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INTRODUCTION

: P } -
The egg-producing segment of the qoulnry-indﬁsgry is more important
economically than the meat-producing segment. Despite this fact much less

is known about the specific requirements and nutritional probléﬁs‘of'thé
laying hen than of the growing broiler or turkey; No area of'étddy in
the field of poultry nutrition rgsearch‘appears to be yiel@ing such contra~
dictory resulfs as that pertaining_to the nutrient requirements of laying
hens. These n@trient requirgments are normally expressedbas a percentage
of the total ration or iﬁ units per pound, With little consideratiqn being
given to the many factors which are knowﬁ to influence total feed intake
and consequently affect the‘requi?ements“for protein, amino écidé, energy
and vitamins.

~ There has been considerable researcp and discussion concérning the
Prg;ein requirement of laying hens. . Available research findipgs suggest
that any lével.bffdietary protefﬁﬁbétween 11 and 18 peréeﬁt is'édequate
fof normal egg production. Many factors have probably contributeq to
this wide range of suggested protein leyels, For instance, there is no
doubt of the imtrinsie importance of a proper ratio of metabolizable
energy and digestible protein for cﬁicks and dthéf animals. This same
mechanism must be important with hens, but it has not been clearly demon-
: : : ‘ !
strated. Other factors which regmlate\thé protein requirement include

total feed intake, level of egg production, amino acid balance and avail-

ability, and vitamin levels as well as dietary energy level.



Since theé laying hen has not been yeryxsénsi;ive in hgr :esponsedto
energy:protein ratios, the determination of egergy requifements'has been
a very cdmplgi prgblem. The energy contgnt oé the diet has:a very defin-

ite efféct dn feed consumption and ygt»it has‘been‘shbwn that‘ﬁeﬁs can
maintain their ﬁédy weight and éwanﬁal'fate pf‘égg prodgéfion oﬁTenergy
levels ranging from 740 to 1025 Galoriesvsf produétive energy per pound.

Résearch.data on the vitémin requifggents of laying‘hensraré very
limitedé The general consensus.qf opiﬁion is that the vitamin feéuire-
ments bécomé ﬁofé exacting as egg*froduétidn is increaéedfgbyhigﬁéf levels
and'as less fée§ is required tq prqduce a»dozeh of eggs. ﬁpwe§éf; the
type of cont;adictions that arg’fqépd)in Protein andlenérgy reéui:ements
are alsovfouﬁd in the vitamin requ?rements, | o

The ?rﬂmary objec£ive of this sté&y was to develop é more precise
method of determining and expfessing phe‘nutritive requirements;of the
laying ﬁen,’ It was reﬁsoned that more consideration would be given to

fiotal nutrient intake, nutrienmt interrelationships and other factors which

4

govern nutrient requirements, 1f these requirements were expressed on a
EovERE o e ]

nutrient intake basis and determined through a technique which would allow

nutrient intake control.



REVIEW OF LITERATURE
Protein Requirements of Laying Hens

The problem of providing the correct quality and quantity of protein
is one of the major problems invo}ved in formulating diets for 1ayingxhens.
Protein apparently egerts more coﬁtroliover the rate of egg production
;han does any other §ing1e nutrient. Therefore, the protein level of ex-
perimental diéts must be adeq#gte or the effects of other nutrients cannot
be measutred accurately. On the other hand, from a practical viewpoint,
protein is expensive and it would be desirable to hold the protein level
low enough to prevent any possible waste.

Heuser (1941) reviewed available :eéearch data on the’protein require~
ments of laying hens. 1In a discussion of the requiréments{dhe suggested
that there waswmuch confusion over tbe protein requirements reported to
that. time. }Unforﬂunately, t#is confusion has not been eliminated with the
protein requirement studies which have been conducted since 1941.

In an investigation of the protein requirement of New Hampshire
pullets, Berg et al. (1952) fed diets which containéd protein\levels of
11, 13 and 15 percent. The data from this stgdy indicated that a 13 per-
cent protein dfet was adequate to maintain egg production and/body'weiéht,
Ihq;ntpn et al. (1956) gnd ?horntqn’gg al. (1957) élso concluded that the
protein level required for.égg productiqn might be as low as 13 percent.

These workers reported no differences in egg production, feed efficiency

or maintepance of body‘weight among groups of White Leghorn hens fed 11,



13,_15“and 17-percent-protein diets. Egg weight was the only factor mea-
sured which was significantly reduced by the 11 percent protein»diet. Miller
(gg}glq (1957) obtained good‘ggg production from hens fed experimental diets
which céntained 12.5 to 13 pércent gf protein. They found that a level of
protein in the diet as low as 12.5 percgqt did not affect egg weight. Addi-
tional support for the 13 pefcent levelvof protein for laying hens was re-
ported by Adams et al. (1958)f Their data on various levels of protein fed
to Leghorn layeré in floor pens indicated that the optimal level of protein
appeared to be between 12 and 14 percent, Other studies coﬁducted during
this same period of time show the protein requirement to be higher than 13

j
percent. 4 i

Two experiments were conducted by Ringrose et al. (1954) in which
protein levels of 15 and 18 percent were fed to meat-type New:hampshire
pullets. These research workers reported that the smail ﬁifferences in
egg production among”hens‘subjected to the two treatments tended to fg?or
the 15 percent level of protei?u In the following year Heywang et al. (1955)
reported tﬁerresp}ts of two expgrimen;s which were designed to.study the
effect of hot weather on the dietary level éf protein required by White
Leghorn hens. Thgseﬂgxperiments involved six dietary protein levels which
rgpged fram 11.5 to 1953 percent, Considered collectively, fhg data ftom
both experiments indicated that no increase in egg production would occur
if the protein level in the diet during ﬁot weather was greater than‘15
percent,

Lee et al. (1944) noted that the egg production of Leghorns showed
more tendency to decline, during periods of hot weather, in pens réceiving
a low protein (13 percent) diét; These investigators stated that results

which would be acceptable to the commercial poultryman were obtained from



laying hens on a diet containing 13 percent of p;otein, However, thgy algo
pointed out that approximately 16 percent of protein in the total ration
was necessary_for_maximum egg production. MacIntyre and Aitken (1957)
reported data from two feeding trials in which dietary protein levels of
©20.0 to 21.3 percent were co&?ared with levels of 15.4 to 16.5 percent.
These data show that 15.4 to 16.3 percent of pr&tein gave the better results.
Hochreich et al. (1958) reported that a dietary level of 17 percent of pro-
tein was required to maintain maximum egg production and feed efficiency
when the feed contained an energy level in excess of 950 Calories of pro-
ductive energy per éound°

Studies reported by Reid et al. (1951) add to the confusion over the
percentage of protein required byllaying hens. These research workers
reported thathhite Leghorn hens laid fewer eggs when fed 13- or l5-percent-
protein diets than when they were fed 18=percgnt=protein diets. 1In another—
experiment at the same station McDaniel et al. (1957) supported thesév
findings. In the latter experimént, a six percent improvement in feed
conversion wgswobtained with cage layers when the dietary protein level
was‘raised fpo@ L7 to 18 percent. | | | |

The va;ied conditions undef which the protein requirement of laying
hens had been determined led to some investigation into the factors which
could affect"ﬁrotein requirement. Milton and Ingram (1957) studied the
effgct of temperature, age, breed, system of management gnd rate of egg
production upon the protein reqtﬁirement° Under the simulated summer con-
ditions an 18-percent-protein diet gave the best results. Diets which con-
tained 16 and 18 percent protein produced the greatest number of eggs with
old hens, but 14 percent of protein appeared to be adequate for pullets.

Thornton and Whittet (1960) carried out an experiment in which type of



management, dietary energy level and genetic background were considered
as factors which could influence the protein requirement for egg produc-

tion. Comparable egg production rates were ohtained with protein levels

of 13, 15 and 17 percent under all conditions of the experiment.
Amino Acid Requirements of Laying Hens

A discussion of the protein requirement of laying hens would not be
complete without including related data on amino acid requirements. The
protein in the diet of laying hens must be in an available form and fur-
nish adequate quantities of certain amino acids. Grau and Taylor (1948)
and Ingram et gL, (1950) demonstrated that an amino acid deficiency causes
a hen to cease egg production in four to six days. This.would indicate
that the ability of the hen to draw protein from her body stores for egg
production is véty limited: These;investigatiogs also revgaléd that zein
is not suitable for the study of amino acid requirements% even when it is
§upp}ementéd with the amino acids that are deficient in zein. Apparently
the amino gcids_prgsepg in zein aﬁe ndt in an available form.

-In.a.review article written by Almquist (1952) only four amino acids
were listed as being essential for laying hensfl The inconsistencies that
were reported in the protein requirément data to 1952 contributed greatly
to the confusion over specifie amino acid requirements. ' One of the facts

pointed out b& Almquist in his review was that the amino acid’requirements
are directly dependent upon the protein level of the diet. In recent
years, work on amino acid rquirements has been done largely with purified

or semi-purified diets.

Arginine and Glycine: Menge et al. (1956) compared a synthetic layer

hen diet low in arginine and glycine tec a complete practical diet. They



also compare@ the practical diet with the synthetic diet supplemented with
0.4 percent of glycine, 0,3 percent of arginine'and é'combination of the
two, The practical control diet supported a 64 percent egg_productibn rate
for a 24-week period, while the synthetic diet low in glycine and arginine
supported only a 47 percent egg production rate. Rates of 48, 54 and 60
percent egg production were obtained from the hens receiving 0.4 percent

of glycine, 0.3 percent of arginine, and a combination of the two, respect-
ively. These findings provide evidence which indicates that argipine and
glycine are necessary for egg production. However, Johnson and Fisher
(1956) reported that glycine was not required for egg production,

Cystine and Methionine: A quantitative estimation of the methionine

requirement of laying hens has begn made by using‘peanut meal supplemented
with lysine and tryptophan as the source of protein, Ingram et al. (1951b).
It was shown that the requirement of the 1ayiné hen fér methionine was not
more than 0.38 percent of the rations, and that the combined methionine
and cystine requirement was not more than 0.63 percent. Leong and McGinnis
(1952) reported that the level of methionine required to support egg pro-
‘duction, body weight gain and egg size appeared to approximateljio.ZB per-
cent in thevpresepcg‘of 0.25 percent of cystine. These findings are in
agreement with Ingram and co-workers who stated that a total of no more
than 0.63 percent of dietary cystine and methionine was required by laying
hens. Data which gave ;dditional support to this work were pyesented by
Little (1957). He found the methionine requirement for egg production to
be no greater than 0.225 percent of the ration, whereas ievels of 0.25 and
0.32 percent of methionine were required to support egg size and body weight,
respectively. The cystine level used in these diets was 0.26 percent.

Similar results which also supported these findings were reported by Johnson

and Fisher (1958).



Isoleucine and Threonine: Miller et al. (1934), used blood meal as

s

the main source of protein in the ration, and gstimated the .isoleucine
requirement of the laying hen te be 0.53 percent. This estimate of the
isoleucine requirement was later substantiated by Johnson and Fisher (1958).
Semi-purified diets in whichbcrude casein and crystalline amino acids
provided all of the dietary protein were used by Adkins gg{gl; (1958) ﬁé
make a quantitative estimation of the threonine requirement of the laying
hen. In order to maintain body weight and egg size, it appeared that the
Lwﬁhreoninefrequirement was approximately 0042 percent,of the diet. W

'

Lysine and Tryptophan: A corn-corn gluten meal ration was employed

by Ingram et al. (195la) to study thg lysine and tryptophan requirements
of the laying hen, It was shown by these investigators that the require-
ment for L-tryptophan did not exceed.0315 percent of the ration, and that
the requirement for L-lysine did not exceed 0.52 percent of.tﬁe ration.
Likewise, Little (1957), using the same typelof basal diet, fpund the L-
tryptophan requirement to be approximately 0.142 percent of the‘rapion and
the L-lysine requirement to be approximately 0.488 percent,

Johnson and Fisher (1956) conducted a study to determine the fglatiye
importance of eleven amino a¢idsnin laying hen nutritionm. Thro@gh the use
of g‘diet of free amino acids, iE was concluded that aminq‘acids cbuld be
classified accérding to their order of essentiality, asyfollowszi arginine,
glutamic acid, histidine, isoleucine, leucine, lysine, methioniné, phenyla-
lenine, threonine, tryptophan and valipe° These;research Worker§ also
concluded that‘ali eleven amino acids were essential for egg production.

The'minimal dietary levels of amino acids req?ired to'support egg
production were reported by Johnsen and Fisher (1958) .and are sﬁbwn in

i

Table I. Laying hens were fed an amino acid-free diet to which minimal



quantities of amino acids were added in amounts sufficient to maintain egg
production. The minimal levels of the essential amino acids were based
on the composition of whole-egg protein and a lysine requirement of 0.5

percent.

TABLE I

AMINO ACID REQUIREMENTS OF LAYING HENS BASED ON THE COMPOSITION OF
WHOLE-EGG PROTEIN AND A LYSINE REQUIREMENT OF 0.50 PERCENT

Calculated
Whole egg requirement
Amino acid Gm, /16 gm, N . Ratio (Percentage of diet)
Cystine‘ 2.3 0.33 0:16
Histidine 2.4 0.35 0.18
Isoleucine 6.9 1.00 0.50
Leucine 9.4 1.36 0.68
Lysine 6.9 (1.00) 0.50
Methionine 3.3 0.48 ? 0.24
Phgnylalanine 5.8 0.84 0.42
Th%gonine 5.0 0.72 0.36
Tryptophan 1.6 0.23 0.12
Tyrosine 4.1 0.59 0.30
Valine 7.4 1.07 0.54

An experiment was designed by Johnson and Fisher (1959) to confirm
their previous findings. A layer hen diet composed of practical feed in-
gredients was used. A practical corn-soybean oil meal diet which contained
15.7 percent of protein was compared to two low-protein diets (10.4 and

,
11.3 percent). The 10.4-percent-protein diet contained wheat as the main

1
!
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source of protein, while the ll.3-percent-protein diet contained corn as

the principal protein contributor. The wheat~diet (10.4-percent-protein)
supported egg production at a rate equal to that obtained with the practical
corn-goybean oil meal diet (15.7-percent-protein). The corn-diet (11.3-
percent=-protein) was inferior in all réSPGCtS to the wheat-diet which con-
tained 10.4 percent of protein. This was thought to be caused by an incor-
rect relationship of non-essential to essential amino acids or to differences
in the protein digestibility of the two rationms. it was concluded that the
good results which were obtained with the 10.4-percent-protein diet con-
firmed under practical feeding conditions the previous estimation of the
minimal essential amino acid requirement obtained by using a diet consist-
ing of-free amino acids.

Fisher et al. (1960) reported another experiment wpich dealt with
amino acid balance in low-protein diets for laying hens. In this experi-
ment it was found that gelatin (a good source of arginine) when added to
a 12.3-percent-protein layer diet significantly impfoved body weight, egg
size and egg production. It was observed that free glutamic acid decreased
body weight and egg production., It was pointed out that amino acid balance
becomes more and more critical as the level of dietary protein is reduced.
This research work brings out another discrepancy in the suggested dietary
protein requirement of laying hens. Althpugh 10.4~ and 12.3-percent-pro-
tein diets have not actually been recommended by these workers, the fact
remains that good results were obtained with these low dietary protein
levels.,

It would appear from the research work that has been reported by
Johngon and Fisher that amino acid requirements for laying hens have been

pretty well established. However, there has already been some research

1
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work which casts doubt on the amino acid requirements that were suggested
by these workers. Adkins et al. (1959) were unable to formulate a synthe-
tic diet which would sustain egg production and body weight gain in laying
hens. The amino acid levels and raties that were reported by Johnson and
Fisher were used as a basis fog the formulating of these diets. More time
and research work will determine whether or not their percentage recommen-

dations for the amino acids in laying hen diets are adequate.
The Energy Requirements of Laying Hens

The importance of an adequate energy level in feeds for poultry was
first establishgd in experiments where young growing chickens were used as
the experimental animal. TIn some early research work with dietary energy
level, Hoagland and Snider (1941) obtained maximum growth with chicks fed
diets which contained 30 percent of added fat. Scott et al. (1947) reported
data Which showed that rations high in energy promoted more rapid growth
an@ better feed conversion in broilers than rations lower in energy. It
was apparent from these apd othgrvearly_studies‘that as therdietary energy
level was increased, the feed requirgd to produce a pound of giowing chicken
was reéuced.

The energy requirement of laying hens and its relation to productive
efficiency has received concentrated attention only during recent yedrs.
Hill (1956) studied the relation of dietary energy level to efficiencf of
egg production and found that a linear relationship existed between energy
level and efficiency of egg production. Hill et al. (1956) reportedlghat
a ration which contained 830 Cﬁlqgies of productive energy per pound, when
compared to a ration containing 930 Calories per pound, increased feed con-

sumption by approximately 12 percent. These research workers showed from
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their data that feed intake was reduced when fat was used to increase the
energy content of the diet; This reduction in feed intake amoquéd to 2
percent for each 1 percent of added fat. WNine experiments wereﬁéﬁnducted
over a six-year period by Berg et al. (1956) in which diets varying from
1100 to 1367 Calories of metabolizable energy (approximately 750 to 922
Calories of productivg energy) per pound of feed were compared. The re-
sults of these experiments indicated also that the efficiency of egg pro-
duction was related to energy content of the ration. A relatiqnship was
observed between efficiency of feed conversion and dietary emergy, in which
efficiency decreased 6.17 percent for each decrease of 100 Calories of me-
tabolizable energy per pound of ration. Even though less feed was consumed
by the hens fed the high-energy diets, their body weight increase was great-
er than that of the hens fed the low-energy diets. Egg production was not
affected by the energy level of the diet. Berg and Bearse {1956) reported
the results of an experiment in which two diets that contained approximately
1148 and 1331 Calories of metabolizable energy (approximately 769 and-895
Calories of productive energy) per pound were compared. The high=-energy
dietrpromotgd the greatest efficiency of feed utilization, and_ene;gyulevel
had no effect on the rate of lay. Data from an expefiment conducted by

Anderson et al. (1957) showed that a high-energy ration (884 Calories of

productive energy per pound) did not result in any greater egg production
than a low-energy ration (723 Calories per pound), but efficiency of feed
utilization was significantly greater for the hens fed the high-energy
rations.

The evidence thus far presented shows that an increase in the dietary
energy level of laying hens will reduce total feed consumption and thus

improve feed efficiency. However, Bolton (1958) has presented evidence



13

which indicated that egg production and the efficiency of protein and energy
utilization were improved when hens were fed low-energy diets. The hens
that received a high-energy diet producgd an average_of 243.9 eggs per year,
while the hens fed a low-energy diet produced 247.9 ;.ggs° In this study,
the eféiciency of energy utilization was measured by comparing the gross
energy of the eggs laid with thé intake of metabolizablevenergy. The effi-
cieqcy of energy utilization, expreésed as a pergentage, was 20.6 and 22.0
on the high- and low-energy rations, respeptivély, The crude protein in
the eggs, as a percentage of the intake of digestible c:ude proﬁein was
28.6 and 38.2, respectively.

A recent investigation by Petersen et al. (1960) produged data that
are contrary to the reports in either of the two preceding paragraphs.
The studies presented in the first of these two paragraphs indicate that
dietary energy level has little ipfluence on the rate of egg production,
while the research work of Bolton (1958) in the second paragraph: shows |
thatnhens fed lownenergy dietg_will produce mqfe eggs . than hens fed high~
energy clliets° The work reported b& Petersen a;d go-workers éhowed that
the eggMprqéuction of hens fed a low-energy diet (650 Caiories of productive
energy per pound) was not equal to tbat'obta§ned from hens fed a h%ghfenergy
diet (910 Calorieg)° Despite these differences regarding the effect of
dietary energy level on egg production, all of the reported experimepts
show that total feed intake is reduced when dietary energy level is in-
creased.

The effect of high levels of dietary energy and protein on the per-
formance of laying hens was studied by MécIntyre and.Aitken (1957) and
Price et al. (1957). These workers conciuded that neither high én;rgy nor

high protein had any influence on rate of egg productibn, egg weight,
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specific gravity of the eggs, albumin height or incidence of blood and meat

spots in the eggs.
Energy~Protein Interrelationships

In expériments with chicks, the energy level of the ration has been
shown to influence the‘progéin level required in the ration, Donaldson et
al. (1956). A pro;ein~ene;gy intefreiationshipr affecting the rate of
production has been observéd by Berg and Bea&se (1957). Hen§ fed a low-
energy=14=percentopro;ein diet supported a rate of lay comparable to that
of hens fed a high=enérgy diet whigh contained 18 percent of protein.

Experimental results obtained by Frank and Waibql (1960) supported the
earlier findings of Berg and Bearsgl(195?). WhitelLeghorn hens in cages
were fed diets which contained 10.2, 12.4, 14.9, 19.9 and 29.9 percent of
protein in a high-energy (984-1250 Calories of pro&uctive energy per pound)
and a low-energy (634-947 Calories of productive energy per pougd) series
of diets. Hens fed the low-energy diets with 12.4 percent of protein laid
at a ngrmal rate;9 while 14.9 percent of prétein was required by the hens
ggsthe géghfeggrgyrserigs of diets. Thornton and.Whitpet (1960) rgpgrted”‘_
that an 11~R¢rcentwprqte?n diet supported a rate of egg‘production comparable
to a 17-percent-protein diet when the diet#ry qnéréy level was reduced from
900 to 700 Calories of productive energy perupound°

McDaniel S; al. (1957) found that thevadditign of each 88 Calories of
productive energy to a cage layer diet whiéh contained 17 percent of pro-
tein brought about a 12.2 percent increase in feed efficiency. The same
energy increment in an l8-percent-protein diét brgﬁght about only an 8.2

percent reduction in feed required per dozen eggs.

Because protein is usually the first limiting nutrient when energy is
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increased in poulfry rations, the protein-energy relationship has been
commonly expressed as a Calorie-protein ratio. The Calorie~protein ratio
means that for a particular purpose there should be approximately so many
Calories of energy for each percent of protein. An optimum Calorie-protein
ratio for broiler rations has been established by Combs and Romoser (19?5);
Leong et al. (1955); Donaldson et al. (1955) and Donaldson et al. (1956)

to be 42:1 in terms of produdtive energy. The Calorie=protéin ratio for
laying hens has not been tbis well established. Combs and Roﬁoser (1955)
suggested that the Calorie-protein ratio ef layeruﬁreeder rations should

be approximately 55:1 in terms of pfoductive energyw‘ Howevef, protein
quality, fat content of the ration, level of egg production, body size,

sex, envirommental témperature and exercise were given as conditions which
could alter the optimum Calorie»pro;ein ratio, Data repotted by Miller

et al. (1957) showed that the Calories of productive emergy in the diets of
laying pullets could range from 31 to 86 for each percent of protein, with-
out altering egg production. Although the Calorge-protein ratio may aid in
maintaining the balance Between energy and protein, Wilggs (1957) has pointed
out that it is nothing more than a tool to be used in ration formulation

since it does not express quantities of either protein or energy.
Energy-Fiber Interrelationships

The dietary energy level of rations formulated from practical ingredi-
ents is.governed_to a large extent by thevquantity of»the fibroﬁs inggedi?
ents used. Evidence reported by Richardson et al. (1956) indicated that
when fibrous materials were added to bfoiler rations the growth rate of
the birds was significantly deprgSsed° However, the addition of 12 percent

of fat to a diet which contained 8.3 percent of crude fiber counteracted
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the growth depressing effect of the fiber. Essentially these same results
were obtained by Marz et glq (1256), These workers found that chicks fed
a l10-percent-fiber diet (450 Calories of productive energy) weighed signi-
ficantly less at 8 weeks of age than chicks fed a 5-percent-fiber diet
(900 Calories of productive energy).

Hill and Dansky (19545 studied_energyklevels r#nging from 975 to 505
Calories of productive eﬁérgy per pound of chick ration. This range in
energy levels was obtainéé’by substituting pulverized oat hulls(for grain
componépts at levels up t§:40 percent of the diet. In several experiments,
maximum growth rate was éEtained by the ration which contained 505 Calories
of prqductive energy per.poundQ_ These woxkers concluded that maximum growth
rate at this low dietary energy level was made possible by a marked increase
in feed consumption. These findings were verified by Grimingerg_g__g_i°
(1957) when they found that the replacement of carbohydrate by non~nutritive
fiber in purified or near-purified diets increased the volﬁntary food in-
take of chicks which consumed such a diet. Saito et al. (1959) found that
Fhergdgipion of cellulose to a. diet which contained a low level of crude
fiber was beneficial to chick growth. This was particulariy true where
the basal diet was deficient in nutrients required for normai gr;wth{

The energy~-fiber in;errelationship has been expressed by Marz et al.
(1957) as an energy:volume ratio. 1In tﬁis sﬁudyia basal diet which con-
tained‘900 Calories of productive emergy per pound was diluted with sand
to obtain energy 1evels of 800, 700, 60Q9 500, 400, 300 and 200 éalories,
These diets were measured for demsity and fed to growing male chicks,: It
was shown that neitherlenergy nor density alone proved to be a s?tisfactory
criterion for measuring the adequacy of a grower diet. 1In this éxﬁeriment

!
0.79 Calorie per cubic centimeter of diet was adequate for maintenance of
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rapid growth, while 0.57 Calorie was inadequate.

Although experiments in this area have been less extensive with laying
hens than with growing chickens, the facts appear to be similar. Heuser
et al. (19453) reported that rations which contained feed ingredients of a
fibro&s nature, such as oats and wheat by»products, were not utilized as
efficiently by White Leghorns for egg production and body weight gain as
less fibrous feed which contained crushed wheat. Simultaneously Bird and
Whitson (1946), using Rhode Island Reds, demonstrated the extreme effici»
ency differentiél between low- and high-energy rations that were formulated
go that 10 percent of oats, 15 percent of wheat standard middlings, 20 per~-
cent of wheat bran and 6 percent of alfalfa meal replaced ground wheat. It
was concluded that egg production was approximately equal on the high-
and low-energy diets, but that the hens fed the fibrous diet had to eat
more feed in order to maintain their production.' Similar results have been
obtainedqin a feeding experiment with White Holland turkey pullets, ﬁymsza
et al. (1954). Pelleted diets\that contained 5, 10, 15 and 20 percent of
crude fiberrin combination with calculated productive energy levels of7882,
670, 460 and 249 Calories per pound, respectively, were fed in this experi-
mépp7‘ Efficiency of fged.utilizations as megsured by pounds of feed con-
sumed per dqzen of eggs, was progessively better as the dietary energy
level was increased and total caloric ;ntake increased.

Lillie et al. (1951) reported that the egg production of layers was
reduced wheﬁ the fiber 1e§e1 of the diet was ré:ised° The critical nature
lof diet dgnsity was shown by feeding diets in a pelleted form as well as
a non-pelleted fﬁrm, When oat hulls were added to non-pelleted diets fed

to Rhode Island Red pullets at levels of 32, 48 and 64 percent, the result-

ing egg production was 62, 36 and 25 percent, respectively, The egg pro-
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duction rates of the pullets fed the pelleted feed were 68, 61 and 55 per-
cent, respectively. This work was supported by Cowlishaw and Eyles (1958)
when they reported-that diets which contaiqed high leveis of fiber would
support a high level of egg’production ohly when the nutrient density of
the diet was sufficient as not to restrict energy intake below optimum.

The ability of the hen to compensate for inadequate dietary nutrient levels
was demonstrated in this experiment. It was ébserved)that feed intake by
weight was greater on a hfghafibef;diet (20 percent) than on a 1ow°fiber

diet (10 percent).
Vitamin Requirements of Laying Hens

Experiments designed to study the quantitative vitamin requirements
of laying hens have been limited to the relatively small aumber of vitamins
shown to be the most critical for growing chickens. As would be expected
with laying hens, singe protein and energy requirements have not been thor-
oughly established, the results of the vitamin requirement studies have
‘been variable. Thayer et al. (1956) fed New Hampshire layers graded levels
of niacin, r;boflavin, éantothénic_acid and folic. acid in highf and low-
energy ba§a1 rations. They found that niécin, riboflavin, pantothenic acid
and folic acid levels abové‘fhe National Research Council (1954) recommen-
ded requirements were ﬁeeded‘in the high~energy rations for maximum egg
production and economy of feed conversion. In support of higher vitamin
supplementation, Adams et al. (1958) reported that a corn=soybean 0il meal
ration which contained 10 percent of protein gave as satisfactory egg pro-
duction as did a higher protein diet, when all known vitamins were added.

In contrast to these findings, Berg and Bearse (1956) found that the

increasing of the level of B-vitamins in high-energy layer rations tended
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to suppress egg production. The egg production was calculated on a hen-day
b@sié, This suppressiqn was not obvious when egg produgt;on was calculated
and expressed on a per-bird-housed basis. It was suggested that the added
Qit;mins only prolonged the life of non-laying hens. Anderson et al.
{1957) also reported that vitamin supplementation of high- or low-energy
rations had no effect on the rate of egg production. Thete was, however,

a tendency for the body weight of tﬁé experimentalzlayers to increase
followiﬁg vitamin supplementation.

Vitamin Bjz: Reid et al. '(1951) found that egg production was increased
when additions of aureoﬁycin and vitamin B12 were;made to layer diets. Berg
et al. (1952) fed rations which were formulatedrfrom vegetable sources and
were calculéted to contain 11, 13 and115 percent of protein. The 11- and
i3-percent-protein ratipns, when supplemented with thfee micrograms of
vitamin Bj2 pé? 100 gfams of feé&, gave results comparable to that of the
l15-percent-protein ration which contained no added vitamin Bjj. These
workersf;oncluded that vitamin Bj3 enhanced the utilization of low-protein

o

rations by laying hens.

Pantothenic Acid: Gillis et al. (1942) obtained normal egg production
from laying hens that Qere fed diets which contained 750 micrograms of pan-
tothenic acid per 100 grams ofAlaying ration. Maximum hatchability was
obtained with diets which contained at least 1750 ﬁicrograms of p;ntothenic

acid per 100 grams. In a later experiment Gillis et al. (1947) reported

that hens required not more than 150 miérggrams of pantothenic acid per 100
grams of diet for weight maintenance and egg production, and that approxi-
mately 800 micrograms per 100 grams of diet appeared adequate for good

hatchability.

. Folic Acid: The folic acid requirement of White Leghorn hens for egg
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preduction has been reported by Taylor (1947) to be no more than 12 micro-
grams per 100 grams of diet. Sqnde et al. (1950) concluded that the folic
acid requirement of layers was higher than 0.25 milligrams.per kilogram of
ration. When these two requirements are put in the same terms, the latter
is over twice as large as the former.

Riboflavin: Hill et al. (1954) found the level of riboflavin necess-
ary to maintain egg production and'body weight in White Leghorns to be about
one milligram per pound of diet. The minimum level of riboflavin that would
sustain normal hatchability was 1.7 milligrams per pound of diet. On the

other hand, Gleaves et al. (1961) reported that one milligram of riboflavin

— S——

per pougd of diet was inadequate to maintain egg production and body weight
in laying hens. These workers suggested that the minimum dietary ribofla-
v%n level in layer hen diets should be at least 1.5 milligrams per pound.

Niacin: Briggs et al. (1946) fed layers a basal ration considered to
be deficient in niacin. This ration caused the hen to lose body weight
and brought about a decline in egg productiqn and hatchability. When this
pasal ratio; was supplemented with 227lmilligrams of niacin per pound, body
wgight,_egg production and hatchability returned to normal. Gleaves et al.
(1961) found no difference in egg production,”feed consumption or body
weight of hens fed diets which contained 10, 15, 20 or 25 milligrams of
niacin per pound. However, the eggs produceg by the hens fed the two lower
levels of niacin weighed slightly less than ﬁhe eggs from the hens fed the
two higher levels.

Choline: The laying hen has not been found to reduife supplemental
choline, Lucas et al. (1946). However, Reid et al. (1957) presented data
which indicate that the addition of choline to a fat-containing layer diet

aids in preventing a condition called fatty liver disease. They suggested
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that 400 grams of choline chloride per pound be incorporated into cage layer
diets whic% contain added fat. Itiwas conecluded by Balloun (1956) tha; the

choline requirement of thg breeder'heﬁ is not over 3500 milligrams per pound

of diet.

Vitamin A: Sherwood and Fraps (1932) reported that rations which are
normally fed to.laying hens appafently do not éupply enough vitamin A for
body maintenance and high egg production, unless the hens have access to
green grass or similar green feed. It was estimated by these workers that
a pﬁllet witﬁ an average egg production of 20 eggs per month would require
1363 units of vitamin A per day for maintgnance and egg produqtion. On the
basis of egg production,’hatchability performance and mortality, Taylor
et al. (1947) placed the pro-vitamin A requirément‘for laying hens at 2000
I. U. per pound of feed. V

Vitamin D: The vitamin D requirement of pullets for egg production
was determined by Couch et al. (1947) to be from 38 to 76 A.0.A.C. chick
units per 100 grams of diet. Ag. least 38 A.0.A.C. chick units of vitamin
D_wére required to maintain fertility and hatchability. ”Oldervhens, how-
ever, were reported to require a minimum of 76 A.0.A.C. chick units of
vitamin D per 100‘grams of diet for egg production.

Interrelationships of Vitamins with Vitamins
and with Other Nutrients

A vitamin-vitamin interrelationship between vitamin By9 and pantothen-
ic acid was reported by Balloun and Phillips (1957). \Ih experiments con-
ducted with hens confined to community-type cages, both thevvitamin B2
and pantothenic acid levels in the diet were found to influence pantothenic

acid storage in the eggs produced. A vitamin 312 deficiency in the layer

diet intensified a pantothenic acid deficiency on low-papthenic acid diets.
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The pantothenic acid defié%enqy was;meésured b& hatchability, growth and
viability of progeny, and panto?henié’acid storaéévin'the eggs produced.
;Thg presence of an iﬁteractionvbgtween ribdflévin'ané niacin in laying
hen diets was reported by Gléaves et al. (1961)L This interacﬁion was sta;
tistically significant for-eggvproduction,‘egg wéigﬁ%\ feed consumption
apd body weight. -Egg produptipp, eggjﬁéigﬁt,and feeﬂ;consumption‘were all

am per pound) when

greater at the lowest level of ribofiavin (1.0 millig
this level was fed in combination with'thevhigheétsle,él qf niacin (25
milligrams per pound).

The existence of a Qitamin-protein interrelationship in laying hen
nutrition was repor;ed by Berg et 51,1(1952), An:all-vegetébie layer diet
which contain 11 percent'o} protein was compared to a layer diet which con-
tained 15 percent of protein. Hens performed bettertbn the_15~percent-
protein diet until three micrograms of vi;amin B1o éérilOO grams of feed
were added to these diets. _After'vitamin 3121was added, thé 11;percent-
protein d;et gave results_comparablé to the 15-péfcent-proteip layef diet.

In research work wiﬁh growing\chiéks, Oléen 52 §l; (1959) found an
inverse relationship between prqteinllgvel aqd viﬁamin”A storage iﬁrthe
liver. This relationship indicates a hiQhér»vitamin A requirement at a
higher level of protein. These wquers_alsé reported that’én increase in
the energy level of the diet resulted in 5etter chick growth and a greater
storage of vitamin A in thé liver. However, they suggested that the in-
c:eased;storage might be‘due to the highgr fat content of the diets rather

than to the higher energy level as such.



Regulation of Food intake

In general, the literature which has been cited in this review indi-
cates that nutrient requirements are dependent upon total food intake and
the factors which contfol food intake. Therefore, thg_pext few pages will
be devoted to a discussion of the regulatorsﬂof food intake in poultry and
other animals. There are three major theories pértaining to thg regﬁlation
of food intake in animals, all of them consistent with the known functions
of the hypothalamus.

