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A majorly;

r of the turkey mxtrition studies conducted during the pust

teenty years sors concerned prinarily in determining &

lovel st which the best growth response ocould be obteined
review of these sindles Indicatesthal meny of these experinente A4

give the respoice lesived. approximately three-foarths of Chapler IT 1
de proteln, and anlino celd

b

@ :

Sisonceion of oy

avallehility and

given %o the

the latter purt of iuls chapler.

ebed in an

This studys vbich fncludes oix feeding trinls, wes condo
effort to obbuin informetion about euine nold and proteinsetergy reguires
ments of turkey powits during the fivet fx

¥ veeksy of the breoding period.

sine

s work shonld be oonsddered only e preliminery

- bat 1t 1o ny most

cere hope thet purbs of the lunfermation may be veed 2o sn afd in the
e efficient prootical turkey poult starter
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The banie criterion now used for the evelusbtion of the mtritive

wulue of & poultyy ration is orude profelsn. le protein, used as such,
is considered by many .mﬁﬂw;@nia‘éa to be only of reletive value in ea-
timating the natyitive value of & poultzy vabion, regardless of the pur-
pose for whick it is to be used. Proteln quality, which 1s ouly one

messuve of the basic velue of s poultry vation, is now being given ine

eressed, ariticsl consideration.
Protein guality is dependent upon the pabtlern of amine scid distrie
bution snd the availability of the

enino aglds. While these two princi-
ples ore of grest importance in the evaluation of & protein aupplensnt,
ot recommendations glven for turkey poult

e of the protein requlre

gharting rations gre unrelisble bacasuge these ;gmm%g}m have ast Geen
consldered. The exbent to which g high quallty protein may exer: the

desired rvesponse for tlssne synthesis and growth ie degpendent upon the
anount of energy present.

be present in safficlent amounts to support the most efificient utiliza~
tion of proteln se weasured by nitrogen retention. In many studies made
to obtain proteln reyulvement dats, the energy supply has been the first
imitiog factor z'gthter than protedn quallity.

The effect of protein quelity and the protein-ensrgy rotic on the
efficlency of .f‘agni atilization is veported in this ﬁ@wﬁg,



atein Bequirenents of Growlng Turl

The crade proteln in feedataffs vhich go inte for
Por poulbtyy and liveatock le measuved by the totad mm’e. o ovganic end
inorgarie nitrogen wilech i¢ gresent in the fecdotufls. The nifrogen con

dve ol the percent of tobtal erude pro-

tent 1s miltiplied by 6.85 to av

bein. The temm “crude protein” is ueeld by 4ll commercial feed vaannlan-

Tarero. While ihde bterm osn be used with considerable succese in the

evalnation of the woable protein in a vatlon for runingbiog anleals, 1%

15 of litile upe fn determining the relative bDlologiesl valae of the pro-

tedn in 8 poultyr redione

The resomwended erude protein levels Zor turkey pouldt sterter ration
have varied grestly during mé past two decades. In genersl, recomsen-
dutions heve besn indreasing. Mussehl (1933) vresented evidenve that o
turkey poult stavisy rabion contalsning 20 peycent of Wﬁ%&n war goabine
. Jukes (19397 dieclosed
ent protein was alde-

factory to support poult growth. Asmundson g

that & tuvkey powit ebarder ration contaluning 2%

guate to support pould sro rom one bo alx wecks of uge. A 22 pereent

proteln pouls grover ratlon gave & goed xféﬂg@@m@'ﬁm geven to twelve
yeeks of age and & 15 percent proteln retlon uppeared o be odequate for
immond. and Maveden (1939) after vorking with
dindng fro
regar;x‘ted that the proteln level of the ration had no consistent offect

lote growth and flulehing.

turkey poult starter ratlons cont:

;18 to 30 percent proteln,

#



apon the amound of vation necepsary to produce o uwnit of gatn. 2LL peo-
tein lovele wore oonsidered o e adegquate. On the basle of wnite of pre-
tein conguned ger unlé of ,,gain,, the 18 percent protein starter wan the
mopd efficient. Wilby, Jaap am *mmsm {1939 ) experimented with tavkey

starter anl srover raklons consaining From 15.6 to 86.3 porcent cruds

ol ool

protelin i that the M@h@a‘ rotein lovels produced Surkeyn with
the highest oproans guality. The 22,4 percent protein ration produced

