phenylalanine 0.76 0.75 0.64 0.65 
Threonine 0 . 62 0 . 61 0. 5 2 0.55 
Tryptophan 0. 19 0. 17 0. 16 0. 15 

Tyrosine 0.63 0.64 0.57 0.58 
Valine 0.75 0.75 0.60 0.65 

1 See footnote 1, Table 28. 

2 See footnote 2, Table 28. 

3 See footnote 3, Table 28. 
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The summary of results on performance of White Leghorn 

hens fed the experimental rations is given in Table 30. Egg produc- 

tion of hens consuming ration 2 (80 %) appeared significantly greater 

when compared to those fed all the other dietary treatments. No 

significant differences in egg production were noted with hens fed 

rations 2a (100%), 3 (60 %), 3a (100%), 4 (40%) and 4a (100 %) 

when comparisons were made to layers fed the control ration (ration 

1, 100 %). Egg production of hens consuming ration 4a was signifi- 

cantly lower than egg production of those receiving ration 3a, 

while no significant effect in egg production was noted for layers 

fed rations 2a, 3 and 4. Hens consuming ration 3a showed no 

significant difference in egg production when compared with layers 

fed rations 2a, 3 and 4. 

Egg weights of hens fed rations 2, 3, 3a, 4 and 4a proved 

significantly inferior to egg weights of layers receiving rations 1 and 

2a. No significant difference in egg weight was noted for hens fed 

rations 3, 3a, 4 and 4a when a comparison was made to egg 

weights of those fed ration 2. Furthermore, layers consuming 

ration 2a exhibited no significant difference in egg weights as com- 

pared with those fed ration 1. 

Feed consumption, feed per dozen eggs, body weight gains 

and mortality were not affected by any dietary treatments. 

From these results no correlation is seen to exist between the 



1 
Table 30. Effect of Calculated Amino Acid Mixtures on Performance of White Leghorn Hens. 

Rations Estimated Average for Eleven 28 -Day Periods 
Egg 

Production 
Egg 

Production2 
Egg 

Weight3 
Feed Feed Per 

Consumption Dozen Eggs 
Body Weight 

Gain 4 

Mortality 

% / gm. lb. lb. lb. o/ 

1 100 64.7 54.5 6.24 4.16 0.60 21.0 

2 80 68.0 53.5 6.33 4.03 0.62 23.0 

2a 100 63.4 54.3 6.29 4.32 0.59 17.0 

3 60 63.2 53.1 6.18 4.21 0.53 17.0 

3a 100 65.1 53.3 6.20 4.11 0.57 18.0 

4 40 63.4 53.1 6.40 4.43 0.51 15.0 

4a 100 62.5 53.5 6.50 4.49 0.77 20.0 

L. S. D. (p < 0. 05 ) 2.3 0.7 

1 Each treatment contained duplicate lots of 50 White Leghorn pullets each at start housed on floor pens. 
2 Hen daybasis. 

3 Determined for 3 successive days at the end of each 28 -day period for ten periods. 

4 Obtained from initial and final body weight data. Average body weight at start was 3.25, 3.24, 3.24, 3. 18, 3.28, 3.27 and 3. 23 lbs. /hen, 
respectively. 
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actual egg production obtained and the predicted egg production values. 

Furthermore, it is evident that the addition of methionine to these ra- 

tions consistently failed to improve egg production even from hens fed 

rations 3 and 4, which contained 13 percent protein, and were expected 

to lay at a much lower rate. While no clearcut explanation can be of- 

fered for this effect, two factors may be involved. First, the actual 

methionine content of all rations may be greater than the calculated 

values. Secondly, it is possible that the layers are not capable of 

sustained egg production rates of 80 or 100 percent. 

No explanation can be offered at this time as to why layers fed 

ration 2 exhibited a significantly higher rate of production than those 

consuming ration 1 or 2a. Similarly, it is not clear why egg size was 

significantly reduced in hens fed ration 2 unless this was due to the 

increased rate of egg production obtained. Why methionine improved 

egg size in layers consuming ration 2a and not in those fed rations 3a 

and 4a is not known. 

The results involving hens receiving rations 3 and 4 are of 

interest, however, in that egg production was comparable to layers 

fed ration 1, the control ration, even though the protein levels of 

these diets were substantially below the control ration - 13 versus 

16 percent, respectively. 
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Experiment 2 

Since Bray (1960) cited that he was able to sustain a high rate 

of egg production over a 13 -week period with a corn -soybean meal 

diet containing 10 percent protein by permitting soybean meal to con- 

tribute 58 percent of the protein, an experiment was conducted using 

corn - soybean meal rations in which the protein level was lowered 

from 16 to 12 percent. 

The experimental rations are given in Table 31. The protein 

level and amino acid content of these rations are given in Table 32. 

Ration 1 was used as the control ration. This ration was a corn -soy- 

bean -fish meal ration with an amino acid content calculated to sustain 

100 percent egg production. Ration 5 was a corn - soybean meal ration 

containing 16 percent protein in which soybean protein contributed 

57.3 percent of the protein. The amino acid content of ration 5 was 

such that it was predicted to sustain 80 percent egg production. Ra- 

tion 5a was the same as ration 5 except O. 027 percent methionine was 

added to sustain 100 percent egg production. 