Glucostatic theory: This mechanism, suggested by Mayer (1953) and

Mayer (1955), relates appetite and satiety to the level and availability

of blood sugar. Consideration is given to the fact that the difference in
the amount of sugar (delta glucose) in arterial and venous blood is an in-
dication of the rate at which it is being used by body tissueg. When delta
glucose is high, hunger is absentj; when delta glucose diminishes, hunger
returns. This has been shown to occur in humans on ordinary diets. The

idea was supported also by studies with rats in which injected glucoée re-
ducgq_food intake by an amount greater than the energy of the glucose, where-
as other substances such as fat and sucrose did not.

~ Thermostatic theory: This theory was suggested by Brobeck (1948) and

Strominger and Brobeck (1953) and postulates that food intake is regulated
as one means of temperature control, It was supported by experiments in
which rats were fed diets differing in fat and protein content. In these
experiments, with all diets, the amounts of food eaten appeared to produce
a relatively constant specific dynamic action (extra heat production asso-
ciated with eating).” In support of this theory is the lowering of fooé in-

take which occurs when envirommental temperature rises. It is known that
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the hypothalamus is concerned with food intake, and it is postulated that
the hypothalamus integrates the effects of temperature and circulating

metabolites to control food intake.

Lipostatic theory: 1In this theory, which is concerned primarily with
long-term regulati;n of food intake, Kennedy (1952) suggested that the
state of fat stores ofvanimals governs their rate of food consumption.

- This theory helps to explain why there appears to be a body weight which
is characteristic of the animal, the enviromment and the feeding prdgram.

Hill (1957) pointed out that each of these proposed mechanisms has
shortcomings. ”It is not possibie to explain satisfactorily by means of the
glucostatic theory the appetite-satisfying value of a high-protein diet;
Research work conducted by Fryer et gl. (1955) showed that the saﬁiety
values of different diets for humans do not agree with their effects on
blood glucose. In studies in which reducing diets were fed to young men,
the highest satiety value was obtained with a diet high in protein, high
in fat; and low in carbohydrate; the poorest satie;y was observed with a
diet high in carbohydrate and low in profein. The effects of these diets
on blood glucose were exactly the opposite of that predicted by“the giuco-
static theory. The thermostatiec theory helps to explain the effeet of pro-
tein, since this nutrient has a high specific dynamic action. waever,
this theory does not account for the effech of thy;oxin, which increase
both body temperature and food ponsumptiqn. Integrating these various views
is difficult, but it appears that each of them has value and that noné of
them is capable of explaining gll aspects of appetite.

Dietary bulk has been shown to be a factor which affgcts feed consump-
tion. A series'of experiments with normal as well as with cropectomized

chicks was carried out by Fisher and Weiss (1956) to study the effect of
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fiber per se on feed consumption. This work indicated that fiber per se
was an important factor which influences feed consumption;indépendently of
the energy level of the diet. Fiber per se, up to a given dietary level,
stimulated feed consumption; but beyond that level feed consumption remained
relatively constant. It was found that effiéiency of feed utilization was
not sacrificied when fiber was added (simultane?usly with fat) to high-
energy diets, but it was actually improved. Couch and Isaacks (1957) were
successful in restricting the protein and energy intake in growing pullets
by subsgtituting 18.2 percent of oat hulls for an gquivalent amount of milo.
The pullets fed this diet weighed approximately the same at 16 weeks of age
as did pullets fed a high-energy type ration on a 70 percent restricted
basis. While the fibrous bulk was restricting the total nutrient intake of
these pullets, the inherent reduction of dietary energy level which accom-
panied the substitution of oat hulls for mile was increasing feedbconSump-
tion. Meyer (1958) cencluded that the addition of cellulose to the diet
of ad libitum- and pair-fed growing rats increased protein needs of the rats
as Weasured by gains in the fat-free body. This was attributed to a loss
of metabolic fecal nitrogen induced by the dietary cellulose addition. It
was demonstrated that: 30 percent of cellulose added to the diet resulted
ia a need for about 1.85 percent of additional crude casein. Evidence was
presented by Sibbald et al. (1957b) which sﬁggested that fiber in the diet
of gfowing rats tended t6 depress digestiblé energy consumption. A decrease
in digestible energy might be the reason Meyer (1958) concluded that high
fiber levels reduced protein efficiency. |

From the same experiment_mentionedrabove, Sibbald concluded that var-
iations in the food consumption of wéanling ratsbwhich were fed rations

that contained varying nitrogen sources were largely associated with the
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digestible energy content of the rations. A significant differenge in the
digestible energy consumption of rats between nitrogen sources was attribu-
ted to the quality of the nitrogen sources. The higher the quality of the
nitrogen source the greater the digestible energy consumption. Sibbald
et al. (1957a) also concluded that variations in the food consumption of_
weanling rats, which were fed rations containing a mixture of indispensable
amino acids and diammonium Fitrate, were largely associated with the di-
gestible energy content of the diets. The facts presented;in the two pre-
vious paragraphs were pretty well summed up by Hill (1956) when he stated
that the basic factor underlying performance differences between energy
levels is the fact that animals tend to regulate their feed consumption to
meet energy needs, up to the limit of their capacity or willingness to
consume feed. |

In a study of the effect of food preferences on nutrient intake, Young
and Lafortune (1957) concluded that, contrary to common Beiief, food dis-
likes in college women seemed to have little influence on the adequacylof
the diet. The greatest effect on adequacy of nutrient intake seemed to lie
in the lack of ingestion in sufficient quantities of the choice food items.

Factors mediating food and liquid intake in chickens were studies by
Jacobs et al. (1957). It was concluded that under the conditions of their
experiments the chicken could discriminate among sucrose solutions, saccha-
rine solutions and water. The chickens preferred sucrose solution and
avoided saccharine. This preference for sué;ose was not shown to be rela-
ted to its caloric value. The presence of sucrose in the drinking water
did not produce any measurable effect on rate of weight increase or amount
of food intake. Kare et al. (1957) presented data that showed the chick

to have a sense of taste. The response to a variety of sweet and bitter
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flavors suggested that the broad classifications of taste recognized by
man were not applicable to the fowl, but that the‘sensé‘of taste in the
fowl was more than rudimentary.

An interesting experiment by Lepkovsky et al. (19?0) on food intake,
water intake and body wate£ regulation of chickens shoﬁed that feeaing
chickens with or without water did nét greatly influence their food intake.
This was probably due in part to the fact that the crop of the chickens
was able fo adjust its water content to water supply. There wasymore water
in the crop content of chickens fed with water than in tHe crop content of

chickens fed without water.



EXPERIMENTAL PROCEDURE
General

The study which is reported in this‘thesis involved three feeding tri-
als which were conducted in a windowless cage léyer house located on the
Oklahoma State University Poultry Farm. Envirommental conditions were par-
tially controlled within the cage house throughout each of the three trials.
Temperature and ventilation:  were regulated with the use of a furnace,
water cooler, air ducts and fans engineered specifically for this house.
Temperature varied from a low of 60 degrees Fahrenheit during the winter
months to a high of approximately 90 degrees Fahrenheit during the summer
months. Since the house had no windowé, artificial light was suppiied by
incandescent lamps which were controlled with automatic time clocks. The
hens in all three trials in thisiexperimént were given 14 hours of contin-
uous ligh;‘gpdnlq consecutive hqurs of darkness_per day.

- The nutrient composition of the experimental diets was calculated
from chemical analyses, published nutrient levels for the various feed-
stuffs or from the nutrient level guarantees by the feedstuff manufacturer.
Because of limited ingredient storage space, feed iqgredients were purchased
several times during the course of the experiment. In order to avoid flucf
tuations in dietary protein level, due to possible variation in protein con-
tent of different batches of ingredients, periedic chemicél analyses were
run on each ingredient to determine protein level. Fortunﬁtely there were

not many fluctuations in ingredient protein levels. The few fluctuations

28
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that were present were adjusted in the experimental diets by increasing or
deqreasing the amount of the ingredient which had changed in protein level.
Baéed upon these protein values, subsequent adjustments were made in the
dietary amino acid levels. All amino acid calculafions-wére basediupon
average values reported by Block and Weiss (1956). The metabolizable energy,
calcium, phgsphorus ;nd crude fiberAlevels were. based upon.values presented
by Titus (1955).

In Trials II and III, dry volume of each ingredient was determined and
taken into consideration in the formulation of the experimental diets. Dry
volume of each feed ingredient was expressed in milliliters per gfam‘of.
ingredient. Volume was determined by pouring 454 grams of a feed ingredi-
ent lightly into a 1,000 milliliter volumetric flask from which a reading
of the volume was taken. Measurements were taken on four replicate samples
and the average volume of the four was used in the formulation of the ex-
perimental diets. The volumes of all experimental diets were measured,
after they had been mixed, to verify the exact volume of each diet. It is
of interest to note that the combined volume measurements of the ingredients
in a digt gave an excgllent estimate of the actual volume of the mixed diet.

Commercial hybrid laying hens were hpuséd in the windowless cage house
inmipdividual wire cages. Each cage was equipped with an automatic waterér,
a feeder_and a feea storage container, Egg production, egg weight and mor-
tality were recorded daily. 1In Trials I and I;, every egg was weighed in-
dividually. Howévef, in Trial III, eggs were individuallvaeighed for the
first month of the test period only. After the first month until the close
of the trial, eggs were individually weighed only during four consecutive
days of each week. The average egg weight‘obtained in this manner was used

as an estimate of the average weight of all eggs produced during that week.
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Individual body weight and feed consumption data were collected and recorded
every 14 days in Trials I and II and every 28 days in Trial III. The hens‘
were supplied feed and water ad libitum in all feeding trials.

The IBM 650 electronic computer was utilized to make all summary and
statistical computations. Egg production, egg weight, body weight, feed
consumption and mortality data were punched on IBM cards at the end of
each experimental period. A program was written for the computer to sum-
marize and compute the following variables for each replicate and for each
treatment:

{1) hens per treatment,
(2) average number of 'eggs produced,
(3) percentage egg production,
(4) average egg weight,
(5) total body weight gain or loss,
{6) daily feed consumption,
(7) daily protein consumption,
(8) daily energy consumption,
(9) daily vitamin-mineral concentrate consumption,
(10) wunits of protein per unit of egg,
(11) Calories per unit of egg,
. (12) wunits of vitamin-mineral concentrate per unit of egg, and
(13) average daily volume of feed consumed. -
A complete randomized experimental design was used for Trials I and II.
At the beginning of the series of feeding trials, each cage was assigned a
number which remained the same during each of the three trials. Using a
set of random numbers, each replication of the experimental diets was as-
signed a cage number. The hens were individually selected for health and
vigor, and randomly distributed into the cages. After the randomization
procedure was completed each hen was wihgwbadged with a number which corres-
ponded to the cage number. An analysis of variance as outlined by Smedecor
(1956), was applied to all data which were collected from Trials I and II
and computed on the IBM 650.

An experiment (unpublished data) that was designed to measure the uni-
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formity‘of pgrformance of laying hens in the windowless cage house was con-
ducted simultaneously with Trials I apd ITI. This experiment revealed a
slight position gradient in the performance of hens from the North to the
South side of the house; Because of this_gradient, Trial III was set up

in a randomized block design. The hens and experimental diets were randomly
assigned to each block in a manner similar to that previously described.
Hens were selected for each block on the basis of egg production during the
first four weeks immediately followihg the beginning of lay. Groups of hens
with similar production backgrounds were placed in each block: The Doolit-
tle analysis of variance asbdegcribed by Dwyer (1951) was applied to the
data from Trial III for each period and for the overail summary of 13 four-
week periods.

Data on efficiency of nutrient utilization that are presented in this
thesis are expressed as units of nutrient per unit of egg. However, it
was.found with individual hen data that efficiency of nutrient utilization
expressed im this manner was often of infinite magnitude and could not be
defined. Non-producing hens that continued to eat had an efficiency of
nutrient utilization of infinity. In order to apply statistics to efficiency
data_of this kind, it had to be expressed as unit of egg per unit of'nu-
trient. The efficiency of nutrient utilization for non-producing hens ex-
pressed as unit of egg per unit of nutrient is zero. Because of the high
incidence of non-producing hens, all data on efficiency of nutrient utili-
zation were converted to the latter method of expression for statistical
analysis. This conversion was accomplished by writing a program for ;he
IBM 650 which made the necessary. calculations.

The IBM 650 program that was available for the statistical analyses

would not ﬁrocess and handle negative numbers. Therefore, it was necessary
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to add a constant to the body-weight-change data of eachrhen. A constant
of 5,000 was chosen since no one hen could lose 5,000 grams of body weight
and remain alive. This adjust;ént allowed the.?odywweight-change data to
be_always posifive in the statistical analysis; The constant was finally

removed from body-weight-change data which are reported herein.



FEEDING TRIALS

Trial I

Purpose

The purpose of this feeding trial was twofold: (1) to determine the
effect of high-energy, high-protein diets upon egg production and body-
weight-change of high producing layers; and (2) to measure the effect of
high-energy and high-proteih diets upon daily feed consumption. Although
dietary energy has béen shown to influence feed consumption more than die-
tary protein, this éxperimenﬁ was not designed to study their irdividual

effects.
Procedure

This feeding trial consisted of 8 different experimental diets, with
six ;epligates per diet. A replicate consisted of one.DeKalb~131 pullet.
Ihe pullets were 24 weeks old when the trial was initiated on November 12,
1958. Data wefe collected for 5 two}week periods and the trial was termi-
nated on January 21, 1959. |

The composition of the eight experimental diets that were used in this
study is shown in Table I1. Protein levels of the diets were 24.6, 23,2,
22.0, 20.8, 19.5, 18.2, 16.9.and 15.6 perceﬂt, respectively, while the
corresponding energy levels were 2043, 1937, 1834, 1730, 1621, 1510, 1404
and 1300 Célories of metabolizable energy per pound. A Calorie:protein

ratio of 83:1, in terms of metabolizable energy, was constant for all diets.
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TABLE II

COMPOSITION OF THE EIGHT EXPERIMENTAL DIETS, TRIAL I

Diet number 1. 2 ) 4 » 5 3 Z 8 |
Ingredients Percent of total diet : .
Polyethylené spheresl o _-; ———— —m—— - . — ' 542 o il.6
Starch 1.0 8.0 157 2.6 323 39.8 8.5 . 35.0
Corn ol 30.0 254 - 20,5 15,5 10,0 5.0 40 4o
Dehydrated alfalfa meal : ‘ .

(17% protein) 2.0 2,0 2.0 2.0 2.0 2,0 2.0 2.0
0at mill feed .05 13,75 1300 12,35 1L.50  10.85 10,00  9.35
Dried whole egg solids 19.0 18,0 17.0 16.0 . 15.0 14,0 13.0 12,0
Drackett? 8 mS B3 B0 38 35 33 3.0
Caseind 7.1 . 6.8 6.4 6.0 5.6 5.3 4.9 4.5
Gelatin 1,0 0.9 0.85 0.8 05 07 0.65 0.6
Live yeast culture 2.0 ;.8 1.7 © 1.6 1.5 . 1.4 1.3 1.2
Dried condensed fermented ) ‘

corn extractivest : 2.0 1.8 1.7 . 1.6 ‘1.5 1.4 1.3 1.2
Delactosed dried whey 2,0 1.8 1.7 1.6 1.5 1.4 1.3 1.2
Dried condensed fish ‘

golubles : - 3.0 2.7 2.5 2.4 2.3 2.1 2.0 1.8
Dicalcium phosphate . '

(18% phosphorus) 5.0 5.5 545 5.5 5.5 6.0 6.0 6.0
Calcium carbonate 2.5 2.5 2.5 2.5 2,2 2.0 2.0 2.0
Trace mineral mix> 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Salt (Na cl) - 0.5 0.5 0.5‘ 0.5 - 0.5 0.5 0.5 | 0.5
Vitamin concentrate® 1.0 1.0 1.0 1.0 - 1,0 1,0 1.0 1.0
Coliver? | 2.0 2.0 2.0 2.0- 2.0 2.0 2.0 2.0
Gelus118 1,0 1.0 1.0 1.0 1.0 1,0 1.0 1.0

Calculated analyses

Crude protein (percent) 24,6 ‘ 23.3 22,0 20,8 19.5 18.2 16.9 15.6

Calories (!-‘I.E;)9 per

pound 2043 1937 1834 1730 . 1621 1510 1404 1300
Calorie-protein ratio 83 83 83 83 83" 83 83 83
Calcium (percent) 2. 46 2.59 2.58 2,57 2.45 2.51 2.50 2.49

Total phosphorus (percent) 1,18 1.26 1.24 1.23 .21 1,29 1,28 1.26
Crude fiber (percent) 5,16 4,92 4,68 4,43 4,19 3.94 8,90 15.05
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Footnotes to Table'II

. Polyethylene spheres-~colorless polyethylene pellets, 1/8 inch

spheres. Eastman Chemical Products, Incorporated, Kingsport,

Tennessee.

. Drackett-assay C-1 protein. Archer-Daniels-Midland, Kansas City,

Missouri.
Casein--Hy-Case, a salt-free product. Sheffield Chemical Company,

Incorporated, Norwich, New York.

. Dried condensed fermented corn extractives-fC.F.S,_No. 3, Clinton

Corn Processing Company, Clinféq, Iowa.

. Trace mimeral mix--adds per pound of finished ration: manganese

27.5 mg., iodine 0.88 mg., cobalt 0.59 mg., iron 8.3 mg,, copper
1.65 mg., and zinc 1.52 mg. Calcium Carbonate Company, Carthage,

Missouri.

. Vitamin concentrate--refer to Table III.

. Coliver~-a cqld-process cod liver extract, Silmo Chemical Company,

Vineland, New Jersey

. Gelusil--anti-acid adsorbent which adds 0.57 gm. of magnesium-

trisilicate and 0.28 gm. of aluminum-hydroxide per pound of
finished diet.

(M.E.)--metabolizable energy, Titus (1955).

35



TABLE III

COMPOSITION OF THE VITAMIN CONCENTRATE, TRIAL I

36

Adds per pound of

Vitamins ‘ Unitsv "finished diet
Vitamin A U.S8.P. 10,000.0
Vitamin D3 I.C.U; 1,000.0'
Vitamin E I.U. 50.0
Vitamin Kj Mg. 0.3
Vitamin Bjs Mcg. 3.0
Riboflavin Mg. 2.0
Niacin Mg. 20.0
Pantothenic acid Mg. 4.0
Pyridoxine Mg. 2.0
d-Biotin Mg. 1.0
Choline Mg. 600.6
Thiamin Mg. 4;0
Folic acid ' Mg. 0.8
Aséorbic acid Mg. 22.5

Inositol Mg. 227.0
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It was impractical to go above 25 percent of protein since this level of
protein required 2075 Calories of energy per pound of diet to obtain the
desired Calorie:protein ratio. Amino acid ratios for Diet 1 and ;11 other
diets in this Trial (Table IV) were based upon research work reported by
Johnson and Fisher (1956). Diet number 1 was formulated with a protein
level of 24.6 percent and an energy level of 2043 Calories per pound, Diets
2 through 8 were formulated using 95, 90, 85, 80, 75, 70 and 65 perceﬁt,
respectively, of all protein-contributing ingredients of Diet 1. 1In order
to reduce energy level with each decrease in protein level, without alter-
ing amino acid ratios, the percentage of corn oil in the diets was decreased

and the percentage of starch was increased. Polyethylene spheres were add-

ed to Diets 7 and 8 as an inert filler to maintain the proper weight.
Results

A summary of the data on egg production, egg weight, body-weight-change,
feediponsumppion and efficiencyvof'feed utili;ation obtained per hen during
the_lO-week laying period are given in Table V. The analyses of variance
of these data are presented in Tables vi, vii, VIII, IX,'X and XI. The
differences in egg production per hen among all diets were significant only
at the 0.10 level of probability (Table VI). This significance was probably
due to the fact that hens fed Dietjl laid fewer eggs than did the hens fed
any other diet in Trial I. Differences in egg weight were even less signi-
ficant statisticall& (Table VII)than those in egg production.

As could be expected, the higher dietary energy and ﬁrotein levels pro-
duced greater body weight gains than the lower dietary energy and protein
levels. These differences were significant at the 0.0l level §f probability

(Table VIII). Hens that were fed Diet 8 lost an average of 15 grams while



TABLE IV

CALCULATED AMINO ACID COMPOSITIONI
OF ALL EXPERTMENTAL DIETS, TRIAL I

38

Gm. per‘16ngm.

© Gm. per 16 2.

Amino acid _ :qf nitrqgen }Amino acid ‘ df‘hicrqgen~
jAfgiﬁine | 7.64. Threonine _4.93
Histidine 2.59 Leucine 10g2l
L&sine 7.19 .Iséleucine_ 7.16
Tyrosine 4,04 Valing 6.66
Tryptophan 1.46 Glutamic agid 11.18
Phenylalanine 6.06 Aspértic acid 5.91
Cystine 1.35 Glycine 5.14
Methionine 2.37 Alanine 2.59
Serine 6.86 Proline 6.66

Lealculated amino acid composition - all ‘amino acid calculations
were based upon average values as given in Block and Weiss (1956).
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TABLE V

AVERAGE EGG PRODUCTION, EGG WEIGHT, BODY W'EIGHT

CHANGE, FEED CONSUMPTION, AND EFFICIENCY OF
FEED UTILIZATION PER HEN, TRIAL I

Diet numﬁer

7.1

1 2 3. 4 5 7 8
Number of days on : .
experiment 70 70 - 70 70 70 70 70 70
Mumber -of surviving hens .
per diet (replicates) 5 -6 6 6 6 6 5 6
Average number of eggs : o ' ’ ‘
produced 39,0 47,5 52.5 4;.5 49,2 48,5 46,8 45,5
Percent egg production 55,7 679 75.0 59,3  70.2  69.3 66,9  65.0
Egg weight (gm.) 55.3 57.1 55.1 - 54.8 58.0  55.9 Shol 52.8
" Total body weight‘
gain or loss (gm.). 399 430 386 302 . 644 321 190 =15
Daily feed consumptio o
(em.) : © 664 75.4 7544 7H.5 - 92,1 96.3 83.5 77.2
Daily protein consumption ) ) - . B ‘
(gm.) 16.3 17,6 16,6 15,5 18.0 17.5 14,1 2,1
Daily calorie (M.E.)1
consumption 299 322 }305 284 329 321 258 221
Gm. protein per gm. egg 0,53  0.45 040 - 0,48 0,44 0,45 0,39  0.35
Calories (b‘I.E.')1 per ‘ _ :
9“' Egg 9'7 8'3 7-4 807 801 8.3 6.4

1(M,E.)-Metabalizable Energy, Titus (1955).



TABLE VI -
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ANALYSIS OF VARIANCE OF THE EGG PRODUCTION DATA, TRIAL I

Source of Sums of Mean F Probability
variation d.f. squares squares value Level
Total sum of '
squares 45 2,813.41  «---- _——— cmese-

Diet 7 726.28 103.75 1.88 P> 0,10
Error (among

individuals

within diets) 38 2,087.13 54,92 ——==  meee--

TABLE VII

ANALYSIS OF VARIANCE OF THE EGG WEIGHT DATA, TRIAL I

Sums of

Source of " Mean f Probability
variation d.f. squares squares value - level
Total sum of

squares 45 726.63  ---=~- ames T eceee-
Diet 7 108.58 15.51 0.95 P>0.25
Error (among

individuals

618.05 16.26 meme emeee-

within diets) 38
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ANALYSIS OF VARIANCE OF THE BODY WEIGHT GAIN

OR LOSS DATA, TRIAL I

Source of ' Sums of Mgan F Probability
variation d.f. squares squares value level
Total sum of

squares 45 3,685,173.74  wmw-=- - -
Diet 7 1,508,940.70 215,562.96 3.76 P >0.01

Error (among
individuals"
within'diets) 38 2,176,233.04  57,269.29

TABLE IX

ANALYSIS OF VARIANCE OF THE FEED CONSUMPTION DATA, TRIAL I

Source of . Sum of Mean F  Probability
va;iation' d. f, squares squares value level
Total sum of

~ squares 45 8,903.48 W ~-w-- e T
Diet 7 3,948.92 564.13 4.33 P>0.01

Error (among
individuals
within diets) 38 4,954,.56 - 130.38
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ANALYSIS OF VARIANCE OF THE PROTEIN EFFICIENCY DATA, TRIAL I

F Probability

Source of Sum. of - Mean
variation d.f. squares squares value ‘ level -
Total sum of

squares 45 10.92 ——m— —mm—- mmeee-
Diet 7 3.56 0.51 2.63 P>0.05
Error (among

individuals

within diets) 38 7.36 0.19 T

ANALYSIS OF VARIANCE OF THE ENERGYIEFFICIENCY

TABLE- XI

DATA, TRIAL I

Source of Sum of Mean - F ) Probability
vayiation d. £, squares squares value level
Total sum of

squares 45 0.0326  ----- -——- ——————
Diet N 0.0108  0.0015 2.50 P>0.05
Error (among

individuals

within diets) 38 0.0218 e T T




43

hens»fed Diet 3 gained 644_grams. Although hens that were fed Digts_l, 2,

3 and 4 gained 300 to 400 grems, it was ?xpected that they would gain more
than hens fed Diét 5. This along with tﬁé'fact that egg production was low-
est on Diet 1 tends to indicate that some nutritive imbalance was present

in Diets 1 through 4.

Average daily feed consumption was reduced significantly (P> 0.0l, Table
IX) bf the higher energy and protein levels of Diets 1 througﬁ 4. Hens that
were fga,Diet 1 consumed tﬁe least amount of feed. This lower feed consump-
tion accounts for some of the difference in egg production and body weight
gain among hens fed the experimental diets. = Theoretically, if all nutrients
were bdlanced, this reduced feed consumption should not affect egg produc-
tion and body-weightwchange_gince the nutrients were more highly céncentraw
ted in Diets 1 through 4.

One of the most interesting findings of this trial was that, regardless
of the protein and energy levels of the experimental diets, protein and
energy consumption among all hens was about the same. With the exceptions
of those hens that were fed Diéps 7 and 8, protein consumption was approxi-
mately 16 grams per bird per daf and energy consumption was_approximatgly
SOQ Calories per day (?able V). Intake values'which are given fog Diets 7
and 8 may not be repreéeﬁtative. The polyethylene spheres which were used
as'filler were picked over by the hens and remhingd in the feed container
and were_weighéd back at the en§ of the experimeﬁt° Had the hens consumed
these diets without picking over the polyethylene, protein and energy con-
sumption values might have been-éloser to thoge of the other diets.

The efficiency of protein and energy utilization;was significantly dif-

ferent (P >0.05, Tables X and XI) among hens that were fed the different

ekperimental diets. Tﬁis is in agreement with the observations that egg
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productiqn was lower on the diets with higher levels of energy and protein,
and that energy consumption and protein consumption were nearly equal for
all diets. ’
In an attempt to find a possible explanation for lower egg production
and reduced body weight gains among hens that were fed Diets 1 through 4,
vitamin consumption per hen was calculated for eachhof the 8 experimental
diets and a standard diet (Table XII). In calculating the vitamin intake
levels of the standard diet the assumption was made that laying hens would
consume 114 grams of a practical-type diet per day. lTHe vitamin require-
ments recommended by Titus (1955) were used in making these daily vitamin
intake calculations. A comparison of these intake values with the vitaﬁin
intake values of the eiperimental diets shows that vitamin A, vitamin B,,
and pantothenic acid consumption rates per hen were low in all diets and

that riboflavin, pyridoxine, cheoline and thiamin consumption rates were

low in Diets 1 through 4.

Trial II

Purpose

In Trial I daily feed consumption appeafed to be dependent upon the
levels of dietary pFotein apd energy. . Hens were .able to compensate for
low dietary levels of protéin and energy by copsuming more feed, and simi-
larly hens that were fed extremely high levels of protein and energy com-
pensated by consuming less feed, Ability of the hen to regulate nutrient
intake has contributed greatly to the confusion over thg exact percentages
or proportions of nutrients required in layer hen diets. Regardless of
dietary energy and proteiﬁ levels, approximately 16 grams of protein and:

300 Calories of energy were consumed per hen per day. These results suggest



TARLE XTI
AVERAGE DATLY VITAMIN CONSUMPTION, TRIAL I

Diet_number 1 2 3 4 5 6 7 8
Vitamins _ Units _Standaral

Vitamin A "I, 3,000.00  1463,00 1661.00 1661.00 1641.00 2029.00 2121.00 1839,00 1700.00
Vitamin D3 1.C.0. 88.00 146,00 166.00 166,00 164,00 203.00 212,00 184,00 170.00
Vitamin E I.U. 625 A 8% 8.30 8.20 10.14%  10.60 9.19 8.50
Vitamin K3 Mg, 0.05 0.0  0.05 0.05 0.05 0.06 0,06 0.06 0.05
Vitamin Bys Meg. T0.75 0% 0.50 0.50 - 0.49 0,61 - 0.64  0.55 0,51
Riboflavin Mg. 0,45 0.29 . 0.33 0.33  0.33 0.41 042 0,37 0.3
Miacin Mz, - 1.88 2.93 3.33 3.33 .3.29 ‘ | 4,06 425 3.68 3.40
" Pantothenic aﬁid Mg, . L13 0.59 0.66 0.66..  0.65 0.81 0.85 0.74 0.68
Pyridoxine Me. T 0.m 0.29  0.33  0.33 0.3 041 02 0.37 0.3
d-Biotin e 0.02 0.15  0.17 0.17 © 0.6  0.20 0.21 - 0.18 0.17"
Choline . Mg. 125.00 85.86 9}.50. _97.50 96,33 119.09 124,53 107,97 99.-83
Thiamin T M. 0,75 0.59 0,66 0,66  0.65  0.81 o.és 0.74  0.68
Folic aeid Mg . 0.06 012 0.3 0.3 013 016 017 015 0.4
fscorbic acid Mg, ———m 329 37h  37h 369 ks ko8 Lb 383
Inositol . ¥g. wmme 33,20 0 37,70 37.70  37.25 46,05  48.15 41_.75 38,60

1standard « caleulated from Titus (1955). The assumption was made that the hens would‘consme 114
grans of a practical type ration in one day. ' :

oY
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that the customary method of basing nutrient requirements on a percentage
or a ﬁroportion of the total diet does not adequately consider daily nutrient
requirements of laying hens.

It was obvious from Trial I and other research work which has been re-
ported in the literature that in order to measure the effects of different
nutrient intake levels it would be necessary to control feed consumption.
The assumption was made that excess dietary volume would reduce the hen's
ability to compeﬁsate for low 1eveis of dietary nutrients, while a low die-~
tary volume would allow hens to consume higher levels of the nutrients.

Trial IT was initiated to determine if feed intake could be controlled
by regulating volume, with enough precision to study the effects of graded
intake levels of protein and energy. In addition, this trial was designed
to obtain more data on daily nutrient intake and to check the validity of
daily nutrient intake as a basis for the determination of nutrient require-

ments for laying hens.
Procedure

- Trial II consisted of 8 experimental diets, each replicated 9 times,
with each laying hen serving as a replicate. DeKalb-131 layers which were
ten months of age were placed on the experimental diets April 2, 1959.
These hens were laying at a rate of approximately 55 percent when the trial
started., Data were collected for 6 two-week. periods and the trial was
terminated on November 29, 1960.

Although data from Trial I did not furnish a complete daily nutrient
intake standard, it provided valuable information as to the daily intake
requirement of laying hens for protein and energy. The experimental diets

that were fed in Trial II were formulated on a per-hen-per-day basis, using
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TABLE XTIT

INGREDIENT COMPOSITION! OF THE EIGHT
' EXPERIMENTAL DIETS, TRIAL II

Biet mumber I z 3 T R
Ingredients . __Grams of ingredientZ
Polyethylene fluff3 284 30,6 338 345 36 297 247 23.5
Oat mill feed | 150 150 150 150  15.0  15.0 15,0  15.0
Starch 177 248 259 3.9 61 L9 235 29.3
Dried whole egg solids 30;8 .27 24,6 2.4 ‘30,8 30.8 30,8 30.8
‘Corn o1l 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vitamin concentratel 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Dicalcium phosphate » .
(187 phosphorus) 4.5 4.5 5.0 5.0 4,5 L5 L,5 4.5
Calcium carbonate 3.5 3.5 3.1 3.1 3.5 3.5 35 3.5 "
Trace mineral mixS 0.1 0.1 0.1 0.1 0.1 0.1 01 0.
Salt (Ma cl) 0.5 0.5 0.5 9.5 0.5 0.5 0.5 - 0.5
Total weight (gms.) 106.5  109.7 1140 1175 10L1 102,0 108.6  113.2
Total volume (ml.) 300 300 300, 302 300 294 295 295
Desired daily nutrient consumption ‘
Crude protein (gm.) 16.14 14,57 12,98 11,39 16,14 16,14 16.14 16,14
Calories (M.E.)? 288 297 309 318 229 254 318 356
Calorie-protein ratio  17.8 204 238 27,9  lhz 157 9.7 221
Calcium (gm.) 264 263 2.60 2,60 264 2,64 2,64 2,64
Total phosphorus (gm.) L1 L2 Ll L1l7 0 L1 L L L4
Crude fiber (gn,) 32.6 3.8 38.0 38.7 38.8 33.9 28.9 27,7
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Footnotes to Table XIII

Ingredient composition--the experimental diets were calculated on
a per hgn, per day basisvand they are ﬁ;ééented on this basi§._
Grams of ingredient--calgulated to meet the desired daily n;trient
consumption which is»listed at the bottom of Table XIII and in
Table XIV. ﬂ

Polyethylene fluff--"Alathon" 10, E. I. DuPont De Nemours and
Company, Incoréorated, St. Louis 1, Missouri.:

Oat mill féed--Redf3 higrade.OAt mill by-product, National OQats
Company, Cedar Rapids, Iowa.

Vitamin concentrate--refer to Table XIV.

Trace mineral mix--see footnote 5, Table II.

. (M.E.)-~metabolizable energy, Titus (1955).
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TABLE XIV

COMPOSITION OF THE VITAMIN CONCENTRATE FED IN TRIAL II AND
" THE DAILY INTAKE OF EACH VITAMIN WHEN THE CONCENTRATE
IS CONSUMED AT THE RATE OF ONE GRAM PER HEN PER DAY

One gram of concentrate

Vitamins Units supplies the following:
Vitamin A U.SfP. | | 4,405.00
Vitamin Dg /I.C.U. 220,00
Vitamin E I.U; 11.00
Vitamin K, ﬁg.‘ 0.07
Vitamip By Mcg. ' 1.45
Riboflavin Mg. 0.88
Niacin Mg. 4.40
Pantothenic acid Mg. 0.88
Pyridoxine Mg. 1.32
d-Biotin Mg. 0.71
Choline Mg. ‘ 132.59
Thiamin Mg. 4.40
Folic acid Mg. 0.44
Ascorbic acid Mg. 11.01

Iﬁositol Mg. 50.00




TABLE XV

CALCULATED AMINO ACIDCO'MPOSI‘],‘ION1
OF ALL EXPERIMENTAL DIETS, TRIAL II

50

6m.” per 16 gm,

Gm. per 16 gm.

8.40

(

Am;nq_agid of nitrogen Amino acid of nitrogen
Arginine 9.59 Threonine 5.89
Histidine 2.30 Leucine 12.60
Lysine 7.88 Isoleucine 8.79
Tyrosine 3.19 Valine 6.99
Tryptophan 1.70 Glutamic acid 12.60
Phenylalanine 7.30 Aspartic acid 5.80
Cystine 2.30 ‘Q1ycine 3.80
Methionine 2.70 Alanine 2.59
_Sérine. Proline 4.49

1

:lcalcﬁlated amino acid composition - 'all amino acid calculations
were based upon average values ‘as 'given in Block and Weiss (1956).
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the daily nutrient intake standard that was based upon the data frqm Trial
I. An examination of the 8 experimental diets, the composition of which is
given in Table XIII, will help explain this per-hen-per-day method of for-
mulation. In the formulation of any diet for laying hens, it is relatively
simple to combine all required nutrients within the quaptity of feed which
a hen will consume in one day. Since total weight of the daily diets was
"not important until the weight as well as dietary volume exceeded that quan-
tity which cogld be consumed per_hen per day, dietary weight was not consid-
ered to be an important»factor in the formulation of these diets. The
quantities of feed ingredients that were necessary to prgvide the desired
daily nutrient intake of all nutrients were combined, then total volume of
the combined‘ingredients was calculated. Polyethylene fluff, which is an
inert source of volume, was added to raise the volume of each daily diet

to 300 milliliters., Vitamin concentrate supplementation to all diets was
constant and increased above that used in Trial I (Table XIV).

