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AMINO ACID SUPPLEMENI'ATION OF LOW PROTEIN LAYER DIETS 
Abstract 

HARLAL CHOUDHURY 

Under the supervision of Professor C. W. Carlson 

Experiments were conducted at the South Dakota state University 

Poultry Research Center to study the effects of amino acid supple­

mentation of low protein diets on performance of laying type hens. 

Hans, housed in 8-inch cages, were fed at 24 weeks of age typical 16% 

protein corn-soy diets diluted with glucose to 10.8% protein and 

supplem nted with 0.15% DL-methionine, 0.19% L-lysine and 0.04% DL­

tryptophan. After about 20 weeks of depletion, supplements of 0.05 and 

0.1% DL-threonine and DL-valine and 0.1% DL-isoleucine alone and in all 

combinations were fed for a further period of 16 weeks using a factorial 

design. 

Individual supplements of threonine and valine did not show any 

improvement in egg production, feed consumption, feed conversion or egg 

quality. Isoleucine at the 0.1% level showed a highly significant 

improvement (P�.01) in egg production. Both low and high levels of 

threonine and valine when supplemented in equal proportions showed 

improved egg production, but it was not superior to that observed with 

isoleuoine supplementation alone. Egg size and egg quality were not 

influenced by the above dietary supplementations·. 

Based on the above performance, hens in a second study were fed 

the above basal diet further supplemented with 0.1% DL-isoleucine. They 

satisfactorily maintained egg production comparable to that of hens 

receivlng 0.1% DL-isoleucine S' pplementation in Experiment 1. Supplemental 



effects or single. and combined 0.05 and 0.1% levels of threonine and 

valine with 0.25 or 0.5� glycine supplanents were studied for a 16-week 

period, following 16-week depletion period. Neither the low nor 

high level of' ·glycine showed any improvement in egg production or feed 

efficiency. The combined low levels of glycine an:l valine were somewhat 

effective in improving egg production an:i feed efficiency. However, 

hens on the combined high levels of glycine and threonine laid at .a 

10% higher rate more efficiently than hens on the basal diet. Plasma 

levels or free amino acids somewhat refiected the effects or dietary 

supplementation upon egg production a.rd indicated that o.1i threonine 

effectively supplemented the basal diet. The excess dietary glycine 

probably caused more effective utilization of threonine for increased 

egg protein synthesis. Hens fed the 10.8% protein diet supplemented 

with amino acids produced eggs with less essential amino acids in the 

albumen than hens fed a. 16� protein diet. This indicates that further 

work is needed on the low protein diet to produce eggs with more 

optimum -amino acid levels. 
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INTRODUCTION 

·Protein supplements account for approximately one-third of the 

cost of layer diets and are becoming increasingly more expensive a.rd 

of limited supply. Increasing demand for high protein food products 

in human diets will further limit the availability of protein supple­

ments for animal feeds. Scientists, therefore, are attempting to 

develop new ways of reducing and/or changing the need or high protein 

supplements for livestock and poultry. 

There are several factors that affect the protein requirement 

of hens. These include the amino acid composition of the protein, the 

level of the energy in the diet, strain of birds, environmental 

the nutritional requirements. Completely satisfactory answers to the 

questions of requirements have not yet been achieved. 

1 

Under practical conditions, feeds used for egg production are 

most commonly formulated to provide 16 to 18� protein derived primarily 

from corn and soybean meal. Most commonly the protein requirements 

or the amino acid needs of hens have been met by increasing the amounts 

of total protein in the diet. However, this procedure could be more 

expensive.and. less satisfactoljr from a nutritional standpoint than one 

using a minim.um protein level and supplementing with amino acids 

(Scott, 1963). Studies at the South Dakota State University Agricul­

tural Experiment Station have shown the effectiveness of glucose as an 

ideal diluent in a corn-soy diet. The methionine and lysine content 

of the ration was adequately supplied in this study to maintain fair 



production (Britzman and Carlson, 1965). Novacek and Carlson (1969), 

using a factorial study of several amino acids and their combinations, 

observed that a corn-soy diet diluted to 9.4% protein with glucose 

could support 60% hen-day egg production for a period of 10 weeks when 

supplemented with 0.25% DL-methionine, 0.2% L-lysine and 0.04% DL­

tryptophan. 

2 

Our work attempted to determine which amino acids besides 

methionine, lysine and tryptophan are further limiting for egg produc­

tion for hens on the low protein corn-soy diet diluted to 10.8% protein 

by glucose. Based on the ��ino acid requirements of hens (N.R.C., 1971; 

Scott et al., 1969), factorial types of experimental plans were use_d in 

studies to investigate the requirement levels of essential and non­

essential amino acids. The criteria for evaluating performance.were 

hen-day egg production, egg weight, feed efficiency, Haugh units (Haugh, 

1937), plasma levels of the free amino acids and amino acid composition 

of egg white. 



REVIEW OF LITERATURE 

·l'he concept of the nutritive value of protein was pioneered by 

Voit t (1866), altnough the subject apparently remained closed until 

early 191 4 when Osborne and Mendel introduced the term "biological 

value" or proteins. In later studies Osborne .!1.!1.• (1919), while 

working with zein, tryptophan and lysine and glutein-lysine diets, 

demonstrated the indispensability of these amino acids for supporting 

normal growth. Mitchell (192 4) modified the pioneer studies of Thomas 

(1909) concerning the biological value of proteins. Later Mitchell 

3 

am Block (1946) suggested that the value or proteins be expressed on 

the basis or an amino acid chemical score. In a series of experiments, 

Rose !1 ,&. (1948) demonstrated the essentiality of eight amino acids 

in purified diets and contributed sigri..ificantly in grouping the 

essential and nonessential amino acids. Studies involving crystalline 

amino acids in poultry rations were conducted by Johnson and Fisher 

(1956) to determine the amino acids essential for laying hens. They 

.found arginine, glutamic acid, histidine, isoleucine, leucine, lysine, 

methionine, phenylalanine, threonine, tryptophan and valine to be 

esse�tia1 for egg production. Wit!: the exception or glutamic acid, 

omission of any one of the above amino acids resulted in immediate 

disrupt�on or feed consumption and a 10-day pause in production. This 

occurred even when such incomplete diets were forced-fed for only 5 

days. Although feed consumption was not affected by the deletion of 

glutamic acid, normal egg production could not be maintained. The hens 

in these studies failed to show any response in egg production to 
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glycine supplementation. This particular aspect of their study was in 

agreement with the results of Menge and Lillie (195 6). 

In later studies, Johnson and Fisher (1958) investigated the 

a.mino acid requirements of the laying hen. Lysine was chosen to be the 

base for calculating other essential amino acid requirements because 

it does not take part in transamination reactions and has no known 

function other than protein synthesis. After establishing the lysine 

requirement of the laying hen to be 0. 5 %  of the diet, other essential 

amino acids were included in the diet in amounts proportional to the 

ratio of their content in the whole egg. Such a diet supported good 

production. The results of these studies have been the basis for 

setting up many subsequent experiments to study and evaluate different 

protein sources as sources of amino acids for egg production. Also 

of concern have been the several amino acid interrelationships in 

different poultry rations. In the meantime, new facets of information 

were sought to be correlated w.i.th the results of various growth stud:i.es 

for a better understanding of amino acid interrelationships. 

Longenecker and House (1959) devised a formula as follows to express 

the plasma amino acid ratio after feeding a test protein: 

Plasma amino Plas�a concen�ration - Fasting concentration X 100 = �-- aI ter feeding acid ratio -· -
Amino acid requirement 

Hill and Olsen (1963) used the concentrations of plasma amino acids 

after feeding a protein-free diet in place of the fasting values used 

in the above formula. This modified technique contributed to deter­

mining which were the first and second limiting amino acids in various 
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situations. From growth studies by Hill � !!_. (1961), it -was predicted. 

that the amino acids lysine, tryptophan and arginine were first limiting 

in diets in which the protein was supplied by soybeans plus zein, 

soybeans plus zein plus lysine and so�eans plus gelatin and casein, 

respectively. The predictions for the first limiting as well as the 

secon:i limiting amino acids in the above diets were quite correct when 

compared with the growth studies. However, Hill and Olsen (1963) 

concluded that this approach was limited primarily to the detection of 

the first arxl second limiting amino acids. These early studies provided 

the basis for later studies which have used modern techniques and have 

contributed much knowledge concerning amino acids am protein nutrition. 

The approach in this review will be limited to discussing the amino 

acid requirements for egg production. 

Amino � Requirements 

It is well established that factors such as energy content of 

the diet, temperature and various stress comi tions will a1ter feed 

intake and hence influence the level or dietary protein required for 

optimmn performance. It is also quite clear that the protein require­

ment is equivalent to an adequate supply of amino acids £or optimum 

growth, maintenance and production� In fact, amino acid requirements 

rather than protein requirements should be the primary consideration. 

Scientists in the past have used different methods to express amino 

acid am protein interrelationships 1n the diet. The -requirements for 

amino acids sometimes have been given as a percentage or the total 

diet ands_ e+imes asap rcents� of the p��tein in the diet. When 
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expressed as a percentage of the protein in the diet, the amino acid 

requirement generally drops as the level of the protein in the diet is 

increased above that needed to furnish adequate amounts of' other amino 

acids. However, as the percentage of dietary protein is increased, the 

minimum required levels of most essential amino acids also appear to be 

increased when they are expressed as a percent of' the diet. Combs 

(1969) suggested that this was due to the effect of' protein level .in 

increasing voluntary food consumption. 

Successful. determination of' amino acid requirements (Mitchell, 

1950) for growth using carcass analysis led to investigations on the 

relationships between egg protein composition and amino acid require­

ments for egg production. Using information on the canposition of' 

hens• eggs, studies were con:lucted by Johnson and Fisher (1958) designed 

to reduce all amino acids to minimal levels for egg p�oduction. These 

scientists estimated the required minimum levels of the essential amino 

acids using the ratios of amino acids to lysine in whole egg protein 

as the basis. These levels of' amino acids thus determined were fed to 

la�ng hens am. compared with the same levels increased by 1oi. The 

lower levels were f'ound to maintain a high rate of egg production. 

Further studies (Johnson and Fisher, 1959) were con:lucted in attempts 

to relate the fin:iings observed with synthetic amino acid diets with 

practical diets. Practical diets with only 10 to 11� protein did 

mainta:1.n·a high rate of egg.production in hens over a prolonged period. 

Later reports (Bray• 1960; Fitzsimmons il !1• • 196:3) a1so supported the 

above findings. 
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12!! Protein Concept 

Nutrients which are most costly in laying hens' diets are energy 

arxi protein or amino acids. Since hens adjust their food intake 

according to energy need, protein an:i amino acid supplementations should 

be most critical with respect to cost. Therefore , it was important to 

determine the amowit of these costly nutrients that should be supplied 

in order to have the most economical production system. Scott (1960) 

suggested that the high protein requirement or hens was correlated with 

the high content or certain essential amino acids in egg proteins, 

specifically methionine, lysine, isoleucine and valine. He further 

commented that to supply limiting amino acids by increased amounts of 

total. protein was 1 ess satisfactory from a nutritional standpoint than 

using a minimum protein level and supplementing _ smino acids according 

to their requirements. Earlier studies ( Thornton an:i co-workers, 1 956, 

1957 )  indicated no significant difference in egg production when f'our 

different "all vegetable" basal rations for laying hens containil'.g 

ll, 13, -15 and 17% protein were studied. These workers suggested that 

the required protein level for egg production of caged layers may be 

only 1 3i or less. The results of a 'Wisconsin study (Miller !!. al., 

1 957 )  imicated optimum performance f'rom a 12.91, protein level in 

supporting egg production. A protein level of 1� in a corn-soy diet 

also supported satisfactory egg production ( Adams .!!! !!• , 1 958 )  when 

compared to that from hens �n higher protein diets. 