Ration 6 was formulated on the same basis as ration 5 by re- 

placing 10 percent soybean meal in ration 5 with an equal amount of 

corn, thus, the protein content of ration 6 would be 12 percent in 

which soybean protein contributed 38. 2 percent of the protein. The 

amino acid content of ration 6 was estimated to sustain 60 percent egg 
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Table 31. Composition of Experimental Rations. 

Ingredients 
Ration 

1 5,5a2 6,6a3 

% % % 

Corn, yellow 
Fat, animal4 

72.50 67.75 
1.00 

77.75 
1.00 

Soybean meal, solvent (44% protein) 13. 75 20. 00 10. 00 
Fish meal, herring (70% protein) 3. 00 
Alfalfa meal, dehydrated (20% protein) 3. 00 3. 00 3. 00 
Limestone flour 2.50 2.50 2.50 
Oyster shell 2.50 2.50 2.50 
Dicalcium phosphate 2. 00 2. 50 2.50 
Salt, idoized 0.50 0.50 0.50 
Vit. -min. premix5 0. 25 0. 25 0. 25 

100. 00 100. 00 100. 00 

1 Same as ration 1, Table 28, but modified by using dicalcium phos- 
phate to replace bone meal. 

2 Supplemented with 0. 03% MHA. 
3 Supplemented with 0. 1% MHA and 0. 03% 1- lysine HC1(80 %). 

4 See footnote 3, Table 5. 

5 See footnote 4, Table 28. 
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Table 32. Protein Level and Amino Acid Content of Experimental 
Rations. 

Amino Acids Ration 

1 5,5a1 6,6a2 

Calculated protein 

Arginine 
Cystine 
Glycine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Tryptophan 
Tyrosine 
Valine 

% 

16. 0 

% 

16. 0 

% 
12. 0 

0.95 1.01 0.74 
0.23 0.22 0. 16 

0.76 0.68 0.57 
0.34 0.36 0. 27 

0.83 0.87 0.67 
1.46 1.46 1.23 
0.79 0.75 0.48 
0.29 0.27 0.23 
0.77 0.80 0.63 
0.62 0.63 0.50 
0. 19 0. 19 0. 14 

0.64 0.64 0.55 
0.75 0.78 0.58 

1 See footnote 2, Table 31. 

2 See footnote 3, Table 31. 
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production. Ration 6a was the same as ration 6 except 0. 09 percent 

methionine and 0. 024 percent lysine were added to sustain 100 per- 

cent egg production. 

The results on performance of White Leghorn hens fed the 

experimental rations are given in Table 33. No significant differences 

in egg production, egg weights and feed consumption were obtained. 

There were also no significant differences in feed per dozen eggs 

and body weight gains due to the dietary treatments. 

These results suggest that a 12 percent protein corn -soybean 

meal ration in which soybean protein contributed 38. 2 percent of the 

protein (ration 6) can sustain egg production comparable to a 16 per- 

cent corn-soybean-fish meal ration (ration 1) and a 16 percent protein 

corn -soybean meal ration in which soybean protein contributed 57. 3 

percent of the protein (ration 5 ). The addition of amino acids to corn - 

soybean meal rations containing either 12 or 16 percent protein, failed 

to improve performance of laying hens. 

The evidence that low protein corn - soybean meal rations can 

maintain normal egg production is in agreement with the results of 

Thornton, Blaylack and Moreng (1957) who reported that they were 

able to sustain satisfactory egg production with a corn - soybean meal 

diet containing a calculated protein level of 11 percent. Bray (1960) 

also reported that he was capable of sustaining a high rate of egg pro- 

duction with a 10 percent protein corn - soybean meal ration. 



Table 33. Performance of White Leghorn Hens Fed Experimental Ration 

Rations Estimated 
Egg 

Production 
Egg 2 

Production 

Average from Ten 28 -Day Periods 
Egg Feed Feed Per Body Weight Mortality 

Weight Consumption Dozen Eggs Gain4 

gm. lb. lb. Ih % 

1 100 67.6 56.4 6.61 4.18 0.57 21.2 

5 80 64.3 56.7 6.64 4,44 0,46 23.8 

6 60 68.7 56,2 6 95 4.34 0.41 5.0 

5a 100 68,7 56.4 6, 67 4.18 0.46 12,5 

6a 1005 64.1 55.6 7.02 4.71 0.49 27.5 

1 

Each treatment contained duplicate lots of 40 White Leghorn pullets each at start housed on floor pen. 
2 Hen day basis. 
3 Determined for 3 successive days at the end of each 28 -day period for ten periods. 
4 

Obtained from initial and final body weight data. Average body weight at start was 3.4, 3. 43, 3, 35, 3 48 and 3.47 lbs. /hen, 
respectively. 

5 
Contains added methionine and lysine. 

% % 
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Recently, Fitzsimmons, Waibel and Snetsinger (1963) were able to 

maintain performance of laying hens with a diet containing 80 percent 

corn supplemented with isolated soybean protein which increased 

the total dietary protein to 13. 1 percent. 

Experiment 3 

Since the results from the previous feeding experiments were 

obtained with manually formulated laying rations on the basis of the calcu- 

lated amino acid mixtures needed to sustain varying rates of egg produc - 

tion, an experiment was initiated with hens fed rations formulated by line- 

ar programming using the amino acid requirements for layers as cited 

by the NRC (1960) and the calculated amino acid mixture theoretically 

capable of sustaining 100 percent egg production as a criterion. 