E
il e

the uost efflcisnt gaine when Yed during the oubire growing fidy

farrebt, Coavd und Hervidge (LUh0) showed that the Feeding of tur

in confinemeat oo o 31 pevcent protein mash 414 not ineresse growil or

grain sonmyapiion, ooy reduce the waite of Teed comsuwmed por uwalb of g
Reobertoon and Capver (1941}, howover, demonstroted that feeding & 9.4
percont groteln concentrate mix %o growing turkeys vesulted in move yepld

in oongumption and incressedl fecd effletlency. Funk

growithy, groater

Shat turksy poulds had been ausosseial

dy groun by elght
weeks of age B 8 omlﬁ whartor ration contalwing 23 percent of protein.

‘The young bturksgs were then divided Inte fowr prosps and each group was

Ped to makurily on & £7, 18, 36 ov kU percent turkey grover sopcentrobe.

The concentrate and grain was fed free choice. It was concladed thad

he hlgher protoln concentrates 44d not give an lvoressed growth reepsmwe
anl the effioliency with which protein wes utilized decreased as the pro-

$oin level iacrossed.

tbly, the hdgh proteln goncenbrubes vwere

wst recommenied for iWleyourl. Draper, Dvens, Bhien and Breok {1543)

ohowed that tarisy gmlt stapriere should uoh conbaln nore than 24 pey-

cent of proteln for the wost off lotent util]

Lzation of prolelin. 48 the

&,

P the sturter was tmeressed o 26, B9 and 30 sevgent,

orateln conten

there was & progressive Incvesse in the anits of protedn wbilised por undt

of pain.



Seotk, Henser gl Jorris (I9%5) coneldevsd the watein level of &

» eabion %o be dependent apon the emound of enevey of

turkey v

s sonbaining 2% pevcent proteln way con-

paray ratl

sidered sdeguete o euppwrt o ressemable rabe of High encrgy

ratione conbaintng 25 o I percond o PR G
growth ond lpovesse the elficiency of feed atilizakles over Shubt obhained

by feedlag o 2% persent protein, low eneygy vablon. Alwamict {1992} ve-

thad & tuvkey poellt olerter patisn should eontain B8 parcent of

protein for post efflelent fesd ubllizabion and opbiman geovih. aLé

prowth was velarded persent pesteln
ravion ub appro

&

ae b b pousds of body weight were gald o Bave carriad

ent

the gal

£

thin welghd adv w & marked sge.

Carrent orede sroteln levels which are vooommenied fov Burkey pwalb

stayriey wablasg ave

within & rolatively rouyow pabge g conpured fo the

veotmmended W

in levele glven Qurisy Yhe past %90 deeaied.

Aot That

o pevisving the reoent proteln regmivessnt sludies cousl

perestt prol 1 wee du liee with the poult’s profolin regalvenents.

Taayor (1055) eendunied tavkey sberter awd grover rubion studlies ot

the Oklabicwma shat off that for the Dlrst olght vecks

sf the @ ﬁmx poariod,

i mors effictently whilized

ubilized as & 20U poreond protedin slavter w

pavesnt groteln etarter. 1% was shown that the buody weight

then w 299

advantess of the poults fod the tws higher wrotelin starters o clght weoks

of apps vau hob nelstained to 25 weeks of sge.  ALL turkeye were fed on

hragh 23 weoke of mge. The difference in

tivver startéer protein leoveld womm prowih ab the end of



the first eight veeks of the growing period had negligible effect upon
body weight and finish at 25 weeks of age. This finding was in disagree~
ment with that reported by Almguist (1952).

Many workers have placed emphasis upon starter rations vhich would
give faster growth during the first six or eight weeks of the growing
period with but little consideration being given to the overall econouy
of the operation. From the standpoint of economy, feed efficiency and
better mutrition, the inter-relatiomship of protein quality and availabbe
energy is very important.