Frank and Wai.bel (1960), using -1 0.2, 12.4, 14.9 ,- -19.9 and 29.91, 

protein diets, observed that diets of 12.4  am 14. � protein, with 
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low and high energy levels , respectively, supported normal egg produc­

tion. Previous research at· South Dakota State University iniicated 

that a 14i protei� diet with methionine supplementation supported good­

egg production and was canparable to that or hens on a 1 6%  protein diet 

without methionine ( Carlson a.rd Guenthner, 1969). Thus , reports 

discussed herein have favored a proposal that the protein requirement 

or the laying hen is less than 15% of the diet. A diet low in protein 

(1 0 to 1.1%) with ideal amino acid composition could support fairly 

normal. egg production ( Johnson and Fisher , 19 69; Fisher � _!!. ,  1960) • 

.Amino Acids Needed � �  Protein Diets !2!_ §&t  Production 

It seems logical to discuss the various amino acid interactions 

in diets where the protein level is minimal rather than maximal. Using 

•n 11% protein corn-soy diet with J� fish meal, Waldroup an:i Harms 

(1961) observed lysine to be first limiting and methionine second 

limiting when fed to commercial egg laying pullets. Results from their 

later studies ( Harnis and Waldroup, 1962) were in agreement with that 

. reported earlier. Yates and Schaible (1969) , using an 1 1i protein 

corn-�oy diet, observed a positive effect from methionine supplementa-

tion but not with lysine. The combinetion of lysine with methionine 

was of no added benefit to rate of · production. However, egg size was 

larger �th the 16% protein control diet and the ni protein ration 

containing both lysine an:l methionine than with the u,.�supplemented or 

singly supplemented diets. Stangeland and Carlson (1961) fed ll� -

protein corn-soy diets to laying hens and did not observe improvements 

i.n egg production from supplemental methionine, whereas the combination 
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of methionine and lysine consi stently improved egg productio_n and feed 

effici ency. Results of a similar study (Waibel and Johnson. 1961) 

indicated that me�hionine and lysine additions to  a 1� protein diet 

improved egg production but not to the extent of that observed with the 

1� protein control. Hens receiving 0 . 04% tryptophan in addition to 

methionine and lysine showed an increased rate of egg production or 

J .�. while o.1si added valine depressed egg production. Lewis (1966) 

canpared 12 . 5� and 14.5� protein diets and observed a response from 

methionine and lysine supplements in the 12.si protein diet but not· 

with the 14. 5� protein diet . 

In a further study by B�q and Garlick (1960 ) .  hens were fed a 

c orn-soy diet with - a  9f, protein am the amino acids tryptophan, lysine , 

methionine , cyst ine , isoleucine and valine were supplemented to meet 

the_ minimal levels suggested by Johnson and Fisher ( 1958 ) .  The egg 

production resulting from these supplements was significantly improved 

over the 91, protein control but was not comparable to that observed. 

with a 16� protein diet . 

Research conducted . at· the South Dakota Experiment Station by 

Britzman ani Carlson (1963 , 1965 ) was designed to investigate the 

supplemental effects or the limiting amino acids for egg production in 

low protein diets having calorie-protein ratios identica1 to typical 

1� protein diets made from corn and soybean meal. Methionine 

supplementing the ll% protein corn-soy diet a11owed for impro�ed egg 

production, but it was not equa1 to that observed with the 1� protein 

diet . Cumulative effects  of methionine , lysine, glycine , valine, 
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arginine, isoleucine and tryptophan in 10 and 11� protein diets with .  

approximately 2200 Cal. M. E. /kg. were studied. Only methiordne improved 

egg production, wheroas the other amino acids did not affect laying 

hen performance. 

. Bray (1964a, b ) ,  using a diet with a 60 : 40 blend of protein from 

corn and soybean meal to supply 8.5% protein, found isoleucine and 

lysine to be the most limiting essential amino acids. The response to 

supplemental methionine decreased progressively as soybean protein was 

replaced by corn protein. The above diet was further studied (Bray, 

1968 ) to evaluate the supplemental effects or methionine, tryptophan, 

ly·sine,  isoleucine and valine. It was reported that , when tryptopha.n, 

lysine and isoleucine were individually deleted fran the diet , the 

deletion or isoleucine alone caused the greatest decline in egg yields. 

·The deletion of tryptophan and lysine ca.used lesser but similar declines. 

When the diet was made 125� adequate in all essential amino acids by 

the egg protein ratio requirement standard and thus brought up to a 

l . 92� nitrogen level (11.97% protein ) with glutamic acid and fed to 

hens , egg production was observed to be  similar to that of hens on an 

· 18% pro+ein corn-soy diet {Bray, 1969 ). 

Further studies with similar -objectives but using somewhat 

different diets have been carried out at South Dakota ( Novacek and 

Carlson, 1969 ) .  Because it appeared to  be an ideal diluent , the corn 

sugar glucose (Britzm.an and Carlson, 1965) was included in this work •. 

Laying hens showed improved production due to supplementation with 

methionine, lysine and tryptophan, but cumulative supplements of 
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arginine, isoleuc ine, valine and dimnm.onium citrate failed to give any 

additional improvement. Efforts were also made to improve production 

from this low protein ( 9 .4%)  diet by incorporating J or 6% protein 

equivalents from yellow corn, spring wheat, barley, soybean meal, 

soybean protein, fish meal, feather meal and meat and bone scraps. None 

of the supplements improved egg production over that observed with hens 

receiving the 9. 4� protein diet with added methionine, lysine and 

tryptophan, although they increased egg size. 

The absance of a response from diammonium citrate in this study 

was in agreement with the results of Moran � &• (1967 ) . However, 

Young et al. (1965 ) a11d Reid et al. (1972 )  showed beneficial responses 

from the addition of nonprotein nitrogen to suboptimal protein diets .  

The results reported from Cornell University ( Young ,tl .!±.• • 
1965) indicated that egg production by hens on a 1J% protein diet 

supplemented with diammonium citrate was comparable to that observed 

with a 16% protein diet. Using glutamic acid an:i glycine supplements, 

Shapiro (1968 ) reported that 55% of the total dietary protein could 

come from nonessential amino acid nitrogen for peak nitrogen retention. 

In a later study, Cornell workers (Manouks and Young, 1969) investigated 

the supplementation of a 12. 5% protein diet which contained theoreti­

·cal.ly adequate a.mounts of essential amino acids for maxL"Tlum egg 

production. When this diet was supplanented with a nonessential amino 

acid mixture of alanine, aspartic acid and glycine, a significant 

improvement in egg pro1uction was noted. In another phase of this 

experiment, hens fed a 12 .5% protein diet supplemented with a 1 .5% 



1 2  

nonessential mixture and l.� diammonium citrate produced eggs at a 

level equal to hens fed the J� nonessential amino acids am equivalent 

to those fed a 1 5.si protein diet. 'i'he results ot these experiments 

also showed that egg production could be maintained in hens fed diets 

with an essential to nonessential amino acid ratio much lower than that 

found in egg protein. 

In a recent study, Reid !1 _!!. (1972) observed that the mirµ.mum · 

essential and nonessential amino nitrogen for optimum egg production 

could be in the range of 36 to 44% and 56 to 6J% of the total protein 

nitrogen 1n the diet, respectively. They further CCllllllented that the 

conversion of essential amino nitrogen to nonessential amino rdtrogen 

was not sufficient to meet the requirement of metabolic nitrogen. The 

nonprotein nitrogen additions in their study exerted a sparing effect 

on essential amino acid nitrogen. 

Significance £! !!:!!, .Amino Acids .!,!! Plasma 

Several studies in the past ( Charkey � .!!• , 1 953 ; Richardson 

� _!!,. , 1953 ; Hill an:l Olsen, 1963 ) have reported on the relationship 
, 

of free amino acids in blood plasma to the amino acid carJ.position or 

the diet. Richardson ,!! .!!• (1953 ),  while studying the infiuence of 

amino acid supplements ar:d protein on plasma amino acid levels, 

observed a relationship between these sources alXl the free amino acids 

or plaSJ1a, but any association of plasma levels and growth was not 

always apparent. The portion of this study which compared a synthetic 

diet. to pearmt meal and soybean meal showed that proteins as well as 



free amino acids did have an infiuence on free amino acids of the 

plasma. 

Because of the small size of the plasma amino acid pool, the 

usefulness of measuring plasma amino acid changes is contingent on the 

extent to which they reflect changes occurring in other tissues or the 

body. Reports (Richardson � .!!• , 1965) irdicated that a lysine 

deficiency could result in decreased plasma, liver and muscle lysine 

levels, increased threonine levels in these tissues and a decrease in. 

plasma and muscle arginine. Aspartic acid was present in highest 

concentration in· liver , while alanine was present in highest quantity 

in muscle. Based on these observations, it was ·suggested that alanine 

could be the principal carrier to the liver or smino nitrogen removed 

from nonessential and branched chain amino acids in muscle. Zimnierman 

and Scott (196 5 )  have investigated the relationships between the amino 

acids required to give maximum growth of chicks and the amino acid, 

content of the pla�a. With suboptimal dietary levels of lysine, 

arginine an:l valine, they observed the plasma concentration of the 

limi_ting amino acid um.er consideration remained at a low constant 

level. Dietary levels in excess of the required amount to support· 

maximum growth resulted in rapid accumulation or these amino acids in 

the plasma. These observations supported the use of the plasma amino 

acid titre for determination of the chick ' s  amino acid requirements. 

Taylor � .!!• (1970) . have conducted studies to observe ch4'"lges 

in plasma concentrations of free amino acids in relation to egg 

2 7 9 5 3 9  

• KOT. 



.., - .  

formation in the hen. The following is an excerpt taken f'rom the 

above report : 

1. Amino acid concentrations are mostly higher at night 

than during the dq. 

2. Egg fomation, in general, is associated with increases 

in the concentrations of nonessential and decreases in 

the concentrations of essential amino acids. Cystine 

and glutamic acid behave like the essential amino acids. 

J. _Voluntary f'ood intake of' hens may be influenced by 

changes in plasma levels of' essential amino acids 

associated with the synthesis or egg albumen. Arginine 

possibly appears to be an amino acid influencing the 

voluntary rood intake or hens. 

14 

Taylor !1 .!!• (1970) concluded that changes in the free amino 

acids or hen plasma might not provide enough information to study the 

amino acid requirements or the nutritive value or particular proteins 

tor egg production. However, Bray (1970 ) ,  while working on leuci�e 

imbalance in hen diets, observed a good correlation between dietary 

leucine and plasma leucine, isoleucine and valine levels. 

Amino -� Composition £! !s,g Protein 

The protein or eggs has been regarded as superior in nutritional 

quality. Studies in the past (Sumner, 1938) demonstrated that the 

protein from eggs is apparently ideal for furnishing essential amino 

acids. Lewis et al. (1950),  while working on the amino acid composition 
- -

of egg proteins, also reported s la.r egg protein composition in their 
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analysis. Since then, several reports have been published on the 

amino acid composition of egg· protein. This knowledge led scientists 

to suggest amino �cid requirements of hens for optimum egg production. 

In this review, the author wanted to discuss specific factors 

pertaining to amino acid supplementations of low protein diets. As a 

result, voluminous reports available in the area of protein and amino 

acid nutrition that did not contribute to this concern were carefully 

deleted .so as to make this review thorough but brief. 
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EXPERIMENTAL PROCEDURE 

4 Researc h to further elucidate the smino acids limiting egg 

production from hens fed a corn-soy low protein diet was continued. 

DeKalb 131 and 161 pullets for the first and second year studies, 

respectively, were housed two per cage in 8-inch cages. The pullets 

were reared under partially controlled environment and were fed the 

practical type, high energy starter and grower rations proposed by 

Carlson and Bonzer (1968 ) . When transferred to laying cages at 20 

weeks of age, the pullets were vaccinated against Newcastle Disease and 

debeaked. A standard corn-soy type laying ration diluted with cerelose 

( Tables 1 and 2) was fed for a 4-month depletion period or longer and 

until the pullets were placed on their experiment 1 �eg!me� 

On the basis of  individual records, those pullets not producing 

over 1 0  eggs during the month prior to the beginning of each experiment 

were removed. In the first experiment when production dropped to or 

below 601, on a hen-day basis, the pullets were randomly allotted to 

experimental diets containing O, 0. 05 and 0.1% levels of DL-threonine 

and DL-valine and O and 0. 1% levels of DL-isoleucine in all combinations. 

Each treatment was replicated four times using two hens per replicate and 

fed for a 16-week period. Thus, the study was of a 3 x 3 x 2 x 4 

factorial design. Mo1.-tality, feed consumption, weight gain and egg 

production were recorded. Eggs produced from each treatment were 

accumulated J days each  week and the egg weights, Haugh units and egg 

shell thickness were recorded. At -the end of the feeding trial four 

hens at random from each treatment were bled in the afternoon an:l a 



Table 1 .  Composition of the cage layer basal diets 
used in Experiments 1 and 2+ 
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Ingredients 

Low 
protein 
basal 

Practical 
laying 

diet 

Ground yellow corn 

Cerelose 

Soybean meal ( 47� ) 

Meat scraps 

Alfalfa meal (17% ) 

Yellow grease 

Limestone 

Dicalcium. phosphate 

Salt mi.x1 

Vitamin mix2 

DI-methionine 

L-lysine 

DL-tryptophan 

41 . 8  

35.1 

1 3.0 

1 .0 

5 . 0  

2.0 

0 . 5 

0 . 5 

0.1 5  

0.19 

0.04 
99. 28 

14.0 

5 .0 

2.0 

5 . 0 

1 �5 

0 .5 

0 . 5 

0 . 05 

100.00 

+ Contains 0. 1% DL-isoleucine in addition to the above. 
1 Contains 97% NaCl, o .�  s ,  0 . 05% Cu, 0.17% Fe, 0.01� Co and 

0 .46% Mn. 
· 2 Provides per kg. of diet, 2370 I.U. vitamin A, 820 I.C. U. vitamin 
D3, 11 I .U.  vit��in E, 2. 2 mg. vitamin K, 29 mg. niacin, 4 8 mg. 
pantothenate, 375 mg. choline , 4.8 mg. riboflavin, 9 . ?  mcg. 
cynocobalamine and llO mg. ethoxyquin. 