Rations 7 and 7a were formulated by linear programming em- 

ploying the amino acid requirements for laying hens cited by the NRC 

(1960). Ration 8 was a linear programmed laying ration formulated on 

the basis of the calculated amino acid mixture noted in ration 1 (Table 

27). Ingredient restrictions and nutrient specifications are given in 

Table 34. The amino acid specifications in ration 7 were arbitrarily 

provided with a 20 percent range above the specifications, except a 50 

percent range was applied to isoleucine. Rations 7a and 8 were arbi- 

trarily assigned no upper limits above the specifications. The compo- 

sition of the experimental rations is shown in Table 35. The pro- 

tein level and the amino acid content of these rations are given in 
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Table 34. Ingredient Restrictions and Nutrient Specifications Used in 
the Program for Rations 7, 7a and 8. 

Items Amount 

Weight 
Metabolizable energy 
Corn 
Soybean meal, solvent (44% protein) 
Alfalfa meal, dehydrated (20% protein) 
Salt, iodized 
Vit. -min. premix 
Calcium 
Phosphorus, inorganic 

= 

= 

> 

> 

> 
= 

= 

= 

= 

100 lbs. 
132.5 Therm. 
50.00 lbs. 
10. 00 lbs. 

3. 00 lbs. 
0.50 lb. 
0. 25 lb. 
2.80 lbs. 

0.40 lbs. 
Amino acid (lbs. ) 

71, 7a2 83 

Arginine > 0.57 
Cystine < 0. 25 < 0. 20 
Glycine > 0.29 
Histidine > 0. 20 
Isoleucine > 0.50 > 0.59 
Leucine > 1.20 > 0.80 
Lysine > 0.50 > 0.59 
Methionine + Cystine > 0.53 > 0.48 
Phenylalanine + Tyrosine > 0. 84 
Threonine > 0.40 > 0.43 
T ryptophan > 0. 15 > 0. 13 
Tyrosine < 0.35 
Valine > 0. 63 
1 Based on the National Reserach Council's essential amino acid 

requirements (1960). All amino acid levels are not to exceed 20% 
of the cited values except isoleucine which is not to exceed 50% of 
the cited value. 

2 As footnote 1 with no upper restrictions. 
3 Based on the amino acid mixture for ration 1, Table 27 with no 

upper restrictions. 



Table 35. Composition of Experimental Rations. 

Ingredients Ration 
7 7a 8 

% % 

Corn 50.00 50.00 50.00 
Milo 21. 00 21. 60 23. 7 6 

Barley 6.50 3. 15 2. 62 
Fat 1 0. 84 
Soybean meal, solvent (44% protein) 10. 00 10. 00 10. 00 
Corn gluten meal (43% protein) 1. 23 

Fish meal, herring (70% protein) 4. 28 1. 00 
Alfalfa meal, dehydrated (20% protein) 3. 00 3. 00 3. 00 
Limestone flour 3. 06 3. 08 3. 07 

Oystershell, medium 3.00 3.00 3.00 
Dicalcium phosphate 1. 57 1. 09 1.45 
Salt, iodized 0.50 0.50 0.50 

94 

Vit. -min. premix 2 0. 25 0. 25 0. 25 

MHA 3 0. 21 0. 05 0. 12 

Cellulose 4 0. 07 
100. 0 100. 0 100. 0 

1, 3 and 4 See footnotes 3 and 5, Table 5, and footnote 2, Table 9, 
respectively. 

2 See footnote 4, Table 28. 

% 
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Table 36. 

The results on performance of laying hens fed the experi- 

mental rations are given in Table 37. No significant differences on 

performance of laying hens were observed among any of the dietary 

treatments. It should be noted however, that layers fed ration 7, the 

NRC mixture with upper restrictions, actually laid at a lower rate of 

egg production than those fed the other rations. 

These results indicate that if no upper restrictions were ap- 

plied when using the NRC mixture or the developed mixture obtained 

from ration 1, rates of egg production were comparable to the control 

ration (ration 1). Although no significant difference is indicated, ap- 

plying an upper limit to the NRC mixture does seem to decrease egg 

production. Further study will be needed to confirm this observation. 

It is interesting to note that this diet (ration 7) contains 12. 7 percent 

protein in contrast to 16. 0, 15. 0 and 13. 8 percent protein for rations 

1, 7a and 8, respectively. 

Implications of These Findings 

The findings on the lysine requirement of chicks indicate that 

broiler rations formulated by linear programming using 1. 0 percent 

lysine, which is cited as the lysine requirement by the NRC (1960), 

are inadequate from the standpoint of supporting optimum growth. 