In order to obtaig some informatien as to thg daily amino acid require-
ments of layers, é single source of protein was fed in this trial. It was
reasoned that the prétein source should be one which would furnish an avail-
able and adequate supply of amino acids. Based upon reasoning and previous
research work reported by Johnson and Fisher (1956), dried whole egg solids
was chosen as the source qf protein. The amiﬁo acid ratio; of the experi-
mental diets were calculated and are presented in Table XV. The protein
intake levels for Trial II were originally planned to be 16, 14,.12 and 10
grams and the metabolizable energy intake levels were to be 350, 325, 300,
250 and 225 Calories per day.

It will be noted in Table XIII that the dietary levels of protein and

energy are not the same as thosé which were originally planned. In the
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formulation of these experimental diets, there were two factoré which caused
the discrepancy between the planned nutrient levels and those which were
actually fed: (1) Oat mill feed was added to the diets at a constant level
as a source of volume and crude fiber. It was originally decided not to
consider the protein and energy that was contributed by this oat mill feed.
However, in the final calculations, the quantities of protein and energy
that were contributed by oat mill feed were added to that contributed by
the other ingredients and this increased ;he level of dietary protein and
energy above that which was planned. {2) Inbthe early stages of the develop-
ment of this method of diet formulation, it was difficult to avoid the cus~-
tomary procedure of considering dietary weight. Dietary energy levels were
calculated as though; the ingredient quaﬁtities were expressed in pounds
rather than grams. The Calorie-per-pound values_of\the total comﬁined in~-
gredients were then divided by 454 to arrive at Calories-per-g}am. Then
the Calories-per-gram were multiplied by 113.5 which is considered to be a
standard figure for daily feed consumption per hen. The author failed to
consider that 113.5 grams might not be consumed per day and that unequal
daily fegd:intgke weights would result from maintaining a constant Qolume
with graded nutrient levels. The Calories-per-gram shéuld have been multi-
plied by the actual weights.of the daily diets, which represent the desired
daily feed intake. Consequently the actual. corrected levels of protein
and energy in the‘experimental daily diets turned out to be 11.39, 12.98,
14.57 and 16.14 grams and 229, 254, 318 and 356 Calories. This method of
energy calculation is one that can be followed if the proper diet weights
are considered in the calculatiqns.

A suﬁsequent procedure which was used was to calculate the total Calo-

ries of energy and grams of nutrient contributed by each ingredient and
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then add the nutrient values together for the various ingredients to arrive
at the total nutrient level in the daily diet. Energy content of feed in-
gredients is normally given as Calories per pound; therfore, the latter
method of diet formulation on a daily nutrient intake basis requires that
Calories per pound of feedstuff be converted to Calories per gram. This
can be accomplished by dividing Calories per pound of feedstuff by 454. It
should be remembered with this method of diet formulation that the quantity
of each ingredient which is added to the éiet is equivalent to the desired
daily intake of that ingrediept.

Both the summary and the statistical analysgs for Trial II were divided
into two separate studies (Table XVI) to facilitate comparisons among the
graded protein and graded energy intake levels. Study 1 (protein study)
included Diets 1, 2, 3 and 4 which contained 16.14, 14.57, 12.985;}- and 11.39
grams of protein, respectively. Due to the two factors which were described
previously, the respective levels of metabolizable energy were 288, 297,

309 and 318 Calories. Study 2 (energy study) included Diets 5, 6, 1, 7 and
8 which coptained 229, 254, 288, 318 and 356 Calories of metabolizable ener-
gy, respectively. The level of protein waé constant at 16.14 grams in all

five diets of Study 2.

-

Study 1

Results

Table: XVII gives a summary of egg production, egg weight, body weight
change, feed consumption and efficiéncy of feed utilization for the hens
in Study 1. Egg production did not appear to be‘influ;nced by the single
source of protein or by the graded levels of protein intake in this study.

Although there were some sizable differences among diets, there was so much



TABLE XVI

EXPERTMENTAL DESIGN OF THE TWO STUDIES MADE IN TRIAL II

54

Protein, Study i

Diet number ] 2

3 4
Daily protein intake (gm.) 16.14 14.57 12.98 11.39
Daily Calorie (M.E.)! intake 288 - 297 309 318
Calorie;protein ratio 17.8 20.4 23.8 27.9

Energy, Study 2
Diet pumbgr I _ a5‘i : 26» L1 _ 7 » ﬁ'_8‘
Daily protein»infakev(gg.)l 16.14 1614 16.14 16.14 16.14
Daily Calorie QLE.)! intake 229 25 288 318 356
19.7 22.1

Calorie-protein ratio .. 14.2 15.7 17.8

l(M.E,) - metabolizable energy, Titus (1955).



TABLE XVII

AVERAGE EGG PRODUCTION, EGG WEIGHT, 'BODY WEIGHT
CHANGE, FEED CONSUMPTION AND EFFICIENCY OF
FEED UTTLIZATION PER HEN, STUDY 1, TRIAL II

35

Diet number v | 1 2 4
Number of days on experiment 84 84 84 84
Number of surviving hens per

diet (replicates) 8 8 8 8
Average number of eggs

produced 38.4 48.1 50.4 40.5
Percent egg production 45,7 57.3 60.0 48.2
Egg weight (gmq)‘ 58.9 58.0 57.7 57.9
Total body wéight gain or :

loss (gm.) =42 =227 -278 -214
Daily feed consumption

(gm.) 96.4 94.2 102.5 99.5
Daily protein consumption

(gm.) 14.6 12.5 11.7 9.7
Daily Calérie (M.E.)L

consumption » 245 240 243 229
Gm. protein per gm. egg 0.54 0.38 0.34 0.30
Calories (M.E.)1 per gm. egg 9.1 7.2 7.2 7.2
Vitamin concentrate

consumed (gm.) 0.91 0.86 0.90 0.85
Milliliters consumption

267 259

of total diet 270 254

lﬂﬁ.E,) - metabolizable energy, Titus (1955).
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individual hen variation that these differences'were not statistically sig-
nificant. However,_the_difference in body weight change, among hens that
were fed the various experimental diets, were significanf (P>0.025, Table
XVIII). All diets were nutritionally inadequate to maintain the body weight
of the hens, but hens that were fed the highest level qf protein lost less
body weight than those that were fed the lowest level of protein. With the
exception of the hens that were fed Diet 4, body weight loss per hen de-
creased as dietary protein was increased. These hens lost only 2;4 grams

as compared to 278 grams lost by hens that were fed Diet 3.

The extreme volume of the experimental diets apparently restricted feed
intake more than was desired in this study. Total feed consumption did not
reach the expectéd level; consequently, the consumption of both protein and
energy was lower than calculated. Even though protein consumption values
were all lower than was calculated, there was a definite gradation in pro-
;gig'cqnsumption. Protein conSumption levels for the four experimental
Qietg were calculated to bg 16.14, 14,57, 12.98 and 11.39 grams. The re-
spective actual consumption levels were 14.6, 12.5, 11.7 an& 9.7 grams,

Differences in efficiency of protein utilization were highly signifi-
cant among hens that were fed the various experimental diets (Table XIX).
The grams of protein that were required to produce each gram of egg increased
steadily as dietary protein was increased. There was very little difference
in efficiency of energy utilization among hens fed the various experimental»
diets. This indicates that the differences in dietary energy levels were |

not serious enough to influence the results of the protein study.

Study 2

Results

Performance data for the hens in Study 2 are summarized in Table XX.
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TABLE XVIII

ANALYSIS OF VARIANCE OF THE BODY WEIGHT GAIN
OR LOSS DATA, STUDY 1, TRIAL II

Source of Sum of ' Mean F - Probability
vapiatiqn d.f. squares squares value level

Total sum of

squares 31 836,966.00  ~=ee-- e
Diet 3 237,190.50  79,063.50 3.69 P>0.025
Error (among

individuals

within diets) 28  599,775.50  21,420.55 -—-- —————-

TABLE XIX

ANALYSIS OF VARIANCE OF THE PROTEIN EFFICIENCY -
' DATA, STUDY 1, TRIAL II: E

Source of ERE Sum of Mean F Probability
variation : d.f. squares squares value level

Total sum of
squares 31 25.41 ———— cmme meene-

Diet 3 8.57 2.86 4,77 P>0.01
Error (among

individuals
within diets) 28 16.84 0.60 meme emaew-




TABLE XX

AVERAGE EGG PRODUCTION, EGG WEIGHT, BODY WEIGHT
CHANGE, FEED CONSUMPTION AND EFFICIENCY OF
EGG PRODUCTION PER HEN, STUDY 2, TRIAL II
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Diet number 5 6 1 7 8
Number of days on experiment 84 84 84 84 84
Number of surviving hens per

diet (replicates) 7 9 8 8 9
Average number of eggs

produced 40.4 30.6 38.4 44.6 . 46.8
Percent egg production 48.1 36.4 45.7 53.1 55.7
Egg weight (gm.) 54,2 60.2 58.9 58.8 56.7
Total body weight gain or

loss (gm.) -194 -144 -42 =40 -81
Daily feed consumption

(gm.) 89.7 87.0 96.4 87.2 87.8
Daily protein consumption

(gm.) 14.4 13.2 14.6 13.0 12,6
Daily Calorie Gﬁ;E.)l

consumption 201 212 ° 245 235 244
Gm. protein per gm. egg 0.55 0.59 0.54 0.42 0.39
Calories (M.E.)! per gm. egg 7.7 9.5 9.1 7.5 7.6
Vitamin concentrate

consumed (gm.) 0.89 0.85 0.91 0.80 0.78
Milliliters consumption

of total diet 269 252 270 236 228

lM.E.) ~ metabolizable energy,

Titus (1955).
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[

There were no statistically significant differences among the diets for

any of‘the variables tested. However, hens that were fed the higher energy
levels tended to lose less‘body weight than those fed the lower energy
levels. |

Feed consumption, protein consumption, protein efficiency and vitamin
concentrate conéumption figures were all nearly equal for the‘five experi-
mental diets. With the exception of Diet 1, the gradation;‘in actual ener-
gy consumption followed the predetermined pattern, but the volume of feed
consumed per hen generally decreaged as dietary enefgy was increased. Al-
though it was less obvious, this pattern also existed with the smgil energy
4i£fergnces present in Study i (Table XVII). From the standpoint of diet
formulation, these data indicated that as dietary energy was increaséd
dietary volume should have been decreased.

A feed volume of 300 milliliters per day restricted feed intake too
drastigaily in this study as had been the case in Study 1.‘ The hens were
gn§b1e_to consume an average of 300 milliliters per day on any diet that
yastgd in ?rial II. One possible exp}anation was that the hens were all
relatively old and laying at a low rate of production when the trial was
initiated. Low egg production would tend to reduce feed consumption. An-
other factor which contributed to the low overall volume of feed consumption
per hen is evident from the data in Table XXI. The data on volume of feed
consumed per hen for each period and for all eight experimental diets that
were fed in Trial II are found in Table XXI. These data indicated that hens
needed an adjustment period of approximately four weeks in order to reach
a maximum rate of consumption of the high volume diets. Hens reached maxi-
mum feed consumption on all diets during feriods 3, 4 and 5. During the

sixth period, feed consumption per hen again decreased. 1In Periods 3, 4
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TABLE XXI

AVERAGE DAILY VOLUME OF FEED CONSUMPTION PER HEN, TRIAL
II, SUMMARIZED BY PERIODS

Period number T_ 2 3 4 5 6

,Diet‘numbgr — Milliliters of feed gppsumptipn
1 205 265 285 304 284 277
2 209 234 275 . 237 335 237
3 218 256 324 333 293 181
4 199 241 .294 294 299 228
5 189 250 319 274 v 330 253
6 222 265 287 244 £89 202
7 198 273, 262 241 241 199

8 201 238 256 215 245 214




61

and 5 the hens were attempting to consume enough feed to compensate for the
low nutrient levels of the experimental diets. It was reasoned that the
high volume of these diets forced the hens to reduce feed consumption during
Period 6. They were unable to coptinue consuming an extremely high volume
of feed for long periods of time.

The data collected in Trial II gave evidence that volume could be used
with some degree of accuracy in controlling feed intake of laying hens. How-
ever, two major changes in procedure were indicated by these data:.(l) vol-
ume of the diet evidently should have started low and increased gradually
until the hens were on full-feed, and (2) as dietary enetgy was increased
the dietary volume should have been reduced.

In addition to the findings relative to dietary volume, there were also
some indications that relatively small gradations in protein and energy in-
take could have some influence on thevoverall performance of laying hens.
This was particularly true in body-weight-change of the hens, which was

influenced by both protein and energy intake.

Trial III

Purpose

Since Trials I and II were of short duration and involved only small
numbers of hens, it was considered desirable to repeat these experiments.
Trial III was designed to examine more thoroughiy a combination of essen-
tially the same factors that were studied in'Trials I and II. The specific
purposes of this trial were:

(1) to study the effects of dietary volume upon nutrient intake and
to improve the volume technique of nutrient intake control,

(2) to determine the effects of a range of protein intakes upon the
performance of laying hens,
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(3) to determine the effects of a range of metabolizable energy in-
take upon the performance of laying hens,
(4) to study the effects of a range of vitamin-mineral concentrate
intakes wupon the utilization of other nutrients in the d1et

and upon the overall performance of layers, and

{5) to study interactions among the factors listed above.
Procedure

This feeding trial comprised 29 experimeptal diets, each replicated 11
times. Three hundred and nineteen Kimber Chik, 5-month-old pullets were
fed the experimental diets. The trial was initiated on December 1, 1959
and data which are to be reported herein were collected for 13 four-week
periods. Daté to be reported in a later publication Qere EOllected for 6
additional four-week periods. 1In order to maintain an adequate numﬁer‘of
replicateh throughout the entire experiment, hens that died during the first
four periods were replaced.

The overall experimentél design for Trial III is presented in Table
XXII. Twenty-nine combinations of three intake levels of.protein (13, 16
and 19 grams), three intake levels of @etabolizable energy (250, 300 and
350 Calories), and five intake levels of vitamin~mineralvconcentrate (0.215,
0.640, 1.065, 1.490 and_1.915 grams) were set up as the intake levels.

Table XXIII shows the specific vitamin and mineral consuﬁption per hen that
was desired for each of the five vitamin-mineral concentrate levels.

Nine basals (Iable AXIV) were formulated on a per-hen-per-day basis.
This method of formulation was described under the procedure for Trial II.
The basals furnished the desired volumes and nine combinations of three in-
take levels of protein and three intake levels of energy. To comply with
the findings of Trial II the volume of all basals was standardized at approx-

imately 250 milliliters at the start of Trial III. Feed consumption data



TABLE XXII

- OVERALL EXPERIMENTAL DESIGN, TRIAL IIIX
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Daily protein

Daily yvitamin-mineral

consumpt ion concentratel consumption {gm.)
Diet Diet Diet Diet Diet
Grams Calories  Number Nunber Nunber Nunber Nuober
13 250 (1) 0.215  (2) 0.640  (3) 1.065 _
13 300 (4) o.640 (5) 1.065 (6) 1.k90
13 350 (7) 1.065  (8) L.kg0  (9) 1.915
16 250 (10) 0.215 (11) 0.6!@0' (12) 1.065 (13) 1l.490
16 300 (1) 0.640  (15) 1.065 (16) 1.L90
16 350 1) .o.6l+o - (18) 1.065 - (19) ‘1.u90 ' (20) 1.915
19 250 (21) 0.215  (22) o.6k0 (23) 1.065 S
19 300 (24) 6.6&0 (25) 1.065 (26) 1.490
19 350 (27) 1.065  (28) 1.490  (29) 1.915

lyitamin-mineral concentrate - see Table XXVII for the composition of this concentrate,



TABLE XXIII

DESIRED VITAMIN AND MINERAL CONSUMPTION PER HEN, PER DAY
FOR EACH OF TEE FIVE VITAMIN MINERAL-CONCENTRATE LEVELS, TRIAL III
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Vitamin-mineral concentrate level

.Vitamin or Grams .

mineral Units 0.215 0.640 1.065 1.490 1.915
Vitamin A U.S.P. SoS.ih 1503.67  2502.20 3500.73 © bhg9.25
Vitamin Dy I.C.U.  75.77 225.55 375.33 525,11 674.68
Vitamin E 1.U., 0.38 1.13 1.87 2.62 3.37
Vitamin K, Mg. 0.19 0.56 0.94 1.31 1.69
Vitamin By, Meg. 0.51 1.50 2.50 3.50 4.50
Riboflavin ¥g. 0.25 0.75 1.25 174 2,24
Niacin Mg, 2.02 6,02 10.01 14,00 18.00
Pantothenic ncid Mg. 0.51 1.50 2.50 3,50 k.50
Pyridoxine Mg. 0.51 1.50 2.50 3.50 4,50
a-Piotin Mg. 0.02 0.06 0.10 0.13 0.17
Choline Mg. 31.57 93.98 156.38  218.79 281,20
Thiamin Mg. 0.76 2.25 3.75 5,24 6.7
Folic acid Mg. | 0.13 0.38 0.63 0.88 1.13
Ascorhic acid Mg, 0.63 1.88 3.13 4.38 5.63
Inosital Mg. 3.16 9.ub 15.63 2i.87 28.04
Para amino benzoic acid  Mg. 0.25 0.75 1.25 1,74 2.24
Manganese Mg. 1,75 5.21 8.67 12.13 15.59
Iodine Mg. 0.05 0.16 0.27 0.37 0.48
Cobalt g, 0.04 0.11 0.18 0.25 0.33
Iron Mg. 1.38 4,10 €.82 9.54 12.26
Copper Mg. 0.10 0.31 0.51 0.72 S 0.92
Zinc Mg. 1.43 4,27 7.10 9.94 '12.77




- TABLE XXIV

~ INGREDIENT COl*l‘.I?OS‘I’l‘IOI\Yl OF THE NINE BASALS USED
TO FORMULATE THE EXPERIMENTAL DIETS, TRIAL IIT

N
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Pasal » A B C vD E F G R I
Ingredients . Grams of ingrediente

Stabilized animal tallow 8.0 10.0 12.6 8.0 10.0 12,0 7.0 10,0 12.0
Starch : ' 12.5 21,2  30.% LA 13,2 . 21.8 -- 5.0 13.7
Ground yellow corn 12.2 12.2 12.2 15.0 15.0 15.0 17.8 7.8 17.8
Oat mill feed eu.u‘ ok, h 2k, 4 30.0 30,0 30.0 35.6 35;6 35.6
Dehydrated alfalfa e ' . ' ‘

(174 protein) 1.6 1.6 1.6 2.0 2.0 2.0 2.3 2.3 2.3
Herring fish meal . ' )

(74.6% protein) 2.5 2.5 2,5 3.0 3.0 3.0 3.7 3.7 3.7
Soyheanr 611 meal )

(50% protein) 8.5 8.5 8.5 10.5 10.5 .10.5. 12.5 12,5 12,5
Rlood meal ) : o : .

(844 protein) 3.3 3.3 3.3 4.0 4.0 4.0 L8 48 L8
Gelatin 1.6 1.6 1.6 2.0 2.0 20 23 23 2.3
neiactosed dried whey 1.6 1.6 1.6 2.0 2.0 2.0 2.3 2,3 2.3
Dried condensed fermented : | ) i

corn extractives3 1.6 1.6 1.6 2.0 2.0 2.0 2.3 2.3 2.3
Dicalcium phosphate .

. (18% phosphorus) 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3
Calcium carbonite 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
salt (Na cl) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
d1l-Menthionine ~ 0.2 0.2 0,12 0.4 0.1k 0.4 0.17 0.17  0.17
Polyethylene flure® 18.0% 1L ,5% 11,6% 13;9* 11.0%  8.5% 6.8% LB 2,1%

Total weight (gm.) 105.2% 112,4% 120.3% 106.2% 11L4.3% 122.2% 106.9% 112.9% 120.k*

Total volume (me.) 255%  251% 250 253  253%  253%  251%  250%  250%
Calculated nutrient a.nalyst;.s » _

Crude proiein (gm.) 13.06 13.06 13.06 16.02 16.02 16,02 19.07 19.07 19.07
Calories (M.E.)? 250 300 350 250 -300 350 255 300 350

Calorir-protein ratio 19.1  23.0 26.8. 15;6 18,7 21.8 13.%  15.7 - 18.%
calcium (gm.) 2.82 2.82 2,82 2.86 2.86 2.86 2.91 2.91 2.91
Available pnosphorusb(gm.) 1.08  1.08  1.08  1.1%  1.1%  1.1%  1.1% . 1.1k 1.1k
Crude fiber (gm.) | 26.9%  23.4%  20,5%  24.9% 22.2% 1G.5% 19.9% 17,9% 15.2%
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Footnotes to Table XXIV

1. Ingredient’composition--the basals were calculated on a per hen, per
day basis and they are presented on this basis.

2. Grams of ingredient--calculated to meet the désired daily protein and
energy consumptions that are listed in Table XXII.

3. Dried condensed fermented corn extractives--C.F.S, No.3, Clinton Corn
Processing Company, Clinton, Iowa.

4, Polyethylene fluff--"Alathen" 10, E. I. DuPont De Nemours and Company,
Inco;porated, St. Louis 1, Missouri. |

5. OH,Ef)a-metabolizable energy, Titus (1955).

*Refer to Table XXV for adjustments that were made in these values after
the first twenty eight-day period of the experiment.
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were examined at the end of each of the first three experimental periods
to.determine what volume adjustments should be made in order to control
nutrient intake better. Then, based upon feed consumption data, volume
adjustments were made in the basals f;r Periods 2, 3 and 4. Volume of the
basals was adjusted by adding or removing polyethylene fluff., Therefore,
total weight and fiber level were changed with each adjustment, The volume
adjustments and the subsequent weight and fiber changes are tabulated in
Table XXV. The volume was not changed after the beginning of the fourth
period.

The experimental diets were composed of a certain specific calculated
quantity of one of the basals plus one of the desired intake levels of vi-
tamin-mineral concentrate. The quantity of Basal diet used after each vol-
ume adjustment, and quantityvof vitamin-mineral concentrate combined with
the basal, are shown in Table XXVI. The composition of the vitamin;mineral
concentrate and the amino acid ratios for these diets are presented in
Tables XXVII and XXVIII, respectively.

Again, as in Trial II, this trial was divided into separate studies for
summarization and statistical purposes. The following five complete facto-
rial studies were summarized and analyzed statistically:

{1) effects of energy and protein consumption upon the overall per-
formance of layers,

(2) effects of protein and vitamin<mineral concentrate consumption
with 250 Calories of metabolizable energy upon the performance
of layers, o

(3) effects of protein and vitamin-mineral concentrate consumption
with 300 Calories of metabolizable energy upon the performance
of layers,

(4) effects of protein and vitamin-mineral concentrate consumption
with 350 Calories of metabolizable energy upon the performance
of layers, and '



TABLE XXV

VOLUME ADJUSTMENTS MADE IN THE BASALS
FOR PERIODS TWO, THREE AND FOUR, TRIAL III

Basal 1 B C D E ¥ T H T
' . Values for pericd twa |
Grams of polyethylene fluff - ’ :
(Table XTI, footnote 2) 20.7 10.6 6.0 18.0 1ll.2° 7.0 .16.0 9.4 --
Adjusted total weight (gm.) 107.9 108.5 11h.7 110.3 114.3 120.7 116.9 117.5 118.3
Adjusted total volume (ml.) 270 230 220 275 253 25 300 275 239
Adjusted daily fiber , ' ‘ - v . .
consumption (gm.) 29.6 19.5 14,9  29.0 22.2 1B.0 29,1 22,5 13.1
Values for period three
Grams of polyethylene fluff
{Table XII, footnote 2) 20,7 14,5 11,6 18,0 11,2 8.5  16.0 13.2 . --
Adjusted total weight (em.) 107.9 112.4 120.3 110,3 114,3 '122.2 116.9 121,3 118.3
Adjusted total volume (ml.) 270 251 250 275 253 253 300 296 239
) .
Adjusted daily fiber
consumption {(gm.) 29,6 23,4 20.5 29.0 22,2 19,5 29.1 26,3 13.1
Values for periods four through thirteenl
Crams of polyethylene fluff
(Table XII, footnote 2) 5.0 21,5 8,0 43.0 20.8 1,5 41,3 18,0 1.7
Adjusted total weight (gm.) 132.2 119.4 116.7 135.3 123.9 125.2 1h2.2 126.1 120.0
Adjusted total volume (ml.) 4Ol 289 231 410 305 269 436 321 248
Adjusted daily fiber
148

consumption (gm.) 53.9 30.4 16.9 s54L.0 31.8 22,5 sh.h 31.1

l'I‘he volumes of the basal diets were held constant from the fourth through the thirteenth

period of the experiment.



TABLE XXVI

COMPOSITION! OF THE TWENTY NINE
EXPERIMENTAL DIETS, TRIAL IIT¥
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Grams of basal diet

Supplemental
level of vitamin-

Diet ____period mineral concentrate
pumber Basal 1 ‘ 2‘ ‘ 3 @-1? ~_Grams
1 A 1052 1079 107.9 ' 132.2 0.215
2 A 1052  107.9 107.9  132.2 0. 640
3 A 105.2  107.9 107.9 1322 E 1.065
4 B 112.4  108.5 112.4  119.4 ©0.640
5 B 112.4  108.5 112.4  119.4 i,065‘
6 ‘B 1124 108.5 112:4  119.4 1.490
7 c  120.3  114.7 120.3  116.7 1.065
8 ¢ 120.3  114.7 120.3 115.7 1.490
9 ¢ 120.3  114.7 120.3  116.7 1.915
10 P 106.2  110.3 110.3  135.3 0.215
11 D 106.2  110.3 110.3  135.3 0.640
12 D 106.2  110.3 110.3  135.3 1.065
13 D 106.2  110.3 110.3  135.3 1.490
14 E 114.3  114.3 114.3  123.9 0. 640
15 E  114.3  114.3 114.3  123.9 1.065
E  114.3 3 114.3  123.9 1.490

16

114.

¥*#Continued on next

page.

|



TABLE XXVI (Continued)

COMPOSITION! OF THE TWENTY NINE
EXPERIMENTAL DIETS, TRIAL III
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Grams of basal diet

Supplemental
level of vitamin-

Diet , period mineral concentrate
number Basal 1 2 3 4-13. Grams
17 F 122.2 120.7 114.3 123.9 0.640
18 F 122.2 120.7 114.3 123.9 1f065
19 F 122.2 120.7 114.3 123.9 1.490
20 ¥ 122.2 120.7 114.3 123.9 1.915
21 G 106.9 116.9 116.9 142.2 0.215
22 G 106,9 116.9 116.9 142,2 0. 640
23 G 106‘9 116.9 116.9 142.2 1.065
24 H 112.9 117.5 121;3 126.1 0. 640
25 H 112.9 117.5 121.3 126.1 1.065
26 H 112.9 117.5 121.3 126.1 1.490
27 I 120.4 118.3 118.3 120.0 1.065
28 I 120.4 118.3 118.3 120.0 1.490
29 I 118.3 118.3 126.0 1.915

120.4

consumption given in Table XXII

.2

Comp051t10n - The weight given for each basal plus the Weight
of the vitamin-mineral concentrate 1s equivalent to the desired total
daily feed consumption

Vitamin-mineral concentrate - The grams of concentrate for each
diet are equivalent‘to .the desired daily vitamin-mineral concentrate
See Table XXVII for the composition

of the concentrate.



TABLE XXVII

COMPOSITION OF THE VITAMIN-MINERAL CONCENTRATE, TRIAL III
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Amount supplied by one gram

Mg.

Vitamins and mineralé Units of_concentrate
Vitamin A U.S.P. 2,349.48
Vitamin D4 I.C.U, 352.42
Vitamin E I;U. 1.76
Vitamin Kg Mg, 0.88
_Vitamin Byo Mcg. 2.35
Riboflavin Mg. 1.17
Niacin Mg. 9.40
Pantothenic acid Mg. 2.35
‘Pyridoxine Mg. 2,35
d-Biotin Mg. 0.09
Choline Mg. 146.84
Thiamin Mg. 3.52
Folic acid Mg. 0.59
Ascorbic acid Mg. 2.9
Ippsitgl Mg. 14.68
Para amino benzoic acid Mg. 1.17
Manganese Mg. 8.14
‘Iodine Mg. 0.25
Cobalt -Mg. 0.17
Iron Mg. 6.40
-Coppe: Mg; 0548
Zincr 6.67




TABLE XXVIII

CALCULATED AMINO ACID COMPOSITION!
OF ALL EXPERIMENTAL DIETS, TRIAL III
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Gm. per 16 gm.

Gm. per 16 gm‘

Serine

Amino acid of nitrogen Amino acid of nitrogen -
Arginine 6.21 Threonine 4.51
Histidine 2.91 Leucine 9.83
Lysine 6.64 Isoleucine 4.49
Tyrosine 2.98 Valine 6.18
Tryptophan 1.19 Glutamic acid 14.91
Phenylalanine 4.95 Aspartic acid 10.00
Cystine 1.26 Glypine 6,91

- Methionine 1.37 ‘Aianine 5.26

.57 ‘.froline

5.81

1A11 amino. acid calculations were based upon average values as
given in Block and Weiss (1956). '
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(5) effects of energy and vitamin-mineral concentrate consumption
with 16 grams of protein upon the performance of layers.

Some diets appear in more than one analysis, and it is recognized that
the results may be slightly biased, since the results of one diet havé an
equal influence on the,fesults of two or more s;udie;. ﬁowever, for clari-
ty of presentation of results the author felt that it wasinecessary to pre?
sent the results of diets 3, 5, 7, 11, 12; 14, 15, 16, 18, 19, 23, 25 and
27 more than one time. The experimental design for each study will be pre=-

sented immediately before the results of that study.

TABLE XXXIX

FACTORIAL DESIGN, STUDY 11, TRIAL III, THE EFFECTS OF ENERGY AND
PROTEIN CONSUMPTION UPON THE OVERALL PERFORMANCE OF LAYERS

Desired
daily Desired_daily
protein” Calorie (M.E,)“ consumption
cons. {gm.) - 250 - 300 350
13 13-250 13-300 13-350
(3)* (5) €]
16 16-250 16-300 16-350
(12) (15) (18)
19 19-250 19-300 , 19-350

(23) - (25) 27)

1Study 1 - All experimental diets in this study were calculated to
supply 1.065 grams of vitamin-mineral concentrate per hen per day.

2(M.E.) - metabolizable energy, Titus (1955).

*The numbers in parentheses represent the diet numbers.
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Study 1

Results

Survival data (Table XXX) show that livability was excellent in this
study. The treatments did not adversely affect livability, with the possi-
ble exception of those diets tpat supplied 250 Calories of energy. Mortali-
ty was slightly higher among the hens that were fed Diets 2 and 23 than in
the hens fed the other diets.

Both linear gnd quadratic effects of energy upon egg productién were
statistically significant at the 5 and 1 percent levels, respectively,
These trends are easily delineated from the average egg production data in
Table XXXI. The statistical analyses are summarized in Table XXXII. Hens
fed the 300-Calorie diets produced more eggs than those fed either the 250-
or 350-Calorie diets. This trend was present at all levels of protein in-
take, although it was not obvious wiﬁh the 16-gram-protein diets until after
the eighth period. Diet 15, which contained 16 grams of protein and 300
Calorigs of metabolizable energy, maintained egg production at a higher
level than did any of the other diets. Diet 3, which contained 13 grams of
p;pteinrggd 250 Calories .of metabolizable energy,»did not support as high
egg produg;ion as did the other diets. The effects of protein intake upon
egg production were statistically significant only d%ring the fourth and
tenth experimental periods. In Period 4, this significance was probably
due to an extremely low egg pr&duction of hens that were fed Diet 23, and
in Period 10 egg production increased as dietary protein level was increased.

The effect of protein intake upon egg production appeared to be depen=-
dent upon the level of dietary energy. The general trend with the 250-
Calorie diets was for egg production to be highest on the lé-gram-protein

diets. With 300 Calories of energy, egg production tended to increase



NUMBER OF HENS PER TREATMENT AT THE END OF EACH TWENTY-

TABLE XXX

~ EIGHT-DAY PERIOD, STUDY 1, TRIAL III
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3

Diet number 5 7 12 15 18 23 25 327
Period number Number of hens ‘ ‘
1 11 11 11 11 il 11 11 10 10

2 }1 10 10 11 11 11 11 11 10

3 11 11 10 11 11 ll 11 11 11

4 11 11 10 11 11 10 11 10 11

5 11 11 10 11 11 11 10 10 11

6 9 11 10 11 11 11 10 iO 11

7 9 11 10 11 11 11 9 10 11

8 9 10 10 11 11 11 8 .10 10

9 9 10 10 11 11 11 8 10 10

10 9 10 10 10 11 11 8 10 10

11 9 10 10 10 10 11 8 9 10

12 9 10 10 10 10 11 8 9 10

13 9 10  10 10 11 8 9 10




AVERAGE EGG PRODUCTION PER HEN, BY PERIODS
AND OVERALLI,FSTUDY 1, TRIAL TIII' '

TABLE XXXI
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Diet mumber 3 5 7 12 15 18 23 35 27

Period number - Percent egg production
1 72.4 77.9 73.9 79.2 78.2 80.8 76. 76.0 - 8l.4
2 74.0 74.0 66.1 74.4. 75.6 75.6 71. 76.9 68.2
3 69.5 80.2 78.2 75.3 72.7 75.6 76. 78.6  66.2
4 63.6 71.8 74.3 66.9 72.4 70.8 29. 76.8 72.4
5 55.2  75.0 71.1 69.2 67.5 70.5 36. 74.6  70.5
6 54.8 61.7 66.1 60.7 60.4 65.3 57. 67.5 58.8
7 56.0 68.5 72.1 59.1 64.3 66.6 42. 72.5 57.1
8 56.7 64.3 63.9 68.5 64.3 63.0 58. 69.3 50.0
9 54.0 62.5 57.5 62.3 65,3 60.1 57. 66.1 54.3
10 48.0 58.2. 53.9 52.1 66.6 55.8 58. 68.9 60.7
11 45.6 . 53.9 55.4 44.3 64.3 58.4 5l. 63.5 60.7
12 30.2 55.4 55.4 48.6 64.6 52.6  36.¢ 67.1 52.9
13 21.0 49.3 49.2 35.0 64.6 48.1  38. 55.6 50.4

overalll 54.9 66.0 64.5 6l.6 67.8 64.9 53.8 70.6 61.9
loverall - based upon cumulative &ata for all periods.



TABLE XXXII

ANALYSIS OF VARIANCE OF EGG PRODUCTION DATA
BY PERIODS AND OVERALL, STUDY 1, TRIAL III

feriod number N 1 2 3 1 5 6 T 8 9 10 11 12 13 . .overall
Source of variation d.f.” Mean squares
Totel a.£.2 V (96) (96) (97) (96) (95) (93) (92) (B9) (By) (8B) (BE) (B6) ({(85) (85)
~ Blocks . 10 145 318 95 120 154 13% 139 156 180 116 170 20k 426 -“101‘90
Energy: (E) (2) - . _ .. _ ‘
Ep (Linesr) 1 13 9 o u0" w33 18" 8 1ot 1 em*t e qom®
%, (Quadratie) 1 o 2 o 185 1685 9 we* us e ws® 10 ;E mS® st
Protein: (P) (2) | . V . | :
P 1 10 0 6 12‘9“ 55 0 R 86 5 3 103' 10k 50 93 948 -
P : 115 19 0o " u6 1 6 3% 23 0. 0o 35 . 38 2240
tenverion ™ _
B xP 1.3 5 7 a8 @& 2 o s 10 2 o 17 35 26
Ey x Py 1 1k 1 17 7 32 o o0 2 0 12 15 5 22 . - b5
E, x Py 1 0 0 5. 30b 215" 20 125" 50 8 o 16 8l 10 2202
By x By 1. 5 21 14 13 1 22 55 26 o o o 0 32 1002’
_Error 12 19 7 1 16 33 28 27 30 25 33 37 43 1k0l -
Erfor d.£.2 18 78 79 B T 15 " T T T0 6 6 6 61

Ald.f. - the'degz"ees of freedom for blocks and treatments are the same for each period analysis and the overall analysis,

2potsl 4.f. and error d.f. - mortality may change the degrees of freedom from period to period. The total d.f. are
1isted above the mean squares for each period and the error ‘d.f. are listed below the mean squares for-each period.