Table 2 .  

N. R.C. ,  1971 
.Amino acids 15% protein 

Arginine 0. 8 
Cystine 0. 25 
Methionine 0.53 ( 0. 28) 
Glycine --

Histidine --
Isolettcine 0. 5 
Leucine 1. 2 
Lysine 0 .5  
Phenylalanine --
Tyrosine --
Threonine o.4 
Tryptophan o.u 
Valine --

Amino acid com.position and requirement 

SDSU 
Scott et al. , Basal 

1909 - 10. 8% 
16% protein protein 

0. 8 o. 69 
-- 0.14 

0.58 ( 0. 32 )  0. 32 
-- 0.55 

0. 3 0. 25 
o. a 0.52 
1.2 0.97 
o.64 0. 71 

1. 0 ( 0.7 )  0.55 
-- 0 . 21 

0. 55 o.44 
0.16 0. 18 
o. a 0.51 

Basal + iso1e. 0.1 
B·asal + val. 0.05 

and 0.1 
Basal + threo. 0.05 

am 0.1 
Basal + gly. 0. 25 

ani 0. 5  
o. 69 

0 .14] 0 46 
0. 32 

• 

0. 80 and 1. 050 
0. 25 
0. 62 
0 .97 
0. 71 
0.55 
0. 21 

0.49 and 0.54 
0.18 

0.56 am 0. 61 

Balance 
_required 

0.1 

0.1 

0. 2 

o .45 
--

--

0. 2 

� 



pooled blood sample was saved to determine the free plasma runino acid 

concentration. 
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The pullets in the second study were reared under similar 

conditions . lllring the 24 to 40 weeks of age depletion period, the 

basal diet contained 0.1% DL-isoleucine in addition to the methionine, 

lysine and tryptophan supplement of Experiment 1. At the end of this 

period the hens were culled on the basis of their past production and 

were ran:iomly assigned to 19  treatments containing O, 0. 25 and 0 . 5% of 

glycine and 0 . 05 and 0.1% of DL-threonine and DL-valine in all possible 

combinations. Each treatment was again replicated four times using 

two hens per replicate and fed for a further similar period of 1 6  weeks • 

. Data on production and egg quality were collected in the same manner as 

for Experiment 1 .  After the hens had been on the experimental. regime 

for 1 2  weeks, eggs from each replicate and treatment ��re saved for 

protein analysis of egg albumen by electrophoresis and for analysis of 

amino acids in the egg albumen. Eggs from hens of the same breed and 

age receiving 1 6% protein corn-soybean practical diets on another 

experiment at the Poultry Research Center served as positive controls 

for the latter analyses. Blood samples were collected at the termina­

tion of the experiment in a manner similar to that of the first study. 

After the end of the experimental regime, all hens received a practical 

1 6%  protein corn-soy diet for 2 weeks. Following t his period, blood 

samples were obtained for amino acid analysis. 



Procedure £2!: Plasma I!:!! Amino � Analysis 
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Pooled blood samples were collected in citrated tubes and 

centrifuged. In a separate tube, 8 ml. or plasma from these samples 

were deproteinized by adding 4 ml. or 20,, sulfo saliycilic acid, 4 · m1. 

or water and centrifuged. Plasma samples thus collected were kept in 

plastic vials and iml11ediately frozen for future analysis. A 1 ml. 

aliquot of deproteinized plasma was analyzed on a Beckman 120 auto 

analyzer to determine the amount_s of individual. amino acids present. 

!g& white Electrophoresis 

One drop of fresh egg white was placed on a glass plate and a 

port ion was transferred by blotter to Ti tan III cellulose acetate 

plates presoaked in the pH 8.8 tris buffer. The Titan llI plates were 

�hen subjected to electrophoresis for 3 0 minutes at 180 volts. The 

acetate plates were then stained in Ponceau S and  read in a densitometer 

at 760 nm after proper cleaning and drying procedures. The different 

protein fractions were calculated from the peak areas and expressed as 

a percentage of the egg white • 

.Amino Ac� Composition of � White 

One gram or egg white was hydrolyzed in 200 ml. of 6N HCl at 

110° C. tor 24 hours in an atmosphere of nitrogen gas to minimize 

oxidation. A 25 ml. aliquot of the hydrolyzed sample was centrifuged 

and evaporated to dryness in a rotary evaporator. Ten milliliters of 

distilled water were added to the fiask am the sample was evaporated 

to dryness. This step was repeated twice to remove excess hydrochloric 



acid. '!he dried sample was dissolved in 10 ml. or pH 2.2 acetate 

buffer and 1 ml. or the aliquot was analyzed in the Beckman 120 auto 

analyzer. The amino acid concentration was calculated an::i expressed 

as grams percent of the egg white. 

Statistical Analysis 

21 

Data obtained during the entire experimental period were pooled 

am subjected to  analysis or variance using a completely randomized 

block design. If a signific ant difference was observed among treat­

ments for a· particular measurement• the treatment combinations were 

then subjected to single degree or freedom orthogonal canparisons as 

described by Steel and Torrie (19 60). The depletion periods in both 

experiments contributed to an inconsistency in rate or egg produ�tion 

for the earlier periods. As a result, data for all the individual 

periods were not subj�ted to statistical analysis. 



Exper�ent ! 

RESULTS AND DISCUSSION 

Data on egg production, feed consumption and f'eed efficiency 

along with egg weights and Haugh units for Experiment l are presented 

by four week periods in Tables J to 6 .  Table 7 summarizes the data 

for the above variables and egg shell thickness , computed for the 

average of the four periods. Plasm.a levels or free amino acids 

analyzed at the end of the trial are presented in Table 8 . 
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Hen-Day � Production. In that the 42-week old hens , after 

having received the basal diet for 16 weeks ,  were producing eggs at 

the rate of 61%, the results agree with those of' Novacek (1969) .  The 

average egg mass produced per day ranged from 24 to 41 grams during 

the. trial (Table 7 ). T'areonine supplementation at o. 05i suppressed 

egg production as expressed both in percent and mass. Threonine 

addition at 0.1% on the other hand did not alter egg production. 

However, using the orthogonal analysis, the egg production response 

due to threonine supplemetitation (Table 9) was significantly ( P < .Ol) 

lower c ompared to eggs produced by he1"\S on dtlferent levels or valine 

and va1ine and threonine supplements. Some improvement in egg produc­

tion was observed during the second period (Table 4) due to vallne , 

but this did not persist. Egg production was somewhat improved by 

supplemental threonine am valine 1,,cilen both were either at the low or 

high level. Hen-day egg produc tion observed with hens on diets ,..n.th 

the o. 05i combined levels and O. li canbined levels of threonine and 
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valine averaged 65% and 691,, respectively. Egg production in grams per 

hen-day averaged 4 0  and 39, respectively, for the above dietary supple­

ments. Egg production changes for the hens receiving the diets with 

the other combinations of threonine and valine were inconsistent. The 

egg production as expressed both in parcent and mass due to  O. 05i 

threonine and o.1i valine was significantly (P <. 01 , Table 9) lower 

contrasted to that of hens on high level supplements of threonine and 

valine. 

Isoleucine at 0.1% had been added to the basal diet to study 

its potential. single and supplemental effects on egg production. 

Relsults from the sole use of isoleucine indicated a superiority for 

the effects of this treatment. The hen-day egg production ranged as 

a percent from 67 to 74 with an average of 69 . J and as grams of egg 

mass from 39 to 44, averaging 41 . This improvement was quite 

comparable to that observed with the diet containing the high levels 

( 0.1% each) of threonine and valine and significantly (P <.  01 , 

Table 9 )  superior to egg production or hens receiving the isoleucine 

diet supplemented with threonine or val.ine or both. The responses 

observed due to threonine and valine with isoleucine were not 

superior, thus suggesting that isol�ucine was probably more limiting. 

than the other amino acids. Therefore, a trend toward improved egg · 

production was noticeable with its use. 

!!!!! Consumption � Efficiency. Feed consumption of hens in 

the first 4-week period as compared to later periods ( Tables j to 6) 

was considerably lower for 1 treatment combinations except for 



Table 3. Effects of amino acid supplementation on egg production, 
feed efficiency and egg quality, Experiment 1, Period 1+ 

Hen-day F ed/ 
Hen-day egg feed doz. Egg Haugh 

Treatments production cons. eggs size units 

6/, g . g.  kg. g.  

Basal1 61 . 2 34.1 59 . 4  1 . 2 5 6. 2 79. 4 
Threonine2 47. 3 26. 8 87. 1 2. 2 55 . 9  73. 6  
Threonine3 60. J 33. 6  66. 5  1. 4 5 6. 2  80. 6 
Valine2 62 .9 36. 6 54. 5 1. 2 58. 6 7 6.4 
Threo. 2 , Val. � 69 . 6  42. 2 80. 4 1. 4  60. 5 80. 4 
Threo. 3, Val. 6J. 4 36.1 62.9 1 . 2  57.1 74. 7  
Valine3 58. 9 33 . 2 56 . 7  1 . 2 5 6. 6  79. 3 
Threo.2, Val. 3 58. 9 33. 2 67.9 1 .4 .56. 2 80. 0 
Threo. 3, vai. 3 67. 6 37. 0  68. J l. J 54.9 73. 7  
Isoleu�ine3 68. 7  39 . 8  61. 6 1 . 1 57 . 5  80. 0 
Threo . , Isole. 3 62.9 35.9 49 . 6 1 . 0  56. 9  74. 0 
Threo. 3, Isole . 3 65 . 6  38. 7 66. 1  1 . 2 59 . 1  76. 2 

Val. 2, Isole. 3 54.9 32. 0  46. 9 · 1 . 0  58 . 2 82. 2 

Threo. 2, Val. 2, Isole. 3 59 .4  34. 7 51 . 8  1.1 58 . 5  77.9 
Threo.3, Val. 2 , Isole. 3 63.8 37. 5  56. 7 1.1 59 .1 75 . 8  
VaL 3 IsoJ.e 3 69 .. 6 38 .. 9 _5l!- . 9 1. 0 56. 0 7' . ,  
Threo. 2, Val. 3 , Isole . 3 59 . 8  36. 5 50 . 9  1. 2 61. 7 78. 9 
Threo. 3, Val. 3, Isole. 3 58 . 5  34. 2 56. 7 1. 3 58 .5  81. 2 

+ Hens 43 to 46 weeks of age, first 4 we k portion of experimental 
period. 

1 10. 8% protein diet w.ith 0. 15% methionine, 0. 19 % lysine an:l 
0. 0�% tryptophan. 

0. 05% threonine and va.line. 
3 0. 1% threonine, valine and isoleucine. 
( .All amino acids added in DL form except for L-lysine. ) 
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Table 4. Effects of amino acid supplementation on egg production, 
feed efficiency and egg quality, Experiment 1, Period 2+ 

Treatments 

Basa11 

Threonine2 

Threo�ne3 

Valine 
Threo.2, Val.2 
Threo. J, Val.2 
Valine3 

Threo.2 , va1. J  
Threo.3 , Val. 3 

Isoleucine3 

Threo. 2 , Isole. 3 

Threo. 3 , Isole.J 
Val. 2 , Isole. 3 

Threo. 2 , Val. 2 , Isole. J 
Threo. 3 , va1. 2 , Isole. 3 

Val. 3 , Isole. 3 

Threow2, Val. 3, Isole. 3 

Threo. 3, Val. 3 , Isole. J 

Hen-day egg 
production . 

g. 

62.1 J6.1 
42. 4  24.6 
63 .9  35 . 7 
67. 4 39. 0 
70. 5 44.0 
66. 5  J8. 0  
64. J 37.1 
57 .6 32.8 
?4. 6 41.4 
74.1 4J .6 
74.6 41.8 
71. 9 42.0 
65 . 2  J9.4  
67. 9  39. 5 
68. J 40.2  
72. 3 41.4 
58. 9  36.4  
69.2 41.8 

Hen-day 
.feed 
cons • 

g.  