These results suggest that at least 1. 1 percent lysine is necessary in 
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Table 36. Protein Level 
Rations. 

and Amino Acid Content of Experimental 

Amino Acids Ration 
7 7a 8 

% % 

Calculated protein 12.7 15.0 13. 8 

Arginine 0.72 0.87 0.76 
Cystine 0. 19 0. 25 0. 21 

Glycine 0.54 0.75 0. 61 

Histidine 0.30 0.35 0.32 
Isoleucine 0. 69 0.81 0.75 
Leucine 1 . 3 2 1.52 1.48 
Lysine 0.52 0.82 0.59 
Methionine 0.34 0.28 0.29 
Phenylalanine 0. 64 0.74 0.69 
Threonine 0.48 0.58 0.52 
T ryptophan 0. 15 0. 18 0. 16 

Tyrosine 0.52 0. 60 0.55 
Valine 0. 64 0. 7 6 0. 69 

% 



Table 37. Performance of White Leghorn Hens Fed Experimental Rations. 1 

Average for Ten 28 -Day Periods 
Rations Egg Production2 Egg Weight3 Feed Consumption Feed Per Dozen Eggs Body Weight Gain4 Mortality 

1 70.88 
gm. 

57.8 
lb. 

6.72 
lb. 

4.11 
lb. 

0.57 10.0 

76 63. 5 56.9 6.78 4.68 0.50 8. 8 

7a6 70. 7 57.9 6.57 4.02 0.60 7. 5 

86 70.24 58.0 6.89 4.25 0.53 6. 3 

1 to 3 

4 Obtained from initial and final body weight data. Average body weight at start was 3.4, 3.43, 3. 38 and 3.45 lbs. /hen, respectively. 

5 Manually calculated. 

See footnotes 1 to 3. Table 33. 

6 
Computer calculated. 

% % 
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establishing nutrient specifications within calculated protein levels of 

18.4 and 21. 1 percent. Whether or not similar relationships exist for 

other amino acids remains to be determined. 

The evidence on comparisons of least cost broiler rations for- 

mulated on the basis of a number of reported amino acid mixtures 

shows that the amino acid mixture taken from the NRC (1960) is inade- 

quate to support optimum growth, even in the presence of added lysine. 

The control mixture, the NRC mixture increased by 50 percent, the 

Arscott -Brown mixture, the Klain mixture and the Klain mixture in- 

creased by 25 percent appear to more adequately meet the chick's 

needs than does the NRC mixture. The Klain mixture appears to be 

the mixture capable of supporting maximum growth, although the NRC 

mixture increased by 50 percent produces almost the same body 

weight. The control mixture, the Arscott - Brown mixture and the 

Klain mixture increased by 25 percent are somewhat below the Klain 

mixture as measured by chick weights. No significant growth im- 

provement was evident for the Dobson -Anderson mixture when com- 

pared to the NRC mixture, although actual body weight was heavier 

than that obtained with the NRC mixture. 

It is also of interest to note that an NRC mixture increased 

by 25 percent significantly improves body weight when compared to 

the NRC mixture and shows no major differences in growth response 

to the NRC mixture increased by 50 percent. In view of this, it is 



99 

suggested that the NRC mixture be increased by at least 25 percent in 

order to meet the chick's amino acid needs. 

The results from chicks fed rations formulated by linear pro- 

gramming using the amino acid mixtures developed from egg white 

and egg albumin amino acid patterns indicate that the resulting amino 

acid mixture based on the egg albumin pattern using the NRC total 

methionine requirement increased by 20 percent appears to provide 

a maximum growth response over those consuming the control 

and the egg albumin -NRC methionine mixtures. However, no signifi- 

cant effect was evident between chicks receiving the egg albumin -NRC 

methionine mixture increased by 20 percent and the egg white -NRC 

methionine mixture. 

Since chicks fed the egg albumin -NRC methionine mixture in- 

creased by 20 percent show significantly improved growth over those 

consuming the control ration mixture (Table 25) and the control mix- 

ture appears to more adequately meet the chick's needs than the NRC 

mixture (Table 10) it is suggested by implication that the egg albumin - 

NRC methionine mixture increased by 20 percent more adequately 

meets the chick's needs than the NRC mixture. However, as no com- 

parison was made between the Klain mixture and the egg albumin -NRC 

methionine mixture increased by 20 percent, there is no evidence to 

show which of these two mixtures is best for growing chicks. 

A summary of the calculated protein level and the amino acid 
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content of these rations is given in Table 38. As stated earlier, the 

NRC mixture failed to support optimum growth while the other mix- 

tures more nearly meet the chick's needs. It should be noted that the 

NRC mixture is based on the amino acid requirements cited by the 

NRC (1960). These requirement values are summarized from reports 

of experiments determining the need for individual amino acids. It 

thus appears that using the NRC amino acid mixture to formulate ra- 

tions by linear programming has some serious limitations particular- 

ly when restrictions are applied to these requirements. 

An examination of Table 38 also shows that there is a wide 

variation in the amino acid content of rations which support optimum 

growth, therefore specific amino acid requirements should not be 

construed from these data. It should be emphasized that the purpose 

of these studies was to develop amino acid mixtures that would sup- 

port optimum growth. Except for lysine no attempt was made to de- 

termine individual amino acid requirements for growing chicks. As 

an example, the glycine content of these rations exhibits a marked 

range of 1. 30 to 2. 00 percent; the histidine content also shows a wide 

variation of 0. 45 to 0. 88 percent as do several of the other amino 

acids. 

It is also possible that the adverse effects noted with the NRC 

mixture are related to protein level per se. In the program to for- 

mulate these least cost rations, no specifications or restrictions 



Table 38. Protein Level and Amino Acid Content of Least Cost Broiler Rations.. 