#5ignificant at the 5 percent level.

#Significant at the 1 percent level.

LL
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with each increase in protein intake. The trend with the 350-Calorie diets
was one of near equal egg production from hensufgd the 134gfam-pro;ein an&
l6-gram~protein diets. Until the niath period, hens fed 19-gram-pfotein
diets produced less eggs than hens fed either of the other two protein le-
vels. TFrom the tenth period through‘the thirteenth period, hens fed the
19-gram-protein diets tended to produce more eggs than. hens fed Fhe other
protein intake levels. Even though theseeﬁergy xprotein interaction trends
were present, they were statistically Significant only in Periods 3, 4, 5
and 7.

A summary of the egg weight data for‘Study 1 is given in Table XXXTII.
There were no significant differences in egg weight among hens fed the var-
ious experimental diets. Analyses of variance of the egg weight data are
presented in Table XXXIV.

Body—weight-chénge data in Table XXXV, show that as energy intake was
ipc;egsed body weight gain increased. Both linear and quadratic effects
of energy upon body weight were significant (Table XXXVI) in the overall
apalygisg However, the quadratic effects have little meaning, since none
Wgre;presenplip,any_pf the period- analyses. Either linear and/or quadratic
effects of protein upon body weight were significant in Periods 1, 2, 4,

11 and 12 of Study 1. This meaning was also obscured ;ince there was no
discernible pattern.éffthe»effect and nothing was significant in the over-
all analysis. Energy x protein interactions were present in some pefiods,
but again nothing was found in the overall analysis.

Daily feed consumption per hen (Table XXXVII) followed a pattern simi-
lar to that in Trial II. Approximately the first four Weeks were required

for the hens to reach their maximum feed consumption. This adjustment per-

iod was followed by higher feed intakes during Periods 2, 3, 4 and 5. Feed
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TABLE XXXITI

AVERAGE EGG WEIGHT BY PERIODS AND OVERALLI, STUDY 1, TRIAL III

Diet number _ 3 5 7 12 15 18 23 25 27

Period number - v __Egg weight in grams
1 55.2 52.8 52.9 54.4 ‘53.2 55.6 55.5 56.3 54.4
2 55.7 55.1 53.9 55.4 54,7 56.6. 57.1 57.1 56.8
3 57.4 55.3 57.0 59.1 56.3 58.7 58.0 58.6 57.8
4 57.4 56.9 57.2 57.2 57.5 59.2 57.2 58.9 59.0
5 59.6 58.1 58.7 58.1 58.4 60.6 57.5 59.5 60.4
6 60.2 57.8 59.6 59.0 58.9 58.6 59.6 60.8 ‘60.1
7 58.3 59.3 60.4 59.3 59.2 62.1 58.8 61.0 60.8
8 59.5 58.7 59.6 60.2 59.0 6l.4 59.1 59.0 61.0
9 59.4 59.7 59.0 60.0 59.1 61.9 60.1 60.9 60.6
10 58.3 59.9 60.4 59.6 58.7 61.9 59.5 63.8 61.0
11 58.9 60.9 59.8 60.3 60.1 63,3 60.5 61.1 62.4
12 60.1 61.7 61.9 59.7 61.3 63.6 60.6 62.1 63.6
13 61.6 61.8 63.9 59.6 61.8 64.6 60.2 62.4 64.1
overalll 58.1 57.9 58.5 58.4 .58.1 60.2 58.4 59.7 59.8

loverall - based upon cumulative data for all periods.



" TABLE XXXIV

ANALYSIS OF VARIANCE OF EGG WEIGHT DATA BY
PERIODS AND. OVERALL, STUDY 1, TRIAL III

e o et I — 3 — Megn sqques4448 2B 2 13 ovenel
Total d.f.° (96) (96) (97) (96) (95) (93) (92) (89) .(89) (BB) (B6) (86) (85) (85)
Blocks 10 114 119 158 9 675 337 Th1 1208 1462 901 2230 3098 2558 100
Energy: (E) (2) ) ~ |
E; (Linear) 1 3.5 2 uw* wmo® 1 99 3 1% 216 9% T 456 23
Eq (Quadratic) 1 11 2 '37 .0 ’ 39 156 76 56 8 3 241 299 238 10
Protein: (P) (2) |
P, 1 36' 63* 26 2 184 139 32 21 142 153 ke 19 658' ' 11
,’yq - 1 ) o 12 5 90 o o 32 117 12 7 5 473 1
Energy-protein
interaction (%) , , )
Ep x Py 1 33 1 32 s5au* 6 8 758" e w2 263 59 818 0
EQ x P 1 o 1 o o 8 180 13 23 12 38 o 52 9 0
B, x By L o ‘1n 11 » 260 1T 67 8 T 9 19 8o . 58 0
'EQ x 7 1 T a3 2 67 26 285 15T .28 0 0 ¥ 5.
Error T 12 1% 1 7 61 93 127 134 y7 - 185 262 4o9 12
Error d.f.2 7 T8 19 78 TT 15 T™ T T 70 €8 68 61 61

1d.f. - the degrees of freedom for blocke and for treatments are

the same for each period analysis and the overall
anelysis. . -

2'rotal d.f. and error d.f. - mortality may chenge the degrees of freedom from period to period. The totsl d.f. are
1isted above the mean squares for each period and the error d.f. are listed below the mean squares for each period.
*Significant at the 5 percent level.

##gignificant at the 1 percent level.

08
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TABLE XXXV

AVERAGE BODY WEIGHT GAIN OR LOSS BY PERIODS AND OVERALLl,

STUDY 1, TRIAL III

Diet number 3 5 7 12 15 18 23 25 27

Period number ; Grams body weight gain or loss
1 =108 - 25 + 23 - 89 - 62 + 36 - 85 >+ 74 +142
2 +20 +35 +24 +15 +120 +105 -43 +25 - 1
3 - 45 + 2 -16 -39 + 30 + 16 -« 86 0 + 92
4 -92 - 4 +36 - 5 + 3 +22 -142 ~57 - 5
5 +79 +35 + 8 -3 +26 +11 +42 + 99 - 10
6 - 96 -1 +57 -85 -21 + 1 - 78 - 68 - 5
7 + 58 - 52 -1 + 52 - 9 - 65 + 3 - 4 - 36
8 +18 +62 +42 +35 -39 +15 - 30 +161 + 9
9 - 22 -28 +21 -85 +107 + 11 + 28 -110 + 29
10 + 6 + 28 + 25 -14 +43 +30 + 38 +18 + 32
11 +62 +24 +30 4103 +29. +75 +16 + 28 + 353
12 +21 - 3 -38 -5 -39 -8 =-19 -43 +10
13 - 38 +25 +40 + 23 + 17 + 9 - 25 - 23 + 20
Overalll ~157 + 79 4251 -188 +209 +180 - 20 +110 +305

loverall - based upon cumulative data for all periods.



TABLE XXXVI

ANALYSTS OF VARIANCE OF BODY WEIGHT CAIN OR LOSS DATA
BY PERIODS AND OVERALL, STUDY 1, IRIAL IIT

Period number 1 z 3 T 5 3 7 ) 9 0 1 1z 13 overail
Source of variation a.f.+ ) Mean squares , 100
Total a.2.2 (36) (36) (97) (96) (95) (33) (92) (89) (89) (88) (B6) (BE) (B5) (85)
Blocks 10 1378 1065 38k 202 oghk 1h21 1288 2356 1290 1696 465 857 62k 20
.Enery: (E) (2) » ) .
E (Linear) 1 uerd 338 13sr wsel® 1090 1685 615 9 367t 83 w53 18 297
By (Auedratic) 1 7 324 u1 3k 269 5 i 5 171 ks 150 2 ‘0 22"
Protein: (P) (2 - '
P 1 91'54é 180 62 379" o 18 12  sh 123 9 7 26 51 1
Py 1 390 115° 2 5u0° 9 o 2 130 27 31 268" M3 51 o
Energy-protein . .
interaction - (B)
E xP 1 228 29 573* 2 © 10 1o 1 o 56 1 17 236 25 8
EQx P - 1 55 98 o 21 126 1 269 155 810 6 Lo 35 37 6
B x Py 1 258 97 % 33" ;1 o 187 v 763 6 18 13 €8 6
Eg X By 1 7 8% 163 113 1{78* 932" 1 165 188 6 19 10 230 6
 Error 18 121 29" 67 108 136 715 129 80 103 61 66 10 3
Error d.f.2 7 18 19 18 T 15 ™ T 1L 710 68 68 67 67

ld.f. - the degrees of freedom for blocks and for treatments are the same for each period znalyeis znd the overall
analysis.

2'1‘01:&1 d.f. and error d.f. - mortality may change the degrees of freedom from period to period. The total d.f. are
listed above the mean sguares for each pericd ard the error d.f. are listed below the mean squares for each period.

*Sign:lficant at the 5 percenf level.

*#%Significant at the 1 percent level.

z8



AVERAGE DAILY FEED f

TABLE XXXVII

ONSUMPTION PER HEN, BY PERIODS

83

AND OVERALL®, STUDY 1, TRIAL III
Diet number 3 5 7 12 15 18 23 25 . 27
Period number Total grams of diet :

1 125.0 116.8 115.2 135.6 119.6 124.2 131.1 132.7 107.6
2 162.5 129.2 120.2 170.1 136.6 141.7 164.4 137.5 149.3
3 159.8 140.4 130.5 167.4 135.8 135.0 161.9 152.1 123.5
4 152.3 136.1 126.6 157.7 138.0 136.3 129.0 144.9 122.0
5 156.2 141.3 121.8 164.4 134.3 -133.4 157.3 152.1 123.4
6 147.2 140.3 116.6 158.2 1l11.4 119.2 122.6 142.3 107.2
7 147.1 124.3 118.3 158.7 121.7 120.0 154.9 147.3 106.2
8 141.9 120.7 115.0 147.2 116.5 117.0 165.1 141.7 111.6
9 143.0 120.2 109.0 152.3 124.5 115.9 160.5 139.2 118.0
10 146.6 121.7 104.0 153.7 124.5 126.1 164.2 144.8 107.3
11 148.7 127.9 109.2 164.6 131.8 125.9 162.8 141.2 112.1
12 145.2 131.5 122.2 155.0 131.9 110.6 159.9 139.4 165.8
13 128.6 133.0 121.4 154.4 138.1 145.7 164.5 139.5 117.7
overalll  146.8 129.7 117.7 156.9 127.0 156.1 143.2 118.4

127.9

loverall - based upon cumulative data for

all periods.



TABLE XXXVIII

ANALYSIS OF VARIANCE OF DAILY FEED CONSUMP‘i'ION DATA
BY PERIODS AND OVERALL, STUDY 1, TRIAL IIX

T
Total 4.£.% (96) (96) (97) (96) (95) (93) " (92) 89) (89) (88) (86) (86) (85) (85)
Blocks 10 5673 4575 2858 4832 3051 4321 3418 7679 6088 8997 4kTO 26511 8903 3935 -
Energy: (E) (2) ' :
E; (Linear) 1 3318" 23753° 17973" s095" 17388" 28043* 22738 18037" 19825" 23035 2UoTE 5188 STUS 14130
Ey (Quedratic) 1 2 113" 200 1 6 503 200 1006 761 637 45T 1913 77 b3
" Protein: (P) (2) : v
PL 1 s 15 T8 73 306 19 ok 2ns® 308" 2600 189" 8605”2557 wtoh”
Py 1 s 1623% 38 1662° 91 17 T 2 381 691 3978 2999 28
Energy-protein )
interaction )
EL X P 1 312 23 288 891 o 191" 1236 -2058" 285 863 351 811 3654 299
RxP .1 3 13 128 o0 599 3515'» 3% 29 8 322 668 e 1085 219
ELxP, 1 393 13 €85 1833% 456 - Lo 16010 sk 27 241 98 g1 789 19
Ey X By ' 1 10" 3653" W60 1660 1_51&* 1855% 283b 1578 173 216" 1119% 6030* 696 Bha*
T Error o 209 270 20k 272 216 391; é9o 546 LBO ko9 256 1337 813 98
Error d.1.2 M 179 8 M 15 ™ T T 0 6 - 6 6 6
3.5, - thé dégreesrof freedom for biocks and for treatments are the same forreachAperiodﬂanéiysié and the overall '

analysis.

. 2Totgl d.f. end error d.f. - mortality may change the degrées of freedom from period to period. The total d.f. are
1isted sbove the mean squares for each period and the error d.f. are listed below the mean squares for each period.

*5ignificant at the 5 percent level.

##5ignificant at the 1 percent level.

78
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consumption leveled off after the fifth period and was fairly constant until
the end of the trial. It coﬁld be assumed that these periods of increases
and decreases in feed consumption would be correlated with egg production.
However, in this trial this was not the case. Comparisbns of egg production
data (Table XXXI) with feed consumption data show that egg prdduction was
highest during Period 1 of the experiment while feed consumption was lowest
during this same period. There was a gradual decline in egg production af-
ter Period 1, but feed consumption remained high for the next 4 consecutive
experimental periods. Dufihg Period 1, while egg production was high and
feed consumption was low, the hens were either losing body weight or just
barely holding their own. The one exception was Diet 27, where the hens
gained body weight. While feed consumption was highest during Period 2,
most of the hens gained body weight and egg production decreased below the
level of Period 1. After Period 2 there were no obvious correlations be-
tween feed consumption and body weight change. The overall feed consumption
per hen was generally higher than the desired intake levels (Table XXXVII).
However, the extremely high feed consumption per hen during Peripds é through
§.wa§ largely responsible for the high average overall feed consumption

per hen.

An analysis of variance was also applied to the feed consumption data
(Table XXXVIII). Although this analysis has little meaning in the interpre-
tation of pérformance data, it was made in order to check the expected dif-
ferences in feed consumption among hens fed the various experimental diets.
The final adjusted weight of the experimental basals (Table XXV) generally
increased as both protein and energy were increased. Therefore, a linear
decrease in feed consumption per hen could be expected as protein and ener-

gy levels of the diet were increased. Both dietary protein and emergy had
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significant (P>0.01) linear effects upon feed consumption. Thete was a sig-
nificant energy quadratic x protein quadratic ipteraction effect upon feed
consumption that was probably caused by Basal E, which was heavier than
either Basal B or H. This resulted in a quadratic pattern for the weights
of the three protein levels that were combined with 300 Calories of energy.
Basal F was also heavier than either Basal C or I, which gave a quadratic
curve for the three protein levels combined with 350 Calories of energy.

Table XXXIX contains a summary of tﬁe average daily volume of feed con-
sumed per hen. The average daily volume of feed consumed per hen was gener-
ally higher in Study 1 of Trial III than in Trial II. This may have been
due partly to a difference in the age at which hens were placed on the ex-
perimental diets. The hens in Study 1 were much younger and were laying
at a higher rate than the hens in Trial II; therefore, they would probably
consume more feed. The fact that the hens were allowed to become accustomed
to the experimental diets before volume was increased may have contributed
to the high volume"oflfged consgmed‘per hen in Stﬁdy 1.

Average daily consumption of metabolizable energy per hen is shown in
Table XL. These data reflect the ability of laying hens to compensate for
ingdeqﬁgte:dietary energy. The hens were able to consume approximately 300
Qaloriés of energy when_fed 250-Calorie diets, even thouéh volume was ex-
tremely high. Approximately:330 Calories were consumed by hens fed 300-
Calorie diets, while the 350-Calorie diets were consumed at approximately
the desired intake level. Efficiency of utilization of metabolizable ener-
gy (Table XLI), expressed as Calo?ies of energy per gram of egg, did not
follow a linear pattern with the three dietary energy levels. Hens that
consumed 300 Calories per day utilized energy more efficiently than did

hens that consumed 350 Calories. The most efficient utilization occured



TABLE XXXIX

AVERAGE DATLY VOLUME OF FEED CONSUMPTION PER HEN,
BY PERIODS. AND OVERALLl, STUDY 1, TRIAL III

Diet number 3 5 7 12 15 18 23 25 27

Period number Milliliters of feed actually consumed
1 300 257 242 325 263 261 302 292 226
2 406 271 228 425 301 283 427 328 236
3 399 309 274 419 299 283 421 350 247
4 457 327 253 473 345 300 400 362 256
5 469 339 244 493 336 293 488 380 259
6 442 337 233 475 278 262 515 356 225
7 441 298 237 476 304 264 480 368 223
8 426 290 230 442 291 257 512 354 234
9 420 288 218 457 311 255 498 348 248
10 440 292 208 461 s 27 509 362 225
11 446 307 218  49% 329 277 505 353 235
12 436 316 244 465 330 243 496 348 348
13 386 319 243 463 345 321 510 349 247
Overalll 420 304 236 451 311 275 460 348‘ 247

loverall - based upon cumulative data for all perieds.
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TABLE XL

AVERAGE DAILY CONSUMPTION OF METABOLIZABLE ENERGY PER HEN,
BY PERIODS AND OVERALLl, STUDY 1, TRIAL IIX

-

Dlet mumber 3 1Z 23 5 15 75 7 18 27
Desired comsumption {(Cal.) 259 : 300 . . 350
Period number ‘ " i Calories of emergy actually consumed

1 296 318 313 311 :317 352 334 354 311
2 375 384 36; 353 362 ”400 363 409 347
3 369 378 355 373 360 388 379 385 363
4 287 291 233 342 333 344 380 381 354
5 295 303 284 355 325 361 366 373 358
6 278 292 299 353 269 338 351 . 333 31l
7 278 293 279 313 294 350 356 336 308
8 268 272 298 304 282 337 . 346 327 323
9 270 281 289 302 301 331 328 324 342
10 276 283 296 306 301 344 313 353 311
11 281 304 203 322 318 335 328 352 325
12 274 286 288 331 319 331 267 309 480
~13 243 - 285 297 335 334 331 365 408 341

overalll 294 306 300 - 331 316 349 352 347 344

loverall - based upon cumﬁlative'data for all periods.
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TABLE XLI

EFFICIENCY OF UTILIZATION OF METABOLIZABLE ENERGY,

BY PERIODS AND OVERALL!, STUDY 1, TRIAL III

Diet number 3 5 7 12 15 18 23 25 27

Period qpmber Calories of metabolizable energy per gram of egg

1 7.4 7.5 8.6 7.4 7.6 7.9 7.4 -8.2 7.0

2 9.1 8.7 10.2 9.3 8.8, 9.5 8.9 .?'1 9.0

3 9.2 8.4 85 85 88 87 8.1 8.4 9.5

4 {7;9 8.4 9.0 7.6 8.0 9.1 13.6 7.6 8.3

5 9.0 8.2 8.8 7.6 8.2 8.7 13.7 8.1 8.4

6 8.4 9.9 8.9 81 7.6 8.7 87 8.2 8.8

7 8.5 7.7 8.2 84 7.7 8.1 1L.3 7:9 8.9

8 7.9 8.0 9.1 6.6 7.4 8.5 8.6 8.2 10.6

9 8.4 81 9.7 7.5 7.8 87 8.4 8.2 10.4

10 9.9 8.8 9.6 9.1 7.7 10.2 8.6 6.9 8.4

11 10.4 9.8 9.9 11.4 8.2 9.5 9.4 8.6 8.6

12 15.1 9.7 10.7 9.9 80 9.2 13.0 8.0 14.3

13 18.7 11.0 11.6 13.7 8.4 13.1 12.7 9.6 10.6

Overal1ll 8.7 9.3 85 80 9.1 9.6 83 9.3

9.2

T
Lot

1Overa11 ~ based upon cumulative data for all periods.
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when the hens consumed 330 Calories per day. This quadratic effect of en-
ergy consumption upon energyuefficiency was significant in 5 of the 13 ex-
perimental period analyses and in the overall analysis (Table XLII). There
was also a significant quadratic effect of protein consumption upon the
efficiency of energy utilization. Energy was utilized most efficiently

by hens that were fed Diets 12,;15 and 18, all of which contained 16 grams
of protein. Energy was utilized less efficiently by hens fed the 13- and
19-gram-protein diets -than by hens fed the 16-gr#m-protein diets,

Average daily protein consumption per hen (Table XLIII) for the de-
sired protein intake levels of 13, 16 and 19 grams was approximately 14,
18 and 20 grams per day, respectively. The desired protein intake was
achieved only when hens were fed 350-Calorie diets. Within each group of
diets in which a specific protein intake was calculated, protein intake
increased as the dietary energy intake level was decreased. This was par-
ticularly noticeable when hens were fed Diets 23, 25 and 27 that had been
formulated to supply 19 grams of protein and 250,300 and 350 Calories of
metaboligable energy, respectively. The actual protein consumptions per
hen for the 250, 300 and 350 Calorie diets were 22,91, 20.36 and 18.74
grams, respegtively{ |

Protein was utilized most efficiently by the hens that were fed diets
that contained 13 grams of protein (Table XLIV). The linear effect of
dietary protein upon protein efficiency was significant at the 1 percent
level of probability (Table XLV). Both the linear and quadratic effects

of energy intake upon protein utilization were significant.



TABLE XLIT

ANATYSIS OF VARIANCE OF THE ENERGY EFFICIENCY DATA
BY PERIODS AND OVERALL, STUDY 1, ‘TRIAL IIX

Period number .1 2 3 L 5 6 T 8 9 10 11 12 13 overall
Source of variation d.fi.‘ Mean squares
Total d.f.2 (96) (96) (97) (96) (95) (93) (92) (B9) (89) (8B) (86) (86) (85)  (85)
Blocks . 10 o0.k2 0.67 0.32 0.43 .0.60 0.3+ 0.47 3.64 1.48 1.3% 0.83 1.46 1.43 0.15
Energy: (E) (2) ) -
E; (Linear) 1 0.03 0.05 0.03 0.05  0.16 0.05 0.13 0.26 0.69° 0.00 0.07 0.21 0.38 0.0l
L 2 2 * »* L. W Ly e
E, (Quadratic) 1 0.03 0.07 0.01 0.k0 0.27 0.00 0.57 0.00 0.23 0.3% 0.35 1.75 1.65 0.20
Protein: (P) (2)
1 1 0.00 0.00 0.00 0.30° 0.16 0.06 0.51% 0.25 0.00 0.68" 0.45 0.08 0.39 0.00
Fg 1 0.00 0.00 0.00 0.22% ok0" 0.1k 0.15 2.33* 0.27 0.06 0.00 0.97% 0.17 0.09"
Energy-protein .
interaction %) .
% L 2 ) »* ) ' .
Ep x P, 1 0.8%0.02 0.28% 1.1 o™ o0.00 0.05 0.07 0.02 0.06 0.03 0.07 0.07 0.01
Eq x P 1 0.k 0.00 002 0.0k 0.03 0.9 0.01 0Ll 0.0l 0.10 0.18 0.03 0.1k 0.00
Ep x By 1 o.0h 0.06 0.00. 1.28% 0.98" o0.02 0.18 0.00 0.0l 0.00 0.18 0.19 0.00 0.02
Eq x Pq 1 0.20" 0.02 0.01 0.02 0.00 0.0l 0.16 0.85 0.12 0.29° 0.00 0.18 0.25 0.00
geror 0.06 0.0k 0.03 0.0b 0.06 0.12 0,11 0.k5 0.15 0.17 0.1k 0.18 0.17 0.02
2 7 78 79 I8 TT 75 T TL  TL. T0 68 6 61 67

Error d.f.

‘ ld.f. - the degfees of freedom for blocks and for treatment are the same for each pefiod analysis and the overall

enalysis.

*Significant at the 5 percent level.

#2Significant at the 1 percent level.

’ 2'I'otal a.f. and error d.f. - mortality may change the degrees of freedom from period to period. The total d.f. are
listed sbove the mean squares for each period and the error 4.f. are listed below the mean squares for each period.

16



AVERAGE DATLY CONSUMPTION OF PROTEIN PER HEN, BY
PERIODS AND OVERALL!, STUDY 1, TRIAL

TABLE XLIII

II1

92

25

Diet number 3 5 17 12 15 18 23 27

Desired comsumption (gm.) 13 16 - 19
'Pe;ib@rmumper> Grag? of Prqtein aetuglly cémsgmgd :

1 15.50 13.55 12.44 20.34 16.87 16.27 23.34i'22.30 16.90

2 19.66 15.38 13.46 24,66 19.26 18.70 26.95 26.42 18.90

3 19.33 16.28 14.09 24.27 19.15 17.68 26.55 24.64 19.76

4 14,93 14.84 14.18 18.61 17.80 17.58 17.93 19.27 19.28

5 15.30 15.40 13.64 19.40 17ﬁ§3 '17.21 21.87 20.24 19.49

6 14.43 15,29 13.06 18.67 14f57 15.38 23.07 18.§3 16.94

7 14342 13.55 13.25 18.73 15.70 15.48 21.53 19.59 16.77

8 13.90 13.16 12.88 17.37 ‘15.03 15.09 22.95 18.85 17.63

9 14.01 13.10 12.20 17.97 16.06 14.95 22.31 18.52 18,64

10 14.37 13.26 11.65 18.13 16.06 16.27 22.82 19.25 16.95

11 14.58 13.94 12.23 19.43 17.00 16.24 »22.62 18.78 17.71

12 14.23 14.34 13.69 18.29 17.02 14.26 22.22 18.54 26.19

13 12,60 14,50 13.60 18.21 17.82 18.79 22.87 18.55 18.60

overalll 15.31 14.38 13.10 19.58 16.87 16.45 22.91 20.36 18.74

10vera11 - based upon cumulative

data for all periods.
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TABLE XLIV

EFFICIENCY OF UTILIZATION OF PROTEIN BY PERIODS
" AND OVERALL!, STUDY 1, TRIAL III

Diet number 3 e 7 12 15 18 23 25 27

Period number . Grams of protein per gram of egg

1 0.39 0.33 0.32 0.47 0.41 0.36 0.55 0.52 0.38
2 0.48 0.38 0.38 0.60 0.47 0.44 0.66 0.60 0.49
3 0.48 0.37 0.32 0.55 0.47 0.40 0.60 0.53 0.52
4  0.41 0,36 0.33 0.49 0.43 0.42 1.05 0.43 0.45
5  0.47 0.35 0.33 0.48 '0.44 0.40 1.05 0.46 0.46
6 0.44 0.43 0.33 0.52 6.40 0.40 0.67 0.46 0.48
7 0.44 0,33 0.30 0.53 0.41 0.37 1 0.87  0.44  0.48
8 0.41 0.35 0.34 0.42 0.40 0.39 0.66 0.46 0.58
9  0.44 0.35 0.36 0.48 0.42 0.40 0.65 0.46 0.57
10 0.5l 0.38 0.36 0.58 0.41 0.47 0.66 0.38 0.46
11 0.54 0.42 0.37 0.73 0.44 0.44 0.72 0.48  0.47
12 0.79 0.42 0.40 0.63 0.43 0.43 1.00 0.45 0.78
13 0.97 0.48 0.43 0.87 0.45 0.6l 0.98 0.5 0.58

overalll 0.48 0.38° 0.35 0.54 0.43 0.42 0.73 0.48 0.51

loverall - based upon cumulative data for all periods.



TABLE XLV

ANALYSIS OF VARIANCE OF TEE PROTEIN EFFICIENCY DATA
BY PERIODS AND OVERALL, STUDY 1, TRIAL III

Period number 1 2 3 13 5 [ T 8 9 10 11 12 13 overall
Source of variation d.f.% Mean squares
Total a.f.% (96). (96) (97) '(96) (95) (93) (92) (B9) (B9) (8B) (8B6) -(86) (B5) (85)
Blocks 10 0.96 2.38 1.37 1.4 1.68 2.15 1,14 2.13 5.8 5.71 3.7 T.10 6.36 1.51
Energy: (E) (2)
Ep, (Linear) 1 saf* N 7.13* 8.6‘1Ht 10.95* 5.8?;* 11.3§* 0.59 1.26 5.85* 7.1.3"F 8.9‘7' 8.5’{* s.ot*
o ka3
E, (quadratic) 1 0.02 0.29 0.10 2.32" 1.85° o0.22 3.28% 0.98 2.10 2.47 2.78* 7.69 7.45% 12"
Protein: (P) (2) ' '
P ' 1 11.95 8.45% 11.08" 1505 12.38% 5.75 18.58* o0.13 7.78* 1.52 1.19 2.90" 0.65 6.55%
Py 1 0.77° 0.01 0.05 0.00 0.1% 0.03 0.00 0.91 0.19 0.91 0.11 1.95 0.18 0.0l
Energy-protein
interaction ()
£ d L3
Ep x Py 1 0.15 0.00 1.97 11..89 0.19 0.26 0.13 0,75 0.19. 0.06 0,00 0.98 0.78 0.02
By x P 1 0.21 0.10 0.08 0.20, 0.09 1.14 0.03 0.06 0.06 0.38 0,72 0.11 0.9 0.03
CEp x Py 1 0.19 o0.k0 0.00 3.55% 2.95° o.k2 0.85 0.78 0.17 0.09 0.06 0.61 0.01 0.13
Ey % PQ 1 0.69* 0.16 0.0 0.31 0:05 O.k1 1,08 0.8 1.17 0.53 0.09 1l.14% 0.5% 0.03
rror 0.15 0.18 0.10 0.1 0.20 0,52 0.37 0.70 0.6k 0.68 0.62 0.69 0.6 0.28
Error a.£.2 78 78 19 8 17 15 T 71 ‘71 T0 68 68 67 67

1 ) : o .
d.f. - the degrees of freedom for blocks and for treatment are the same for each period analysis and the overall

anelysis.

2Total d.f. and error d.f., - mortality may change the degrees of freedom from period to ﬁeriod. The total d.f. are

listed above the meen squares for each period and the error d.f. are listed below the mean squares for each period.

*Significant at the 5 percent level.

#5ignificant at the 1 percent level.
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TABLE XLVI

FACTORIAL DESIGN, STUDY 21, TRIAL III, THE EFFECTS OF PROTEIN AND
VITAMIN-MINERAL CONCENTRATE CONSUMPTION, WITH 250 CALORIES
OF METABOLIZABLE. ENERGY, UPON THE PERFORMANCE OF LAYERS

95

Desired :
daily Desired daily vitamin-mineral
protein ' concentrate consumption (gg;l
cons. (gm.) 0.215 . 0.640 1.065
13 13-0.215 13-0.640  ' 13-1.065
- (L)* (2) 3)
16 16-0.215 16-0. 640 ‘ 16-1.065
(10) (11) (12)
19 19-0.215 19-0. 640 19-1.065
: (21) (22) (23)

1Study 2 - All experimental diets in this study were calculated to
supply 250 Calories of metabolizable energy per hen per day.

*The numbers in parentheses represent the diet numbers.
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Study 2

Results

Livability of laying hens was high throughout Study 2. The highest
mortality occurredamong hens that Were‘fed Diets 3 and 23 (Table XLVII).
However, these same hens and diets were included in Study 1 (see experimen-
tal design, Table XXII). There was more mortality among these hens in Study
l than among thbse hens that were fed fhe other diets in this study. This
was taken to méan that treatment had no effect upon mortality in either
Study 1 or Study 2. Overall egg production in Study 2 varied from a low
of 51.1 percent to a high of 64.1 percent (Table XLVIII). There were no
significant effects of vitamin-mineral concentrate consumption upon egg
production. However, the linear protein effects upon egg production were
gignificant at the 1 percent level of probability in Periods 4, 5, 6, 12
and overall, but in Period 7 they ;ére significant only at the 5 percent
level (Table XLIX). Hens fed diets that contained 13 grams of protein pro-
Qgggd more eggs than hens fed 16 grams of protein,and hens fed 16 grams of
protein produggd more eggs than hens fed 19 grams of protein. Vitamin #
p;o;ein inperactioﬁs were significapt in some ofrtheﬂperiod analyses, but
these interactions were not significant in the overall analysis.

The average egg weight for all diets was 58.6 grams (Table L). There
were significant differences in egg weight for only three experimental per-
iods among hens that were fed the expérimental diets. Data in Table LI
show the analysis of variance of egg weight datg;jgrns;udy 2. 8ignificant
vitamin-linear x protein-quadratic interaction occurred ianPeriods 1, 3, 6,
8, and 9. jHowever, this interaction was not evident in the overall gnalysis°

Body-weight-change was not affected by the intake of dietary vitamin-



TABLE XLVII

NUMBER OF HENS PER TREATMENT AT THE END OF EACH

TWENTY-EIGHT-DAY PERIOD, STUDY 2, TRIAL III

97

23

Diet mumber 1 2 3 10 1L 12 21 22
Period number , Numbgr’of hgms
1 11 11 11 11 11 11 11 11 11
2 11 10 11 11 10 11 11 11 11
3 11 11 11 10 10 11 11 11 11
4 11 10 11 10 10 11 11 11 10
5 11 11 11 11 10 11 11 11 10
6 11 11 9 11 10 11 11 11 10
7 11 11 9 11 10 11 11 11 9
8 11 10 9 11 10 11 11 11 8
9 11 10 9 11 10 11 11 11 8
10 11 10 9 11 10 10 11 11 8
11 11 10 9 11 10 10 11 11 8
12 11 10 9 11 10 10 11 11 8
13 11 10 9 11 10 10 11 11 8
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TABLE XLVIII

AVERAGE EGG. PRODUCTION:-PER ‘HEN, BY PERIODS AND OVERALLl
STUDY 2, TRIAL B 5 R A

Diet mumber 1 2 310 1T 12 21 22 23
Period number Percent egg production
1 74.0 76.0 72.4 71.8 71.4 79.2 85.1 77.9 76.0
2 76.6 69.2 74.0 77.9 75.9 74.4 78.2 70.1 71.1
3 77.9 70.5 69.5 70.5 7l.4 75.3 71.6 3.7 76.0
4 64.3 59.1 63.6 58.4 52.1 66.9 30.5 41.9 29.9
5 66.2 56.5 55.2 63.6 54.3 69.2 18.8 51.9 36.1
6 66.6 59.7 S4.8 56.8 59.3 60.7 42.2 44.2 57.9
7 62.7 62,7 56.0 57.1 55.0 59.1 57,5 50.3 42.1
8 66.9 69.6 56.7 53.6 53.9 68.5 69.5 65.6 58.5
9 62.7 70.4 54.0 54.2 56.8 62.3 6l.4 65.6 57.1
10 47.7 60.0 48.0 61.7 47.1 52.1 51.6 53.6 58.0
11 50.0 58.2 45.6 57.1 50.4 44.3 33.8 49.0 51.8
12 57.5 57.9 30.2 43.2 46.3 48.6 24.0 41.9  36.6
13 54.5 62.5 21.0 32.1 30.7 35.0 33.8 38.0 38.8

Overalll 63.7 64,1 54.9 58.3 55.7 61.6 51.1 55.7 53.8

+

loverall - based upon cumulative data for all periods.