78.6 
120. l 
8?.5 
90. 2 
84.4 
8J.9  
84.4 
82. 6  
85.? 
91.1 
95 .5  
85 .6 
98.7 
85. J  
8 J. 0 
93. 7  
92. 9 
89.7 

Feed/ 
doz • 
eggs 
kg. 
1.5 
J .4  
l.? 
1.7 
1.4 
1 . 5 
1.6 
1.8 
1.4 
1.5 
1 .5 
1.4 
1.8 
1.5 
1. 5 
1.6 
2. 0 
1.6 

Egg 
size 

g .  

58. 7 
56 . J  
56. 2 
58 .1  
62. 4 
57 .1 
57. 4  
57. 4  
55 . 6  
58. 7 
56.1 
58.5  
60. 5  
58 .4  
59. 2 
57 . 3  
62.0 
60. 5  

Haugh 
units 

77.8 
72. 4 
74. 0  
73.4 
79.0 
75 .0 
77 .1 
78. 7 
69.2 
77.1 
75 . 2  
74.6 
73.6  
76.l 
75 .4 
72.8 
76.0 
77. 9 

+ Hens 4 7  to 50 weeks o.f age ,  secorxi 4 week portion of experimental 
period. 

l lo .8i protein diet with o.15i methionine,  0.1% lysine and 
. O . o�i tryptophan. 

0. 05i threonine and valine. 
J o .1i threonine, valine and isoleucine. 



Table 5 .  Effects of amino acid supplementation on egg production, 
feed efficiency and egg quality, Experiment 1, Period 3+ 

Hen-day Feed/ 
Hen-day egg f'eed doz. Eg-g Haugh 

Treatme�ts production cons . eggs size units 

'1, g.  g.  kg. g. 

Basa11 61. 2 J5 . 6  90. 6 1. 8  58. J  76. 7 
Threonine2 J8. 2 23. 0  86.J 3 .1  57. 8 68.1 
ThreonineJ 49. 6  28. )  ?9. 9  2 . 2 57. 6  74.9  
Valine2 55 .4  32. 6  87.5  2. 0 59 .1  72 . 2 

Threo. 2 , va1. 2 54. 6 J4. 2 89. J 2. 2 62 . 9  .73 . 5 
Threo. 3 , va1. 2 50 . 9  30.4 n.o 1. 8 59 . 8  76. 3 
Vallne3 57. 8 33 . 3 79. 9  1. 7 57 . 5  75 . 6  
Threo. 2 , va1. 3 52. 2 J0. 4 80. 8  2.0 59 . 0  77. 2 

Threo . 3 , va1.3 65 . 8  37.9 87 . 6  1 . 6  57 . 2 69 . 3 
Isoleucine3 66.5  38. 8 87.1 1 . 6 58 . 2 75 . 5  
Threo . 2 , Isole. 3 65 . 3 37.9 82 . 7  1. 6 57 . B  76. 6 
Threo . 3 , Isole. 3 65. 2 39. J 100 .4 1.9  60 . 4  72 . 6 
Va1. 2 . Isole. 3 61.5 37.3 85 . 2. 1. 8 60.5 74. 7 
Threo. 2 , va1. 2 , Isole. 3 68. 7 41.4  88.4  1. 6 60 . 2  74.5 
Threo . 3 , Val. 2 , Isole. 3 62. 1  37 .8  76 . 3 1.5  61. 2 78.1  
Val. 3 , Isole . 3 68. )  39.0 81 . 7  1. 4 57 . 2 72 . 4  
Threo. 2 , va.1. 3 , Isole . 3 55 . 8  J4.4 77 . 7  1. 8 62 . 0  69 . 7. 
Threo . 3 , Val. 3 , Isole. 3 61. 6 37.4 71. 0  1 .4  60. 7 74. 8 

+ Hens 51 to 54 weeks of age, third 4 week portion of experimental 
period. 

1 10. 8% protein diet with o.15� methionine, O.l� lysine ani 
0.  04'1, tryptophan.  -

2 0. 05% threonine and valine. 
3 o.1i threonine, valine and isoleucine. 



Table 6. Effects ot amino acid supplementation on egg production, 
reed efficiency and egg quality, Experiment ·1, Period 4+ 

Hen-day Feed/ 
Hen-day egg feed doz . Egg Haugh 

Treatments Eroduction cons. eggs size units 

,, g.  g .  kg. g. 

Basal1 59 . 8  35 .2  74. 6  1 .5  59.0 74. 5 
Threonine2 40 . 2 23 . 0  77. 7  2 . 5  56.6  72 . 2 

ThreonineJ 57 . l  32 . 8  79. 0  1. 8 57 . 7  7J . 6  
Valine2 53 . 6  31. 2 75 . 9 1 .8  58 . 2 67 . 2 

Threo. 2, va1. 2 63 . 4  38 . 8  82. 1  1. 6 61. J 75 . 5  
Threo . 3 , va1. 2 57.1  33 . 8  78. 6  1 . 7  59 .1  ?7.4 
ValineJ 52 . 2 30 . 8  71. 0 1. 6 58. 9  75 . 6 
Threo. 2 , va1 .J 58. 9  )4. 2 ?7. 2 1. 6 57.6  77.9 
Threo . 3 , Val. J 66. 5  J8. 9 82. 6  1 . 5  58 . 6  ?). 1 
Isoleucine3 67 . 9  40 .5 74. 1  1. 3 59. 5  77.6  
Threo . 2 , Isole. 3 65 . 2 37 .5 96. 4  1. 8 57. 9  72. 5  
Threo. 3 , Isole. 3  67.9  41. 0  84.4  1 .5  60. J 71. 4  
Va1. 2 , Isole . 3 51. 9 J0. 6 82 . 6· 1 .9  58. 9  76. 0  
Threo. 2 , :Va1. �, Isole . 3 65 . 6  38 .8  82. l  1 .5  59 . 3 78.5  
Threo. 3 , Val. , Isole. 3 62. 5  37. 3 82.1  1.6  59. 9 78. 2 

va1. J , Isole • .3 62. 5  35 . 0 81. 2 1.6  56.1 71. 4  
Threo . 2 , Val . 3 , Isole. J 6:, . 8  40 . 0  82 . l  1. 7 62 . 8  77. 2 

-Threo. J , Val. 3 , Isole . J 55 . 8  JJ . 4  75 . 2 1. 8 60 . J  74.9 

+ Hens 55 to 58 we�ks of age , fourth 4 week portion of experimental 
period. 

l 10. 8� protein diet with 0 .15� methionine, O .l� lysine and 
O. o4i tryptophan. 

2 0 . 05% threonine and valine. 
J 0 .1% threonine, valine and isoleucine. 



Table 7. Effects of amino acid suppla:nentation on egg production, feed efficiency 
and egg quality. Data on average of four periods, Experiment 1 

Feed Egg 
Een-day per shell 

Hen-day egg feed doz. Egg Haugh thick-
Treatments production cons. eggs size units nes s 

% g. g. kg. g.  nun. 
Basall 61. 0  35. 3 75 . 8 1 . 5  58.1 77.1 0 .33 
Threonine2 42. 0  24. J 92. 8  2. 8 5 6. 7 71. 6  0. 30 
Thre onine3 57. 7 32. 6  78. 2 1. 8 56. 9 75 . 8  0. 31 
Valine2 59 . 8  34. 8 77. 0  1. 7 58 . 5  72. 3 0. 31 
Threo . 2, Val. 2 64.5 39. 8  84.1  1 .7 61 . 8  77.1  0. 32 
Threo. 3, va1. 2 59 .5 34. 6 74.1 1. 5 58. 3 75 -9 0 • .34 
Vali ne3 58 • .3 33. 6  73. 0  1 . 5  57 . 6 76.9 0. 33 
Threo. 2, Val.. 3 .56. 9  32. 6  77.1  1.7 57. 6 78 . 5  0.31 
Threo. 3, Val. 3 68 . 5 38. 8  81.1  1. 5  .5 6. 6 71. 3  0. 29 
Isoleucine3 69. 3 40. 7  78 . 5  1. 4 58.5 77 . 6 0. 31 
Threo. 2, Isole • .3 67. 0  38. 3 81. 5  1. 5 57. 2 74. 6  0. 33 
Threo • .3, Isole. 3 67. 7  40. J  84. 1  1. 5 59 . 6 73. 7  0 • .34 
va1. 2, Isole. 3 58. 4  34. 8  78. 4  1. 6 59 . 5  76. 6  0. 30 
Threo.2, Val. 2 , Isole • .3 65.4 38. 6 76.9 1. 4 59.1  76. 8 0. 31 
Threo. 3, Val. 2, Isole • .3 64. 2 38. 2 74.5  1. 4 59 . 9  76.9 0. 31 
Val. 3, Isole. 3 68. 2  38. 6  77.9  1. 4 56. 7 72. 8  0 . 29  
Threo. 2, Val. 3, Isole. 3 59 . 5  36. 8  75 . 9 1. 7 62.1 75 . 5  0 . 29 
Threo. 3, Val. 3, Isole. 3 61. 2 36. 7 73. 2 1.5 60.1 77. 2 0. 31 

1 10. si protein diet with 0.1 5% methionine, 0.1 9% lysine and 0. 04% tryptophan. 
2 o. 05� threonine and valine. 
3 0.1% threonine, valine and isoleucine. 

l\) � 



Table 8. Effects of amino acid supplementation on plasma free 
�ino acids , Experiment l (Micro Moles/100 ml. or plasma) 

Treatments 
Basa11 

Threonine2 

Threonine3 

Valine2 

Threo. 2 , Val. 2 

Threo. 5 - va1. 2 

Valine 
Threo. 2 , Val. 3 

Threo.J , Val.3 
Isoleucine3 

Threo. 2 , Isole. J 
Threo.J , Isole. 3 

Val. 2, Isole. J 
J Threo. 2 , Val. 2 , Iaole. 

Threo. 3 , Val. 2 , Isole. 3 

Val. J , Isole. J 

Threo. 2 , va1. 3 , Isole. 3 

Threo.3 , Val. 3 , Isole. 3 

Lysine 

34 
43 
52 

50 
34 
98 ·  
42 
41 

100 
36 
48 
47 
37 
50 
38 
40 
50 
58 

Argi- Threo-
nine nine Serine 

13 14 193 
17 42 154 
26 · 42 217 
21 20 148 
21 40 375 
38 74 178 
18 JO lJJ 
26 21 160 
55 43 159 
18 24 195 
26 23 148 
25 24 129 
17 26 177 
24 26 145 
21  18 121 
20 32 127 
24 40 140 
22 67 122 

Gluta-
mic Gly- Methio-

acid cine Valine nine 
28 42 12 9 
30 40 17 9 
43 53 17 14 
32 44 14 10 
67 82 28 19 
50 56 26 13 
48 39 21 11 
52 44 14 10 

· 54 44 21 ll 
49 54 15 12 
63 50 20 13 

55 44 23 11 
47 61 16 13 
52 85 17 14 
46 40 18 10 
4J 49 13 14 
50 48 18 9 
53 48 28 10 

� 10. 8% protein diet with 0.15% methionine , 0. 19% lysine and 0. 04% tryptophan. 
0 . 05% threonine and valine. 

J 0.1% threonine, valine and isoleucine. 

Iso-
leu- Leu-
cine cine 

6 7 
9 . 21 

10 23 
6 19 

lJ J4 
10 25 

8 20 
6 18 
9 17 

10 20 
15 24 
13 22 
lJ 20 
12 25 

8 18 
8 18 

13 20 
13 25 

� 



Table 9. Mean squares for hen-day egg production 
· (Experiment 1 )  

29 

Hen-daz e�� Eroduction 
Source of variation df Percent Gram 

Treatment 1 7  657. 79 ** 9 66.9 3** 
Basal1 thru Threo. and Val. combinations 1 2454.09 ** 4720. 03** 

vs. Isole. combinations 
Basall vs. Threo. and Val. combinations 1 99. 88 1 05.9 0 
Threo. 2 • J vs. Val. and Val. and Threo. 1 Jll4.48 5040. 20** 

combinations 
Threo. 2 vs. Threo. J 1 1968.78 2197.85** 
Val. 2 and Val. 2, Threo. 2, 3 vs. Val. J and 1 0. 01 :i8 J. 04 

va1. J., Thre�. 2, J 

Val. 2 vs. Va1
2

, Threo. 2, 3 1 51. :n 241.1736 
Val. 2, Threo. vs. Val. 2, Threo. J 1 205. OJ* 865.28 ** 
Val. J vs. Val. 3, Threo. 2, J 1 205. 63• 194.71 

Val. 3, Threo. 2 vs. Val. 3, Threo. J 1 1 068. J8 ** 1221. 17 ** 
Isole. J vs. res� �f Isole. 3 combinati�ns 1 408. 0J** 47 5 - 35* 
Isole. J, -Threo. • vs. rest of !sole. 1 484.20** J?J.51 *  

combinations 
Isole. J, Threo.2 vs. Isole. 3, Threo. J 1 3. 25 125.14 
Isole. 3, !al.2 and Isole. 3, Val. 2, 1 2.80 2. 38 

Threo. , 3 vs. Isole. 3, Val. 3 and 
Isole. 3, Val.. 3 , Threo. 2, 3 

Isole. 3, Val. 2 vs. Isole. 3, Val.2, 1 4J6. 05** 548.3 6** 
· Threo. 2, J 

Isole. 3
� Val. 2, Threo. 2 vs. Isole. 3, 1 12. 00 4.50 

Val
j

, Threo. 3 

va1. J . Isola. , Val. 3 vs. Isole. 3, 1 0-l-7.9 2** 1 38.8 2 

Threo. 2, 3 

Isole. 3
� 

Val� 3, Threo. 2 vs. Isole. 3, 1 20. 48 o.41 
· Val. , Threo. 3 

Replicates 3 782.75** 8 37. 05** 
Error . 216 53.13 78.56 

1 - 1 0.8% protein diet with o.15� methionine, o.19i lysine and 
0. 04� tryptophan. 