Amino Acids NRC Control 
(1960) 

NRC 
Increased 

25% 

NRC 
Increased 

50% 

Arscott- 
Brown 
(1961a) 

Klain 
et. al. 
(1960) 

Klain et al. 
Increased 

25% 

Dobson - 
Anderson 

(1961) 

Egg White Egg Albumin Egg Albumin 
NRC NRC NRC Methionine 

Methionine Methionine Increased 20% 

°% °% % % % % °% % % % 

Calculated protein 18.4 21.1 23.4 27.4 22.3 27.7 32. 3 18.3 30. 0 24.7 31.5 

Arginine 1.21 1. 35 1.50 1.80 1.40 1.83 2. 04 1. 31 1. 89 1.54 1.71 

Cystine 0.31 0.31 0.44 0.52 0.35 0.50 0.75 0.30 0. 60 0. 35 0.63 
Glycine 1. 14 1.30 1.39 1.54 1. 31 1.61 2. 00 1.01 1. 67 1.26 1.76 

Histidine 0.40 0.45 0.49 0.58 0.50 0.70 0.88 0.41 0. 59 0. 56 0. 59 

Isoleucine 0.90 1.06 1.14 1.34 1. 19 1.33 1.57 0.9 2 1.51 1.29 1.57 

Leucine 1.61 1.79 1.95 2.20 2.15 2.55 3.14 1.48 2.43 2.38 3.32 
Lysine 1. 101 1.27 1.56 1.79 1. 32 1.57 1. 87 1.22 1.99 1.25 1.72 

Methionine 0.57 0.54 0.60 0.70 0.51 0.57 0.58 0.44 0. 56 0.49 0.86 
Phenylalanine 0. 87 0.97 1.05 1.24 1. 16 1.38 1. 52 0.87 1. 35 1.25 1.55 

Threonine 0.71 0.82 0.90 1.05 0.88 1.00 1.29 0. 80 1. 17 0.93 1.20 
Tryptophan 0.21 0.23 0.28 0.32 0.24 0.29 0.32 0.21 0. 36 0.25 0.31 

Tyrosine 0.70 0.79 0.84 0.93 0.80 0.89 1.01 0. 64 1.01 0. 84 0.98 
Valine 0.89 1.01 1.13 1.37 1.11 1.34 1.82 0.91 1.57 1.32 1.65 

1 
0. 1 percent lysine added to the mixture based on previous results. 

% 
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were provided for the protein level of the diets. Examination of the 

calculated protein level of these rations may be of interest. For 

example, while the amino acid content of the NRC and the Dobson - 

Anderson rations appears to be met from the standpoint of the specifi- 

cations, the protein levels of 18. 4 and 18.3 are lower than the protein 

levels noted for the other rations. It may be suggested that a need 

for protein per se exists that is independent of the ration's essential 

amino acid make up. Involved could be a peptide or unidentified 

factors and non -essential amino acids as Combs and Nicholson (1964) 

have noted in linear programmed rations. 

It should also be mentioned that the cost of such rations must 

be considered. This is particularly important in formulating practi- 

cal rations. For example chicks consuming both the Klain mixture 

and the NRC mixture increased by 25 percent show improved growth 

over those fed the NRC mixture. However, the cost of the Klain mix- 

ture is substantially higher ($5. 24 per 100 pounds) than the NRC mix- 

ture increased by 25 percent ($4. 06 per 100 pounds). Thus while 

costs have not been emphasized in the results, they certainly must 

be taken into consideration in the final analysis. 

The results on ration evaluation using amino acid omission 

indicate that no major difference in growth occurs even though the 

amino acid content of rations appears below the NRC requirement in 

some instances. For example, methionine omission from the control 
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ration lowers the total calculated methionine plus cystine content be- 

low the value cited by the NRC (1960) with no adverse effect on growth. 

While this may imply that the methionine requirement may be lower 

than that cited by the NRC, it is also possible that the methionine con- 

tent of this ration may be higher than the calculated values. An ex- 

amination of the reported analysis data actually shows this to be a 

possibility. For example, the NRC (1958) report cites values of 0. 1 

to 0. 2 percent of methionine in corn while the NRC (1959) report 

gives a value of 0. 1 percent. The value used as a specifica- 

tion in these programs was 0. 1 percent which was chosen as a con- 

servative figure. Thus, it can be seen that corn, a major constituent 

of these rations, may provide a considerably greater amount of methi- 

onine than is indicated in these calculations. 

A similar explanation could be applied to other amino acid 

omissions, namely: glycine and lysine from the Arscott -Brown ration, 

glycine and histidine from the Klain ration and valine from the egg 

albumin -NRC methionine ration. Therefore, a major consideration in 

the evaluation of rations is that adequate analytical information is 

essential in studies of this type. 

The results on the calculated amino acid mixtures to sustain 

crying rates of egg production show no correlation between the pre- 

dicted egg production values and the actual egg production obtained. 

The addition of methionine to these rations failed to improve egg 
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production. Here, as noted with chicks, the failure of added methi- 

onine to affect egg production may be due to the fact that the actual 

content of methionine in these rations was greater than was indicated 

by the calculated values. It is also possible that the layers in this 

experiment were not capable of sustained rates of egg production at 

80 or 100 percent indicating that genetics is a factor in this regard. 