TABLE XLIX

* ANALYSIS OF VARIANCE OF EGG PRODUCTION DATA
BY PERJODS AND OVERALL, STUDY 2, TRIAL IIX

Period number 1 2 3 i 5 [ ki [3] 9 10 11 12 13  overall

Source of variation d.f.* Mean squares
Total d.f. (98) (37) (97) (97)  (96) (9%) (93) (91) (91) (90) (90) (90) (90) (90)

Blocks 10 175 2k2 159 319 162 313 157 185 169 266 687 367 235  1uko2

Vitamins: (V) (2)

vy (Linear) 1 2 25 4 9 26 7 45 1 (o] 1 0 8 80 193
Vo (Quadratic) 1 3 33 10 3 10 8 o o 38 ‘o 47 ? 102 103 glk
Protein: (P) (2)
P 1 38 o 13 108 715" 213" 123" o 1 3719 29&“ W 13677
P 113 8 5 207 1391% 37 " 0 3 1 16 23 116 2k2
Vitamin—protein
interaction (&)
Vpx Py 11 L 10 o 165" 11;6‘P 14 0 5 2 69 313° 252 4307
Vg x P 1015 4 1 o 0 0 10 5T 4 1210 26 56 202"  L3gh
vy, x By 1 35 1 e 12 127 10 2k 8 20 38 92 6 81 2kt '
VaxPy 1 13 ) 7 158 295 in 22 86 35 12 19 51 9 2062
Error 18 11 10 ko 38 26 29 19 19 28 25 39 4y 1331
Error d.f.2 8o 19 19 19 78 76 15 T3 73 72 ~ T2 T2 T2 ‘ T2
Ya.5. - the degrees of freedom for blocks and for treatments are the same for each period analysis and the overall
analysis.

2Total d.f. and error d.f. - mortality may change the degrees of freedom from period-to period. The total d.f. ere
listed ahove the meen squares for each period and the error 4.f. are listed below the mean squares for each perioed.

#5{gnificant at the 5 percent level.

##3ignificant at the 1 percent level.
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TABLE L

AVERAGE EGG WEIGHT BY PERIODS AND OVERALLI,

STUDY 2, TRIAL III

100

T

Diet number 2 3 10 11 12 21 -22 23
Period number __Egg weight in grams ‘ =
1 55.6 53.7 55.2 53.9 54.8 54.4 56.6  53.6  55.5
2 57.0 55.2 55,7 55.5 56.8 55.4 58.3 55.5 57.1
3 58.8 56.4 57.4 56.9 57.6 59.1 57.7 57.0 58.0
4 58.4 57.6 57.4 56,5 57.6 57.2 58.0 57.1 57.2
5 60.9 57.9 59.6 58.1 58.7 58.1 59.3 57.7 57.5
6 61.7 60.0 60.2 59.0 59.3 59.0 6l.5 58.2 59.6
7 61.7 59.6 58.3 58.9 59.9 59.3 60.0 59.0 58.8
8 61.6 59.3 59.5 59.7 59.5 60.2 61.3 59.4 59.1
9 6l.4 58.1 59.4 59.4 60.3 60.0 60.8 58.6 60.1
10 59.7 59.1 58.3 58.9 59.1 59.6 59.7 59.2 59.5
11 60.2 59.5 58.9 59.8 60.5 60.3 60.5 59.0 60.5
12 61.4 60.4  60.1 60.6 61.0 59.7 63.6 59.6 60.6
13 63.8 60.2 61.6 62.4 61.0 59.6 65.1 62.2 60.2
overalll  60.1 58.0 58.1 58.1 58.6 58.4 59.7 57.9 58.4

loverall - based upon cumulative data for all periods.



TABLE LI

ANALYSIS OF VARIANCE OF EGG WEIGHT DATA
BY PERIODS AND OVERALL, STUDY 2, TRIAL III

Pericd number ‘ 1 2 3 13 5 [ 7 ] 9 10 11 12 13 overall
Source of variation d.f.* Mean sguares
Total d.£.2 (98) (W’ (97)  (97)  (96) (%) (93) (91) (32) (90) (90) (50) (90} (%0)
Blocks 10 8 103 328 733 927 1209 1158 1129 642 1021 2007 453+ 3967 T1
Vitamine: (V) (2) - ‘
vy, (Linear) 1 1 1 7 n 2k N u1 T 127 7 118 71 33 6
Vo (quadratic) 1 22 11 1 39 5T et 2 68 5 8 39 572 9 8
Protein: (P) (2) |
129 1 1 16 o2 237" 138 2 35 1 250 13 769 62 1
By 1 12 9 48 28 - 1050 1 153 219 333 58 100 k8 171 b
Vitamin-protein . - .o . 4
interaction . (») : : : » - 7
' N x B 1 _' 1 ., 0 9 2 254 .0 11 98" 1 6 19 593 211;8* b
Vg x P 1 13 11 55 308° 1203 152 56 16 187 85 175 185 510 &
vy x By 1o m o2 139 m M3t 6L ob 639 29 566 18 858 20
Vq X By 17 15 32 6+ 190 167 o 1 ¥ 3 56 0 6 o
e 8 - 12 W 76 36T 150 125 118 8 8 205 kob - ksk 9
g 195 T9 79 8. 16 15 T3 T3 T2 T T 2 12

Error d.f.z

- d.f. - the degrees of freedom for blocks and for treatments are the same for each period analysis and the overall
analysis. . .

2Tota1 4.f, and error 4.f, - mortality may change the degrees of freedom from period to pericd. The total 4.7,
are listed above the mean squares for each period &o2 the error d.f. are listed below the mean squares for each period.

#Significant at the 5 percent level.

#%5ignificant at the 1 percent level.
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mineral concentrate (Table LII). The analyses of variance of body-weight-
change data (Table LiII) show that‘the linear effects of protein qpon‘body-
weight-change were sign&ficant for some period analyses gnd the overall an-
alysis. There were also several peridd'analyses that gave sigpificant mean
squares for the quadratic effects of pfotein.‘ However, these trends do not
always‘go in the same direction. In Period 2, hens fed 19 grams of protein
lost more weight than those fed 13 grams of protein; the opposité effect
occurréd in Period 8. Hens that were fed 16 grams of protein lost more
Weight in some periods than either of the other two groups, and in different
periods hens fed 16 grams of protein gained more than either of the other
groups. Thus, both the linear and quadratic effects were cancélled in the
overall analysis. These changes in effects were probably responsible for
the. significant vitamin-quadratic x protein-quadratic interaction that
occurred in Periods 4, 5, 7 and 9.

There were no significant effects of vitamin-mineral concentrate con-
sumption upon total feed consumption among hens fed the various experimental
diets (Tables LIV and LV). The linear effects of protein coﬁsumption upon
total feed’consgmpﬁion were significant at theﬂl.percen; level of probabili;y.
Hens that consumed the most protgin.tended to consume the most feed. lAs die=
tary protein was increased, total feed*consumptibn increaéed. However, this
was a function of the experimental design, becau#e as dietary p;qtein was
increased, total weight of the experimental diets increased. This same
trend is shown in the average volume of feed consumption per hem (Table LVI).

The average daily consumption of vitamin»mineral concentrate per hen
(Iable LVII) was generally higher than the desired intake level. Neverthe~
less the primary objective of the nutrient-inﬁake-coﬁtrol technique was ré;f

lized because there were three distinct intake levels. The linear effects



TABLE LII

AVERAGE BODY WEIGHT-GAiN OR LOSS BY PERIODS

AND OVERALL!, STUDY 2, TRIAL III.

103

12 _

Diet mumber 1 2 3 d0 i1 2127 33
Period number Grams bedy weight gain or loss :

1 - 80 -110 -108 -105 -72 - 90 -~ 9 - 58 - 85
2 +25 +10 +20 +24 +18 +15 =~ 48 + 15 = 43
3 ~ 47 -6l -45 -71 =70 -39 <-75 -8 - 86
4 - 57 128 - 92 -48 74 - 5 -85 -66 -l42
5 +55 +83 479 + 8 463 -36 +69 - 5 442
6 -8 -62 -9 ~-76 -92 -8 -62 =-85 -78
P +53 +21 +58 +80 -26 +51 +60 +131 + 3
¥ = 3 427 +18 + 2 +103 +35 -25 -29 - 30
9 ~73 -6l -22 -16 -55 -8 -5 - 78 + 28
10 + 26 0 + 6 -1 - 7 -14 -18 +10 _+,$é
11 +67 +8 +62 +53 +63 +103 +45 +4%9 +16
12 +10 +14 +21 -5 +10 -52 +18 + 6 - 19
13 - 44 -25 -38 +70 + 5 +23 +33 +29 - 25
1 -2067  -157 ;;42' 189 -230 <169  -449

Overall

=155

=140

Yoverall - based upon cumulative data for all periods.



TABLE LIII

ANALYSIS OF VARIANCE OF BODY WEIGHT GAIN OR LOSS DATA
BY PERIODS AND OVERALL, STUDY 2, TRIAL III

' Pe!:iod number 1 z 3 T 5 3 7 B ) 10 1112 13 overall
Souree of variation d.f." Mean squares & 100
Total a.7.% (98) (97) (97) (97 (96) (9} (93) (s1) (91) (90) (90} (90) (90) (90)
Blocks 10 758 751 ko2 646 1315 1418 509 L3179 1005 919 598 k39 15
Vitemins: (V) (2)
vy {Iinear) 1 1 1 N 50 K W 105 8o 29 8 10 9 129 1
v, (Quadratic) 1 37 43 ko L5 20 1 10 176" 130 0 6 154 0 3
Protein: (P) (2)
P 1 78 305 1757 1 228 6 103 218° 18 5 150 2k sy 1u*
Py 1 o 13 20 6f w2* 1 70 53 9 65 31 354 k2Tt 3
Vitamin-protein
interaction
VL x Py 1 313 13 73 L 69 20 22 18 Lk S& 9 1
vQ x P 1 ' 78 29 o 10 38 6L 11 76 o] 22 65 108 63 0.
vy x By 1 3 95 12 1 69 9 515 138 146 L s3 73 8 1
Vg x Bg 1 38 109 24 6Bt 613 10 & &1 ess o 11 it 30 2
En;f 6 31 13 ™ 62 € 69 39 L2 43- 63 9k B9 2
¥iror d.f.% ‘ 8o 79 19 19 8 76 15 73A _ 73 T2 T2 - T2 T2 T2

1 .
4.f. - the degrees of freedom for blocks ard for treatments are the same for each period analysis and the overall
analysis. ‘

~2Total d.f. and error d.f. - mortality may change the degrees of freedom from period to period. The total &.f. are
listed above the mean squares for each period and the error d.f. are listed below the mean squares for each period.

#5ignificant at the 5 percent level.

*e5ignificant at the 1 percent level.
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TABLE LIV

AVERAGE DAILY FEED CONSUMPTION PER HEN, BY PERIODS
AND OVERALL!, STUDY 2, TRIAL III

Diet mumber 1 2 3 10 11 12 21 32 23
Peripd number Total grams of diet o
1 126.8 109.8 125.0 128.7 133.1 135.6 139.1 132.5 131.1
Y2 155.9 157.2 162.5 154.4 168.6 170.1 167.6 171.8 164.4
3 158.7 151.9 .159,8 157.1 157.4 167.4 168.9 175.1 161.9
4 160.5 139.7 152.3 147.6 154.2 157.7 142.3 143.9 120.0
5 155.7 149.1 156.2 158.8 160.6 164.4 153.4 163.5 157.3
6 155.9 145.4 147.2 147.7 153,5 158.2 176.8 156.9 166.0
7 153.3 145.5 147.1 154.7 153.0 158.7 168.6 164.7 154.9
8 139.0 143.2 141.9 142.8 140.4 147.2 147.5 151.0 165.1
9 143.2 149.7 143.0 147.7 142.9 152.3 165.5 165.0 160.5
10 146.9 147.2 146.6 153.6 143.0 153.7 157.9 156.2 164.2
11 142.7 153.6 148.7 165.7 155.5 164.6 154.7 170.1 162.8
12 154.9 156.4 145.2 154.2 160.1 155.0 156.3 172.0 159.9
13 157.8 161.1 128.6 153.0 157.1 154.4 166.9 175.3 164.5

overalll 150.1 146.7 146.8 151.2 152.1 156.9 158.9 161.4 156.1

10vera11 « based upon cumulative data for all periods.



TABLE LV

ANALYSIS OF VARIANCE OF DAILY FEED CONSUMPTION DATA
BY PERIODS AND OVERALL, STUDY 2, TRIAL III

| §§$ZZ 2;!“::.:151;1011 d.f.l : 2 3 . 2 MeanGSquareZ - — 2 22 A 2 23 everaid
Total 4.£.2 (98) (97) (97} (97) (96) (9&) (93) (91) (91) (%0) (§0) (90) (90) (50)
Blocks 10 3915 3806 2901 3767 5450 6773 3992 7487 563 2953 5846 T143 T30L 2066
Vitamne: (V)  (2) o
vy (Lineer) 1 13 665 3% 235 194 12 362 1105 ) 2k 288 53 1266 .11
vQ (Quadratic) 1 761+> 266 25 138 1 997 87 210 ‘ 8 465 253 1850 2112 7
Protein: (P)"~ (2) B
P 1 3ud* ‘ ws1 234" 2551 351 u6eB® 33Tt 2578” seah 226" 3035" 1719 5368° 1855‘"f
By 1 567 37 124 1563 574 549 3 skl 10kT - 166 951 37 32 27 |
Vitamin-protein
interaction (&)
vy x Py 1 103 264 179 T1 W 5 .89 552 5 79 12 oo 1670 50
Vg x PL 1 ours 33 93 1701 238 U5 26 179 619  3WT 7155 L L5 Lt
SV x By 1 229 370 o 24 88 294" 151 6l 28 58 1003 11 530 37
Vo X By 1 "306 362 1861 272 535 619 696 193 161 1 29T 230 W4 163
T TErrer : 287 ko s521 752 385 bk 370 382 318 k53 31 k1L sTL . 152
Error d.f.2 g 79 T9. 19 T 76 15 13 13 T2 120 T2 12 T2

ld.f. - the degrees of freedom for blocks and for treatments are the same for each pericd analysis and the overall
analysis. L

2Tota1 d.f. end error d.f. - mortality may change the degrees of freedom from period to period. The totel d.f.
are 1isted above the mean squares for each period end the error d.f. are listed below the mean squares for each period.

#Significant at the 5 percent level.

w#Significant at the 1 perecent level.
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TABLE LVI

AVERAGE DAILY VOLUME OF FEED CONSUMPTION PER HEN,

BY PERIODS AND OVERALL!, STUDY 2, TRIAL III

107

1

Diet number 2 -3 10 11 12 21 22 23
Period number - " Milliliters of feed actually consumed )
1 304 263 30d 309 319 325 320 305 302
2 390 393 406 386 421 425 436 447 427
3 397 380 399 393 394 419 439 455 421
4 481 419 457 443 462 473 441 446 400
5 467 447 469 476 482 493 476 507 488
6 468 436 442 443 461 475 548 486 515
7 460 436 441 464 459 476 523 510 480
8 417 430 426 428 421 442 457 468 512
9 430 449 429 443 429 457 513 411 498
10 441 442 440 461 429 461 489 484 509
11 428 461 446 497 466 494 480 527 505
12 465 469 436 462 480 465 485 533 496
.,13 473 483 386 459 471 463 517 343 510
overaltl 432 422 420 436 437 451 471 479 460

loverall - based upon cumulative data for all periods.
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TABLE LVII

AVERAGE DAILY CONSUMPTION OF VITAMIN-MINERAL CONCENTRATE
PER HEN, BY PERIODS AND OVERALLL, sTuDY 2, TRIAL III

Diet number 1. 10 21 2 il 22 3 12 23
Desired cons. {gm.) 9.215 0.640 . 1.065
Period number Grams of vitamin-mineral concentrate actually consumed
1 0.364 0.365 0.39% 0.944‘ 1.135 1.123 1.794 1.927 1.850
2 0.435 0.423 0.436 1.319 1.386 1.341 2.273 2.330 2.140
3 0.443 0.431 0.439 1.275 1.294 1.368 2,235 2.293 2.108
4 0.260 0.232 0,216 0.673 0,647 0.649 1.223 1,238 0.969
5 0.252 0.249 0.233 0.719 0.674 0.738 1.254 1.291 1.181
6 0.253 0.232 0.269 0.701 0.645 0.707 1.182 1.242 1.247
7 0‘248 Q,243 0f256 0.701 0.643 0.743 1.182 1.246 1.163
8 0.225 0.224 0.224 0.690 0.590 0.681 1.139 1.156 1.240
9 0.232 0.232 0252 0.722 0.600 0.744 1.148 1.196 1.206
10 0.238 0.241 0.240 0.710 0,601  0.704 1.177 1.206 1.233
11 0,231 0 260 0.235 0.740 0.653 0.767 1.194 1.292 1.222
12 0.251 0.242 0.238 0.754 0.673 0.776 1.166 1.217 1.201
13 0.256 0.240 0.254 0.776 o,éeo 0.790 1,033 1.212 1,235

overalll 0.284 0.278 0.283 0.829 0.786 0.856 1.414 1.456 1.415

1Overall - based upon cumulative data for all periods.
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of vitamin-mineral concentrate consumption upon the efficiency of utiliza-
tion of vitamin-minergl concentrate were highly significant (Tables;LVIII
and LIX). The quadratic effects of vitamin-mineral concentrate consumption
upon the efficiency of utilization of vitamins and minerals were also high-
iy significant (P>0.0l). Efficiency of utilization of vitamin-mineral con-
centrate improved as dietary concentrate was decreased, but not in a straight
line.. The efficiency of utilization of 0.215 grams of concentrate was

three times better than the utilization of 0.640 grams, while 0.640 grams

was utilized only two times-more efficiently than 1.065 grams.

Dietary protein also influenced the utilization of vitamin~mineral
concenirate. As dietary protein was decreased, the efficienﬁy of utiliza~
tion of vitamin-mineral concentrate improved. This was significant at
the 1 percent level of probability. Vitamin-linear x protein-linear inter-
actions were also highly significant. The effect of protein upon the effi-
ciency of vitamin-mineral utilization decreased as dietary vitamin-mineral
concentrate increased.

Data on the average daily consumption of protein per hen for Study 2
are given‘in Table LX. The three protein intake levels were apprgximately
15, 19 and 23 grams per day. The efficiency of utilization of protein
(Table LXI) was a linear function of protein intake (P>0.01, Table LXII).
Vitamin-linear x protein~linear interaction effects were significant at
the 1 percent level of probability. This can be explained by the fact that
protein efficiency acted in opposite directions in the 13- and 19-gram-
protein diets. With the l13~gram-protein diets, protein efficiency im -
proved as the dietary vitamin-mineral concentrate was decreased; but with
the 19-gram-protein diets, protein efficiency improved as the dietary

vitamin-mineral concentrate was increased.
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TABLE LVIII

EFFICIENCY OF UTILIZATION OF VITAMIN-MINERAL CONCENTRATE
BY PERIODS AND OVERALLI,-STUDY 2, TRIAL III

Diet number 1 7 3 10 - i1 12 71 292 33

Period number ‘ Grams of concentrate per gram of egg
1 ¢.009 0.023 00045 0.010 0.029 0.045 0.008 0.027 0.044
2 0.010 0.035 0.045 6.010 0.032" 0,057 0.010 0.034 0.053
3 0.010 0.033 0.057 0.011 0.031 0.052 0.010 0.033 0.048
4 ~ 0.607 0.020 0.033 0.007 0.022 0©0.032 0.012 00027 0.056
S 0.006 0.022 0.038 0.007 0.021 0.032 0.021 0.025 0.057
6 | 0.006 0.020 0.036 0.007 0.018 0.035 0.010 0.028 0.036
7 0.006 0.019 0.036 v0¢007v 0.019 0.036 0.071 0.025 0.048
8 0.005 0.017 0.034 0,007 0.018 0.028 0.005 '0{017 0,036
9 0.006 0.018 0.036 0.007 0.018 0.032 0.007 0.019 0.035
10 0.008 0.020 0.043 0.007 0.022 0.039 0.008 0.022 0.036
11 0.008 0.021 0.044 0,008 0.021 0.048 0.012 0.027 0.039
12 0.007 0.022 0.064 0.009 0.025 0.042 0.016 0.032 0.055
13 0.007 0.021 0.080 0.012 ©.035 0.058 0.012 0.033 0.053

Overalll 0.007 0.0622 0©.044 0,008 0,024 0.040 0.009 0.027 "0.045

10verall = based upon cumulative data for all periods.



- are listed above the mean squares for each pericd

TABLE LIX

ANALYSIS OF VARIANCE OF THE VITAMIN-MINERAL CONCENTRATE EFFICIENCY DATA
BY FERIODS AND OVERALL, STUDY 2, TRIAL IIX )

Period number L 1 2 3 4 5 [) T 3] 9 1O 11 12 13 overall

Source of variation d.f.” Mean squares + 100

Total a.£.2 (98) (97) (97) (97) (96) (94) (93) (91) (91) (%0)  (90) (30} (%0) (90)
Blocks 10 1 60 21 82 Ny Lh 36 106 76 70 100 A 54 6
Vitamins: (V) (2) A '

. . S
vy, (I4mear) 1105 1360° 1n05¢ 1438° 1303 1715 2180 3065F 2173 160k 1255° 1055 1132 1486

vy (Quagretic) 1 195 25k 1560 208 168 auz 280 387 ¥ a5 18 o3 e e

Protein: (P) »
P 1 o 1 o 188 unF 1Y 2 2 2 S 1w w8
o 16 0 2 % 9% 9 o T 1 2 2 2 m 0
Intersction ()
Vp x B 1 2 2 1 & bt 15t s 5 8 2 u* g e 18
Vg x Py, 1 2 1 . o 5 18 14 3 5 7 13 o 6 1
v, x By 16 ) 6 32wl 2 5 1s8° 20 25 39" 3 35 )
Vg x Py 1 0 ] 8 27 1 1 15 5 6 1 13 12 1
“Error 2 7 2 = 9 7 5 m 8 & 8 12 1z 1
Eeror 4.£.2 g 79 T9 9 8 % B T3 T3 T2 T2 T2 T2 T2

*.d.f. - the degrees ;f freedom for blocks and for treatmemts are the same for each period aralysis amd the overasll

analysis.

and error d.f. - mortality mey chemge the degrees of freedom from pericd to pericd.  The total d.f.

2Total_d.f. and the error d.f. are listed below the mean gquares for eack period.

- #S1egmificant at the 5 percent level.

#%Sigmificent at the 1 percen:c level.
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TABLE LX

AVERAGE DAILY CONSUMPTION OF PROTEIN PER HEN,
BY PERIODS AND OVERALLl, STUDY 2, TRIAL III

112

Diet number 1 2 3 10 11

12 21 22 23
Desired cons. (gm.) 13 - 16 19
Period number Grams of protein actually consumed
i 15.72 13.61 15.50 19.30 19.96 20.34 24,75 23.59 23.34
2 18.86 19.02 19.66 22.39 24.44 24.66 27.48 28.17 26.95
3 19.20 18.39 19.33 22.79 22.83 24.27 27.70 28.72 26,55
4 15.72 13.69 14.93 17.42 18.19 18.61 19.78 20.00 17.93
5 15;26 14.61 15.30 18.74 18.95 19.40 21.33 22.73 21.87
6 15.28 14.25 14.43 17.43 18.11 18.67 24,57 21.80 23.07
7 15.02 14.25 14.42 18.25 18.06 18.73 23.44 22.89 21.53
8 13.62 14.04 13.90 16.85 16,57 17.37 20.51 20.99 22595
9 14.04 14.67 14.01 17.42 16.87 17.97 23.00 22,93 22.31
10 14.40 14.43 14.37 18;13 16.88 18.13 21.95 21;71 22,82
11 13.99 15.05 14.58 19.56 18.34 19.43 21.51 23.65 22.62
12 15.18 15.33 14.23 18.19 18.90 18;29 21.73 23.91 22.22
13 15.47 15?79 12.60 18.05 18.54 18.21 23.19 24.36 22.87
| 97 19.58 23.15 23.50

Overalll 15.52 15.18 15.31 18.81 18.

22.91

1Qverall - based upon cumulativé data

for all periods.



E¥FFICIENCY OF UTILIZATION OF PROTEIN BY PERIODS

TABLE LXI

~ . AND OVERALLI, STUDY 2, TRIAL III

113

10

Diet number 1 2 3 11 12 21 22 23
Period number Grams of protein per gram of egge ‘
1 0.38 0.33 0.39 0.50 0.51 o.ai 0.51 0.57 0.55
2 0.43 0.50 0.48 0,52 0.57 0.60 0.60 0.72 0.66
3 0.42  0.46 0.48 0.57 0.55 0.55 0.62 0.68 0.60
4 0.42 0.40 0.41 0.53 0,61 0.49 1.12 0.84 1.05
5 0.38 0.45 0.47 0,51 0.60 0.48 1.91 0.76 1.05
6 0.37 0.40 0.44 0.52 0.52 0.52 0.95 0.85 0.67
7 0.39 0.38 0.44 0,54 0.55 0.53 0.68 0.77 0.87
8 .33 0.34 0.41 0.53 0,52 0.42 0.48 0.5 0.66
0 0.36 0.36 0.44 0.5 0.49 0.48 0.62 0.60 0.65
10 0.51 0.4l 0.51 0.50 0.6l 0.58 0.71 0.68 0.66
1 0.46 0.43 0.5 0.57 0.60 0,73 1.05 0.82 0.72
12 0.43  0.44 0.79 0.70 0.70 0©.63 1.42 0,96 1.00
13 0.44 0.42 0.97 0.9 0.99 0.87 1.05 1.03  0.98
overalll 0.41 0,45 0.56 0.58 0.54 0.76 0.73

0.41

0.73

10€era11 - based upon cumulative data for all periods.



ANALYSIS OF VARIARCE OF THE PROTEIN EFFICIENCY DATA

TABLE LXTI

BY PERIODS AND OVERALL, STUDY 2, TRIAL IIT

g%iii glgnsziiation I = 2 2 - > Meanbsquarez J 2 =2 = = 13 evereil
Total d.r.zr (98) (97) (97) (97) (96) (98) (93) (s1) (91} (90} (%0) (90) (90) - (%0)
Blocks 10 0.66 3.7h 2,54 4.0l 1.kl 3.26 1.9% 3.68 1.78 2.85 k.23 3.5k 229 0.7
Vitamins: (V) (2)
vy, (Limear) 1 0.03 2.10 0.05 0.22 -0.00 0.00 0.67 0.39 0.00 0.00 0.01 0.48 2.30" 0.09
vy (Quadratic) 1 0.07 1..25 0.00 0©0.12 0.02 0.03 0.01 0.2 0.31 0.02 0.32 0.67 1.16 0.01
Protein: (P) (2) _
P, 1 13.08 .6 6.97" 3442 31,85 24.20" 20.65 13.35 14.90 5_.53'13.14; 1855 12.85" 15.23"
Py 1 1.28" 0.06 0.27 0.67 2.35° 0.06 0.06 1.8 0.67 0.00 0.00 0.00 2.4 0.08
Interaction T (4)
vy x P 1 0.05 0.38 0.39 0.0 2.7 218" 0.00 0.00 0.40 0.03 0.87 473 513" ous”
Vg x Py 1 0.95 0.35 0.01 0.00 0.10 0.0 0.00 0.5 0.1k 1.33 0.12 0.82 3.09" 0.2k
v, x Py 1 0.22 E).oo 0.43 0.08 0.66 0.18 0.31 3.7§"E 0.85 0.42 0.47 0.52 1.97 0.09
Vo x By 1 0.00 0.00 0.00 I.kh 2,95% 0,02 0.13 3.79% 0.32 0.22 048 0.6k - 0.13 0.06
Error 0.19 ©0.51 0.17 0.3 046 0.3% 0.35 0.39 0.2T 0.43 0.39 0.51 0.51 0.07
Eeror d.£.2 & T9 T T B 6. T5 T T3 T2 T2 B T2 T

1d.f. = the degrees of freedom for bloci;n' and for treatmemt are the same for esch period amalysis amd the overall

enalysis.

2‘I‘otal d.f. apd error d.f, ~ norfality mhy_ change the degrees of freedom from period to period. The total 2.7,

are listed above the mean squares for each period and the error d.f. are listed Lelow the mear squeres for eech period.

*#Significsnat et the 5 percemt level.

*#xSigmificant at the 1 percenmt level.
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TABLE LXIIIL

FACTCRIAL DESIGN, STUDY 31s TRIAL III, THE EFFECTS OF PROTEIN AND VITAMIN-
MINERAL CONCENTRATE CONSUMPTION, WITH 300 CALORIES OF METABOLIZABLE
ENERGY, UPON THE PERFORMANCE OF LAYERS

Dezired
daily Desired daily vitamine-mineral
‘protein ‘ concentrate consumption {gm.)
cons. (gm.) 0.640 1,065 1.490
13 13-0.640 13-1.065 13-1,490
(4)% &) (6)
16 16-0.640 16-1.065 16-1.490
(14) (15) (16)
19 19—0,640 19-1.065 19-1.490
(24) (25) (26)

1Study 3 - All experimental diets in this study were calculated to
supply 300 Calories of metabolizable energy per hen per day.

*The numbers in parentheses represaent the diet numbers.
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Study 3

Results

There were no noticeable differences in hen livability among the ex-
perimental diets (Table LXIV). The 300-Calorie diets fed in this study
were all nutritionally adequate for the hens to maintain good egg production
for the twelve-month experimental period (Table LXV). There were no signi-
ficant m;in effects of either protein or vitamin-mineral concentrate intake
upon egg production (Table LXVI). Hens that were fed diets that contained
13 grams of protein maintained the highest egg production when the protein
was conbined with 1.490 grams of vitamin-mineral concentrate. The highest
egg production occurred on the 1l6-gram-protein diets that contained 0.640
grams of vitamin-mineral concentrate. Hens fed 19 grams of protein pro-
duced more eggs on 1.065 grams of vitamin-mineral concentrate. These inter-
actions, pluz the fact that slightly more eggs were produced on the diets
that contained 13 and 19 grams of protein than on the l6-gram diets, pro-
bably account for the significant vitamin-linear x protein-quadratic inter-
action_that occurred in Periods 5, 7 and overall.

Slightly heavier eggs were produced with each increase in dietary pro-
tein (Table LXVII). Eggs were approximately one gram heavier from hens
that were fed 16 grams of protéin than from hens fed 13 grams. Likewisze,
eggs from the hens fed 19 grams of protein were approximately one gram
heavier than those fed 16 grams. Table LXVIII shows that the linear effect
of dietary protein upon egg weight was significant at the 1 percent level
of probability. It should be noted that most of this effect was established
during the first 4 experimental periods. There were no significant effects
of dietary vitamin-mineral concentrate upon egg weight.

Overall differences in body weight change of hens among the experimental



NUMBER OF HENS PER TREATMENT AT THE END OF EACH
TWENTY-EIGHT-DAY PERIOD, STUDY 3, TRIAL III

TABLE LXIV
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Diet number 4 5 5 14 15 16 24 25 26
Period number Number of hens

1 11 11 11 11 11 11 11 16 11

2 10 10 11 11 11 11 11 11 11

3 10 11 11 10 11 11 11 11 10

4 10 11 11 10 11 11 11 10 10

5 10 11 10 10 11 11 11 10 10

6 10 11 10 10 11 11 11 10 10

7 10 11 10 10 11 11 11 10 10

8 10 10 10 10 11 11 11 10 10

9 10 10 10 9 11 11 11 10 10

10 10 10 10 9 11 11 11 10 10

11 10 10 10 9 10 11 11 9 10

12 9 10 10 8 10 11 11 9 8

13 9 10 8 10 11 ‘11 9 3

10




AVERAGE EGG PRODUCTION PER HEN, BY PERIODS

TABLE LXV

AND OVERALL!, STUDY 3, TRIAL III
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Diet number 4 ) 6 14 15 16 24 25 26
Period number Percent egg production
1 17:9, " 119, 182 | 47:3° 78:2 ' 1&.7 - 19.8. 16.0 , 84.4
2 72.4 74,0 78.6 78.6 75.6 64.3 76.3 76.9 80.8
3 75.0 80,2 79.2 76.4 72,7 68.2 76.0 78.6 /5.4
s 70.0  71.8 74 - 72,3 1.4 679 L. 16ERC - 1S
5 71.8 75.0 73.9 75.7 67.5 65.6 68.5 74.6 76.4
6 69.6 61,7 73.6 69.6 60.4 61.0 66,2  67.5 71.8
7 72,1 168.5 J2.1 7138  &&3 357.5 666 72.5 173.9
8 66.1 64,3 68.6 67.1 64.3 55.2 64.9 69.3 70.0
9 67.1 62.5 66.4 64.7 65.3 60.4 63.0 66.1 70.4
10 61.8 |58.2 63.9 61.9 66.6 53.2 58,4 78.6 68.2
11 52.5 53.9 63.2 68.3 64.3 46.4 58.8 63.5 62.5
12 36,0 55,4 62,5 62.3- 64.6 51.6 50.3 67.1 " 54.3
13 55.0 49.3 60.0 55.8 64.6 46.1 48.4 55.6 57.6
Overall1 66.9 66.0 70.6 70.1 6?.3 59.4 64.2 70.6 71.4

loverall - based upon cumulative data for all periods.



TABLE IXVI

ANALYSIS OF VARIANCE OF EGG PRODUCTION DATA
BY PERIODS AND OVERALL, STUDY 3, TRIAL IIX

Period nunber 1 2 3 L 5 © T 8 9 10 11 12 13 Overall

Source of variation @&.f.* Mean squares
Total d.f.2 (98) (98) -(95) (94) (93) (93) (93) (92) (s1) (s51) (B9) (8B) (86) (86)
Blocks 10 215 218 12k 83 125 194k 151 B4 459 2u6 g6 183 16k 11233
Vitamins: (V) (2)
VL (Linear) 1 1 1 3 " 0 o] 11 3 o] 1 8 0 2 18
Vo (Quedratic) 1 2 ) 7 3 1 | 1 1 o 22 7 60. 15 181
Protein: {P) (2)
P 1 I b | 3 11 0 o .o 2 1 20 29 1 1 411
7, 1 8 23 us" 13 28 39 J 6" 16 9 1 o) s 1 2374
Vitamin-protein
interation (&)
VX P 1 b 1 " 1 7 ) 12 2 1w 13 .8 ) b 221
VuxPp 1 0o 6 1 3 b3 b1 12 b9 35 115 1731
vwxB, 1 o M =2 25 55" si oo W 9 b 137 9 35 830
Vo Xy 1 28 €8 5 6 8 1 16 22 8 17 90 o b9 36
Error 13 20 9 8 9 19 15 18 17 15 22 31 30 1203
prror d.£2 g0 8 T 76 _5 5 15 T T3~ T3 T 10 € 68

.ld.f. - the degrees of freedom for blocks and for tresiments sre the same for each period analysis aud the overall
‘analysis. ’ ’

2motal d4.f. and error 4.f. - mortelity may change the degrees of freedcm from period to period. The total d4.f. are
listed above the mean squeres for each period and the error 4.f. are listed below the mean squares for each period.

#5ignificant at the 5 percent level.

*'Significant_ at the 1 percent level.

611
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\
TABLE LXVII

AVERAGE EGG WEIGHT BY PERIODS AND OVERALL!,
STUDY 3, TRIAL III

Diet number 4 5 6 14 15 16 24 25 26
Period number Ege weight‘in grams
| 1 51.7 52.8 52.1 54.1 53.2 54.7 54.7 56.3 55.2
2 54.0 55.1 52.5 55.5 54.7 56.3 56,9 57.1 56.0
3 56.5 55.3 55.0 57.2 56.3 58.1 58.4 58.6 59.2
4 56.2 56.9 54.9 58.7 57.5 59.0 58.7 538.9 58.1
5 58.1 58.1 58.5 :59.2 58.4 59.6 59.6 59.5 59.8
6 59.1 57.8 57.9 59.9 58.9 60.5 59.9 60.8 60.4
7 59.0 59.3 58.5 59.8 59.2 60.0 60.7 61.0 61.8
8 58.3 58.7 58.6 60.0 59.0 60.9 60.1 59.0 61.2
9 59.1 59.7 58.5 59.9 59.1 6l.1 60.7 60;9 60.5
10 59.0 55.9 58.6 59.9 58.7 60.7 60.5 63.8 59.1
11 59.8 60.9 59.6 6l.4 60.1 61.6 61.0 6l.1 61.8
12 61.0 61.7 60.5 61.9 61.3 63.5 61.3 62.1 62.3
13 62.5 61.8 61.3 62.0 61.8 63.4 62.0 62.4 62.8

oOveralll 57.7 57.9 57.1 58.9 58.1 59.7 59.3 59.7 59.5

loverall - based upon cumulative data for all periods.