Crude Protein anl Amino Acid Relationshipe

In the foregoing reviev and discussion very little place was given
to a discussion of protein quality, biological value of protein and
amino acid balance. These points are, however, of great importance in
the formulation of all turkey and poultry rations. Due to the fact
that very little vas known about the amino acid requirements of the
Surkey poult before the begimning of the present decade, very few of
the orude protein recamendations made prior to this time had given any
consideration {0 amino acid balance. Some of the early workers gave
little consideration to the difference in the biological value of various
protein supplements. However, the protein requirement values which were
based upon these supplements are of only limited value since many of the
protein feedstuffe then used have changed as a result changing process-
ing methods.

Protein quality is dependent upon a mmber of factors. Almgquist
(1953) in discussing protein quality pointed out that the emino acid
composition or distribution of a given protein was one ocutstanding
oriterion of quality. This factor is of great importance in the



Poppletion of vetiong for goimals $hat reqnire corlalin s

penssble maiwm goeld for spbiman performonce. Aains dotde must ales be

aoriidered fras Yhe shap nb of avadlability. Gorbaln o
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o

bagis of the aming seid smelysls of ezel ratlon, zu,m,m B contalned 11,
16 and 21 pereend i Lems of wethlopine, Irsine and mwmgﬁ an, respectively,
than did raviss 4. Bfficiency of feed ubilizatlon of rabtion D vas edual

oy i

g rebwenbion of petdlonine, Iysise

4o rabion 4. o compering the savos

3’)

and trypiopher with the smpounts of esch lugeeted, the chicke on ratlon B
were Pound to have vebaloed 18, 195 and 12 peveent move of *Lisfavﬁu@ weids,
respectively, than did the chicks on yation A. Althongh radlon B geve

# betber amine acld vesponse, vabion 4 hed the beat smine acid hulance
pabteru oo a caleniabed husis ‘%rii;il whick to weet the regelrvements of

the chick. The apparent differense in She redponsé of the tvs rations
wouid appear bo be caused by the greatsy fwaﬁz;lﬂb:ilmy of the saino scids

in revien D over those in rabtion 4s

The Tine Factor 1o Protelr Bynthesis
The vole of time 1o sn fuportent consideration in the feedlng of

et anine aeids, L

pplenentery prode

ger [307m0) stated that pro-

Telin ::z:r*;-s,.h 0l 1s depeadent upon the Li*eiﬂf&":ﬁ gupply of sssenbial amine

&2

1o aning

nolds, and alec gpon the pebe with which the dietary dispenas]

acits beoums availiable prglile sping :&Mws

are noet only dey ot upon the smine grouy suyplisd by ‘i:ha denn

netinm

of other saing

ith eduld Jamepy and vebs;

st of o cerbokydrale was correly
the t;im@ chat clageed between the feeding »f the srotein and the Ingestion

of the csvbohyirato. delger {1948 1) reported Yhek the grovih of ths

young rab is rebdrded vhen the protmn ik the mhr"’* copgbituents of the



diet are fol with o %ime Intervel betweon each foeding.

k

onmsidersd 1%

1 ko sesume that corbohydvates could be used ophd

ae a precarssr of nonesgentlel owino sclfe only whem carbobydrates

provein vhieh 4o
flagedst (1947 ) lodtented thab the natars of proteln synthesis was such

that the essentiad wnd romessentlsd euine scide must be presont cimsitans

eougly snd i datont quantities to wromate @rﬁ%ﬁin&fr}tﬁhﬁ*@iﬁ«

sibial

Although the elopls stonehed snissls do 0% requlve that e nonotse

&l

w diet, 4% o oecescary thal thess be proe

enine geids be ineladed In b

daced 1o the fntoemedfory motabolicn and be pvesient ag free aning seids
2n puch grentities as b support opbleam wbilitation of the cesenbisl

gmlno aedde. Heose, Jesterling snd Wassek (L980) in veriing with rots

1 the sesenblal anfl noressential smine

ghowed that the feediny of sl
acids simulbanconoly was nove effective thun feedling the ssesnbisl aniny