It is of interest to note that the manually formulated laying 

rations containing 13 percent protein in experiment 1 and 12 percent 

protein in experiment 2 as well as the linear programmed laying ra- 

tion containing 13. 8 percent protein, in experiment 3, were capable 

of maintaining rates of egg production comparable to the control ra- 

tion containing 16 percent protein. On the other hand, the evidence 

indicates that the linear programmed laying ration, containing 12. 7 

percent protein, results in lower rate of egg production. 

From these results it appears that some amino acid mixtures 

in which the protein content of the ration is below the requirement of 

15 percent cited by the NRC (1960) are capable of maintaining egg 

production. This reduction in protein level is accompanied by a 

reduction in feed cost that is of importance to the producer. That 

certain mixtures do not maintain egg production makes it necessary 

that pretesting of rations be undertaken before such rations are used 

commercially. 
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SUMMARY AND CONCLUSIONS 

Studies have been conducted with broilers and layers fed 

manually formulated or linear programmed rations. Experiments 

with broilers have involved the following: 1) determining the lysine 

requirement with and without cottonseed meal in the ration, 2) for- 

mulating by linear programming rations made -up from different 

amino acid mixtures reported in the literature and 3) developing 

amino acid mixtures and formulating rations from these specifica- 

tions using linear programming. The layer studies have involved: 

1) developing rations using predicted rates of egg production based 

on amino acid needs for egg production and 2) formulating by linear 

programming rations rising various amino acid mixtures. 

In studying the lysine requirement of chicks, microbiological 

assays showed that the lysine content of cottonseed meal and other 

selected feedstuffs exceeded the values reported in the literature. 

Results of chick experiments indicated that when the lysine content of 

a corn -soybean meal ration was reduced through manual calculation 

from 1. 23 to 1. 03 percent a growth depression was obtained. The 

lysine content was reduced by the use of 6 percent feathermeal which 

replaced an equivalent amount of soybean meal protein. Additions of 

0. 05, 0. 1 and 0. 15 percent of lysine to this ration resulted in a 

plateaued growth response. When a linear programmed ration 



106 

containing no more than 1. 0 percent of lysine was supplemented with 

0. 1, 0.2 and 0. 3 percent of lysine a plateaued growth response also 

resulted. 

From the results obtained, it is concluded that: 1) insufficient 

amount of lysine in cottonseed meal itself is not the limiting factor in 

the least cost rations, 2) availability of lysine in cottonseed meal is 

not involved and 3) under conditions of this experiment a level of 1. 1 

percent lysine is necessary in establishing nutrient specifications for 

rations with calculated protein levels of 18.4 and 21. 1 percent. 

Experiments comparing the reported amino acid mixtures 

for growing chicks were conducted using linear programmed rations 

developed from a number of the reported amino acid mixtures. The 

results indicated that the National Research Council's (NRC) mixture 

was inadequate from the standpoint of supporting maximum growth. 

The Klain mixture appeared capable of supporting optimum growth, 

and chicks fed a ration developed from the NRC mixture increased by 

50 percent resulted in almost the same body weight as those receiving 

the Klain mixture. Chicks consuming the control mixture, the 

Arscott -Brown mixture and the Klain mixture increased by 25 percent 

showed significant increases in body weights over those fed the NRC 

mixture; however, these mixtures produced growth responses some- 

what below those two mixtures noted above. Although chicks fed the 

Dobson -Anderson mixture were somewhat heavier than those fed the 
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NRC mixture, the difference in weights was not significant. Chicks 

consuming the NRC mixture increased by 25 percent showed signifi- 

cant growth improvement when compared with those fed the NRC mixture and 

were not significantly different inbcdy weights to those receiving the NRC 

mixture increased by 50 percent. It was indicated that the NRC mix- 

ture should be increased by at least 25 percent above the cited val- 

ues. 

Experiments have been conducted with chicks comparing 

amino acid, mixtures developed from egg white and egg albumin amino 

acid patterns. These amino acid mixtures were used to formulate 

rations by linear programming. The results indicated that the chicks 

fed amino acid mixtures based on the egg white or egg albumin amino 

acid pattern, using the NRC's total methionine requirement as a cri- 

terion showed no significant difference in body weights. Chicks fed 

the egg albumin -NRC mixture increased by 20 percent were heavier 

than those consuming the egg albumin -NRC mixture or the control 

mixture; however, no beneficial effect was noted between the optimum 

mixture and the egg white -NRC mixture. Furthermore, it was im- 

plied that the egg albumin -NRC mixture increased by 20 percent more 

adequately met the chick's amino acid needs than the NRC mixture. 

No comparison was made between the Klain mixture and the egg 

albumin -NRC mixture increased by 20 percent. 

From these results, it is concluded that' 1) using the NRC's 
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essential amino acid requirements to formulate rations by linear 

programming appears to have some serious limitations, and 2) the 

Klain mixture, the NRC mixture increased by 50 percent and possibly 

the egg albumin -NRC mixture increased by 20 percent were the opti- 

mum amino acid mixtures, while the Arscott -Brown mixture and the 

NRC mixture increased by 25 percent might be optimum mixtures 

from an economic point of view. 