TABLE IXVIII

ANALYSIS OF VARIANCE OF EGG WEIGHT DATA,
BY PERIODS AND OVERALL, STUDY 3, TRIAL III

Period number L1 2 3 5 5 [3 7 8 9 10 11 12 13~ Overall
Source of varietion d.f.* Meen squeres
Total 4.£.° (98) (98) (95) (9%) (93) (93) (93) (92) (91) (91) (B9) (8B) (86) (86)
Rlocks 10 52 428 131 89 T2.  L69 427 80 3165 200 63 1058 12383 36
Vitamine: (V) (2) . '
v, (Linear) 1 6 12 o 9 1 o 48 1 0 1 o ok 2 0
LA (Quadretic) 1 1 36 6 0 2 155 15 10 0 1 0 3 163 0
Protein: (P) (2)
Py 1 s o el o m 200" T 3@ s 24 23 11 36 30°
Py 1 1 16 o 15 ) 22 15 8 6160 3 2 60 T2 10
Vitemin-protein
interaction (%)
Vg x Py 1 18 6 1 1 5 L 0 0 7 0 349 126 0
Vo x P, 1 13 92 L2 16 o] 86 8 13 8 16 11 8i 252 1
vy x By 1 2 2 ] 1 ! 7 36 2 8 o 0 53 Tk 0
Vg % By 1 5 7 2 5 ] ¥% 105 1 9 24 1 152 151 2
trren 5 39 1 8 -9 L8 48 1% 101 17 11 195 201 7
“Error a.f.2 o B8 77T T 15 75 15 T+ 13 73 71 70 68 68

. la.z. - the degrees of freedom for blocks erd for treatments are the same for each period analysis and the overall
analysis.

2potal d.f. end error &.f. - mortality may change. the degrees of freedom from period to period. The total 4.f. are
listed sbove the mean squares for each period and the error 4.f. are listed below the mesn squares for each period.

*Significant at the 5 percent level.

*#Significant at the 1 percent level,

121



122

diets were not significant (Tables LXIX and LXX). However, the linear pro-
tein effects upon body weight were significant in 5 of the experimental per-
iods. As in Study 2, these effects do not all go in the same direction.
Hens fed 19 grams of protein gained the most weight in Period 1; these same
hens lost the most weight in Period 4. There were many other examples of

a reversal of bedy weight change from period to period. These reversals
account for the statistically significant vitamin x protein interactions of
one type or another that occurred in 7 of :che period analyses.

As the level of dietary protein was increased, there was a linear in-
crease in feed consumption (Table LXXI). A possible reason for this was
explained under the results of Study 2. Hens that were fed 16 grams of pro-
tein during Periods 6, 7, 8 and 10 consumed significantly less feed than
those fed either 13 or 19 grams of protein. This quadratic effect of die-
tary protein upon feed consumption was significant at the 5 percent level
of probability (Tablé LXXII). In this study, slightly over 300 milliliters
of feed were consumed ﬁer hen per day (Table LXXIII).

Average daily consumption of vitamin-mineral concentrate per hen for
Study 3 is given in Table LXXIV. The grams of concentrate actually con-
sumed were slightly higher than desired for each of the three intake levels.
Efficiency of utilization of the vitamin-mineral concentrate is shown in
Table LXXV. Both linear and quadratic effects of dietary vitamin-mineral
concentrate upon the efficiency of utilization of vitamin-mineral concentrate
were highly significant (Table LXXVI). As dietary vitamin-mineral concentrate
was increased, the efficiency with which it was utilized decreased. Again,
as in Study 2, the efficiency of utilization of vitamin-mineral concentrate
decreased faster with the first increase in dietary concentrate than with

the second increase, The quadratic effect of protein upon vitamin and min-



TABLE LXIX

AVERAGE BODY WEIGHT GAIN OR LOSS BY PERIODS
AND OVERALL!, STUDY 3, TRIAL III

123

Diet number 4 5 6 14 15 16 24 25 26
Period number Grams body.weight gain or loss '
1 1103 =25 -85 .22 <62 -43 419 +74 +28
2 +118  +35 + 6l + 78 4120 +76 +60 + 25 + 65
3 =34 + 2 +41 - 9 +30 +15 - 5 0 - 50
4 +31 - 4 -49 -25 + 3 -19 -40 -57 -3l
5 +37 +35 +26 +56 +26 +35 +18 +99 +102
6 ~13 =11 -36 + 5 -21 -40 - 6 - 68 - 19
7 + 4 =52 +42 - 6 - 9 -72 -20 - 4 -1
8 +6l +62 -52 +38 -39 +9 +33 4161 + 63
9 - 16 -28 +22 + & 4107 + 9 - 9 -110 - 8
10 +33 +28 +34 +61 +43 +38 +34 +18 + 46
11 - 15 +24 ~-20 +27 +29 +16 + 38 +23 + 26
12 =31 - 3 - 1 =-43 -39 -65 =57 =«43 -131
13 +19 +25 - 7 +31 +17 + 14 0 -23 +19
overalll  +83 +79 - 26 4202 4209 +38 + 63 +110 +14l

lOverall - based

upon cumulative data for all periods.



TABLE IXX

ANALYSIS OF VARIANCE OF BODY WEIGHT GAIN OR LOSS
BY PERIODS AND OVERALL, STUDY 3, TRIAL III

Period number 1 2 3 ] I} 5 6 7 8 9 10 11 12 13 Qverall

Source of variation d,f.l i Mean squares : 100
Total a.f.2 (98) (98) (95) (9%) (93} (93} {93) (92) (91} (91} (B9) (88) (BE) (86}
Blocks 10 2235 1530 620 287 109 006 532 1408 347 612 455 938 635 8u
Vitamins: (V) (2}
vy (Linear) 1 83 33 56 T1 Ly 103 9 8 38 3 1k 35 8 S
Vg (Quadrstic) 1 168 55 55 5 10 L3 26 66 156 27 33 58 1 2
Protein: (P) (2)
E 33 * k3 " J
Py, 1 1949 k5 1 193 233* 20 5 ok 0 o 176 568 33 1
Pq 1 1k 2wz TL 36 uB 7 g0 2 5200 56 1 1+ 5 g
Vitamin-protein
intersction (&)
* * I .
vy x Py 1 1 73 350 189 247 3 12 506 35 1 1 133 B 6
s i * Ead
Vo x P 1 304 271 37 3 L 29 416 854 L78 0 56 X 17 o]
»*
VL X B 1 13 8 1 125 af 1+ 263 5T 3y 11 2 3 5 2
Vg x By 1 8 4o 6 3 3 177 65 393 137 23 11 1 55 &
“grror % 8 51 37 29 106 k3 159 5% 32 39 8 91 5
Error 4.f.2 o 8 TT 16 5 15 1% ™+ 73 73 71 70 68 €8

1d.f. ~ the degrees of freedom for blocks and for treatments are the same for each period analysis and the overall
analysis, -

2Total’d.f. and error 4.f. - mortality may change the degrees of freedom from period to period. The total d.f. arxe
lieted sbove the mean squares for each period and the error d.f. ere listed below the mean squares for each periocd.

#Significant at the 5 percent level.

#5ignificant at the 1 percent level.

Al



TABLE LXXI

AVERAGE DAILY FEED CONSUMPTION PER HEN, BY

PERIODS AND OVERALLI, STUDY 3, TRIAL III

125

Diet number 4 5 6 14 13 16 24 25 26
Period number Total grams of diet
1 111.4 116.8 108.5 118.0 119.6 117.0 124.5 132.7 131.2
2 149.8 129.2 133.7 144.5 136.6 135.5 137.5 149.3 152.9
3 146.£ 140.4 143.0 142.2 135.8 141.4 150.7 152.1 153.3
& 138.6 136.1 133.4 145.7 138.0 145.6 137.9 144.9 150.6
5 151.8 141.3 140.1 145.0 134.3 144.2 142.2 152.1 157.8
6 143.0 140.3 136.7 132.3 111.4 120.5 145.5 142.3 164.9
7 134.4 124.3 129.8 132.5 121.7 120.é 139.3 147.3 151.0
8 129.4 120.7 126.9 129.0 116.5 118.9 129.0 141.7 143.0
9 126.6 120.2 124.5 131.1 124.5 123.6 133.8 139.2 142.9
10 126.8 121.7 123.7 118.1 124.5 122.4 144.3 144.8 139.2
11 127.4. 127.9 127.3 136.7 131.8 126.9 132.9 141.2 151.2
12 130.6 131.5 131.8 134.2 131.9 133.8 125.8 139.4 130.6
13 137.8 133.0 136.8 143.0 138.1 140.4 124.1 139.5 134.5
overalll 134.9 129.7 130.5 135.0 127.9 130.1 143.2 146.5

136.0

loverall - based upon cumulative data for

all periods.



TABLE LXXII

ANALYSIS OF VARIANCE OF DAILY FEED CONSUMPTION DATA
BY PERIODS ARD OVERALL, STUDY 3, TRIAL III

12 13 Oversil

S::rce_t;rmm;:;intion a.1. r £ 2 2 ﬁean_isqm eg - 2 S
Total a.1.2 (98)  (98) (95) (94) (93) (93) (93) (92) (91) (91) (B9) (8B) (86) (86)
Blocks 10 2738 3227 905k 1001 10 2129 1817 1690 6188 T749 1660 4005 2251  hge
.Vitemine: (R) (2)
vy, (Linear) 1 13 2168 8 T 19 6. 712 0 50 52 93 53 120 12
Y (Quedratic) 1 466 345 203 112 399 1782 371 28 287 13 8 16 6 157
Protein: (P) (2)
4 1 8ot 133" ngr 1t se9 1558 398" 2153 0w’ us3e 2853t 1 263 nel®
P 1 156 222 1343 191 872  12k25 swol 21707 256 2486 178 ok 899  Sou"
bt o1, o RN
v, x Py 1 250 270" 68 810’ 1960 1633 7TAL T2L 302 O 818 26 32 562
Vo x P 1. 76 oo 0 T2 5 B76 ®s B 32 56 1 2 "N o
Vg x By 1 38 .73 39 2 30 530 105¢ 1647 760 329 655 439 897  S40
QX By 1 1 66 107 2k 221 I3« 33 3P 50 2 537 212 182 0
Error 23k 290 981 140 222 533 299 238 598 583 225 360 393 149
Error d.£.2 80 8o T7 76 75 (- S B T (R o PR o YO (AR €8

1¢.r. - the degrees of freedom for blocks and for treatments are the same for each period analysis end the overall
analysis.

2potal d.f. and error d.f. - mortality may change the degrees of freedom from period to period. The total a.f. are
1isted above the mean squares for each peried and ‘the error d.f, are listed below the mean squeres for each pericd.

#Significant at the 5 percent level.

##%5ignificant at the 1 percent level.

9¢1



AVERAGE DAILY VOLUME OF FEED CONSUMPTION PER HEN,

TABLE LXXIIL

BY PERIODS AND OVERALLI, STUDY 3, TRIAL III

127

Diet number

4

24

5 6 1h 15 16 35 36
Peniod’numbef ! ‘ Milliliters of feed'actugl}y chsumed
1 245 257 239 260 263 257 274 292 289
2 314 271 281 318 301 298 303 328 336
3 322 309 315 313 299 311 347 350 353
4 0333 327 320 364 345 364 345 362 376
5 364 339 336 362 336 360 356 380 39
6 343 337 328 331 278 301 364 356 412
7 323 298 311 331 304 302 348 368 378
8 310 290 305 323 291 297 322 354 358
9 304 288 299 335 311 309 335 348 357
10 306 292 297 295 311 306 - 361 362 348
11 306 307 305 342 329 317 332 353 378
12 313 316 316 336 330 334 314 38 327
13 331 319 328 358 345 351 310 349 336
overalll 316 327 311 316 332 348 357

304

306

loverall - based upon cumulative data for all periods.



TABLE LXXIV
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AVERAGE DAILY CONSUMPTION OF VITAMIN-MINERAL CONCENTRATE PER HEN,
BY PERIODS AND OVERALL!, STUDY 3, TRIAL III

Diet number 4 14 24 5 15 25 6 16 26
Desired cons. (gm.) 0.640 1.065 1.490
Period number Crams of vitamin-mineral concentrate actually consumed
1 0.898 0.948 1.001 1.569 1.480 1.777 2.040 2.190 2.464
2 1,237 1.160 ' 1.117 '1.780 1.690 2.021 2.380 2.537 2.897
3 1.178 1.142 1.163 1.885 1.680 1.956 2.689 2.648 2.761
4 0.743 0.750 0.698 1.216 1.181 1.220 1.987 1.742 2.682
5 0.813 0.747 0.720 1.262 1.150 1.281 2.088 1.726 2.810
6 0.767 0,681 0.736 1.253 0.953 1.198 2.037 1.442 2.937
7 0.721 0.682 0.705 1.110 1.042 1.240 1.933 1.447 2.690
8 0.693 0.664 0.653 1.078 0.998 1.193 1.891 1.424 2.547
9 0.679 0.691 0'677. 1.073 1.065 1.172 1.856 1.479 2.545
10 0.680 0.608 0.730 1.087 1.066 1.219 1.843 1.466 2.479
11 0.683 0.704 0.673 1.142 1.128 1.189 1.896 1.519 2.693
12 0.700 0.691 0.636 1.175 1.129 1.173 1.964 1.602 2.327
13 0.739 0.737 0.628 1.188 1.182 1.174 2.039 1.681 2.395
Overall1 0.815 0.794 0.780 1.301 1.212 1.383 2.073 1.762 2.637

10vera11 - based upon cumulative data for

all periods.



EFFICIENCY OF UTILIZATION OF VITAMIN-MINERAL CONCENTRATE

TABLE LXXV

BY PERIODS AND OVERALL, STUDY 3, TRIAL III

129

Diet

number 4 5 6 14 15 16 24 25 26
Period number Grams of concentrate per gram of egg
1 0.022 0.038 0.050 0.023 0.036 0.054 0.023 0.042 0.053
2 0.032 0.044 0.063 0.027 0.041 0.071 0.026 0.046 0.064
3 0.028 0.042 0.062 0.026 0.042 0.067 0.026 0.042 0.062
B 0.019 0.030 0.048 0.018 0.028 0.044 0.017 0.027 0.060
5 0.020 0.029 0.048 0.017 0.029 0.044 0.018 0.029 0.061
6 0.019 0.035 0.048 0.016 0.026 0.040 0.019 0.029 0.068
7 0.017 0.027 0.046 0.015 0.027 0.042 0.017 0.029 0.059
8 0.018 0.029 0.048 0.016 0.026 0.042 0.017 0.029 0.059
9 0.017 0.029 0.048 0.018 0.028 0.041 0.018 0.029 0.060
10 0.019 0.031 0.049 0.016 0.027 0.045 0.021 0.029 0.062
11 0.022 0.035 0.050 0.017 0.029 0.054 0.019 0.031 0.070
12 0.020 0.034 0.052 0.018 0.028 0.049 0.021 0.028 0.069
13 0.021 0.039 0.055 0.021 0.030 0.057 0.021 0.034 0.066
overalll 0.021 0.035 0.051 0.019 0.031 0.050 0.020 0.033 0.062

10vera11 - based upon cumulative data for

all periods.



TABLE LXXVI

ANALYSIS OF VARIANCE OF THE VITAMIN-MINERAL CONCENTRATE EFFICIENCY DATA
BY PERIODS AND OVERALL, STUDY 3, TRIAL III

Period number = 2 3 13 5 b T 8 9 s i 12 13 Overall

Source of variation d.f.% Mean squares

Totsl a.1.2 (98) (98) (95) (94) (93) (93) (93) (92) (91) (91) (B9) (BB) (BE) (86)
Blocks 10 697 270 649 kOO 616 1116 B37 1462 2938 5735 832 995 1042 532
Vitamins: (V) (2) .

- - i
vy, (Linear) 1 1033'? 11;1'5" ahgr 20281 20cicr'rHE 19617 ahn;' 22323* 21133' 2‘5993*l 13325* 13886 11477 13&5‘?
* bl * i L ad L d - -
Vo (quadratse) 1 72I" 188" 307 2000 205 TMB k32 385 357 A2 2 5 152 22k

Protein: (P) (2)

P 1 66 19 o 100 3 0 76 " 120 93 68 0 3 0
L * - * -
R, 1 20 1 ks 182 88 186 137 16 15715 617 584 202 14k
Vitamin-protein
interaction (&)
* - - -*
v x P 1 0 19 12 36 285 10 24 13 18 17 WL 43 9 6
Vo x Py, 1 10 1 0 4 73 29 19 12 36 k 5 3 219 3
v x PQ 1 10 p il 2 sk 100 141 3 63 1337 279 226 12 10
Vo x By 1 5T 168* k76 15 e 17 B %6 35 b 1
e 19 30 138 29 28 63 L8 T 161 360 97 170 166 21
Error d.f.2 80 B0, T 96 - 0 - o S . S ™m0 68 68

1&.!. - the degrees of freedom for blocks and for treatments are the same for each period analyeis and the overall
analysis.

2'1'01:&1 d.f. and error d.f. - mortality may change the degrees of freedom from period to periocd. The total d.f. are
listed above the mean squares for each period and the error 4.f. are listed below the mean squares for each period.

#Significant at the 5 percent level,

##5ignificant at the 1 percent level.

0€T



TABLE LXXVII

AVERAGE DAILY CONSUMPTION OF PROTEIN PER HEN,
BY PERIODS AND OVERALLI, STUDY 3, TRIAL III

131

Diet number 4 5 6 14 15 16 24 25 26
Desired cons. (gm.) 13 16 19
Period number Grams of protein actually consumed
1 12.92 13.55 12.59 16.64 16.87 16.49 20.92 22,30 22.04
2 17.82 15.38 15.91 20.38 19.26 19.11 24.34 26.42 27.06
3 16.96 16.28 16.59 20.05 19.15 19.94 24.41 24.64 24.84
4 15,11 14.84 14.54 18.80 17.80 18.78 18.34 19.27 20.03
5 16.54 15.40 15.27 18.70 17.33 18.60 18.92 20.24 20.9:
6 15.59 15.29 14.90 17.07 14.37 15.54 19.35 18.93 21.93
7 14.65 13.55 14.14 17.09 15.70 15.59 18.53 19.59 20.09
8 14.10 13.16 13.83 16.64 15.03 15.34 17.15 18.85 19.02
9 13.80 13.10 13.57 17.30 16.06 15.94 17.80 18.52 19.00
10 13.82 13.26 .13.48 15.23 16.06 15.79 19.19 19.25 18.52
11 13.89 13.94 13.87 17.63 17.00 16.37 17.68 18.78 20.11
12 14.23 14.34 14,37 17.31 17.02 17.26 16.73 18.54 17.38
13 15.02 14.50 14.91 18.45 17.82 18.11 16.50 18.55 17.88
overalll 14.97 14.38 14.47 17.82 16.87 17.14 19.22 20.36 20.79
1

Overall - based upon cumulative data for

all periods.



EFFICIENCY OF UTILIZATION OF PROTEIN BY PERIODS

TABLE LXXVIII

AND OVERALL', STUDY 3, TRIAL III

132

Diet number & 5 6 14 15 16 24 25 26
Period number Grams of protein per gram of egg
1 0.32 0.33 ©0.21 0.40 0.41 0.40 0.48 0.52 0.47
2 0.46 0:38 0.39 0.47 0.47 0,53 0:56 0.60 0.60
3 0.40 . 0.37  0.38 0,46 0.47  0:50 8.35 0.53° 0:55
“ 0.38 0.36 0.35 0.44 0.43 0.47 0.44 0.43 0.44
5 0.40 0.35 0.35 0.42 0.44 0.48 0.46 0.45 0.46.
6 0.38 0.43 0.35 0.41 0.40 0.42 0.49 0.46 0.51
7 0.34 0.33 0.33 0.39 0.41 0.45 0.46 0.44 0.44
8 0.37 0.35 0.34 0.41 0.40 0.46 0.44 0.46 0.44
9 0.35> 0.35 ©0.35 0.47 0.42 0.43 0.47 0.46 0.42
10 0.383 0.38 0.36 0.41 0.41 0.49 0.54 0.38 0.46
11 0.44 0.42 0.37 0.42 0.44 0.57 0.49 0.48 0.52
12 0.42 0.42 0.38 0.45> 0.43 0.53 0.54 0.45 0,51
13 0.44 0.48 0.41 0.53 0.45 0.62 0.55 0.54 0.49
overalll 0.39 0.38 0.36 0.43 0.43 0.48 0.50 0.48 0.49

loverall - based upon cumulative data for all periods.



TAELE LXXTIX

ANALYSIS OF VARIANCE OF THE PROTEIN EFFICIENCY DATA
BY PERIODS AND OVERALL, STUDY 3, TRIAL IIX

:::;:: :miation d.f.i.. L £ E d = - gnn?squnrss 2 2 1 2 el
Total 4.1.2 (98) (98) (95) (o) (93) (93) (93) (%2) (s1) (s1) (89) (8B) (&6) (86)
Blocks 10 5.65 2.83 2.63 0.85 1.56 k.12 2.95 k.52 11.61 1hk.62.2.43 3.12 2.77 1.27
Vitamins: (V) (2)
% (Linear) 1 0.0 0,001 0.12 0.03 0.00 0,05 0.19 0.01 ©0.00 0.47 0.10 0.13 0.27 0.01
Vo (Quadrstic) 1 0.3+ 0.17 0.02 0.18 0.15 0.2 0.07 0.01 0.0l 0.01 0.10 0.99 0.0L 0.09
Protein: (P) (2) .
Py, 1 21..6‘1'.'l 10.26 11.3'? 2.93' u.e?' b2l 1.65" 5.5’;" 7.24" 5.5? 2.62" 3.01' 1.85 5.51
2 1 0,20 0.02 0,36 1.h§' o.gg' 0.06 1.h3' 1.00 1.60 0.0k 0.09 0.01 0.k2 0.29
ot e 10
Vp x P 1 0.0 0.66 0.08 0,23 0.23 0.18 0,00 0.06 0.28 0,20 0.90 0.12 0.0T 0.07
Vg x Py 1 0.02 0.03 0.01 0.0 0.02 0.75 0.01 0.02 0.23 0.1% 0.65 0.72 1.82 0.1k
vy x By 1 0.00 0.11 0.32 0.10 o.hh'o.35 0.75 0.06 0.00 3.11" 1:53" 0.97 0.03 0.17
Vo X By 1 0.22 1.000 0.22 0.07 0.32 0.29 O.b1 0.43 0.10 0.21 0.72 0.00 1.22 0.19
Error = 0.15 0.23 0.21 0.11 0.12 0.29 0.2k 0.31 0.6 0.78 0.25 0.57 0.58 0.10
Error d.£.2 g0 o I aLe s . B s T, T8 a6

13z, -thedegrmoffreeﬁouror‘bloebmu'rortrutmtsmtthtuno.hpcﬂodmmumﬂthewmn'
analysis. s - ,

%ﬁl d.f. and error 4.f. - mortality may change the degrees of freedom from period to period. The total d4.f. are
listed ebove the mean squares for each period and the error d.f. are listed below the mean squares for each period.

#5ignificant at the 5 percent level,
##Significant at the 1 percent level.

£€T
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eral utilization was also significant (P>0.05). Hens that were fed 16
grams of protein utilized the vitamin-mineral concentrate more efficiently
than those fed the other two protein levels.

Protein consumption and efficiency of utilization of protein are given
in Tables LXXVII and LXXVIII, respectively. Protein consumption levels were
all above the.desired intake levels of 13, 16 and 19 grams. Nevertheless,
variation in protein consumption within each of the three groups was rela-
tively small. Actual protein consumption per hen for each of the respective
intake levels was approximately 14.6, 17.3 and 20.2 grams. There were no
asignificant effects of dietary vitamin-mineral concentrate upon the utili-
zation of protein (Table LXXIX). Only the expected linear effect of in-
creasing dietary protein levels had any significant influence upon the

efficiency of utilization of protein,

TABLE LXXX

FACTORIAL DESIGN, STUDY 41, THE EFFECTS OF PROTEIN AND VITAMIN-MINERAL
CONCENTRATE CONSUMPTION, WITH 350 CALORIES OF METABOLIZABLE ENERGY,
UPON THE PERFORMANCE OF LAYERS

Desired :
daily Desired daily vitamin-mineral
protein concentrate consumption (gm.)
cons. (gm.) 1.065 1.490 1.915
- 13-1.065 13-1.490 13-1.915
(7)* (8) (&)
16 16-1.065 16-1.490 16-1.915
(18) (19) (20)
19 19-1.065 19-1.490 19-1.915
(27) (28) (29)

lStudy 4 - All experimental diets in this study were calculated to
supply 350 Calories of metabolizable energy per hen per day.

*The numbers in parentheses represent the diet numbers.
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Study 4

Results

Livability, egg production and egg weight data are presented in Tables
LXXXI, LXXXII and LXXXIV, respectively. There were no statistically sig-
nificant differences in egg production or egg weight among hens that were
fed the various experimental diets (Tables LXXXIII and LXXXV). There was
a gsignificant vitamin-linear x protein-linear interaction effect upon the
rate of egg production in Periods 3, 7 and 8 and upon egg weight in Periods
7 and 8, but these interactions were not significant in the overall analysis.
With all experimental diets fed in this trial, the hens maintained high egg
production and egg weight. Although the egg weight differences were not
statistically significant, hens that were fed the 16- and 19-gram-protein
diets produced slightly heavier eggs than hens fed the 13-gram-protein diet.

Average body-weight-gain per hen was higher in this study than in
Studies 2 and 3 (Table LXXXVI). This was to be expected since the hens in
this study were fed diets that contained 350 Calories of metabolizable en-
ergy, while the diets fed in Studies 2 and 3 contained only 250 and 300
Calories, respectively. Dietary vitamin-mineral concentrate had no signi-
ficant effect upon body-weight-change (Table LXXXVII). The linear effect
of protein upon body weight gain was significant in the overall analysis
and in the analyses for Periods 1, 3, 4 and 11. Body weight gain increased
as dietary protein was increased. However, the real meaning of this was
clouded by a significant vitamin-linear x protein-quadratic interaction
that occurred in the analysis for Period 12 and in the analysis of the
overall data.

Feed consumption data and the analysis of variance for these data are

presented in Tables LXXXVIII and LXXXIX, respectively. Both linear and



NUMBER OF HENS PER TREATMENT AT THE END OF EACH TWENTY-EIGHT-DAY

TABLE LXXXI

PERIOD, STUDY 4, TRIAL III

136

Diet number 7 8 9 _ 18- 19 20 27 28 29
Pericd number ‘Number of hens surviving
1 | 10 11 11 11 11 11 10 11 11
2 10 11 11 11 11 9 10 11 11
3 10 11 11 11 11 11 11 11 11
4 10 11 11 11 11 11 11 11 11
5 10 11 11 11 11 11 11 11 11
6 10 11 11 11 11 11 11 11 11
7 10 11 11 11 11 11 11 11 11
8 10 11 11 11 11 11 10 11 11
9 10 i1 10 11 11 10 10 11 11
10 10 11 10 11 11 10 10 11 11
11 10 10 10 i1 10 10 10 11 11
12 - 9 9 10 11 10 10 10 11 11
13 9 10 11 10 10 10 10

11




AVERAGE EGG PRODUCTION PER HEN, BY PERIODS AND OVERALLl,

TABLE LXXXII

STUDY 4, TRIAL III

137

Diet

number 7 8 9 18 19 20 27 28 29
Period number Percent egg production :

1 73.9 77.3 70.5 80.8 79.2 80.2 81.4 80.2 82.8

2 66.1 75.3 71.8 75.6 74.0 74.4 68.2 77.6 78.6

3 78.2 76.6 65.6 75.6 75.0 76.3 66.2 76.9 76.9

4 74.3  74.4 66.2 70.8 71.1 74,4 72.4 68.8 70.5

5 71.1  72.4 64.3 70.5 70.1 75.0 70.5 69.8 72.1

6 66.1 69.2 56.5 65.3 61.0 72.1 58.8 63.6 68.2

7 72.1 646 56.2 66.6 62.7 72.4 57.1  64.0 65.6

8 63.9 552 51.0 63.0 57.8 66.6 50.0 58.8 65.3

9 57.5 45.4 56.8 60.1L 55.5 62.9 54.3 57.8 56.8

10 53.9 46.1 57.5 55.8 45;1 57.1 60.7 52.6 57.1

11 55.4 53.6 60.4 58.4  43.9 55.7 60.7 51.3 53.6

12 55.4 éogs 52.1 52.6 58.9 .58.2 52.9 50.0 58.8

13 49.2  45.2 46.8 48.1 46.1 55.7 50.4 50,5 55.2

'59,5 64.9 68.1 61.9 66.3

Overgll1 64.5

63.2

61.9

63.2

1 .
Overall - based upon cumulative data for all periods.



TABLE LXXXIII

ANALYSIS OF VARIANCE OF EGG PRODUCTION DATA
BY PERIODS AND OVERALL, STUDY 4, TRIAL III

i o NI T e e it
Total 4.f.% <(96) (96) (97) (97) (97) (97) (97) (96) (9%) (9%) (92) (91) (90)  (90)
Blocks 10 36 170 50 61 L6 146 298 311 60 377 228 141 208 6303
Vitamins: (V) (2)
v, (Linear) inld 28 0 5 o 7 o K & 0 3 g iy 629
Vo (Quadratic) 1 1 1T 16 0 0 0 2 12 3t P BN Y 22
Protein: (P) (2)
Py T o R A N S e T Tl e AT e LTRE
P 1 10 5 9 1 5 11 28 & 33 3 13 k 1 725
Vitamin-protein
interaction (&) =
Vpx P s SR 6 16 B a5 73 122" 162" 3 6 26 20 7 154
Vo X Py - (R | 12 6 5 S & 68 10 : e o 17  f 1 L6o
vy x By P, BT 22 12 3 2 - (4] b 33 2 29
Vo x By Al 2. Ny ot B A% kLY 3R 8 ' 40 @ .. s
Error b 18 9 i S 8310 D5 Niag kD 32 3+ 35 &5 1737
Error d.£.% ! 8 79 19 79 719 79 18 16 % ™" T3 T2 72

mg.r. - the degrees of freedom for blocks and for treatments are the same for each period analyesis and the overall
ana 5. ¥

270tal d.f. end error d.f. - mortality may change the degree of freedom from period to period. The total 4.f, are
listed above the mean squares for each period and the error d.f. are listed below the mean squares for each period.

*Significant at the 5 percent level.

#%8ignificant at the 1 percent level,

81



TABLE LXXXIV

AVERAGE EGG WEIGHT BY PERIODS AND OVERALLl,
STUDY 4, TRIAL III

139

Diet number 7 8 9 18 19 20 27 28 29
Period number Egg weight in grams
1 52.9 52.8 53.8 55.6 54.5 55.5 54.4 55.0 54.3
2 53.9 55.1 54.1 56.6 56.0 55.1 56.8 57.1 56.1
3 37.0 56.1 56.1 58.7 58.3 57.4 57.8 57.4 56.8
& 57.2  51.7 31.9 59.2 57.8 58,6 59.0 358.5 58.0
5 58.7 57.8 58.8 60.6 59.6 59.4 60.4 58.7 58.4
6 59.6 59.0 59.8 58.6 59.8 60.5 60.1 59.5 60.5
7 60.4 59.9 59.2 62.1 61.0 60.9 60.8 59.5 60.2
8 59.6 59.3 60.2 61.4 60.7 60.5 61.0 59.7 60.2
9 39.0 37.5 59.0 61.9 60.5 61.4 60.6 $59.1 63.3
10 60.4 58.2 59.4 61.9 60.6 62.4 61.0 59.7 61.0
11 59.8 59.4 60.9 63.3 62.9 62.8 62.4 61.2 62.2
12 61.9 60.8 62.3 63.6 63.0 64.2 63.6 62.8 62.8
13 63.9 61.1 63.5 64.4 62.1 60.4 64.1 63.0 63.0
overalll 38.5 58.0 58.5 60.2  59.3 59.6 59,8 59.0 359.4

1Overall - based upon cumulative data for all periods.



TAELEVLXXXV
ANALYSIS OF VARIANCE OF EGG WEIGHT DATA
BY PERIODS AND OVERALL, STUDY 4, TRIAL III

Perfod nurrer T 5 T T 5 5 7 B35 pis) IT 12 I3 Overall

Source of variation d4.f.% Mean squares
Totel d.r.% (56)  (96) (97) (1) (91) (9T) (97) (96) (9%) (s%) (92) (91) (90)  (90)
Blocks 10 208 75 118 141 144 725 1050 1516 1006 1053 7957 117 162k ,11;.7
Vitemins: (V) (2) _
vy, (Linear) 1 0 14 17 0 10 13 3 48 3u 8 188 236 10 6
Vo (Quedratic) 1 4 23 0 3 20 o] 28 o] 108!»* Le1 126 63 ™ 10
Protein: (P) (2)
P 1 3% Tk 8 13 3 120 0 L 786 9 3% 13 285 6
Py 1039 0 L2 6 33 o 278 LET Lok 39 o 32 8 15
Vitemin-protein
interaction . (&)
vy x P | 2 0 ) 3 S 3&2'.E 6200 1k L7 71 88 B85 )
Vy x P 1 o1 1 3 0 37 38 53 869 . 8 52 Lo6 568 0
vy x I-‘Q 1 5 19 1 3 Y 91 -9 199 45 - 16 6 17 53 0
v, x By 1 5 16 0 0 5 1 3 18 70 300 10k 51 432 7
Error ‘ 13 22 15 12 1% 55 86 156 23 132 101 15 391 12
Error d.£.7 8 T8 75 19 73 79 79 T8 16 16 T T3 T2 72
1

d.f. - the degrées of freedom for blocks and for treatments sre the same for each period analysis and the overall
analysis. e :

2Tota1 d.f. and error 4.f. - mortality may chenge the degrees of freedom from period to period. The total 4.f. are
listed gbove the mean squares for each period and the error d.f. are listed below the mean squares for each period.

.

*Significent at the 5 percent level.

*#Significant at the 1 percent level.