-

It {19%3) reported the foreced eyntheste of dispenseble

aclds olome. Sdmy

amine selde fram Lodlepensable emind s@dds e likely to procsed with

» kb 38 Imyvwtant thad 2 protels conbaio o pegouaile

aangideralle va

qanbity of 41 sable seine soid
on the dndiape

G i
Henry snd

aumonaite gron tsdted e supolonentary rolablenshin,.
shin 438 nob oxied Whon gsek Pool vos fofdf soparately ou slisvonte dayo.
Sedeer (1048 o) chowsd that fecding of o or pore proteline Which vevs

charnoeberized by

il blolsplesl waine gave o bobber rosponse then eould

be attalned by Jecding any one of the sroteins sopurstely. The proteine

bonied to give o suoplenentary offect whon fod bogether. Souberlich and

4 ghowed Shet fooding Jocomplete proteln op pretelns of Ioy



bislogloal val

sppaned the oxcretion of weisary axing sofde

laverse relabl  was found hetween the rate of growth und the por-

gonbtese of iy amlne seids oxereted in the wrine.

Sehoetheiner (1946] showed that adult vobe which weww partielly

pratein dissue 414 neb veaponl do o fuypborben frew

s+ o bryphoghan feee Alst for 12 houre with delayed

g mm*@w@ B supslemsntary affoct, The

ks

bophmn 18 hour

wrotein

sdult vets conbioned o lode welght Jues ue though

oy dietory

ol that proteln depleted sitalb

wss belog roeelved. Cannon (1245 ) vepor

rate replebed protéin tiesus wily vhen ull of the essentisl smins seids

were mede svallsble. The rebuilding of protelin depleted tlesue fe

cesonblatly the sane procems sy geowih in the infonbile rut. Two dists,

sach sovtaining swnroximelely sne-half of the essential smino seide, veve

fed pepavately o rabe With no geowbh response. Yhen twe rebisns wers

el sinaltaneoncly Yhey supplenented one anvther ond affected wsrobein

tlesne resketion, ”;‘@:igﬂﬂi‘ (193}? 3 @Et&ﬁiﬁﬁ&ﬁ&z By anine sedd

aoide whish wore mob

the Slseue,

restately ueed 7

gynthesic wers voh gioved In the by ad such mor wore thoy s

¢ ghonee from which proteln syuthenis o

smplete sopenbial smine wpld dlet 4o )

Azed, probubly ivveversibly. Heoderosn

and Hovris (194)) foand $hat o delay of thvee hours of Isnger in the

fecdlng of Lysine Yo supplepent o lysine Llow dieb intexfeved with enins

acid metabslion. Olger (1950) indleated thob o probein of Low bislegledl

valae osald be enpplenentod by okhor proteins o amisns solis within foar

Hn Piwe hours after ipgestlon. Bolim, Wostermen, Butleor, Sohlamb and



Amine Aedd m%ﬁxs‘mﬁ% "ﬁf |

Loy ﬁczaimp with the smi 7 amﬁl mg&immemse of

ng armkta fe loeleguate Pov wse in pabisn Pormilabion. o8 the

oault amios w@m regaivenent ﬁﬁm%mzfs were nade nsles hight

&%

Troes of nr%@ln. Sentt {1953 reised the g mﬁim e %o vhethey sv b

the spino aeld ey

mratolng.
may Ve neocenssyy

menbe waald fmilc

M R taTe -t ?:v*é‘ ia}m i:msn m g

oobimal grouth

graied levels oF nines & vabisn amﬁ&izﬁ. e ﬁfﬁqjﬁ pireent orade

wrotein *“a.s *I’f;m wadl Sreauied Dropse wridbe. Z«ﬁ%ximl poult grovth

wag shialved ab @ 1.35 g:wfmﬁ%% arginive Levole

5 (1940) gave a report on the experiuentul

- work which they had conduched bu determine the ylyoine redulvewent of



tarkey pomlte. wvntheble rativs contolning 2k poroent exude peoteln

den fod o freanbed Byrogre poulis. Mawimel grovth vas sttaluned

whon G.7% peresnt dyodns vas added v the nataval diet uhiech eon~

vadmed G195 pevosnt glyedne. The reguizement Tor poalts fed a 2% pov-

eeab srude protein diet windd appear o be U.90 percent of the total

Zpatawe, Williese i Mevebell (1958) used a symbhetlc

type diet whick oo

sined

sLood mesl end swladin ae the souvce of

tedn Go stedy the lssleucine veguivenent of young poulbs. 4 ration

which cantalned pereent crwie protein and G.3 pevoent of nutuval

e Opdinum srovth waw

beenne TR

dealencine was fod b Sroad Dresolted I

obtadned when G50 syothetic fsolending was odded bo the bassl wation.