Experiments on ration evaluation were conducted involving 

amino acid omission from the control mixture, the NRC mixture in- 

creased by 50 percent, the Arscott -Brown mixture, the Klain mix- 

ture and the egg albumin -NRC mixture. The results indicated that 

no significant difference in growth occurred in chicks fed these ra- 

tions even though the amino acids present in these rations were be- 

low the NRC requirement in some instances. From data on amino 

acid composition with particular reference to methionine, it is sug- 

gested that the actual amino acid content of these rations may be 

higher than the calculated values. If so a major limitation in evalu- 

ating these rations is indicated and adequate analytical information is 

essential. 

Experiments were conducted on amino acid mixtures required 

to sustain varying rates of egg production using rations formulated 

manually as well as by linear programming. Results from layers 

indicated no correlation between the predicted egg production rates 
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and the actual egg production obtained. It was suggested that the 

layers used in these experiments probably were not genetically 

capable of sustained rates of egg production of 80 or 100 percent. 

The inclusion of additional methionine to these rations also failed to 

improve egg production which suggested that the actual methionine 

content of these rations was greater than was indicated by the cal- 

culated values. 

The results on layers fed linear programmed rations indicated 

that no significant differences in egg production were observed be- 

tween a control ration versus a ration based on the NRC mixture with 

or without upper amino acid restrictions or a ration developed from 

an amino acid mixture theoretically capable of sustaining 100 percent 

production. When no upper restrictions were applied to the NRC mix- 

ture or the developed mixture, feeding these rations to layers resulted 

in egg production comparable to those receiving the control ration. Although 

no significant difference was noted, applying an upper limit to the NRC mix- 

ture appeared to have some adverse effect on egg production. 

From these results with laying hens, it is concluded that: 

1) the developed amino acid mixtures to sustain varying rates of egg 

production show no correlation between the predicted and the actual 

egg production rates obtained, 2) that the addition of methionine to 

these rations fails to improve egg production and 3) linear program- 

med rations using the NRC mixture as well as a developed mixture 
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are not significantly different from the control ration. However, the 

NRC mixture with upper restrictions has some adverse effect on egg 

production even though no significant difference is noted. 
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Table I. The Prices of Various Feedstuffs Used in the Program. 

Feedstuffs Price per 100 lbs. 1 

Corn 
Milo 
Barley 
Fat, animal 
Soybean meal, solvent (44% protein) 
Soybean meal, solvent (50% protein) 

2. 5 6 

2. 33 
2. 33 
7. 00 
4. 28 
4. 63 

Cottonseed meal, solvent (42% protein) 3. 60 
Corn gluten meal (43% protein) 4. 57 
Fish meal, herring (70% protein) 5. 90 
Meat and bone meal (50% protein) 4. 63 
Feather meal (82% protein) 4. 70 
Poultry byproduct meal (55% protein) 5. 00 
Alfalfa meal, dehydrated (20% protein) 3. 48 
Brewer's dried yeast 10. 00 
Whey, dried 5.25 
Dicalcium phosphate 4.75 
Limestone flour 0.59 
Salt, iodized 2.40 
Vit. -min. premix ( Nopcosal M5) 59. 00 
Vit. -min. premix (Nopcosal M3) 49. 00 
Cellulose(Solka floc) 27. 00 
Coccidiostat 240. 00 
L- Arginine hydrochloride (80 %) 2450. 00 
Glycine 125.00 
L- Histidine hydrochloride (88 %) 2270. 00 
L- Leucine 2169. 00 
L- Lysine hydrochloride (80 %) 275. 00 
Methionine hydroxy analogue (90 %) 118. 00 
DL- Threonine 4000. 00 
DL- T ryptophan 8354. 00 
L- Tyrosine 2875. 00 
DL- Valine 1700. 00 

1 Based on prices in 1960. 



Table II. Calculation of Amino Acid Mixtures Used in the Program of Egg White and Egg Albumin Experiments. 

Amino Acids 
Egg White 1 

Analysis 
Methionine Basis 2 Leucine Basis 3 Egg Albumin 1 

Analysis 
Methionine Basis 2 

Ratio Mixture 14 Ratio Mixture 15 Ratio Mixture 16 Mixture 17 4 Mixture 185 
gm. /16 gm. N % % gm. /16gm. N % % 

Arginine 5.9 1.48 1.18 0.66 0.92 6.0 1.22 0.98 1.17 0.78 
Cystine 2.6 0.65 0.52 0.29 0.41 1.8 0.37 0.30 0.36 0.24 
Glycine 3.7 0.93 0.74 0.41 0.57 3.5 0.71 0.57 0.68 0.45 
Histidine 2.5 0.63 0.50 0.28 0.39 2.2 0.45 0.36 0.43 0.29 
Isoleucine 6.4 1.60 1.28 0.71 0.99 6.8 1.39 1.11 1.33 0.89 
Leucine 9.0 2.25 1.80 1.00 1.40 9.0 1.84 1.47 1.76 1.18 
Lysine 6.4 1. 60 1.28 0. 71 0.99 6.5 1.33 1.06 1.27 0, 89 
Methionine 4.0 1.00 0. 80 0.44 0.62 4.9 1.00 Q,_$,Q SUB 0.64 
Phenylalanine 6. 0 1.50 1. 20 0. 67 0.94 7. 1 1.45 1. 16 1, 39 1.48 
Threonine 4.7 1.18 0.94 0.52 0.73 4.2 0.86 0.69 0.83 0.55 
Tryptophan L. 8 0. 45 0. 36 0. 20 0. 28 1. 5 0. 31 0. 25 0. 30 0. 20 
Tyrosine 4.3 1.08 0.86 0.48 0.67 3.9 0.80 0.64 0.77 0.51 
Valine 7. 8 1.95 1_ 56 0. 87 1.22 8. 1 1.65 1.32 1.58 1.06 

1 Block and Weiss (1956). 
2 Ratio was obtained by dividing the methionine content (4. 0) into the other amino acids. The mixture values were obtained by multiplying total 

methionine plus cystine (0. 8) NRC requirement times the ratio . 