2 o. 05i threonine and valine. 
3 0.1% threonine, valine and isoleucine. 
* P <. 05. 
** P <. 01. 
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those hens receiving o . osi threonine and o . 05� of both threonine and 

valine. They consumed 87  to 80 grams of feed. respectively, on a 

hen-day basis as contrasted to 59 gr s of feed consumed by hens fed 

the basal diet. In later periods, egg production was increased and 

this was generally correlated with increased feei consumption. 

Considering al1 four periods togethe�, the feed consumption was in the 

range of 70 to 80 grams on a hen-day basis for most of the treated 

groups • . Hens receiving o .05� threonine consumed 120 grams or feed in 

the second period and on the average about 93 grams on a hen-day 

basis. This high feed consumption might have been due to  imba1ance 

· caused by the o . osi threonine suppl entation of the basal diet. 

However, threonine .at 0.1� did not show higher feed consumption and 

on the average was comparable to  that of the basal diet. Hens fed 

0.1% isoleucine and laying significantly more eggs (P<.01 ) consumed 

91  grams of feed during their peak production ( Table 4) but on an 

average consmued 79 grams of feed, which was comparable to the 76 grams 

of feed consumed by hens fed the basal diet (Table 7). In general, 

feed consumption observed.in. Experiment 1 was not significantly 

different· among the treated groups (A!Jpendix Table 1 ). 

Feed efficiency, expressed as kilograms of feed consumed per 

dozen eggs produced, for hens fed the basal diet ranged from 1 .2 in 

the first period to 1 .8 in the third period or 1 .5 for the average of 

the four periods. Hens receiving o . 05� threonine showed poor�r feed 

conversion, consuming 2.8 kg. of feed to produce one dozen eggs. 

Data avai1 ab1e on feed conversion for other supplementa1 groups did 



not show significant differences (Appendix Table 1 )  and were quite 

similar when computed on the average of four periods. 
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S Qua1ity. The eggs produced by hens fed the basal diet 

weighed an average of 5 6  grams in period 1, 59 grams in period 4 or 58 

grams for the average of all periods. The egg weights in general were 

comparable and appeared to be unaffected by amino acid supplementation. 

As an example, the 0.1% isoleucine-fed hens produced eggs averaging 

58 . 5 grams. 

Interior egg quality, as measured by the Haugh unit, was higher 

during the first two periods than was observed in the latter periods. 

Hens fed the basal diet and 0.1% isoleucine supplementation showed 

Haugh unit values of 75 to 79 and 76 to 80, respectively, or average 

Haugh unit values of 77 and 78 , respectively (Table 7 ) .  Interior 

quality of eggs due to amino acids supplementing the basal diet 

appeared to be unaffected .  Results presented in Table 7 showed a range 

of 0. 29 to 0. )4 mm. for egg shell thickness. Dietary supplementation 

did not appear to cause any consistent alteration of egg shell quality. 

Plasma Levels E.f. � Amino Acids. Hens in this study received 

the basal diet for about 36 weeks which probably accounted, therefore , 

for the low levels of amino acids in their plasma pool. Supplementation 

of threonine, valine or isoleucine or their combinations resulted in 

elevated plasma levels of most of the free amino acids. These plasma 

amino acid levels were not consistent when com.paring the effects of 

the dietary supplements. The levels of the nonessential amino acids, 



serine . glutamic acid ani glycine. were considerably elevated by the · 

� . osi threonine and Valine supplements and were returned to that or 
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the basal by the o .1i levels. The beneficial effects on production of 

o .1i threonine and valine over 0. 05% threonine and val.ine indicated 

that the lower level of the amino acids was insufficient to give a 

proper balance or amino acids. The improved utilization or the protein 

at the O.l� level of supplementation is refiected in part by the 

reduction of the plasma serine and glycine levels. Interestingly, 

however, th� plasma lysine and arginine were elevated to  very high 

levels and therefore this indicated a possible amino acid imbalance. 

Further supplementation of the basal diet with o.1i isoleucine· 

resu1ted in lowered plasma levels of lysine and arginine with very 

similar levels of the nonessential amino acids and isoleucine. Hens 

receiving the diet with only the 0.1% isoleueine supplement produced 

eggs at a maximum rate and probably utilized the total diet more 

effectively for egg protein synthesis. 

Ex{?eriment � 

Egg production as expressed both in percent and mass on a hen­

day ba&is along with feed consumption. feed efficiency and egg quality 

0£ Experiment 2 are presented in Tables 1 0  to 1 3. Table 1 4  summarizes 

the data for the above variables, averaged for the four periods. Data 

on plasma levels or free amino acids, electrophoretic pattern or egg 

white_ protein, and amino acid ccmposition or egg white protein are 

presented in Tables 1 5 .  16 and 1 7, respectively. 



Table 10. Effects of amino acid supplementation on egg production, 
feed efficiency and egg quality, Experiment 2, Period 1+ 

Treatments 

Basal1 

Glycine2 

Gly. 2, Threonine2 

Gly. 2 , Threo. 3 

Gly. 2, Valine2 

Gly. 2, Threo. 2, 
Gly. 2 , Threo . J, 
Gly. 2, ValinaJ 

Gly. 2, Threo. 2 , 
Gly. 2, Threo. 3, 
Glycine3 

Gly. 3, Threo. 2 

Gly. 3, Threo. 3 

Gly. 3 , Val. 2 

Gly.3 , Threo. 2, ,.. ,, 
Gly. -' , 'Ihreo • .J ,  
Gly. 3, Val. 3 
Gly. 3, Threo.2, 
Gly. 3, Threo. 3 , 

Val. 2 

va1. 2 

Val. 3 
Val. J 

Val. 2 

Va L. 2 

Val. 3 

Val. J 

Hen-day egg 
produc tion 

% g . 
71. 0  41 .9 
68. 3 38. 2 

71.9 42. 8 
64. 3 37. 5 
75 . 4  42. 6  
67. 0 39 . 8  
73. 2 41 . 8  
69 .6 40.1 
66. 5 40 . 0  
68 . 7  41.7 
69. 2 39. 8 
75.9 44. 8 
73. 7 41. 4 
75 . 9  45. 0 
69.6 40. 8 
69. 2 39 • .5 
68. J 39 .1  
73. 2 4J. 8 
65 . 6 J8. l 

Hen-day Feed/ 
feed doz. Egg Haugh 
cons. eggs size units 

g. kg. g. 
84. 4 1 . 5  59. 0  81 . 3 
83. 9  1. 5 55. 8 72.5  
85. 7 1 .4  59 . 6  80 . 5  
84. 4 1.6 58. 2 79 . 3  
84. 0 1 . 3 5 6. 3  77. 3 
85.0 1 . 5  59 • .5 78. 4 
83. 5  1 . 4  57.1 74.9 
84. 4 1 . 5 57. 6 75. 4 
85. J  1.6 60. 2 76.6 
84.4 1 . 5 60. 7 75. 8 
84. 8 1. 5 57 . 5  79 . 8  
84. 4. 1 . 3 59 . 0 · 78. 4 
84. 8  1. 4 56. 2 76. 7 
83. 0 l. J 59 . 4  76.5 
83. 0  1. 5 58 . 7  79 . J 
83. 5  1. 5 57. 2 78 .5 
84. 0 1 .5 5?.1  78. 1 
84. a 1.4  59 . 9  78. 0 
83 .5 1. 6 58. 0 82. 8 

+ Hens 41 to 44 weeks of age, first 4 week portion of experimental 
period. 

10. 8% protein diet with 0.1 5 %  methionine, 0 . 19% lysine, 0. 04� 
t�tophan and 0. 1% isoleucine. 

0. 25% glycine and 0. 05% threonine and valine. 
J 0. 5% glycine and 0. 1% threonine and va.line . 
( All amino acids added in DL form except for L-lysine. ) 



Table ll. Effects or amino acid supplementation on egg production, 
feed efficiency and egg quality, Experiment 2 , Period 2+ 

Hen..day Feed/ 
Hen-day egg feed doz . Egg Haugh 

Treatments production cons. eggs size units 

'I, g. g.  kg. g. 

Basal1 68. 7 40.4 96. 4 1. 8 58. 7 81. 1 
Glycine2 66. 1  37. 6  95 .1 1. 8 57. 0  77. 2 

Gly. 2 , Threonine2 67. 0  40. 6  96.4 1. 8 60. 8 87. 4  
Gly. 2 , Threo . 3 66. 1  39. 3 98. 2 1. 8 59 . 4  80. 6  
Gly. � , V aline2 75 .4  43 .4 99 .1  1. 6 57. 6 83 .5  
Gly. , Threo . 2 , va1. 2 67. 4  41. 2 98. 7  1. 8 61. 1  76. 0 
Gl.y. 2 , Threo. 3 , va1. 2 74. 6 42. 6  97.8  1. 6 57 . 3 86. 7 
Gly. 2 , V aline3 68. 7 40. 8 97. J 1. 7 59 . 1  75. 5 
Gly. 2 , Threo . 2 , va1. 3 6J. 4  J8. 6 98. 2 1.9 61. 2 77. 0 
Gly. 2 , Threo . J , Val. 3 6J . 4  38. 8 99 . 6  1.9 61. 6 78. 9 
Glycine3 63. 4  36. 9 95 .5 1.9 58 . 2 83. 0  
Gly. 3 , Threo . 2 67. l� 40. 0 96. 4  1. 7 60. 8 79 . 7  
Gly. J , Threo. J 81. 2 46.4  96.9  1.4 57. 2 76. 9 
Gly. 3 , Val. 2 73. 0  43. 7 97.9  1. 6 59 . 8  72. 4  
Gl.y. 3 , Threo . 2 , var. 2 65 .6 39. 8 96. 0 1. 8 60. 7 84. 1  
Gly. 3 , Threo. 3 , va1. 2 69. 2 39.9 92. 0  1. 6 57 . 8  80 .l 
Gly. J , Val. 3 63. 4  37. 8  96. 0 1.9 59 . 3 77 . 4  
Gly. J ,  Threo . 2, va1. J 72. 8  4). 7  97. 8  1. 6 60 .1  80 .1 
Gly. 3 , Threo. 3 , va1. J 66.1  39.5  94. 2 1. 7 59 . 8  86. 6 

+ Hens 45 to 48 weeks or age , second 4 week portion of experimental 
period. 

. 1 10 . 8� protein diet with 0 .15% methionine , 0 .19% lysine , 
t�tophan and 0 .1% isoleucine. 
- 0 . 25% glycine and 0. 05% threonine and valine . 

3 0 . 5� glycine and 0 .1% threonine and va1ine. 

o . o� 
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Table 1 2. Effects or amino acid supplementation on egg production, 
feed efficiency and egg quality, Experiment 2. Period 3+ 

Treatments 

Basal1 

Glycine2 

Gl.y. 2, Threonine2 

Gly. 2, Threo. 3 

Gly. 2, Valine2 

Gly. 2, Threo. 2, Va1. 2 

Gly. 2, Threo. 3, Val. 2 

Gly. 2, Valine3 

Gly.2 , Threo. 2, Val. 3 

Gly. 2 , Threo. 3, Va1. J 

Glycine3 

Gly. 3 , Threo.2 

Gly. 3 , Threo. J 

Gly. 3 , Val. 2 

Gly. 3 , Threo. 2
j Vu.