0%t



TABLE LXXXVI

AVERAGE BODY WEIGHT GAIN OR LOSS BY PERIODS
AND OVERALLl, STUDY 4, TRIAL III

141

Diet number 7 8 9 18 19 20 27 28 29
Period number Grams body weight gain or loss
° +25 =-42 -84 +36 +353 +43 4142 4+ 59 +121
2 + 26 +42 +46 4105 +66 +150 ~ 1- +106 + 42
3 =16 +2 +23 4107 +42 ¥36 +9 +33 + 35
- +36 +35 +50 +20 +25 +18 - 5 =20 ~16
5 +. 8 0¥ +38 +1L  F I3 AR - L 3O R
6 32 +8 <708 4+ 1 +25 +19 = 5 ~»33 =32
7 -1 -3 - 4 ~-65 ~-56 ~-38 +-36 <~-24 +15
8 +42 = 8§ =19 +15 +66 +35 <+ 9 +2W +ik
9 ; 2L =25 3+ FIG-AIL ERY . F1y . o= 9
10 +25 = 7 +99 +30 - 5 +44 +32 +16 #25
11 30 - =36 ~28 +75 +60 17 F350 H 80 +43
12 - %2 = 3 =2 <=8y +17 -2W #+10  -48 + 8
13 +60 #IB7 =33 . % 9 =16 30 A2 4 3L +.18
overalll 4251 ~121 + 53 +180 4310 +413 4305 ;263 +318

1
Overall - based upon cumulative data for all periods.



TABLE LXXXVII

ANALYSIS OF VARIANCE OF BODY WEIGHT GAIN OR LOSS DATA
BY PERIODS AND OVERALL, STUDY &, TRIAL III

Pericd number T 2 3 T 5 b N 0 g 10 IT T2 13 Overall
Source of variation d.f.~ Mean squares - 100
Total 4.¢.2 (96) (96) (971) (971) (97) (97) (97) (96) (9%) (9%) (92) (91) (90) (90)
Blocks 10 1787 374k s5k2 167 1041 1367 235 2008 599 3166 1518 504 999 k3
Vitamins: (V) (2)
v (Linear) 1  1k0 152 o 0 189 305 109 'Y 3 108 190 122 82 1
A (Quadratic) 1 223 k1 0 3 0’ 1B 57 1 T Lol L 25 67 11
Protein: (P) (2)
Py 1 2648 26 301 W2 19 219 1 Sk 5 B 638 9 38 A7
P S SN L [+ 12 o 86 3% 220 104 12 93 51 7 13
Vitamin-protein
interaction (&)
v, X P, 1 6 8 260 18 251 8 26 ® 1% 6 b 13 -
Vo X P S kg 5 5 3 16 30 T2 k2 ko 58 U155 16 10
vy x P 1 332 256 112 1 52 k9 o0 115 &8 s2 176 52" 9 a*
Vo x B Y8 sER B A B 70 9 g8 I sDs M 36
 Upfroe 126 150 3r 37 78 168 k5 13 9 167 112 8 181 5
e Ak (G | R R S . Rl R N R 6 ™ 13 T2 72

13.f. - the degrees of freedom for blocks end for treatments are the same for each period apalysis and the over.ll
analysis.

el'otaldf. and error d.f. - mortality may change the degrees of freedom from period to pericd. The total 4.f. are
1isted sbove the mean squares for each period and the error 4.f. are listed below the mean squares for each period.

#Significant at the 5 percent level.

##5ignificant at the 1 percent level.

(A4



TABLE LXXXVIII

AVERAGE DAILY FEED CONSUMPTION PER HEN, BY
PERIODS AND OVERALL®, STUDY 4, TRIAL III

143

Diet number 7 8 9 18 19 20 27 28 29
Period number Total grams of diet
1 115.2 106.4 104.7 124.2 120.3 126.2 107.6 106.4 109.5
2 120.2 124.4 120.8 141.7 130.1 133.6 118.1 126.4 127.7
3 130.5 131.8 134.9 135.0 132.2 136.9 123.5 127.6 128.6
= 126.6 128.1 122.9 136.3 129.6 137.4 122.0 124.6 123.3
5 121.8 124.7 180.1 133.4 127.3 133.6 123.4 112.7 120.7
6 116.6 115.3 97.2 119.2 113.1 122.6 107.2 115.5 120.8
7 118.3 109.7 107.7 120.0 113.1 124.4 106.2 113.1 117.3
8 115.0 102.5 98.4 117.0 114.6 130.5 111.6 111.2 119.1
9 109.0 95.2 102.0 115.9 125.7 128.9 118.0 112.1 117.6
10 104.0 95.2 105.4 126.1 100.5 122.2 107.3 110.8 199.1
11 109.2. 101.9 105.3 125.9 106.1 120.3 1i2.1 111.9 113.0
12 122.2 118.1 107.3 110.6 129.2 124.5 165.8 144.7 188.9
13 121.4 160.1 105.4 145.7 120.3 129.6 117.7 116.8 122.7
overalll 117.7 112.3 109.4 127.0 120.2 128.6 118.4 118.0 124.5

loverall - based upon cumulative data for

all periods.



TABLE IXXXIX

ANALYSIS OF VARIANCE OF DAILY FEED CONSUMPTION DATA
BY PERIODS AND OVERALL, STUDY 4, TRIAL III

Period number i 2 3 4 5 [2) [ 2] ] 10 1l 12 i3  Overall
Source of variation d.f.l Meen squares
Totel a.f.2 (96)  (96) (97)  (97) (9T) (97) (97) (96) (9%) (%) (92) (91) (%0)  (%0)
Rlocks 10 2u73 5506 2312 1709 2157 2518 4281 9316 26T 10742 8182 L42287 5957 1954
Vitemins: (V) (@)
) vy, (Linear) 1 (o] (o] 2 1 469 2 68 22 L7 11 193 1415 1358 2
vQ (Quadratic) 1 298- -3 18 T 80 16 271 T80 L3 2386* 103% 1182 1691 203
Protein: (P) (2)
* L 2 ] *
Py 1 16 8 531 99 10 U460 6 1276 2982 982 827 LauTh 1089 T4
2y 1 sord ok 608 2155 695 o9 117 261t mBt osakt 1579 sow7 sere 13Tt
Vitamin-protein (4)
interaction .
vy, x Py 1 W8 227 o 54 - 318 2778 1179 1554 113 30 35 3662 1000 352
Vo X By i 1 1 343 16 352 1236' 965 71 62 612_ 401 263 54 274 34k
v x By 1 39 821 105 19 571 15 26 559 1027 1158 Lk3 k550 939 17
Vo X By 1139 L1312 29 1T 353 735 165 1031 178 2854 16 9
Error 19 311 M2 143 237 28F 357 ug2  hbk L4 o3 2572 1059 13T
Error d.f.2 ® B 19 79 79 T9 19 T8 76 16 T T3 T2 12
WAlé.f. - the degrees of ‘freedom for blocks and for t£eatments are the same for each period analysis end the oversll

apalysis.

2Total d.f. and error d4.f. - mortality mey change the degrees of freedom from period to period. The totsl d.f..are
listed above the mean squares for each period and the error d.f. are listed below the mean squares for each period. )

#Significant at the 5 percent level.

*xS5ignificant at the 1 percent level.

741
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quadratic mainleffeéts of protein upon feed consumption were significant
(P>0.05 and P> 0.01, respectively). The desired feed intakes were 117,
123 and 120 grams (Table XXVI) for the three groups of diets (7, 8, 9),
(18, 19, 20) and (27, 28, 29), respectively. The actual feed intakes for
these respective graups were approximately 113, 125 and 120 grams. Since
the weights of Diets 27, 28 and 29 were more than the weights of Diets 7,
8 and 9, and because Diets 18, 19 and 20 weighed more than either of the
other two groups, it can be seen readily that the experimental design dic-
tated both the linear and the quadratic main effect of protein upon feed
intake. The volume of feed consumed per hen in this study was approximately
247 milliliters (Table XC). The weights of vitamin-mineral concentrate
consumed per hen are summarized in Table XCI.

Since egg production was not improved by increased levels of dietary
vitamin-mineral concentrate, the efficiency of utilization of vitamin-min-
eral concentrate decreased with each increase in dietary vitamin-mineral
concentrate (Table XCII). Linear effects of dietary vitamin-mineral con-
centrate upon efficiency of utilization of the concentrate were significant
at the 1 percent level of probability (Table XCIII). The vitamin quadratic
effect upon efficiency of utilization of vitamins and minerals was again
significant at the 5 percent level of probability. Although to a lesser
degree than in Studies 2 and 3, efficiency of utilization of vitamins and
minerals decreased faster with the first increase in dietary concentrate
than with the second increase.

Average protein consumption per hen was very close to the desired
levels (Table XCIV). Within each protein intake group, the efficiency of
utilization of protein (Table XCV) was nearly equal. However, as dietary

protein was increased, the efficiency of utilization of protein decreased.



TABLE XC

AVERAGE DAILY VOLUME OF FEED CONSUMPTION PER HEN

BY PERIOD AND OVERALLl, STUDY 4, TRIAL III
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18

Diet number 7 8 9 19 20 27 28 29
Period number Milliliters of feed actually consumed
1 242 224 220 261 253 265 226 223 230
2 228 236 230 283 260 267 236 253 255
3 274 277 283 283 278 287 247 255 257
4 253 256 246 300 285 302 256 262 259
5 244 249 216 293 280 294 259 237 254
6 233 231 194 262 249 270 225 243 254
7 237 219 215 264 249 274 223 237 246
8 230 205 197 257 252 287 234 234 250
9 218 190 204 255 276 283 248 235 247
10 208 190 211 277 221 269 225 233 231
11 218 204 211 277 234 265 235 235 237
12 244 236 215 243 284 274 348 304 397
13 243 212 211 321 265 285 247 245 258
overalll 236 226 220 275 260 279 247 246 260

1Overall - based upon cumulative data for all periods.



TABLE XCI
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AVERAGE DAILY CONSUMPTION OF VITAMIN-MINERAL CONCENTRATE PER HEN,
BY PERIODS AND OVERALLI, STUDY 4, TRIAL III '

Diet number 7 18 27 8 19 28 9 20 29
Desired cons. (gm.) 1.065 1.490 1.915
Period number Grams of vitamin~mingra1 concentrate actually consumed
1 1.445 1.535 1.441 1.870 2.081 1.869 2.376 2.840 2.466
2 1.569 1.771 1.529 2.273 2.275 2.247 2.838 3.005 2.924
3 1.636 1.668 1.598 2.316 2.288 2.273 3.060 3.079 2.945
4 1,156 1.160 1.075 1,637 1.542 1.537 2.019 2.198 1.953
5 1.312 1.135 1.087 1.393 °1.3%% 1.389 1.773 2.138 1.912
6 1.065 1.014 0.945 1.473 1.346 1.424 1.596 1.962 1.914
7 1.080 1.021 0.935 1.402 1.346 1.39 1.769 1,991 1.858
8 1.050 0.996 0.983 1.310 1.363 1.372 1.616 2.087 1.886
9 0.995 0.986 1.040 1.216 1.495 1.382 1.674 2.062 1.863
10 0.950 1.073 0.945 1.217 1.196 1.366 1.731 1.955 1.741
11 0.997 1.071 0,987 1.302 1.263 1.379 1.728.1.925 1.789
12 1.116 0.941 1.460 1.510 1.538 1.784 1.761 1.991 2.992
13 1.109 1.240 1.037 1.354 1.432 1.440 1.731 2.073 1.944
Overall1 1.176 1.201 1.158 1.581 1.595 1.604 1.984 2.264 2.168

loverall - based upon

cumulative data for

all periods.



EFFICIENCY OF UTILIZATION OF
AND OVERALL™,

TABLE XCII

1

STUDY 4, TRIAL IIT

VITAMIN-MINERAL CONCENTRATE BY PERIODS
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Diet pumber 7 8 9 18 19 20 37 28 29
Period number Grams of concentrate per gram of egg
1 0.037 0.046 0.063 0,034 0.048 0.064 0.033 0.043 0.055
2 0.044 0.055 0.073 0.041 0.055 0.073 0.039 0.051 0.066
3 0.037 0.054 0.083 0.038 0.052 0.070 0.042 0.051 0.067
4 0.027 0.038 0.053 0.028 0.038 0.050 0.028 0.038 0.048
5 0.027 0,039 0.047 0.027 0.036 0,048 0.026 0.034 0.045
6 0.028 0.037 0.047 0,027 0.037 0.045 0.027 0.038 0.046
7 06.025 0.036 0.053 0,025 0.035 0.045 0.027 0.034 0.048
8 0.028 0.040 0.053 0.026 0.039 0.052 0;032 0.040 0.048
9 0.029 0.045 0.050 0.027 0.045 0.053 0.032 0.040 0.052
10 0.029 0.045 0.051 0.032 0;043 0.055 0.026 0.044 0.050
11 0.030 0.041 0.047 0.029 0.046 0.055 0.027 0.044 0.054
12 0.033 0.041 0.054 0.028 0.041 0.053 0.043 0.057 0.082
13 0.035 0.049 0.058 0.040 0.050 0.062 0.032 0.045 0.056
0.031 0,043 0.057 0.031 0.043 0.056 0.031 0.043 0.056

Overall1

loverall - based upon cumulative data for

all periods,



TABLE XCIII

ANALYSIS OF VARIANCE OF THE VITAMIN-MINERAL CONCENTRATE EFFICIENCY DATA
-BY PERIODS AND OVERALL, STUDY 4, TRIAL III

Period number 1 2 3 T 5 & 7 8 9 10 11 12 13 Overall

Source of variation d.f.l' ’ Mean sguares
Total a.£.2 _ (96) (96) (97) (97) (91) (9T) (97) (96) (9%) (9%) (2) {51) (%0) (90)
Blocks - T8 8 70 164 100 361 690 5827 L0o3 936 857 TM6 - 529 ' 103
Vitamins: (V) (2) . : ‘ )
v (I.ine‘a.r)) 1 2&63* 1h5§* 235? 51&'5'* h31? hoé? 5013* 6303* :«;375'E h3’{g'E éh’{;* 2755* 167’1* 3113*
vQ_'_(Quaaratic) 113 1 9 108 o 109 85 kg M5 o3 & 19 8 &
Protein: (P) (2) -
P 1 9% s 4 s 3% o 25 1 2 28 16 227 9 0
Py - 1 2k 2 6 . 9 6 12 9% 117 82 198 22 - 315. 0 )
Vitamin-protein
interaction %)
VX P 1 6 3 204 vo 5 21 : 256 34{0 12 287 136 7 2 0
Vg x B 1 W 6 ) o 10 39 3 102 1 36 0 6 103 "
vy x By 1 5 1k lo. 30 1 0 26 1885 305 188 o 131 8 0
Vgx By 1 L o 3 2 o 1 12 63 o 3 1 . 5 2 o
T Error B T 13 12 12 25 59 65 3BT 125 150 106 120 113 15

Error d.f.2 . ® 18 19 79 79 79 .79 T8 T6 T6 ™ T3 T2 T2

. 13.f. - the degrees of freedom for blocks and for treatments are the same for each period analysis and the overall
“analysis. : ! ’ )

2Total d.f. and error d.f. - mortality may -change the degrees of freedom from period to period. The total d.f.
ere listed ebove the mesn squares for each period and the error 4.f. are listed below the mean sguares for each period.

v*Significant at the 5 percent level.

##S5ignificant at the 1 percent level.

641



TABLE XCIV

AVERAGE DAILY CONSUMPTION OF PROTEIN PER HEN,

BY PERIODS AND OVERALL!, STUDY 4, TRIAL III
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Diet number 7

8 9 18 19 20 27 28 29
Desired cons. (gm.) 13 _ : 16 19
Period number Grams of protein actually,consumed
v1 12.44 11.50 11.31 16.27 15.76 16.54 16.90 16.71 17.19
2 13.46 13.93 13.53 18.70 17.17 17.64 18.90 20.23 20.43
3 14.09 14.23 14.57 17.68 17.32 17.93 19.76 20.42 20.58
4 14.18 14.35 13.77 17.58 16.72 17.72 19.28 19.69 19.48
5 13.64 13.96 12.09 17.21 16.43 17.24 19.49 17.80 19.07
6 13.06 12,91 10.88 15.38 14.59 15.82 16.9% 18.25 19.09
7 13.25 12.29 12.07 15.48 14,59 16.05 16.77 17.86 18.53
8 12.88 11.48 11.02 15.09 14.78 16.83 17.63 17.57 18.81
9 12.20 10.66 11.42 14.95 16.21 16.62 18.64 17.71 18.59
10 11.65 10.67 11.81 16.27 12.97 15.77 16.95 17.50 17.36
11 12,23 11.41 11.80 16.24 13.69 15.52 17.71 17.67 17.85
12 13.69 13.23 12.01 14.26 16.67 16.06 26.19 22.86 29.85
13 13.60 11.87 11.80 11.79 15.52 16.7i 18.60 18.45 19.39
overalll 13.10 12.51 15,;7 16.45 15.58 16.67 18.74 18.67 19.71
1

Overall - based upon cumulative data for

all periods.



TABLE XCV

EFFICIENCY OF UTILIZATION OF PROTEIN BY

PERIODS AND OVERALLI, STUDY 4, TRIAL III

151

‘Diet number 7 8 9 18 19 20 77 28 29
Period number Grams of protein per gram of egg
| 1 | 0.32 0.28 0.30 0.36 0.37 0.37 0.38 0.38 0.38
2. 0.38 0.3 0.35 0.44 0.41 0.43 0.49 0.46 0.46
3 0.32 0.33 0.40 0.40 0.40 041 052 0,46 0.47
4 0.33 0.33 0.36 0.42 0.41 0,41 0.45 0.49 0.48
5 0.33 0.33 0.32 0.40 0.39 0.39 0.46 0.43 0.45
6 0.33 0.32 0.32 0.40 0.40 0.36 0.48 0.48 0.46
7 0.30 0.32 0.36 0.37 0.38 0.36 0.48 0.47 0.47
8 0.34 0.35 0.36 039 0.42 o¢42 0.58 0.50 0.48
9 0.36 0.39 0.34 0.40 0.48 0.43 0.57 0.52 0.52
10 0.36 0.40 0.35 0.47 0.46 0.44 0.46 0.56 0.50
11 0.37 0.36 0.32 0.44 0.50 0.44 0.47 0.56 0.5
12 0.40 0.36 0.37 0.43 0.45 0.43 0.78 0.73 0.81
‘__;3 0.43 0.43 0.40 0.61 0.5 0.50 0.58 0.58 0.56
overalll 0.35 0.34 0.35 0.42 0.42 0.41 0.51 0.50

0.50

10vera11 - based upon cumulative data for all periods.



TABLE XCVI

ANALYSIS OF VARIANCE OF THE PROTEIN EFFICIENCY DATA
BY PERIODS AND OVERALL, STUDY 4, TRIAL III

Period number I 2 3 § 5 4 7 8 9 10 11 12 13 Overall
Source of variation d.f.l : Mean squares
Total a.¢.2 T (96) (96)  (97) (97) (97) (97) (9T} (96) (94) (9%) (92) (91} (0} (90)
Blocks 10 1.70 .1.k3 0.8+ 1.17 1.6+ 2.78 5.12 8.20 1.7h 5.20 4,73 3.92 3.93 0.57
Vitamins: (V) (2) ' '
vy, (Linear) 1 0.02 - 0.48 0.24 0.07 0.29 0.21 o.dr 0.00 0.06 0.03 0.12 , 0.04 0.66 0.01
Vg (Quadratic) 1 0.3%° " 0.51 0.4y 0.02 0.00 0.01 0.0+ 0.00 1.85 3.23 2.0 0.0k 0.10 0.00
Pr'otein: (p) (2) ) ) ‘ .
"By, 1 8.90 8.01 12,68 1o.3‘2“ 12.40° w.oh 15.90" 11.20° 9.7? 5.06* 10.87“ 18.3:* 0.36 11.7?
Py 1 158" 0.38  o0.00 0.7 0.25 0.00 0.30 0.42 0.09 1.32 0.55 1l.1% 0.02 0.07
Vitamin-protein . ‘
interaction (%)
vy x Pp 1 0.15 0.05 1.6‘2“ 0.0% 0,05 0.23 1.88 2.26 0.00 1.0l 1.07‘ 0.02 0.01 0.00
Vg x Py 1 0.38 0.11 0.11° 0.05 0.10 0.68 7.0.25 0.00 0.46 0.6 0,08 0;07 '0,78° 0.10
‘vaPQ 1 0.00 0.15 0.000 0.30 0.07 0.15 0,01 0.55 1.66 0.3% 0.07 0.21 0,03 0.00
Vo x Py 1.0.15 0.0k 0.05 0.00 0.03 0.11 0.31 0.02 0.05 0.0l 0.0l 0.0} 0.00 0,00
Error 0.11 0.22 0.21 0.08 0.2k 043 o0.48 0.61 0.8 0.90 0.68 0.73 0.88 0.13
 Error d.£.2 7 8 79 19 19 19 19 T8 % 6 ™ T3 T2 T2
. ;

1' g..f. - the degrees of freedom for blocks and for treatments are the same for each period analysis and the overall
analysis. : ’ : o

2'I’o'cal d.f. and error d.f. - mortality may change the degrees of freedom from period to period. The total d.f.
are listed above the mean squares. for each period and the error d.f. are listed below the mean squares for each period.

*Significant at the 5 percent level.

*#5ignificant at the 1 percent level.

(AN}
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This linear dietary protein effect upon the utilization of protein was sig-

nificant at the 1 percent level of probability (Table XCVI).

Summary of Studies 2, 3 and 4

Results

Studies 2, 3 and 4 all involved experimental diets that contained
graded levels of vitamin-mineral concentrate combined with graded levels
of protein. Dietary proteip levels of 13, 16 and‘19 grams were fed in all
three studies, but the three levels of vitamin-mineral concentrate that
were fed in each study increased as dietary energy was increased, In Study
2, the three intake levels of protein were combined with 250 Calories of
energy and graded vitamin-mineral concentrate intake levels of 0.215, 0.640
and 1.065 grams. The combinations of energy and vitamin-mineral concen-
trate that were fed in Studies 3 and 4 wereﬂ300 Calories with 0.640, 1.065
and 1i490 grams and 350 Calories with 1,065, 1.496 and 1.915 grams, respecr
;;vely._ Thg results of Studies 2, 3 and 4 may be compared under the assump-
tion that as dietary ene?gy is increased all other nutrients must be iﬁ-
creased prqpor;ipnatg;y,l If thisbfssumption is ﬁot true, or if the propor-
tionate increases ;nvdietary vitaminfmineral concentrate are not correct,
these comparisons will be of little value.

Livability of hens was generally good in all three studies. None of
the ekpérimental diets had any appreciableveffect upon the mortality of
the hens. Egg production was higher among the hens in Study 3 than among
those in Studies 2 or 4. 1In Study 2, there waé a significant linear effect
of protein intake upon egg prodgction; Hens that were fed diets that con-
tained 13 grams of protein produced more eggs than those fed 16 or 19 grams

of protein. There were no significant effects of dietary protein upon egg
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production in either of the other two studies. Data from Study 3 showed
that as dietary protein was increased there was a linear increase in egg
weight (P>0.05). This trend was not evident in either of Studies 2 or 4,
Egg weight was essentially the same in all three studies.

Body weight gain progressively ingreased from the 250-Calorie diets
that were fed in Study 2 through the 350-Calorie diets that were fed in
Study 4. Hens in Study 2 all lost weight. They weighed less at thevclose
of the experiment than at the beginning: With the exception of hens that
were fed Diet 6, the hens in Study 3 gained body weight. Hens that were
fed Diet 8 were the only ones to lose weight in Study 4. Those hens that
were fed Diets 7, 19, 20, 27, 28 and 29 in Study 4 gained more than one-
half pgund each. Linear effects of dietary prétein upon body-weight~change
were evident in all three studies. These effects were significant at the
5 percent level of probability in the overall analyses of Studies 2 and 4.
However, vitamin x protein interaction effects upon body-weight-change were
significant in all thiee studies. The effects of protein upon body weight
were alwa&s linear, but not always in the same direction.

Because of the high volume of the diets that were fed in Study 2, and
because the hens were apparently trying to compensate for low dietary energy,
feed consumption was higher than in Studies 3 and 4. Feed consumption in
Study 3 was also highe; than in Study 4. The linear gffects of protein
upon feed consumption were significaq; in all three studies. Quadratic
protein effects upon feed consumption were significant in Studies 2 and 4.
A possible reason for both of thgse effects was explained under the results
for‘the separate studies. The voiume of feed consumed per hen per day was
approximately 446, 324 and 250 miililiters in Studies 2, 3 and 4, respect-

ively.
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Vitamin-mineral concentrate consumption was higher in all studies than
was expected, but there were five definite intake levels. Since the vita-
min-mineral concentrate was consumed at higher levels thanbcalculated, it
was déemed unnecéssary to present the specific vitamin and mineral intakes
for each of the experimental diets. The calculated vitamin and mineral in-
takes in Table XXIII are minimums for the actual intake level. Linear and
quadratic effects of dietary vitamin-mineral concentrate upon the efficiency
with which the concentréte was utilized were significant in all three stud-
ies. The linear effects were to be expected, since increasing the level of
dietary vitamin-mineral concentrate did not increase egg production. The
quadratic effects were apparently caused by the efficiency of utilization
of vitamin-mineral concentrate decreasing faster with the first increasé
in dietary concentrate than with the secqnd increase. In Study 2, there
were significant linear protein;intake effects upon the utilization of vi-
ta@inslgnd minerals. As dieta?y protein was decreased, the efficiency of
utilization of vitamin-mineral concentrate improved. There was also a sig-
nificant vitamin-linear x protein-linear interaction in this study.

Protein consumption per hen increased with each protein intake group
as dietary energy was reduced from Study 4 to Study 2. The protein intake
levels were slightly over 15, 18 and 23 grams in Study 2, while the respec-
tive levels were approximatéiy 14, 17 and 20 for Study 3 and 12.5, 16 and
19 for Study 4. As dietary protein was increased, the efficiency of utili-
zation of protein decreased. This was to be expected, since the increased

levels of protein did not improve egg production.
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TABLE XCVII

FACTORIAL DESIGN, STUDY 51, TRIAL III, THE EFFECTS OF ENERGY AND VITAMIN-
MINERAL CONCENTRATE CONSUMPTION, WITH 16 GRAMS OF PROTEIN, UPON THE
PERFORMANCE OF LAYERS ‘

Desired : :
daily : Désired daily vitamin-mineral
energy (M.E‘)2 ‘ concentrate consumption. (gm.)
cons. (Calories) 0.640 . 1.065 ' 1.490
250 250-0. 640 250-1.065 250-1,490
(11)* (12) (13)
300 :300-0. 640 300-1.065 ’ 300-~1.490
(14) (15) (16)
350 350-0.640 350-1.065 350-1.490

17) (18) (19)

1Study 5 = All experimental diets in this study were calculated to
supply 16 grams of protein per hen per day.

2(M.E.)L-- metabolizable‘énergy, Titus (1955).

#The numbers in parentheses represent the diet numbers.
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Study 5
Results

Livability of the heqs in this study was not seriously affected by
any of the expefimental diets (Table XCVIII). Mortality was higher among
the hens that were fed Diet 14 than among hens that were fed the other -
diets. Even in this case, the mortality was not severe. Egg production
increased with eéch increase in dietary energy (Tgble XCIX). Hené that
were fed diets that contained 300_Calories produced ﬁore eggs than those

fed either the 250- or the 350-Calorie diets. Hens fed the 350-Calorie
diets produced more eggs than hens fed the 250-Calorie diets; consequently,
both the linear and quadratic effects of energy upon egg préduction”were
statistically significant (P> 0.05, Table C). There were no significgnt
effects of.dietary vitamin-mingral concentrate upon egg production. Vita-
.min x energy interactigns were also non-significant ih.this study.

Egg weight increased slightly with each increase in dietary;energy
(Table CI). This trend was not statisticaily significant (Taﬁle;CII) at
the two common levels of probabilit? reported herein, but it was signifi-
cant at the 10 percent level of érobability. Both linear andwquadragic
effects of dietary vitaminwmineral concentrate upon égg size were signifi-
cant in the analysis for Period 12. However, there were also three types
of vitamin x energy‘interacfion significant ip the same period analysis,
which confused the meaning of any main effects that were significant.

When all experimental diets were considered, there was a»linear trend
for body¥weight~gain to increase as dietary energy was increased (Table
CII). The linear effects of energy consumption upon body weight gain were
significant at the 1 ﬁercent leﬁel of probability (Table.CIV). When over-~

all body weight gains of the hens that were fed Diets 11, 14 and 17 were



NUMBER OF HENS PER TREATMENT AT THE END OF EACH

TABLE XCVIII

TWENTY-EIGHT-DAY PERIOD, STUDY 5, TRIAL III
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Diet number 11 12 13 14 15 16 17 18 19
Period number - Number of hens ‘ -
1 11 11 11 11 11 11 11 11 11
2 10 11 11 11 11 11 11 11 11
3 10 11 10 10 11 11 11 11 11
4 10 11 10 10 11 11 10 11 11
5 10 11 10 10 11 11 11 11 11
6 10 11 10 10 11 11 11 11 11
7 10 11 10 10 11 11 11 11 11 »
8 10 11 10 10 11 11 11 11 11
9 10 11 16 9 11 11 11 11 11
10 10 10 10 S 11 11 11 11 11
11 10 10 10 9 10 11 11 11 10
i2 10 10 10 8 107 11 11 11 10
10 10 8 10 11 11 11 10

13

10




TABLE XCIX

AVERAGE EGG PRODUCTION PER HEN, IN PERIODS

. AND OVERALL!, sTuDY 5, TRIAL III
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Diet number 11 12 13 14 15 16 17 5 19
Period number Percent egg production :

1 | 71.4 79.2 63.3 77.3 78.2 74.7 75.0 80.8 79.2

2 75.9 74.4 63.0 78.5 75.6 64.3 744 75.6 74.0

3 71.4 75.3 68.9 76.4 72.7 68.2 71.1 75.6 75.0

4 52.1 66.9 49.3 72.5 72.4 67.9 64.9 70.8 71.1

5 54.3 69.2 45,0 75.7 67.5 65.6 64.6 70.5 70.1

6 59.3 60.7 47.5 69.6 60.4 61.0 61.7 65.3 61.0

7 55.0 59.1 60.0 73.9 64.3 57.5 62.3 66.6 62.7

8 53.9 68.5 59.3 67.1 64.3 55.2 59.1 63.0 57.8

9 56.8 62.3 57.1 64.7 65.3 60.4 57.5 60.1 55.5

10 47.1 52.1 53.6 61.9 66.6 53.2 55.2 55.8 46.1

11 50.4 44.3 52,9 68.3 64.3 46.4 54,5 58.4 43.9

12 44,3 48,6 47.5 62.3 64.6 51.6 54.5 52.6 58,9

13 30.7 35.0 38.2 55.8 64.6 46.1 50.0 48.1 46.1

overalll  55.7 61.6 54.4 70.1 67.8 59.4 64.9 61.9

,

61.9

loverall - based upon cumulative data for all periods.



TABLE C
ANALYSIS. OF VARIANCE OF EGG PRODUCTION “DATA
BY PERIODS AKD OVERALL, STUDY 5, TRIAL III

Period oumber J 1 2 3 N 5 [ T B g 10 11 12 13 Overall
Source of variation d.f.~ Mean squares
, .

Total d.f. (98) (97) (95) (95) (95) (95)  (95) (95) (o) (93) (91) (9r) (90)  (90)
Blocks 10 17 289 95 113 101 217 | 228 279 666 255 154 ko2 579. 21681
Vitamins: (V) (2) |

v (Linear) 1 6 92* 5 o 20 5k 16 9 5 20 105 0 1 2670
Vo (Quadratic) 1 61 25 1 78 0 6 b 85 35 4 1T 10 48 4838
Energy: (E) (2) 7 . .
* . A Lo
B 1 64 23 6 199 183 55 48 o 0 5 16 110 26'0“ 8350*
B, 1 6. o 1 1t 8 3 0 9 6 153 ur = 3 o sen*
Vitamin-energy '
interaction (&) )
V% E 13 23 9 17 6 25 3. 7T 1 W 28 o =20 99
Vo X B 1 .29 1 6 68 158 37 2 35 10 11 63 3 36 538
VL x By 1 o . 6 13 1 7 7 8 26 3 9 9 2 o 218
Vg % 1 1 19 6 17 n 2 17 3 3 10 T 9% 19 2104
T oError 16 16 9 22 o4 28 32 23 23 33 27 28 33 1885 .
. 2 i .
. Ervor d.£. - . 8o 19 T T T7 T T 7. 716 15 13 T3 72 T2

ilt‘l.f. - the degrees of freedom for blocks and for _ftreatments are the same for each period analysis and the oversall
analysis. .

- mortality may change the degrees of freedom from period to period. The total 4.f.

21otel d.f. end error d.f.
od apd the error d.f. are listed below the mean squares for each period.

are listed above the mean squares for each peri
#Significant at the 5 percent level.

##Significant at the 1 percent level.

091



AVERAGE EGG WEIGHT BY PERIODS AND OVERALLl

TABLE CI

STUDY '5, TRIAL III

161

19

Diet number 11 _ 12 13 14 15 16 17 18
Period number Egg weight in grams
1 54.8 54.4 54,2 54,1 53.2 54.7 54.9 55.6 54.5
2 56.8 55.4 54.6 55.5 54.7 56.3 56.0 56.6 56.0
3 57.6 59.1 57.2 57.2 56.3 58,1 58.0 58.7 58.3
4 57.6 57.2 57.8 58.7 57.5 59.0 59.1 59.2 57.8
5 58.7 58.1 64.0 59.2 58.4 59.6 60.1 60.6 59.6
6 59,3 59.0 58.6 59.9 58.9 60.5 60.6 58.6 59.8
7 59.9 59.3 . 59.1 59.8 59.2 60.0 60.7 62.1 61.0
8 59.5 60.2 59.2 60.0 59.0 60.9 60.5 6l.4 60.7
9 60.3 60.0 59.0 59.0 59.1 6l.1 60.6 61.9 60.5
10 59.1 59.6 59.5 59.9 58.7 60.7 60.9 61.9 60.6
11 60.5 60.3 59.8 6l.4 60.1 61.6 61.7 63.3 62.9
12 61.0 59.7 60.5 6l.9 6l.3 63.5 62.2 63.6 63.0
13 61.0 59.6 61.8 62.0 6l.8 63.4 60.7 64.6 62.1
overalll 58.4 58,9 58.1 59,7 59.5 60.2 59.3

58.6

58.5

loverall - based upon cumulative data for all periods.



TABLE CII

ANALYSIS OF VARIANCE OF EGG WEIGHT DATA
BY PERIODS AND OVERALL, STUDY 5, TRIAL III

Period number T H 3 I 5 (4 T B 9 10.

12

Smirce_ of variation d.f.1 Mean. Squares = 33 \Overa?.l
Total a.£.° - (98) (91} (95) (95) (95) - (95) (95) (95) (9%) (93)  (91)  (91) (90) '(905
‘Blocks : 10 121 111 123 616 1287 1683 106k = 647 "5991; 117 - 2021 1450 3176-.   56
Vitamins: (V) 2) " ' = .
vL""(Linear) 1 0 9 o L 28 : 7T 2 -5 .39 8 -1 31;3* © 29 1
Vo (Quadratic) 1 - © 0 2 53 69 9 .1 22 0 95 . 86 9E;_E 157 o
‘Energy: (E) (2)
Ep : 7 8 2 5 9 17 70 T 5. 1 371 25 1039 29
B 1 13 10 25 & 53 69 25 6 25 156 191 3 550 o
Vitamin-energy
interaction » (&) .
vy x E .1 o 13 1 269 T 5 uT TS uz 56 6 16" 154 0
Vo x Bt o1 o 22 38 T 1303 3 56 15 73 5 3 ,1:
VL X Ey 1 o o o 6 0o 1. 302 sk 3 21 s0 8 3% o
vQ x EQ 1 et 10 6 C U 1] 25 .2 35 13 - 258 36 8 209
Error .6 10 12 .8+ 131 .. 8L 127 k- 15% 17 177 18 337 8
Error d.f.° B0 T9 T T ™o _' ™ T 16 75 13 "73;_' 2 T2

]fd.f. - the degrees of freedom_ for blocks ‘and for treatmenté are the same for each period analysis and the overall

analysis. : ) -

2'1‘01:&1 d.f. and error d.f. - mortality may change the. degrees of freedom from period to period. The total d.f. .

are listed above the mean sgquares for each period and the érror d.f. are listed below the mean squares for each period.

*Significant at the 5 percent level.

*#5ignificant at the 1 percent level.

a9t



TABLE CIII

AVERAGE BODY WEIGHT GAIN OR LOSS BY PERIODS AND OVERALLl,
' STUDY 5, - TRIAL III

163

Diet number 11 12 13 14 15 16 17 18 19
Period number Gsams body weighgzgain or loss .
1 - 72 -9 -4 -22 -62 ~-43 -19 +36 + 53
2 +18 +15 =-25 +78 4120 +76 + 37 +105 + 66
3 -70 -39 - 2 - 9 +30 +15 +70 +16 + 42
4 -7 - 5 -111 -25 + 3 -19 +60 + 20 + 25
5 +63 -36 +8 +56 +26 +35 + 5 +11 + 13
6 -92 -85 =~-64 + 5 =-21 -40 +41 + 1 4+ 25
7 -26 +52 ~-13 - 6 - 9 =-72 -44 -65 - 56
8 +103 +35 +73 +38 -39 +09 =-55 +15 + 66
9 -55 -85 =-53 + 4 4107 + 9 + & +11 + 38
10 - 7 -1 +78 +61 +43 +38 +125 +30 - 5
11 +63 +103 - 7 + 2% +29 +16 + 37 +76 + 40
12 +10 -5 -13 -43 -39 -65 =-40 -85 +17
13 + 5 +23 =-45 +31 +17 +14 +19 + 9 =~ 16
Overa -189 -1 +202‘ +209 + 58 +235 4180 +310

11t -140

37

1 -
Overall - based upon cumulative data for all periods.