It would eppens Yhod the I-isolencine veduiroment is approximetsly 4,00

peroent of the tobal diet.

Lyning == ¥risg, sooper, Helpin and Goere (1946 § reported thot o 24,29

peresut profein

pibical Ywye vation contalniag 1.1 to 1.2 poreont

pulenlated Iye

¢ was slequete Yo promste aoroal fosthewing and

grovih.  Gren, 5 mndeon (146} used synihetle seomme meal

type diety Wkl

ol ountained 20 sni 2h voreont protedn. The vetaval

lyoine content of those vablond wee 0,56 and G.67 pevcont, tespoollvely.

Potal dletary

Iyadne redalved to support wexinad garowth on the Bk poye

cent protedn vation wes Pigred to be 1.5 percent. Gewmsn, Schwelgert,
Gherwood snd Jmmes (1949} showed that the lysine content of m &2.% percent

protein, prastical type ratlon weuld nelther support mowwel growsh aor

teather plgments “Bhe wablon contained 0.52 porcent lysine e

weatured YW e sionl aboay. addition of 1.2 pereent



A1 ~tysine Aihydvestiloride eoulvalent to G40 paveontd l-iyetng, &

gool growth and neoveal fosthor sigrentation, Rrateer, Willisms end

Marghall {199k made y of the smount of lysine wesded ina

mraodical ratlon o prevont widde hawﬁ,% §n Beonge Testhering. Various

&

of wrotelin were fed. The workevd conclnded thet the lysine lovel

o & vation which vould provent while barping mst be edusl to,

:"ﬁ

slightly leso than, the level voyabred for optimsl growth. Hretser
{1550 ) compored the wotivitles of & and 1 jsosevs of lysine. ‘ﬁ:w: d=

s have oo apbivity for ﬁm&ﬁwhim w@mﬁm gemeth and

&

janmer wak Towr

pormel plgmentulisn. 4 seesue moel diet o spent Lmim

2% pevesnt vrodolin wan need &% sl Iyeiss sepplesentation levels.

The wae of @ 51 b

adne o relse the vabion Jyelme lev

o white Davring, bub 433 fob dnite suppory us

1.26 pervent

cemenh of fuviey poulle Doy sullur-conteindy

in pabion contelnleg an fsolated

gavaent; W{smwmwm The poult veguivenamb fov

o e w%‘ sl e 30

wrokiunbely G.80 poreent of Hhe

sad~gelabis palion cone

end mrotedin.  She dejamer

ap the l-looner
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L-tryptophan vas required to support meximum growth. A total of u.28
percent of l-tryptophan was adequate for the 38 percent prosein ration.
mratzer, Williame ard Marshall (1951) first used a casein-gelatin type
diet containing 0.224 percent of tryptophsn and 24§ percent protein.
This diet required supplementation of 0.05 pereent dl-tryptophan to
support optlmas poult growth. The totel l-tryptophan requirement
appeared to be 0.25 percent of the total dlet. Corn gluten feed ami
gelatin were the protein sowrces for a second dlet. Thia diet contained
25 percent protein and 0.003 percent l-tryptophan. The addition of 0.15
percent dl-tryptophan gave a total of 0.19 percent l-tryptophan. This
amount was required %o support optimum growth. A third diet contained
corn gluten feed, wmeat serap and gelatian. This dilet requirved a Lotal
of U.227 percent L-tryptophan for deat performance. ™n the basis of
these Tindings the l-tryplophan requirement for the turkey poull was
eomaidered to be approximately 0.92 percenmt of the dietary protein.

Almquist (1792) reviewed the different studies which had been made
to estimate the turkey poult's requirement for several amino aclds.

Gy iaterpolation and extrapolation, estimates of the requirements of
the various amino scid were made. The requivements vere set up, In
table form, at protein levels of 2k anl 20 percent crude protein. The
pertion of the table whiech applies to Hurkey poult smino acld requivre-
ments is given in Table 1.