2 

G1y. 3, Threo. 3 , Va1. 2 

G1y. 3, Val. 3 

Gly. J , Threo. 2 , va1. J 

Gly-. 3, Threo. 3 , Val. 3 

Hen-day egg 
production 

'1> g. 
6 3.8 38.0 
6 7. 0  38.0  
58.5 3 5. 7 
6 7.8 40. 3 
72.8 42. 0 
67 . 9  41.1  
70.1 41.5  
67.4 39. ? 
64. 3 41 . 0  
67 . 0  40.4  
64. 7  J8. 8  
69 . 6  42 . 0  
77. 2  44.8 
74.6  45 .4-
6) .4  37 .3 
69. 2 39 .8 
58 .0 33 .5 
71 . 0  4J. 8  
57.6 3 5/3 

Hen-day 
feed 
cons. 

g. 

8J. 0  
80. 0  
80.4 
94.6  
86.2 
8J. 5  
78 .0  
85 . J  
88 .4  
85 . J  
82 .1 
81. 2 

84.4 
87.5 
73. 7 
79.0 
79 .0 
87.1 
74.6 

Feed/ 
doz. 
eggs 
kg. 
1.6 
1.5 
1. 9 
1.9 
1.4 
1.5  
1. J 
1 .8 
1.7 
1.6 
1.5  
1 .4 
1. 3 
1.4 
1 .4 
1.4 
1 . 7  
1 .5 
1.6 

Egg 
size 

g.  

59. 5  
56. 9 
6 2.5 
59 . J 
57. B 
6 0.6 
59 .0 
59 .1 
64. 0 
6 0. 7  
59 . 7  
6 0.4 
57. 9  
6 1. 0  
58. 9  
57. 5  
57. 6 
61. 8  
61.J 

Haugh 
units 

77.6 
72 . 9  
77. 2 

76. 0  
79 . 7  
76. 9 
78. 7  
74. 8 
73. 8 
73.3 
79.6 
r,.4 
?4 . 2 
77.6 
75 .3 
74. 9  
77.0 
?4 . 2 
?8.0 

+ Hens 49 to 52 weeks or age , third 4 week portion or experimental 
period. 

1 1 0.8� protein •diet with 0.15i methionine, o.19i lysine, 0. 04% 
t�tophan and 0.1% isoleucine. 

o . 25� glycine and 0.05% threonine and valine. 
3 o.si glycine and 0.1� threonine ani valine. 
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Table 13. Ef'fects or amino acid supplementation on egg production� 
feed efficiency and egg quality, Experiment· 2 , Period 4+ 

Treatments 

Basal1 

Glyoine2 

Gly. �, Threonine2 

Gly. , Threo. 3 

Gly. 2 , Valine2 

Gly. 2 , Threo. 2 , 
Gly. 2 , Threo. 3 , 
Gly. 2 , Valine3 

2 · 2 Gly. , Threo. , 
Gly. 2 , Threo. 3 , 
Glycine3 

Gly.3 , T"nreo. 2 

Gly. 3 , Threo. 3 

Gly.J , Val. 2 

Gly. 3 , Threo. 2 , 
Gly. 3 , Threo. 3 , 
Gly. 3 , Val. 3 . 

3 2 Gly. , Threo. , 
Gly. 3 , 'lhreo. 3 , 

va1. 2 

va1. 2 

va1. 3 

Val. 3 

va1. 2 
va1.2 

vai. 3 

Va1. J . 

Hen-day egg 
production 

� g. 

62. 9  37. 0 
67.9 38 • .5 
.54. 0 32.4 
51. 8 30. 3 
72. J 41. 2 
68. 3 41. 8 
67.9  39.9 
62.1  37. J 
56. ? 3.5.1 
64.J  38. 7  
59. 8  35. 2 
51. 8 32.1 
74. 6 42.9 
68. 7  42 . 0  
60.9  J5.9 
63. 8 36. 9 
.54. 0 Jl.6 
67. 4 40. 6  
6J. 4  38.7 

Hen-day Feed/ 
feed doz. Egg Haugh 
cons. eggs size units 

g. kg. g. 

84. 8 1. 7 58. 8 70 . 5  
72. 3 1. 3 56 .B  67. 7  
67.4 2. 6 61. 0  72. 7  
70. 5  2. 0  58. 6 76. 6 
79. 5  1. 3 .56.9 73.4 
80. 8 1. 4 61. 3 73. 6  
79 . 5  1. 4 58. 8 72. 8  
82. 6  1. 6 60. 0  74.5  
79.9  1. 8 62. 1  70. 3 
81. 7 1. 5 60. 2 69 .9  
74.1 1. 6 58. 8 74. 3 
71.4 1. 8 61. 7  72.9  
76. 8 1. 2 57. 5  71.4 
76. 8 1.4 60. 9 73. 7 
73. 1  1.5 58. 9 73. 0  
73. 7  1.4 58. 0 71. 6 
76. 8 1. 8 58.4 79. 3 
80. 8 1.5 60.4  71. 6 
75.4 1.5 60. 6  73. 7  

+ Hens 53 to 56 weeks or age,  fourth 4 week portion or experimental 
period. 

1 10. 8� protein diet with 0.15% methionine, O.l� lysine, 0. 04� 
tr�tophan and 0.1� isoleucine. 

0. 25i glycine a.rd O. o;i threonine a.rd valine. 
J O.;i glycine and O.li threonine ard valine. 



Table 14. Effects �r amino acid supplementation on egg production, 
fsed efficiency and egg quality. Data on average of four 

periods, Experiment 2 

Treatments 

Basal1 

Glycine2 

Gly. 2 , Threori,ne2 

Gly. 2 , Threo .  
Gly. 2 , Valine2 

Gly. 2 , Threo . 2 , 
Gly. 2 , Threo. 3 , 
Gly. 2 , Valine3 

Gly. 2 , Threo . 2 , 
Gly. 2 , Threo . 3 , 
Glycine3 

Gly. 3 , Threo . 2 

Gly. 3 , Threo. 3 

Gly. 3 , Val . 2 

Gly. 3 , Threo. 2 , 
Gly. 3 , Threo . 3 , 
Gly. 3 , Val. 3 

Gly. 3 , Threo. 2 , 
Gly. 3 , Threo . 3 , 

va1. 2 

vai.2 

Val. 3 

Val. J 

va1. 2 

va1. 2 

va1. 3 

Val. 3 

Hen-day egg 
production 

'I, g. 

66. 6  J9 .4  
67. 5 J8 .l 
62. 9  37 .9 
62.5 36 .8  
73 . 8  42 . 3 
67 . 6  41 . 0  
71 . 5  41 . 5  
67. 0 39 . 5  
62. ? 38. 7 
65 . 9  40. 0  
64. J 37. 7 
66. 2 40. 0  
76. 7 43 . 8  
73 . 1 44. 0 
64. 9 38 .4  
67 .9  39 . 0  
60. 9 35 .5  
71.1  4J. O 
63 . 2 J?.9  

Hen-day Feed/ 
feed doz. Egg 
cons. eggs size 

g. kg. g.  

87 . 2  1 . 6  59 . 0  
82. 8  1 . 5  56. 6 
82. 5  1. 9  61 . 0  
86.9 1. 8 58. 9  
87. 2 1 . 4 57. 2 
87. 0 . 1 . 6  60. 6  
84. 7 1 . 4  58 .1  
8?.4  1. 6 59 . 0  
88. 0  1.7 62. 0  
87 . 8  1 . 6  60 . 8  
84.1 1 . 6  58 . 6  
BJ. 4· 1 . 6  60. 5  
85 • . 7 1 . 4  57 . 2 
86. J 1 . 4  60 . 3 
81.5  1. 5  59 . 3 
82. 1  1 . 5  62 . 0  
84. o .l. ? 58.l 
87. 6  1 . 5  60 . 6  
81. 9 1 . 6  60. 0  

Haugh 
units 

77. 6  
72 . 6  
79 .5  
'78 .l 
78 .5 
76. 2 

78. J 
75 .1  
74.4 
74. 5 
79 . 2  
77. 1 

?4. 8 
75. 1 

77. 9 
76. 3 
?8. 0 
76.0 
80. J 

1 10. 8� protein diet with 0 .15% methionine, 0 .19% lysine, o. o4i 
t�tophan am 0 .1% isoleucine. 

0 . 25% glycine and o. 05i threonine and Valine. 
3 0.5% glycine and O. l� threonine arxl valine. 



Table 15. Effects of amino acid supplementation on plasm.a tree 
amino acids , Experim.ent · 2 (Micro Moles/100 ml. or plasma) 

Treatments 
Basall 
Gl.ycine2 

Gly. 2 . Threonine2 

Gly. 2 , Threo. 3 

Gly. 2 Valine2 
2 ·  2 2 Gly. , Threo. , Val. 

Gly. 2, Threo . 3 , Val. 2 

Gly. 2 , V aline3 

Gly. 2 , Thx-eo. 2 , Val. 3 

Gly. 2 , Throo. 3 , va1.3 

Glycine3 

Gly. 3 , Threo . 2 

Gly. 3 , Threo . 3 

Gly. 3 , Val. 2 

Gly. 3 . Threo .2 , va1.2 

. Gly. 3 , Threo. 3 , Val. 2 

Gly. 3 , Val. 3 

Gly. 3 , Threo . 2 , Val.3 

Gl.y. 3, Threo. 3 , Val. 3 

16% protein control 

Post feeding4 

Lysine 
22 
14 
31 
32 
71 
59 
44 
43 
30 
26 
47 
29 
36 
74 
44 
48 
90 
49 
10 

41 

41 

Argi- Threo-
nine nine Serino 
17 15 57 
7 23 149 

16· 42 253 
15 22 80 
26 40 133 
27 27 176 
17 56 147 
26 46 169 
12 16 69 
12 25 114 
20 32 11,t.6 
16 56 246 
14 17 89 
30 41 20.5 
23 36 11,4 
23 26 177 
30 43 143 

30 22 147 
14 37 217 

47 .51 205 

39 52 156 

Gluta-
mic Gly- Methio-

acid cine Valine nine 

5 23 6 4 
22 45 13 11 
28 91 24 14 
16 41 8 7 
33 57 27 12 

24 64 12 10 
31 69 16 12 

3J 64 19 11 
14 27 9 5 
24 55 20 10 
23 59 21 9 
51 175 18 18 
17 37 10 6 
42 70 29 12 

27 54 24 11 
28 76 19 11 
25 53 JO 10 
24 91 29 15 
47 80 23 12 

27 62 3 7 

27 49 7 10 

Iso-
leu-
cine 

3 
7-

14 
6 

12 

8 
11 
11 
5 
7 

11 
15 
5 

14 
11 

8 
14 
12 

9 

1 2  

1.5 

1 �0 .8% protein diet with 0.15% methionine, 0 .19% lysine, 0 . 04% tryptophan ard 0.1% lysine. 
2 0 . 25% glycine and o . 05� threonine an:i va.line. 
3 0 .5% glycine and 0 .1% threonine and valine . 
4 Basal fed 16� protein diet for 2 weeks after tennination of E>cperiment 2 . 

Leu-
cine 

8 
20 
25 
11 
23 
19 
21 
26 
10 
18 
21 
30 

29 
2.5 
18 
24 
24 
23 

31 

38 

\.A) 
'° 



Table 16. Effects of amino acid supplementation on distribution of 
egg white protein, Experiment 2 (% of egg white protein) 

Ovomucoid 
+ 

Treatments Lysozyme Ovomucin Conalbumin ovoglobulin 

Basal1 5. 0 0. 60 22 . 0  7. 2 

Glyoine2 J . J  0. 49 19 .5 8. 7 
Gly. 2 , Threonine2 4.1 0.18 27 . 8  .5 . 3  
Gly. 2 . Threo. 3 J. 8  0.1? JO. J ?. 9  
Gly. 2 • Valine2 ' J. 4  0. 24 25 . 7 5. 4 
Gly. 2 , Th�eo. 2 • Val. � 2. 8  0 .46 23. ? 15 . 6  
Gly. 2 . Threo . 3 ,  Val. 4. 0 o .43 24. 8 11 . 7 
Gly. 2 , Valine3 4. 6 1. 70 24. 7 11. 7 
Gly. 2 , Threo. 2 • Val. 3 6. 6 0. 50 20. 2 10.l 
Gly. 2 , Threo. 3 , Val. 3 3. 5  0. 62 18. 8  11. 2  
Glyoine3 J. 2  0 .16 26. 4 5 . 6  
Gly. 3 ,  Threo.2 · 7. 9 0. 4J 30.5 5 . 2 
Gly. 3 , Threo. J 5.9 o.47 22. 2 10.4  
Gly. J , Val. 2 5. 3 0. 73 19.7 12.5 
Gly. 3 , Threo. 2 , Val.2 5 . 0 0. 34 20. 8 9.4 
Gly. 3 , Threo. 3 , VaJ.. 2 5 . 0 0. 45 23.1 10. 5  
Gly. 3 , Val. 3 4.1 0. 24 19 .. 6 10. 6  
Gly. 3 , Threo. 2 , Val. 3 8. 2 o. 48 18. 9 10. 6 
Gly. 3 , Threo. J , Val. 3 · 4. 9 0 . 40 20.l  12.5  

16% protein control 5 . 6 0. 50 14. J 6. 8 
-

Ovoalbumin 
(Al + A2 + A3 ) 

65. 4 
68.1 
62. 8  
57 . 9  
6,5 .  3 
57. 5  
61 . 1  
57 .4  
62 . 7  
66. o  
S4. 7  
56. 0 
61.l 
61. 8  
64.5 
61. 0 
65 .5 
61. 9  
62 .l 

72. 0  

1 10 .8% protein diet with 0.15% methionine, 0 .1% lysine, 0. 04� trypt,ophan and o .1i isoleucine. 
� 0 . 25% glycine and 0 . 05% threonine an:i valine. 