3 
See footnote 2 for calculation. 

4 
Used methionine + cystine NRC requirement increased by 20 percent. 

5 Used methionine + cystine NRC requirement decreased by 20 percent. 

% 
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Table III, Calculation of Amino Acid Mixtures to Sustain Varying Rates of Egg Production. 

Estimated Rate of Egg Production ( %) 

Item 100 80 60 40 
Egg Characteristics 
Protein1 /60 gm, egg (gins) 7. 25 5.8 4. 35 2.9 
Methionine2 /60 gm. egg (gm. 0. 24 0. 19 0. 14 0. 10 

Bird Characteristics 
Maintenance protein3 /hen /day (gm. ) 3. 3 3. 3 3, 3 3, 3 

Maintenance methionine4 /hen /day( gm. ) 0.6 0.6 0. 6 0.6 
Estimated feed consumed5 /hen /day (gm. ) 124 111 98 85 
Estimated protein consumed6 /hen /day (gm.) 19.5 17.4 15.4 13, 3 

Digestible protein consumed3 /hen /day ( gm. ) 16. 6 14, 8 13. 1 11. 3 

Feed Characteristics 
C- SM -FM6 methionine consumed /hen /day (gm. ) 0. 35 0. 31 0. 27 0.24 
Digestible methionine consumed3 /hen /day (gm.) 0. 30 0.26 0, 23 0.20 

C- SM -M &B7 methionine consumed /hen /day (gm.) 0. 31 0.28 0. 25 0.21 
Digestible methionine consumed3 /hen /day (gm. ) 0. 26 0, 22 0, 20 0. 17 

Methionine Requirements 
Protein needs /hen /day (gm. ) 10. 55 9.10 7. 65 6.20 
Methionine needs /hen /day (gm. ) 0. 30 0.25 0. 20 0. 16 

Adjustment for digestible methionine (gm, ) 0. 35 0. 295 0, 235 0, 19 
% of diet 0, 28 0. 27 0. 24 0. 22 

Amino Acid Whole Egg2 Egg Ratio 8 Estimated Rate of Egg Production ( %) 
Analysis Methionine Basis 100 80 60 40 
gm. /16 gm. N 0/ % % % 

Arginine 6. 7 2, 03 0, 57 0 54 0, 49 0 45 
Cystine 2, 3 0.70 0.20 0.19 0.17 0 15 
Glycine 3 6 1 03 0. 29 0. 27 0. 2S 0, 23 
Histidine 2, 4 0, 73 0, 20 0. 19 0 18 0 16 
Isoleucine 6.9 2, 09 0. 59 0 55 0. 50 0. 46 
Leucine 9. 4 2. 85 0. 80 0. 76 0, 68 0. 63 
Lysine 6 9 2. 09 0. 59 0, 55 0. 50 0.46 
Methionine 3 3 1, 00 0, 28 0, 27 0. 24 0. 22 
Phenylalanine 5,8 1. 75 0 49 0.46 0. 42 0.39 
Threonine 5 7 0, 47 0. 43 0.40 0. 36 0. 33 
Tryptophan 1, 6 1. 25 0. 13 0. 12 0, 11 0, 10 
Tyrosine 4. 1 1.52 0.35 0. 33 0.30 0.28 
Valine 7. 4 2. 25 0. 63 0, 60 0, 54 0. 50 
1 Whole egg contains 12. 1% protein - Romanoff and Romanoff (1945). 
2 100 gm. of protein contains 3 3 gm. of methionine; thus 12. 1 gm. of protein must contain 0.4 gm, of 

methionine or whole egg contains 0. 4% of methionine - Block and Weiss (1956). 
3 Layer needs 3 3 gm protein for maintenence per day. Digestible protein 85 percent - Scott (1961), 
4 Calculated using 4 lbs, (1818 gm. ) body weight 20% protein. 0. 38% methionine2 and 3. 3 gm. 

protein maintenance. a 

Maintenance methionine = 1818 x 0. 038 x 3. 3 0. 6 gm 
5 1818 x 0.2 
Calculated from O. S. U. 1960 -61 data, 6, 5 lbs, feed per hen per 28 day period - Personal corn - 
munication. G,H. Arscott, O. S U. (1961) and NRC ( 1960) as 105 gm. of feed consumed per 
day for 7O4ó egg production, 

_ 
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Table III. (Continued) 

6 Laying ration: corn -soybean -fish meal contains 15.7% protein. 0. 28% methionine. 

7 Laying ration: corn -soybean -meat and bone meal contains 15.5 % protein. 0.25 percent methionine. 

8 Obtained by dividing the other amino acids with methionine. 

9 Obtained by multiplying the egg ration by the methionine requirement for each estimated rate 
of egg production. 