TABLE CIV

ANALYSIS OF VARIANCE OF BODY WEIGHT GAIN OR LOSS DATA
BY PERIODS AND OVERALL, STUDY 5, TRIAL III

Period number 1 2 3 & 5 O B ] 1011 12 13 Overail -

Source of variation d.f.% Mean saquares = 100 :

Total a.f.° (98) (97)  (95) (95) (95) (95) (95) (95) (94%)  (93) (91) (91) (90) <{(90)
Blocks 10 1363 93 526 212 362 1621 612 2955 119k 923 512 _ﬁgé L6 30
Vitamins: (V)  (2) ' '

v, (Linear) 1 110 3 5k b3 1 17 98 u23 32 96 112 0 154 1
vy (Quedratic) 1 - k2 33 12 Wt 3@ e 179t k62 60 e s 266 56 1
Energy: (E) (2) . :
£ 1 1396 I8 99 1373* w1570 et 532 o8l 109 1 7% 17 201"
B, . 1 8 ot 22 0 53 12 1 10 811 23 157 9% 96 1T
Vitamin-energy
interaction (W)
vy x Ef S 52 115 okt Y 3 46 W 601" 28 1208* 123 18 6 o
Vg x B ST 6 22 11 177" Lob o - 123° 55 sus® 46 180 1ok 121 1
v x £ - 3 sk 185" wo® 13 10 132 38 3 7 9 16 2
Vg x Ly - 1 0 11 % - 50 23 106 333" . 304 16 2 18 23" 3 15
" Error ' 66 118 = k3 3% 26 116 31 - 139 By 9. 66 S8 113 4
Error d.f;i . 8o 19 ™ T 17 T7 . i 17 % .15 T3 73 7é T2
ld.f. - the degrees of fréedom for blocks and for treatments aré the same for eéch period analysis and the overall
anglysis.

2'I.‘ot:.al da.f. and error 4.f. - mortality may change the degrees of freedom from period to period. " The totzl d.f. are
listed above the mean squares for each period and the error 4.f. are 1isted below the mean squares for eac):f period.

#Significant at the 5 percent level.

#xSignificant at the 1 percent level.

791
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compared, a linear trend due to energy level was obvious. These diets con-
tained 0.640 grams of supplemental vitamin-mineral concentrate and 250 Cal-
ories of metabolizable energy. A comparison of Diets‘12, 15 and 18 which
contained 1.065 grams of vitamin-mineral concentrate and 300 Calories of
metabolizable energy showed a quadratic effect of energy. Diet 15 produced
the most body weight gain per hen. Diets 13, 16 and 19 also produced a
linear effect of energy upon body weigﬁt gain. Body-weight-changes in hens
that were fed Diets 12, 15 and 18 probably account for the quadratic effect
of energy that was significant at the 5 percent level of probability in the
overall analysis. Quadratic vitamin effects upon body weight gain were
significantvin the analyses of variance for Periods 4, 5, 7, 11 and 12,

With 250 Calories of metabolizable energy, tbe second level of vitamin-
mineral supplementation (1.065 grams) allowed less body weight loss per

hen during periods 4, 5,‘7 and 11 than either of the other two supplementa-
tion levels (0.640 or 1.490 grams). However, in Period 12 the second level
of vitamin supple@entation brought about the most bod& weight loss. 1In
Periods 4, 11 and 12, the second level of vitamin supplementation with 300
Calories of metabolinglg/gnergy produced less body weighp loss per hen Fhan
either of Fhe4other two.§qu1ementation levels. 1In Period 5, hens_that»wgre
fed the second level of vitamins and 300 Calories of metabolizable energy
gaine@ less than hens fed the other two levels. In Period 7; body weight
loss per hen incfeased as dietafy vitémin-minefal concen£rate was increased.
Significant vitamin x energy inte?acbions’were most prevalent during the
same periods (4, 5, 7, 11 and 12), so that the vitamin quadratic main effects
were sighificant, The net effect of vitamin-mineral concentrate intake up-
on body weight changé was not éignificant in the overall analysis.

Data on the average daily feed consumption per hen, analysis of var-
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iance of daily feed consumption data and average daily volume of feed con-
suﬁption per hen are presented in Tables CV, CVI and CVII, respectively.
These data show that as dietary energy was increased, both weight and veol-
ume of feed consumption per hen decfeased. This trend was statistically
significant at the 1 percent level of probability. The decrease in feed
consumption pér hen was not as great when the experimental diets were in-
creased from 300 to 350 Calories as it was when the diets were increased
f;om 250 to 300 Calories. Thus a quadratic curve was formed in feriods 1,
2; 6, 7 and 9 which was significant at the 5 percent level of probability.
The net quadratiec effect of energy upon feed consumption was also signifi-
cant in the overall analysis. The effects of vitamins upon feed consumption
per hen were significant only in Peripds 9 and 11. During these periods
slightly less feed was consumed. among the hens that were fed 1,490 grams
of vitamin-mineral concentrate. This same trend was evident in the over-
all analysis, even though it was not statistically significant.

Energy consumption was slightly higher than desired among hens that
were fed diets that contained 250 and 300 Calories, and it was slightly
lower than desired among hens that were fed diets that contained 350
Gal9;ie$.v The average level of enefgy intaké for each of these respective
groups was 293, 324 and 347 Calories (Table CVIII). Egg production in-
creased enough with each dietary increase in energy to offset a linear.de-
cline in efficiency (Table CIX). However, the qua&ratic effect upon egg
production which was broqght about by the level of energy was'evident again
in the efficiency data. ﬁnergy was utilized most efficiently bykthe hens
that were fed the 300-Calorie diets. This energy quadratic effect upon
the efficiency of utilization of enefgvaas significant at the 5 percent

level of probability (Table CX). The effects of vitamins upon the utili-



TABLE CV

AVERAGE DAILY FEED CONSUMPTION PER HEN, BY

PERIODS AND OVERALL!, STUDY 5, TRIAL I1I
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Diet number 11 12 13 14 15 16 -17 18. 19
Period number Total grams of diet ‘ '
1 133.1 135.6 120.3 118.0 119.6 117.0 119.2 124;2 120.3
2 168.6 170.1 151.8 144.5 136.6 135.5 130.9 141.7 130.1
3 157.4 167.4 144.1 142.2 135.8 141.4 132.6 135.0 132,2
4 154,2 157.7 145.8 145.7 135.0 145.6 129.5 136.3 129.6
5 160.6 164.4 156.0 145.0 134.3 144.2 124.4 133.4 127.3
6 153.5 158.2 152,9 132.3 111.4 120.5 116.5 119.2 113.1
7 153.0 158.7 154.3 132.5 121.7 120.9 122.5 120.0 113.1
8 140.4 147.2 141.7 129.0 116.5 118.9 111.1 117.0 114.6
9 142.9 152.3 143.3 134.1 124,535 123.6 134.4 115.9 125.7
10 143.0 153.7 157.6 118.,1 124.5 122.4 112.6 126.1 100.5
11. 155.5 164.6 147.3 136.7 131.8 126.9 119.5 125.9 106.1
12 160.1° 155.0 150.8 134.2 131.9 133.8 122.5 110.6 129.2
13 157.1 154.4 147.4 143.0 138.1 140.4 126.8 145;7 120.3
Overall1 152.1 156.9 '147.0 135.0 130.1 123.3 127.0 120.2

127.9

1Overall - based upon cumulative data for

all periods,



TARLE CVI

ARALYSIS OF VARIANCE OF DATLY FEED CONSUMPTION DATA

BY PERIODS AND OVERALL, STUDY 5, TRIAL III

8o

- Period number 12 3 L5 G T B 9 0 i1 1 13 _Overall
Source of variation @.f.T Mean_squares
‘Totel a.1.2 (98) (9 (95) (95) (95) (95) (95) (95) () (93). (91) (o) (90) (s0)
Blocks 10 2153 Moo 6180 3090 2353 1566 3672 10701 12797 530 3700 €533 9083 12
Vitamins: (V)  (2) ' R ,
v, (Linear) 1 299 121 370 123 10 k9 815 ‘79 B 10 1553 5 561 315
vQ (Quadratic) 1 582 838 k98 147 T2 20 43 .' . 70 1l¢1v 1512 1h1§* 926 ;oel T2
Energy: (E) (2) : o L ,
By, 1 1180* 13.!}13IP 829*?:‘ll 680‘1HF 15995“ 232!:1“ll 21175*' 1237?, 621;‘Il 2A218=l{.IP 22g5‘5;‘ll 1736'?* 639h* 11715'IP
By 1 1159 2173 488 27 ‘211 M&—'{E’ 2960 ' 918 1145 2092 v h1 6 358 1 ot
Vitamin-energy ' o
interaction” () ‘ -
vy x By 1 529 T35 k26 183 146 16 280 17 - 203 1868 69 618 29 11
Vg x E 1 ms k2 205 T T2 110 o 7 135 & M5 36 5 387
VL x By 1. .50 178 43 . 61 278 958 311 618 38 355 . 12k 360 63k 1§6
Vg x EQ, 1 31 310 - 63‘_ 395 hzsb 112 v T 7 15 168" 92k . 268 435 2105 17 '
" Error 210 375 ‘560 2h2° 259 = M76 382 w8y 117 67h 2ho 382 _ T40 147
Cprror .£.2 79 M MM M ™M T ™M 1% 15 13 13 12 12

" mnalysis.

ld.f. - the degreesbf freedom for blocks and for treatments are the samé for each periocd anslysis and the overall

27otal 4.f. and error d.f. - mortality may change the degrees of freedom from period to period. The total d.f.
are listed sbove the mean squares for each period and the error d.f. are listed below the mean squares for each period,

*Significant at the 5 percent level.

**Sig_nifica.nt at the 1 percent level,

891



TABLE CVII

AVERAGE DAILY VOLUME OF FEED CONSUMPTION PER HEN,

BY PERIODS AND OVERALLl, STUDY 5, TRIAL III

169

12

Diet number 11 13 14 15 16 17 18 19
Period number Milliliters of feedl actually consumed '
1 319 325 289 260 263 | 257 250 261 253
2 421 425 379 318 301 298 262 283 260
3 394 419 360 313 299 311 278 283 278
4 462 473 438 364 345 364 285 300 285
5 482 493 468 362 336 360 274 293 280
6 461 475 459 331 278 301 256 262 249
7 459 476 463 331 304 302 269 264 249
8 421 442 425 323 291 297 245 257 252
9 429 457 430 335 311 309 296 255 276
10 429 461 473 295 311 306 248 277 221
11 466 494 442 342 329 317 263 277 234
12" 480 465 452 336 330 334 270 243 254
13 471 463 442 358 345 351 279 321 265
overalll 437 451 423 327 311 316 267 275 260

;Overall -~ based upon cumulative data for all periods.



TABLE CVIII

AVERAGE DAILY CONSUMPTION OF METABOLIZABLE ENERGY PER HEN,
BY PERIODS AND OVERALL

STUDY 5 TRIAL I

170

Overall

Diet number 11 12 .~ 13 14 15~ 16 17 18 19
Desired cons. (Calories) 250 - 300 350
© Period number Calories energy actually consumed
1 312 318 282 313 317 310 340 354 343
2 381 384 343 383 362 359 378 409 375
3 356 378 326 377 360 375 378 385 377
4 284 291 269 352 333 352. 362 381 363
5 296 303 288 350 325 348 348 /373 356
6 283 292 282 320 269 291 326 | 333 316
7 282 293 585 320 294 292 343 336 317
8 259 272 261 312 282 287 311 327 321
9 264 281 264 324 301 299 376 324 352
10 264 283 291 285 301 296 315 353 281
11 287 304 272 330 318 307 334 352 297
12 295 286 278 324 319 323 343 309 362
13 290 285 272 346 334 339 355 408 337
1 206 306 286 33 316 321 347 357 338

loverall - based upon cumulative data for all periods.



EFFICIENCY OF UTILIZATION OF METABOLIZABLE ENERGY

TABLE CIX

BY PERIODS AND OVERALLL,STUDY 5, TRIAL III

171

Overall - based upon cumulative data for all periods;

Diet number 11 _ 12 13 14 15 16 17 18 19
- Period number Calories of metabolizable energy per gram of egg
1 8.0 7.4 82 7.5 7.6 7.6 8.3 7.9 8.0
2 8.8 9.3 10.0 8.8 88 9.9 9.1 9.5 9.1
3 8.6 85 83 86 88 9.5 9.2 87 8.6
4 9.5 7.6 9.4 8.3 8.0 8.8 9.4 9.1 8.8
5 9.3 7.6 10.0 - 7.8 8.2 89 9.0 8.7 85
6 8.1 8.1 10.1 7.7 7.6 7.9 8.7 8.7 8.7
7 8.6 8.4 8.0 7.2 7.7 8.5 9.1 8.1 8.3
8 8.1 6.6 7.4 7.7 7.4 8.6 87 8.5 9.1
9 7.7 7,5 1.8 »8;4 7.8 8.1 10:8 8.7 10.5
10 9.5 9.1 9.1 7.7 7.7 9.2 7.4 10.2 10.1
11 9.4 11.4 8.6 7.9 8.2 10.7 9.9 9.5 10.8
12 10.9 9.9 9.7 8.4 80 9.9 10.1 9.2 9.2
13 15,5 13.7 11.5 10.0 8.4 11.6 11.7 13.1 11.8
overall! 9.1 85 9.0 81 80 9.1 9.4 9.1 9.2
- -



TABLE €X

ARALYSIS OF VARIANCE OF THE ENERGY EFFICIENCY DATA
BY PERIODS AND OVERALL, STUDY 5, TRIAL III

4

Period number 5 1 2 3 4 5 [ i K 9 10 11 ‘].2 13 Overall

Source of variation d.f.” Mean sguares :

Total a.r.2 S (98) (9T)  (95) (95) (95) (95) (95) (95) (sW) (93) (o1) (o1)  (%0) (90)
Rlocks ' 10 0.8 0.20 2.02 0,22 0.82 1.31 1.20 1.98 3.12 .1.32 0.53 2.05 . 3,3+ 0.33
Vitamins: (V) (@) |

¥y, (Linear) 1 0.00 0.21* 0.95 0.01 0.04 0.09 0.0l 0.0l 0.1 0.55 0.16 0.00 0.08  0.00

A/ (Quedratic) 1- 0.10 0.01 0.56 -0.16 0.11 o0.52% 0.03 1.86 0.20 0.00 0.00 o0.21 0.10 = 0.08

Energy: (E) (2)
E; ' '1_' 0.00 0.01 1.59° 0.04 0.00 0.01 0.00 .0.,16 1.75% 0.06 0.02 0.15 0.45  0.02
EQ' o 1 0.10 0.01 0.5 0.16 0.11 0.52% 0.14 0.06 0.07 1.95% .o.ha' o'.58 ‘1.28" 0.17%
Vitamin-energy - .
interaction (%) . .
vy x B - 1. 0.0 0.03 1.56 0.02 0.17 0.28 0.00° 0.00  0.05:  0.08 0.05 0.00 0.01 0.0l
Vo x E 1 ' 0.07 0.00 0.85 0.21 0.39 0.10 0.02 - 0.05  0.03 0,02 0.0 0.02 0.17 0.00
v, x Ey 1 0.00 0.00 1.k5 0.00 0.01 0.01 0.%0 0.54 0.16 - 0.29 ~ 0.35 0.01 - 0.01 0.02
Vo x Ey . 1 '0.00- 0.08 0.21 0,13 0.09 0.03 0.06 0.26 .0.06 0.2k 0.06 0.11 0.56° 0.05
"Error . . 0.06 0.04 1.0% 0.10 0.10 0.11 0.1% 0.%7 0.26 0.32 0.12- 0.15 0.1 0.0k
_ Error a.f.? g 19 T T M T T T 1M 15 13 0 T2 T2

ld.f., - the degrees of freedom for blocks and for treatments are the same for each period analysis and the overall
analysis.

2potal 3.f. and error d.f. - mortality may change the degrees of freedom from period to period. The total 4.f. are
1isted above the mean squares for each period and the error d.f. are listed below the mean squares for each period,

Rl
#Significant at the 5 percent level.

*x5fgnificant at the 1 percent level.

Ll
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zation of energy was significant at the 5 percent level of probability
(Table CX). The effects of vitamins upon the utilization of energy were
significant oﬁly in Periods 2 and 6.

Since egg production was not increased by increasing vitamin-mineral
concentrate levels, there was a significant linear decline in the efficien-
cy of utilization of vitamin-mineral cpncentrate as it was increased in the
layer diets-(Tables CXI, CXII, and CXIII). Again, as in Studies 2, 3 and
4, the efficiency of utilization of vitamin-mineral concentrate decreased
more from the second level of vitamin and mineral supplementation to the
first than from the third to the second levels. Consequently, the quad-
ratic effects of dietary vitamins and minerals were significant at the 1
percent level of probability. As dietary energy was increased, the effi-
ciency of utilization of vitamins and minerals was improved significantly.
However, this was to be expected, since less vitamin-mineral concentrate
was éonsuméd by hens fed the higher eneféy'levels. Egg production was
enough higher amoﬁg hens that were fed the second level (300 calories) of
energy supplementation than among hens that were fed the third level (350
Calofies), that there was not much difference in efficieﬁcy of utilization
of vitamin-mineral concentrate between the two energy levels. The fact
that the hens fed these supplemental levé}svéf;energy utilized the vitamin-
mineral concentrate with approximately the same degree of efficiency, and
that the 250-Calorie diets were utilized at a éonsiderably lower degre; of
efficiency than the other two, resulted in a significant (P>0.05) quad-
ratic effect of energy upon the efficienéy of utilization of vitaﬁin-miner~

al concentrate.



TABLE CXI
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AVERAGE - DAILY CONSUMPTION OF VITAMIN-MINERAL CONCENTRATE PER HEN,
BY PERIODS AND OVERALLI; STUDY 5, TRIAL III

Diet number 11 14 17 12 15 18 13 16 19
Desired cons. (gm.) 0.640 1.065 - 1.490
Period number Grams of vitamin-mineral concentrate actually consumed:
1 1.135 0.948 0.884 1.927 1.480 1.535 2.395 2.190 2.081
2 1.386 1.160 0.982 2.330 1.690 1.771 2.911 2.537 2.275
3 1.294 1.142 0.984 2.293 1.680 1.668 2.765 2;648 2.288
4 0.647 0.750 0.663 1.238 1.181 1.160 1.603 1.742 1.542
5 0.674 0.747 0.637 1.291 1.150 1.135 1.714 1.726 1.515
6 0.645 6{681 0.596 1.242 0.953 1.014 1.630 1.446 1.346
7 0.643 0.682 0;627 1.246 1.042 1.021 1.696 1.447 1.346
8 0a590 0.664 0.569 1.156 0.998 0.996 1.557 1.424 1.363
9 | 0.600 0.691 0.688 .1,196 1.065 0.986 1.575 1.479 1.495
10 0.601 0.608 0.576 1.206 1.066 1.073 1.732 1.466 1.196
11 0.653 0.704 0.612 1.292 1,128 1.071 1.619 1.519 1.263
12 0.673 0.691 0.627 1.217 1,129 0.941 1.657 1.602 1.538
13 0;666 0.737 0.649 1;212 1,182 1.240 1.619 1.681 1.432
1 0,786‘ 0.794 0.700 1.456 1.212 1.201 1.898 1.762 1.595

Overall

loverall - based upon cumulative data for

all periods.



EFFICIENCY OF UTILIZATION OF VITAMIN-MINERAL CONCENTRATE
BY PERIODS AND OVERALL, STUDY 5, TRIAL IIT

TABLE CXII

t
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13

Diet number 11 __ 12 14 15 16 17 18 19
Period number Grams of concentrate per gram of egg:
1 0.029 0,045 0.070 0.023 0.036 0.054 0.021 0.034 0.048
2 0.032 0,057 0.085 0.027 0.041 0.071 0.027 0,041f 0.055
3 0.031 0.052 0.070 0.026 0.042 0.067 0.024 0.038 0.052
4 0.022 0.032 0.056 0.0LS 0.028 0.044 0.017 0.028 0.038
5 0.021 0.032 0.060 0.017 0.029 0.044 0.016 0.026 0.036
6 0.007 0.018 0.035 0.060 0.016 0.027 0.040 0.016 0.027
7 0.019 0.036 0.048 0.015 0.027 0.042 0.617 0.025 0.035
8 0.018 0.028 0.044 . 0.016 0.026 0.042 0.016 0.026 0.039
9 0.018 0.032 0.048 0.018 0.028 0.041 0.020 0.027 0.045
10 0.022 0.039 0.054 0.016 0.027 0.045 0.017 0.031 0.043
11 0.021 0.048 0.051 0.017 0.029 0.054 0.018 0.029 0.046
12 0.025 0.042 0.058 0.018 0.028 0.049 0.018 0.028 0.041
13 0.035 0.058 0.069 O.le 0.030 0.057 0.021 0.040 0.050
Overal__l1 0.024 0.040 0.060 0.019 0.031 0.050 0.031 0.043

0.019

1Overall - based upon cumulative data for

all periods,



TABLE CXIIT

ANALYSIS OF VARIARCE OF VITAMIN-MINERAL CONCENTRATE EFFICIENCY DATA
BY PERIODS AND OVERALL, STUDY 5, TRIAL III

Period mumber i 3 3 L 5 G 7 B 5 10 11 13 13 Overall
Source of variation 4.f.% . Mean sguares -
Total d.1.2 . (8) (97) (95) (95) (95) (95) (95} (95) (o) (93) (91) (91)  (90) (90)
‘Blocks . 10 209 120 1k33 572 1040 2131 7. 1539 3958 2502 1832 8u8 2788 3857 42
Vitamins: (V) (2) - |
v (L.inea.r) 1 952§' 8716 5561* 1&383' 1717‘3"_’ 19618 191,73' 1856? 1368F" 2275™ 16755 1215'? 685? 11953*.
VQ (Quadratic) 1 2 310" A 53'31“' 261 388 _1025* 89k 29 272 1519 91&’ 169 148 37;*
Energy: (E} (2) v .
E, . 1 123%% 107? 238 1071;’* 1h6‘2“' -962*' 155? 1015 ° 0 1035 97§' 236;* 2'{1‘5|F 105‘5“
Ey ' 1 135 35 5’7 166 123 325 255 38 16 230" 5hh* 50k 118;' 212"
Vitamin-enerq;;‘r '
interaction )
v xE 1 7L 86 523 . T 3 » 73 2 16 52 2k2 56 70 246 27
Vo x By 1 1 10 127 81 _168 8 T o] 82 T 211 13 55 2
vy x 1.2 7 30 33 9k 16 560 - 653 201 - 155 432 T2 o u
Vg x By 1 35 81 95 86 64 2k - 27 491 126  ho1 46 124 650° 55
Error ' 28 2 168 136 116 15 172 535 . 236 591 135 - 202 160 W
Error a.£.2 & 1 M W M M M T 1 15 T 13 T2 T

ld.f. - the degrees of freedom for blbcks and for treatments are the same for each period analysis and the overall
analysis. .

2'1‘otal a.f. é.nd error d4.f. - mortality may change the degrees of freedom from period to period. The total d.f. are
listed gbove the mean squares for each period and the error d.f. are listed below the mean sgueres for each period.

#5ignificant at the 5 percent level.

#x3ignificent at the 1 percent level.

911
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DISCUSSION
Method of Nutrient Intake Control

The effects of varied energy intake levels upon feed consumption were
not completely counteracted by dietary volume regulation in either Trial'
II or Trial III. However, it has been shown by these feeding trials that
the intake of nutrients by laying hens can be regulated within workable
limits with dietary volﬁmé control., Data ffom Trial II indicated that as
dietéry energy and protein were increased theré should have been an accom-
panyiﬁg decrease in dietary volume. It was also indicated that approxi-
mately four weeks were required for hens to reach mgximum feed consumption
when fed high-volume diets.

The volume adjustments that were suggeéte& by the results of Trial II
were made in Trial III, and the value of”diétﬂry volume for nutrient intake
control was improved., Based upon the results of Trial I1I, it is recommen-
ded that dietary volume be increased to 500 milliliters for experimental
diets when the desired intake is 250 Calories or less. During the time
hens are adjusting to high volume diets, volume of the daily diet intake
should not be over 250 milliliters. Immediately following this period of
adjustment the hens attempted to compenéate’for low nutrient intake by con-
suming large quantities of feed; therefore dietary volume should be doubled
for approximately 8 weeks following the ﬁéfiqdjof adjustment.

Although the influence of protein upon feed consumption was small as

compared to the effect of energy, there was a definite trend for feed con-
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sumption to increase as dietary protein was increased. The linear effects
of dietary protein upon feed consumption were statistically significant in
Studies 1, 2,’3 and 4 of Trial II1. Therefore, as dietary protein is in-
creased, dietary voluﬁe should be increased. Level of dietary vitamin-min-
eral concentrate appeared to exert little influence upon feed intake. How-
ever, some of the period analyses indicated that high levels of vitamin
intake tended to lower feed consumption.

An interesting aspect of the nutrient intake data is that nutrients
that add density to diets tend to lower feed consumption in terms of both
weight and volume. Supplemental fat and vitamin-mineral concentrate both
increase the density of layer diets and each additional level of these
nutrients resultéd in a decrease in feed consumption (Tables CV and CVII).
Perhaps the increasing of density is as effective in reducing feed con-
sumption as the increasing of energy or vitamin intake. Considerable re-
search remains to be done in the area of nutrient intake coﬁtrol; However,
it is the judgement of the author that the findings of these feeding trials
‘which concern nutrient requirements are much more reliable than the findings

of those feeding trials where nutrient intake has not been regulated.
Protein and Energy

Data from Feeding Trial I indicated that regardless of the percentage
of dietary protéin, laying hens would consume approximately 16 grams of
protein per day. Feeding Trial II was designed to control nutrient intake,
in order that comparisons could bé made in the pefformance of laying hens
that hadrgonsumed different protein levels. In this study, protein intakes
of 14.6, 12.5, 11.7 and 9.7 grams per day (Table XVII) were obtained. Al-

though there were no significant differences in egg production or egg
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weight among the hens,fgd different experimental diets, hens that consumed
14.6‘grams of protein per day Ebst less body weight than hens that consumed
lower levels of protein. The daily protein requirement for layers was ex-
amined more thoroughly in Trial ;II. Experimental diets were designed to
furnish 16 grams of protein per hen per day, and they actually furnished
17 grams per hen per day. Hens that consu@ed 17 gfams of protein maintained
a higher rate of eggvgfoduction for the overall experimental ﬁeriod,than
did hens that consumed either 14 or 20 grams of protein per day. Neither
egg weight nor body weight change was influenced by dietary protein, ex-
cept in Study 3 of I;ial III where there was a linear increase in egg weight
as dietary protein was increased. Based upon these data, it is recommended
that a minimum of 16-17 grams of proteim should be supplied to laying hens
each day,

There was some evidence from Study 1 of Trial III that protein require-
ments might depend to some extent on the age of laying hens. Hens that
were fed 19 grams of dietary protein produced fewer eggs than did those
fed either 13 or 16 grams during the first nine experimental periods. From
the ninth through the thirteenth period, hens that were fed 19 grams of
die;gry protein produced more eggs than did hens that were fed thé other
protein intake levels. Results of Study 2 of Trial III indicate that when
hens are fed diets that will not permit an energy consumption per hen of ,
over 300 Calories per day, high dietary protein and vitamin-mineral concen-
trate levels will allow the hens to produce eggs at a higher rate than will
.low dietary levels of these nutrients. Hens that consumed 19 grams of pro-
tein and 1.065 grams of vitamin-mineral concentrate per day maintained a
higher rate of egg production than hens that were fed either 13 or 16 grams

of protein combined with vitamin-mineral concentrate levels of 0.215 and

0.640 grams.
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In the feeding trials reported in this thesis, daily COnsumptlon of
metabolizable energy exerted more influence upon egg productlon than dld
either protein or vitamin-mineral concentrate consumption. It was observed
in Trial I that hens would consume apprdoximately 300 Calories per day re-
gardless of the number of Calories per pound of diet. Egg production was
highest when 320-330 Calories of metabolizable energy were consumed per
hen per day. These findings were verified by the results of Trial III.
Both the linear and the quadratic effects of energy intake.upon egg pro-
duction were statistically significant in Studies 1 and 5 of Trial III.

As cnergy intake per hen was increased, egg production increased.

Body-weight-change of the hens was greatly influenced by daily energy
intake. As daily energy intake was increased there was & linear increase
in body weight. The linear effects of energy intake upon body-weight-
change were statistically significant in Studies 1 and 5 of Trial III.
There was some evidence that energy intake per hen had an effect upon egg
weight. As energy intake per hen was increased in Study 5 of Trial III,
there was a linear increase in egg weight.

From the previous discussion it is evident that laying hens perform
best when fed diets that furnish 16 to 17 grams of protein and 320-330
Ca%ories of metabolizable energy per hen per day. In terms of daily re-
quirements per hen, this is a Calorie:protein ratio that ranges from 19.4:1
‘to 20:1. Efficiency of utilization of energy, expressed as Calories of
energy per gram of egg, did not show & linear decrease with each dincrease
in dietary energy. Hens that consumed 300 Calories per day utilized -the
energy more efficiently than hens that consumed 350 Calories, but the most
efficient utilization occurred ﬁhen 330 Calories were consumed per hen per

day. Protein was utilized most efficiently by hens that were fed diets
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that contained 13 grams of protein. The efficiency of protein utilization
progressively decreased as protein intake increased. Linear effects of
protein intake upon the efficigncy of protein utilization were significant
at the 1 percent level of probability in Study 1 of Trial III.
Protein-energy interrelationships were evident in Study 1 of Trial
II1. The effects of protein intake upon egg production varied depending
upon the energy intake level that was fed, The general trend with the 250-
Calorie diets was for egg production to be highest on the l6-gram-protein
dlets. With 300~Calorie diets, egg production tended to increase as die-
tary protein intake increased. Near equal egg production was obtained from
hens that were fed 13 or 16 grams of protein combined with 350 Calories of
energy, while those fed 19 grams of protein produced fewer eggs‘than did
either of the other two groups. These energy x protein interaction trends

were significant in Periods 3, 4, 5 and 7 of Study 1.
Vitamins and Minerals

Data from Trial I indicate that intake of vitamins might play an im-

portant role in the overall performance of laying hens. Hens that were

£ed Diet 1 in Trial I consumed a smaller quantity of vitamins and produced
fewer eggs than hens fed the other experimental diets., Body weight gains
were less for those hens that were fed Diets 1, 2, 3 and Z than for those
hens that were fed Diet 6. It was postulated that differences in vitamin
intake per hen per day might -be a reason for these differences in perform-
ance. However, data, from Trial III do not verify this possibility. With
the possible exceptign of the hens in Study 2, vitamin-mineral concentrate
intake had no significant infldence upon egg production, egg weight or feed

consumption in Trial III. In Study 2, hens that were fed a vitamin-mineral
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concentrate at a level of 1.065 grams per hen per day maintained a slightly
higher rate of egg pro@uction than hens that were fed the vitamin-mineral
concentrate at levels of 0.215 or 0.640 grams. However, these hens were
allowed to consume omly 300 Calories of energy, and the higher rate of egg
production was obtained from hens that received 1.065 grams of vitamin-
mineral concentrate when it was combined with 19 grams of protein. It is
possible that the higher protein and vitamin-mineral concentrate levels
were being utilized as energy in Fhis particular situation.

In Study 5, there was some evidencelthat the intake of vitamin-miner-
al conﬁentrate had some influence upon feed consumption. Feed consumption
per hen was slightly less when the hens were fed the highest vitamin-min-
eral concentrate intake level of 1.490 grams. Even though vitamin-mineral
concentrate consumption levels were generally higher than desired in Trigl
III, less vitamins were consumed by the hens in Trial III than by tﬂe heﬁs
in Trial I. Iherefore, it is doubtful that vitamin intake had any effect

"upon the perféfmance of the hens in Trial I. The efficiency of utilizatiqn
of vitamin-nineral concentrate, expressed‘as grams.of concentrate per gram
of egg, decreased as dietary vitamin-mineral concentrate was increased.

Vitamin x protein interactions were significant in‘Studies 2, 3 and
4 of Trial III. The effects of these interactions were particularly evi-
dent in the body-weight-change data of this trial. During any single ex~
perimental period, body weight gain might increase ;ith each increase in
dietary intake of vitamin-mineral concentrate. However, the opposite
might happen during the next experimental period. The net effects of lev-
el of intake of vitamin-mineral contrate upon body-weight-change were gen-
erally not significant in.the overall statistical analyses.‘

Trial III, which is beingcontinued for 6 additional experimental
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periods beyond the scope of this study, may yet reveal some interesting
facts concerning the effects of vitamin-mineral concentrate intake upon
the overall performance of layers. It is the opinion of the author that
pullets which have been grown on diets high in vitamins and minerals need
small quantities of supplemental vitamins until their first year of egg

production is completed.
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SUMMARY

A technique of nutrient intake control was developed for use in lay-
ing hen diets. Although the effects of varied energy intake levels upon
feed consumption were not completely counteracted by manipulations of
dietary volume, definite gradatioms in the intake of protein, enmergy and
vitaminwmineral concentrate were obtained. Protein intake per hem per
day was approximately 14, 18 and 20 grams in diets which were calculated
to supply 13, 16 and 19 grams, respectively. Hens were able to consume
approxiﬁately 300 Calories of metabolizable enérgy per hen per day on
diets that were calculated to furnish 250 Calories. Approximately 330
Calories were consumed by hens fed 300-Calorie diets, whilé the 350-Calo-
rie diets were consumed at approximately the desired level. Diets that
were calculated to supply 0,215, 0,640, 1.065, 1.490 and 1.915 grams of
vitsmin-mineral concgntrate per hen per day actually supplied 0.25, 0.8,
1.3.,i.6 and 2.1 gréms, ;espectivgly.

Generally, the performance of laying hens in these feeding trials
was best when they consumed 16 te 17 grams of protein per hen per day.
The most efficient protein utilization occurred when each hen consumed
14 grams of protein per day. Protein intake had no appreciable effect
upon bodymweightochange. In Study 1 of Trial III, it was found that as
diétary protein intake was increased, there was a linear increase in egg
weight. It was also found im Trial II that dried whole egg solids, fed
as the only socurce of dietary protein, would maintain egg production for

at least a twelve-week production period.
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‘Hens that consumed 320 to 330 Calories of metabolizable energy per hen
per day produced more eggs than hens that Fonsumed either 300 or 350 Calo-
ries. There was a significant trénd for the efficiency of energy utiliza-
tion to decrease as energy comnsumption increased, but the most efficient
utilization of energy occurred when hens were fed diets that supplied 320

; ,
to 330 Calories of energy.per day. Energy consumption had.a significant
influence upon:body-weight-change: As energy consumption increased, body-
weight-gain of the héns increased. 1In Study 5 of Trial I1I, egg wéight
tended ﬁo fﬁérease with each increaée in energy intake.

Thefg_were no significant main,effects of vitamin-mineral concentrate
intake upo; egg production, egg‘weight or feed consumption at the end of
the 12-month experimental period reported herein. Vitamin x p¥otéin inter-
action effects upon body weight were significant in seéveral analyses of
variance for specific experiméntal periods. However, the effects of vita-
min-mineral concentrate intake upan body-wéight-change were not significant'
in any of the overall analyses, The efficiency of utilization of vitamin-

mineral concentrate declined progressively as the consumption of the con-

centrate was increased.
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