0 .5% glycine and 0.1� threonine ard valine. 

g 



Table 17. Effects of amino acid supplementation on amino acid composition of 
egg .white protein, Experiment 2 ( Micro Moles/g. of egg white protein) 

Treatments 

Bass.11 
Glycine2 

Gly.2, Threonine2 

Gly. 2, Threo. J 
Gly. 2, V aline2 

Gly. 2, Threo. 2, Val. 2 

Gly.2, Threo.3, Val. 2 
Gly. 2, V aline3 

Gly. 2, Threo.2, Val. 3 

Gly. 2, Threo.3, Val.. J 

Glycine3 
· Gly. J, Threo.2 

Gly. 3, Threo.3 

Gly.3, Val. 2 . 
3 2 2 Gly. , Threo. , Val. 

Gly.3, Threo.3, Val.2 
Gly. 3, Val. 3 
Gly. 3, Threo. 2, Val. 3 

Gly. 3, Threo. 3, Val. 3 

1 6% protein control 
-

Lysine 

44 
51 
39 
41 
32 
4 2 

4 7  
6 3 
61 
34 
41 
33 
4 2 

43 
1 5  
4 1  
19 
23 

47 

67  

Argi- Threo-
nine nine Serine 

34 47 8 ) 
35 48 90 
28 31 60 
31 39 77 
24 33 61  
32 . 35 63 
36 4 1  7? 
43 52 89 
4 5  44 88 
39 43 86 
31 40 72 

25 32 60 
29 41 74 
28 38 78 
11  1 2 27 
35 4 2 79 
13 18 34 
18  23 41  
36 41 75 

49 79 1 09 

Gluta- Iso-
mic Gly- Methio- leu-
acid cine Valine nine cine 

ill 56 44 2 9  Jl  
1 1 4  56 43 31 29 

74 39 41  19 JO 
9.5 51 41 31 JO 
81 40 47 25 3 4 
8 2 42 44 24 32 
98 49 41 34 29  

1 22 59 64 31 44 
119 56 55 25 32 

110 58 4 )  35 32 

98 50 4 6  2 8  26 
78 40 31 21 22 

92 51 40 26 28 
98 50 45 JJ 34 
35 18 15  9 10 

10·2 54 47 31 34 
43 23 19 13 14 
5.5 27 24 1 5  1 7  
98 41 45 28 35 

1 45 71 6 7 35 . 46 

1 10. 8% protein diet with 0.15% methionine, O. l� lysine, 0.04% tryptophan and o. 1i lysine. 
2 0.25% glycine and 0 . 05i threonine and valine. 
3_ 0. 5% glycine and 0.1% threonine and valine. 

Leu-
cine 

67 
68 
56 
67 
59 
58 
61  
67  
58 
74 
57 
4 7  I 

6 3 
69 
21 I .  

71 
JO 
34 
6 7  

91 

� 



Hen-Day S Production. Markedly improved egg production was 
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_ observed with the basal diet or Experiment 2 containing 0. 1 %  isoleu­

cine in addition to the methionine, lysine and tryptophan supplements 

of Experiment 1 .  Hens fed this basal diet produced eggs at the rate or 

6J to 71% or 37 to 42 grams on a hen-day basis with an average or 671, 

or 39 grams (Table 14) du.ring the 16 weeks of the trial period. It 

was interesting, however, that hens fed the basal diet in this study 

supported production which was very comparable t o  that or hens 

receivi ng the 0.1% isoleucine supplement in Experiment 1 ( Table 7 ) .  

Glycine at 0 . 25� effected no increase in egg production and further 

additions or 0. 05 am 0. 1% threonine resulted · in significantly (P<.01) 

decreased production or eggs on a hen-day basis (Table 18). Hens 

receiving 0. 05% valine and 0 . 25% glycine sho wed an apparent improved 

egg production. Further addit ions of threonine or the 0. 1 0% level of 

valine wit h  o. 25i glycine did not appear to improve egg production. 

As a result, the egg production responses from hens receiving 0 . 05% 

valine and 0 . 25% glycine combined with threonine were highly signifi­

cant ( P < • 01 , Table 18) when contrasted with similar supplements 

including 0. 1% valine. 

When glycine at 0.5% or with 0 . 05% threonine supplemented the 

basal diet ,  egg production was unaffected, but further supplementation 

of 0. 1% threonine caused hens to produce eggs at a rate which was 10% 

higher t han that of hens fed t he basal diet. The percent hen-day egg 

production or hens fed the diets with 0 . 5% glycine and threonine was 

significantly (P  <. 05, Table 18 ) superior compared to that when 



Table 18.  Mean squares for hen-day egg production 
(Experiment· 2 ) 
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Hen-day egg production 
Source of variation 

Treatment 
Basal1 vs. rest 
Gly. 2 combinations vs. Gly.3 

combinations 
Gly. 2 vs . rest of Gly.2 combinations 
Threo. 2, J in Gly. 2 vs. rest of Gly. 2 

combinations 
Threo. 2 in Gly.2 vs. Threo. 3 in Gly. 2 
Val.2 and Val.2, Threo.2, 3 vs. Val.3 an:i 

Val.J, Threo.2, 3 in Gly.2 

Val.2 in Gly.2 vs. Val. 2, Threo. 2, 3 in 
Gly.2 

Va1. 2, Threo.2 in Gly. 2 vs. Val.2 , 
Threo.3 in Gly. 2 

Val. 3 in Gly.2 vs. Val. 3 , T.hreo.2, 3 in 
Gly. 2 

Val. 3 , Threo.2 in Gly.2 vs. Val.. 3 , 
Threo. 3 in Gly.2 

Gly.3 vs . rest of Gly.3 combinations 
Threo. 2, 3 in Gly. 3 vs. rest of Gl.y.3 

combinations 
Threo. 2 in Gly.3 vs. Threo.3 in Gly. 3 

Val.2 and Val.2, Threo.2, 3 in Gly. J vs. 
Val.3 and Val.3, Threo .. 2 , 3 in Gly.3 

Val.2 in Gly.3 vs. Val.2, Threo.2, 3 in 
Gly.3 

Va1 .2, Threo.2 in Gly.3 vs. Val.2 

Threo.3 in Gly.3 
vai. 3 in Gly.3 vs. Val. 3, Threo.2, 3 . in 

Gly.3 

Val.3 and Threo.2 in Gly.3 vs. Val.3 

and Threo.J in Gly. 3 

Replicates 
Error 

df 
18 
1 
1 

1 
1 

1 
1 

1 

1 

1 · 

1 

1 
l 

1 
l 

1 

l 

1 

1 

3 
28 2 

Percent Gram 

290. 95 ** 
4.68 

42.54 

8.4 2  
740.06 ** 

1 .09 
798.56 ** 

1 90.52 

ll7.50 

76 .ll 

7?.00 

1 93.91 
51 2.20** 

877.39** 
299.20 

314. 36 

71. 4  

408.70* 

503.0B** 

1 244.41 •• 
97.26 

86.60** 
2.1 2 

12.95 

36.58 
231 .59* 

8 .71 
118 . 24 

1 2.52 

2.06 

o .47 

1 2.24 

90.09 
1 21 .1 7  

1 22. 58 
1 29.18* 

249.1 8** 

200.99* 

205.39• 

43 2.85** 
)4.00 

1 10. 8% protein diet with o.15i methionine, 0.1 9% lysine , 0.04% 
t�tophan and 0.1%  isoleucine. 
· o . 25i glycine and 0 . 05% threonine and valine. 

3 o . 5i glycine and o.1i threonine and valine. 
* P <. 05 • 
•• P <.01 . 



threonine plus valine were used with 0 .5% glycine. Further.  supple­

mentation or 0. 5% · glycine with valine and valine and threonine did 

not significantly improve egg production. 

� Consumption � Efficiency. The data on feed consumption, 

Tables 1 0  to lJ , indicated that all hens regulated their feed intake 

in part with the nutrient demand for egg production. P eak egg pro­

duction for most groups was observe d in the second period and feed 

consumption { Table 11 ) was greatest at that time. In general . feed 

consumption appeared to be unaffected by dietary amino acid 

supplements. For example , hens fed the basal diet ate at a rate of 

BJ to 96 grams per day and on the average 87 grams (Table 1 4 )  as 

com.pared to the high egg producing hens receiving 0 .5� glycine and 

o .1i threonine that consumed an average of 86 grams of feed  per day. 

Data on feed consumption per dozen eggs produced showed good 

correlation between feed  intake and egg production. Hens pro ducing 

. eggs at an average rate of 61 to 65% converted 1. 7 to 1.8 kg. of feed 

into one dozen eggs, whereas hens producing eggs at more than 65% 

required smaller amounts of feed to produce a dozen eggs ( Table 14 ). 

The highest producing hens on the 0 .5� glycine and 0.1� threonine 

supplements converted 1.4 kg. of feed into one dozen eggs. 

� Quality. The data on egg weights, Tables 10 to 13 , 

indicated that hens fed the basal diet produced eg�s of a weight which 

was not significantly different ( Appendix Table 2 )  from those of the 

rest of the treatments. However, hens receiving 0.25% glycine with 
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0 . 05% valine produced significantly smaller eggs ( P �. 01 )  than those 

r�ceiving 0.1% valine. The highest producing hens appeared to produce 

smaller eggs when contrasted to those on the basal diet. 

As reported in Experiment 1 ,  Haugh unit values again appeared 

to be unaffected by amino acid supplements. Egg shell thicknesses and 

dry weights of egg shells were observed to range between 0. 28 to 0. 34 

mm.. and 5 to 7 grams, respectively, for all treatment groups and appeared 

to be unaffected by amino acid supplements. They were not, therefore, 

included in the tables. In general,  the data. on egg weights, Haugh 

units arxi egg shell quality suggest that hens effectively utilized low 

protein diets to produce apparently good quality eggs . 

Plasma Levels_ .2f � .A.mine Acids. The results shown in 

Table 1 5  indicated that hens receiving the low protein basal diet for 

a period longer than that of hens fed the 16% protein control diet 

showed lower plasma levels of several free amino acids. This may be 

• due to depleted amino acid reserves or inadequate supplies of amino 

acids in the diet • .Amino acids in the plasma of hens fed different 

dietary supplements were frequently observed to be at higher  levels as 

compared to those of hens on the basal diet. Sometimes the changes 

closely reflected dietary amino acid supplementation. This appeared 

to be true for glycine, threonine and glycine and valine. Threonine 

at 0. 05% with 0. 25% glycine apparently reduced egg production ( Table 

14 ) and plasma threonine, serine and glycine were elevated to higher 

levels compared to the levels exhibited by hens on the basal and 0. 25% 

glycine supplemented diets e Hens receiving _additional threonine 



showed markedly lower plasma levels of the above amino ac ids , whereas 

egg production was not changed. Plasma levels of most of the amino 

acids , except lysine , were observed to be identical when o. 25i 
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glycine was fed with 0. 05 or 0.1% valine. Egg prod uction ( Table 1 4), 

however ,  was superior on the diet with less valine, thus suggesting 

that probably both the lower levels of glycine and valine were adequate 

for maximum. egg production. Threonine supplementation appeared to 

elicit similar plasma amino acid responses at both levels of glycine 

intake. Plasma glycine was elevated to a comparatively high level by 

the low level of threonine and decreased by the high level , yet egg 

production was unaffected. In that the higher supplemental levels of 

glycine and threonine caused hens to produce eggs at a maximum rate, 

the evidence suggests that 0. 1% threonine was adequate and excess 

dietary glycine probably facilitated . threonine utilization for increased 

egg protein synthesis. 

Plasma amino acids shown by hens on the 16% protein diet , 

whether fed continuously or changed from the basal diet for 2 weeks 

after the termination of the experiment, were markedly similar, thus 

suggesting that plasma amino acids follow the dietary pattern. 

Distribution � Proteins !!! � Albumen. Data on different 

protein fractions o·f egg white, Table 1 6, suggest that their distribu­

tion was not correlated with dietary amino acid supplements. Lysozyme 

and ovomucin fractions were comparatively consistent, irrespective of 

dietary supplements and were comparable to that observed in a 1 6� 

protein diet. Conalbumin and ovomucoid and globulin fractions , in 
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general, were higher in eggs from hens fed the basal and supplemental 

diets, whereas total ovoalbumin fractions were lower compared to those 

£ractions reported for eggs from hens on a 16% protein diet. 

Amino � Composition £!. S White Protein.· Amino acid contents 

o! albumen of eggs from hens fed the low protein diet or  the several 

supp1ements were not consistent in this experi ment but were compara­

tively low when compared with those produced by hens on a 16i protein 

diet { Table 17 ) .  Hens fed o. 05i threonine, with both low ani high 

levels of glycine, showed almost identical egg white amino acid 

c ompositions. The increase of threonine to 0.1 %  appeared to  generally 

increase the amino acid ccmposition of egg white proteins. With the 

low level of glycine, valine ten:ied to increase amino acid content of 

egg albumen, whereas with the 0. 5i glyc ine level the opposite appeared 

to be true. The low level threonine · supplement appeared to reduce 

amino acid composition of egg white protein, regardless of glycine 

· levels. 
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GENERAL DISCUSSION 

Hens fed a typical corn-soy diet diluted with glucose to  10. 8% 

protein and supplemented with 0 .15% methionine, 0 .19% lysine and 0 . 04% 

tryptophan produced eggs at the rate of 61% over a 1 6-week period. 

Further supplements of threonine or valine at 0. 05 and 0 .1% levels did 

not improve egg production, feed consumption or feed efficiency and 

egg quality. With combined low levels of threonine and valine 

supplementing the basal diet, increased egg production was observed 

and the combination of both threonine arrl valine at the 0.1% levels 

showed the maximum response in egg production. This was comparable to 

that obtained by the sole supplementation of isoleucine at 0 . 1% .  Feed 

consumption, feed conversion or egg quality were not markedly influenced 

in those instances where egg production was observed to be improved 

by amino acid supplements. Further responses in egg production from 

supplements or threonine and valine with isoleucine were not signifi-

. cantly superior ( P <. Ol) to that observed from isoleucine al.one. This 

suggested that isoleucine was pr�bably more limiting for egg production 

than other amino acids in the low protein diet, which had already been 

adequately supplemented with methionine, lysine and tryptopha.n. 

As a result, isoleucine at 0.1� was included in the basal diet 

and an approach was made to determine which amino acids are further 

limi tfng egg production in this low protein diet. Glycine, a two 

carbon dispensible amino acid, is required for maximum chick growth, 

whereas hens on a 1 6%  protein practical diet have not been shown to 

require glycine. It was hypothesized, however, that because or its 
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ionic neutrality and its interrelationshi p 'With serine ani threonine 

glycine supplementation could be beneficial in threonine utilization 

and by that means improved egg production could result. Hens fed 

either 0. 25 or 0 . 5% glycine supplem.ents alone failed to improve on the 

egg production obtained by feeding the basal diet. At this point it 

was interesting to observe that the egg production obtained with this 

basal diet was comparable to that observed in the previous experiment 

where 0. 1 �  isoleucine supplemented the basal diet. 

Threonine at 0.05% with either level of glycine did not show 

any improvement in performa� e. However, 0 . 05% valine, regardless of 

glycine levels, was effective in improving performance and hens fed 

the diets with 0.5% glycine and 0.10% threonine supplements showed 

maximum egg production ani feed conversion. Further supplementation 

with valine showed no improv�ments in egg production or egg quality. 

As discussed earlier, plasma levels of the free amino acids 

reported for Experiment 1 were most inconsistent, possibly because 

the amino acids already present or added as supplements to the low 

protein diet were not adequate to meet the requirement for metabolic 

nitrogen. In Experiment 2, plasma levels of most of the free amino 

acids as influenc ed by threonine or valine plus glycine supplements 

were observed to be more correlated with differences in the laying 

hen I s performance. Plasma threonine, serine and glycine were 

influenced by these supplements a.ni generally reflected the laying 

hen• s performance. Hens fed 0.05% threonine, with either low or 

high glycine, showed increased plasma levels �f these amino acids, 



but egg production was not improved. Further increases of threonine 
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to o .1i caused a lowering of most of the plasma amino acid levels 

regardless of dietary glycine levels. The high level of dietary 

glycine (0. 5%) with o. 1i threonine resulted in a significant improve­

ment in egg production. These findings suggest that 0. 1% threonine 

indeed improved the basal diet and that glycine in excess could 

facilitate utilization of threonine for increased egg protein synthesis. 

Considering the metabolic interrelationships of threonine, 

glycine and serine (Meister, 1965) , it was interesting to note that 

he reported that threonine could be degraded to glycine and that non­

enzymatic reversion of this reaction is possible in the presence of 

pyridoxal and metal ions. Glycine, when metabolized, is readily con­

verted to serine which then serves as a methyl donor and carbon donor 

for protein synthesis. Reid � .!!• (1972), using low protein layer 

diets supplemented with different levels of nonprotein nitrogen 

sources, commented that the conversion of essential amino acid nitrogen 

to nonessential amino acid nitrogen by hens fed low protein diets was 

relatively inefficient. They in::licated that nonprotein nitrogen 

additions exerted a sparing effect on essential amino acid nitrogen to 

improve the performance of laying hens. These reports are supported 

by the findings of Experiment 2 in that dietary glycine, as an excess 

substrate, could effect more efficient threonine utilization, thereby 

resulting in a more positive nitrogen balance. 

Data obtained on the distribution of protein types in egg white 

protein for hens on these low protein diets were not consistent when 



c anpared to those observed for eggs fran hens on a 16i protein diet. 

Amino acid composition of egg white protein indic ated that hens 

receiving 16% protein diets deposit more essential and certain non­

essential amino acids in eggs than hens receiving 1oi protein diets. 

Threonine and valine supplements, regardless of glycine levels, 

infiuenced the amino acid composition of egg white protein, perhaps 

through the mechanisms discussed. 

51 
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SUMMARY 

4 Laying type pullets, housed in 8-inch cages under a controlled 

environment, were f�d a typical 16% protein corn-soy diet diluted to 

· 1 0 . 8% protein with glucose and supplemented with 0. 15% DL-methionine, 

· 0 . 19% L-lysine and 0. 04% DL-tryptophan for a 20-week depletion period. 

Subseq ently thereafter, individual suppleme�tation of valine and . 

threonine at O, 0 . 05 and 0 . 1% levels and DL-isoleucine at O and 0. 1% 

levels and all pos sible combinations were . studied in a factorial 

design to determine . their effects· on the performance of laying hens. 

Each treatment was replicated four times using two hens per replicate 

fed for a 16-week period.· 

Hens fed the basal diet produced · eggs at a rate of 61% or 35 

grams of egg mass on a hen-day basis and consumed abo�t 76 grams of 

feed par day. Threonine and valine did ·,not influence performance. 

Combined supplements of 0. 05% threonine and valine only slightly 

improved egg production, but the higher levels caused hens to produce 

7.5% mo�e eggs than . hens fed the basal diet. Howev�r, hens fed the 

diet with only 0.1%· isoleucine supplementation showed egg production 

comparable to that given the diet with 0. 1% threonine and valine 

- supplementation. Feed consumption, feed conversion or egg quality 

appeared · to · be unaffected where a response to improved egg production 

was observed from amino acid supplements. 

Based on these results. hens in Experiment 2 were fed th� 10. 8 %  

protein diet which contained 0 .15% DL-methionine, 0 . 19% L-lysine � 0. 04� 
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DL-tryptophan and 0.1%  DL-isoleucine from 24 to 40 weeks of age. 

Further supplements of 0 .05 and 0. 1% DL-threonine and DL-valine with 

0. 25% or 0 . 5% glyc ine in all combinations were fed to hens in four 

replicated groups of two hens per replicate to determine their effects 

on  laying hen performance. Hens fed the above basal diet maintained 

identical egg production to that reported with 0.1 %  isoleucine supple­

mentation in Experiment 1. Feed intake and egg quality in this 

experiment were satisfactory regardless of the dietary supplementations. 

Glycine did not show improved egg production, whereas 0 . 05% valine with 

low or high glycine appeared to show some improvement in egg production. 

However , based on egg production data and on plasma levels of free 

amino acids, threonine at 0. 1� effectively supplemented the basal diet 

and by feeding excess glycine hens were able to more fficiently 

utilize threonine for increased egg production. Data on the distri­

bution of proteins in albumen were not conclusive. However, amino 

acid composition data indicate that hens fed low protein diets, even 

when suppl&�ented, deposit less essential amino acids in their eggs 

than hens fed 1 6% protein diets. These results suggest that further 

investigations should be made to effectively maintain the increase d 

egg production observed in this study and to provide the optimal 

·dietary nitrogen for an improved amino acid make-up of egg ldlite 

protein. 
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APPENDIX 

Table 1. Analysis of variance for feed  consumption and fee d  per 
dozen eggs (Experiments l and 2 )  

Source of 
variation 

Treatment 

Replicates 

Error 

Treatment 

Replicates 

Error 

Mean squares 

Feed 
df consumption 

Experiment 1 

l? 1487 .52 

3 43692. 06 

216 2693 . 73 

Experiment � 
18 92.14 

3 2 . 09 

282 119. 8? 

Feed/ 
doz. 
eggs 

41.20 

25 .49 

69 . 2? 



Table 2. Mean squares for feed per dozen eggs 
and �gg weight (Experiment 2 ) 

Source of variation 
Treatments 
Basall vs. rest 
Gly. 2 combinations vs. Gly. 3 combinations 
Gly. 2 vs. rest of Gly. 2 combinations 
Threo. 2, 3 in Gly. 2 vs. rest of Gly. 2 

combinations 
Threo. 2 in Gly. 2 vs. Threo. 3 in Gly. 3 

Val.2 and Val. 2, Threo. 2, 3 in Gly. 2 vs. 
Val • .'.3 and Val. 3, Threo. 2, 3 in Gly. 2 

Val. 2 in Gly. 2 vs. Val. 2, Threo. 2, 3 in 
Gly. 2 

Va1. 2, Threo. 2 vs. Val. 2, Threo. 3 in Gly.2 
Va1. 3 in Gly. 2 vs. Val. 3, Threo. 2, 3 in 

Gl 2 y. 
2 2 Va1. 3, Three. in Gly. vs. Val. 3, Threo. 3 

in Gly. 2 

Gly. 3 vs. rest of Gly. 3 combinations 
Threo.2, 3 in  Gly. 3 vs . rest of Gly. 3 

combinations 
Threo. 2 in Gly. 3 vs. Threo. 3 in Gl). 3 

Val. 2 and Val. 2, Threo. 2, 3 in Gly. vs. 
VaJ.. 3 and Val. 3, Threo. 2, 3 in Gly� .'.3 

Val. 2 in Gl.y. 3 vs. Val. 2, Threo. 2, 3 in 
Gly. 3 

va1 . 2, Threo. 3 va1. 2, Threo. 2 in Gly. 3 vs. 
in Gly. 3 

Val. 3 in Gly. 3 vs. Val. 3, Threo. 2, 3 in 
Gly. 3 

Val. 3, Threo. 2 in Gly. 3 vs. Val. 3, Threo. 3 

in Gly. 3 

Replicates 
Error 

Feed per 
df dozen eggs 
1 8  0. 35* 

1 · 0 .05 
1 o . 68 
1 0.19 
1 2 . 39 ** 

1 0. 08 
1 0. 84* 

1 0.05 

1 0.13 
1 0. 1 0  

1 0. 08 

1 0.1 3 
1 0.1 2 

.1 o .44 
1 o . 4o 

1 0. 07 

1 0. 03 

1 0 • .37 

1 0. 08 

3 1. 69** 
282 0.19 

1 10. 8% protein diet with 0.15% methionine, 0. 19� lysine, 
tryptophan and 0.1% isolauc ine. 

2 0. 25% glycine and 0. 05� threonine and valine. 
3 0. 5� glycine and o.1i threonine and valine. 
* P < .05 . 
** P <. 01. 
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Egg 
weight 

35.14** 
4. 40 
5 .40 

1 72. 24** 
3 . 50 

35 . 50 
1 07. 80** 

51.18 * 

5J. 30*  
60.80* 

9 . 68 

19 . 25 
33.19 

1 05.8 0** 
25 . 52 

1. 4 0  

57. ?8* 

48. 60* 

2 .94 

1 . 75 
10.51 

o . o4tf, 
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