Scott (1953) dlsclosed that the emsential amino acid reguirements
of young turkey poults were spproximately 1.5 times thet of young
chickens besed on the Hetional Ressarch Council recommendations for
szine acide for chicks. The base levels multiplied by 1.4 gave the

‘amine seid levels vhich should De supplied by a ration combalining 28
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Teble b.--Available amino acid values as a percvent of ingredient

: i : :
:  Crude® ! Available
Ingredients W k : :
- o g t 3 s $
' : f _lx'.a ;“-'w%mt ;MtiWa
: ’ : ’ H ‘ H ’ : ’ : ’ H ’ H ‘ H ’
3 $ 3 H H H H H H
H H H 4 H H ¥ . H H
Delyd. ALY, Meal :m.'rs:ﬁ.o :12.7&: :L.crr: 0.3&: 0.35: 0.60: 0.19: 0.20
k4
Corn (Yellow) P B.56186.0 t T7.36¢ 0.23.: 0.20% 0.11% 0.18: 0.17: 0.09
H : : : H i H :
Oats (Heavy) 112.90156.0 ¢ 7.22¢ o.is: 0.28: 0,21 0,25t 0.15: 0.12
H H H H H H : B
VWheat Grey Shorts $16.30:168.0 :11.087 0.0 0.27, 0.18: 0.30: 0.18: ¢.12
H : H H : B : :
Vheat Bren £18.70159.0 ¢ 8.67% 0.50° 0.27¢ 0.21F 0,29: 0,162 0.13
: H H H H H i : H
Dried Buttermilk :32.00%369.0 122.10% 2.20¢ 0.66% 0.30% 1.52: 0.45: 0.2
H H H : H H H : H
Drled Brewers Yeastihh.50369.0 $30.70¢ 3.30: o.m: 0458 2.28: 0.9 0.31
H H $ H : h H 3
Meat and one : : H H H H H H :
Soraps (508 ) 351.60361.0 231.472 2.78: 0,723 0.62: 1.70¢ O.44: 0.25
H : s H : H : H :
Fioh Meal (60%)  :64.00!90.0 :57.60¢ 5.80: 1.96% 1.08: 5.22: 1.76¢ 0.97
H H H : H H 4 H H
Saybean Meal : 3 3 H ] ' 3 H |
(Salvent hig) :ha.'ro:'ra.o :36.52: 3.02¢ 0.67: o.'n: 2.27: 0.50% 0.53
: i i i i

Spetermined uy chemical analysis.

hmrmmmmmmmmmw
Tituel, Almguist® and Stevert and Pairbenks.d

( vew gwk’ 1953), pe 14
Feed (m. Wis. ). m” Pe 17‘-
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same during each of the slx trisls. Using a set of raniom numbers, each
replication of the experimental rations vas given a battery pen number.

Poults weve taken {rom the hatcher, selected for health and vigor, and

randomized into bozes, each representing a battery pen. Poulis vere rane
domized into the boxes by plecing one poult into esch box during a con~
tinuoue oyele. The eycle process Was repsated antil the desired anamber
of poults were distributed into the respective groups.

After the rani-mization prooedure was coupleted the poults vere
wing banled. Initisl welght of each poult «r mass weight of each pen was
recorded. Each group of poulte was then put into a battery pen which had
a mumber that corresponded to that ol the box.

Statietical Methods Used -~ An anslysis of coveriance as cutlined by
Snedecor (1946 ) was applied to the data from Trials I, IX, III, IV and
VI. The data froa cach Trisl was analysed separately. Trial V was set
up to obtain data %o Justify the uce of this method. 7The date and
reason for conducting this trisl will be discussed in the purpose and
results of Trial V. An apalysls of variance as outlined by Snedecor
(1946 ), was applied to the data of Trial V. The reason for ueing this
method i¢ discussed under the ¥rial procedure.
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Table 5.~<~Composition of basal rations used in trials I and II

R S T T T T S I s

Ration tlatastalsltelntn
: B H : H H :

Tngredients #1818 8458 s 3
H :

Ground Yellow Corn 19.5: 51.5: 19.5: 50001 2005: 56.5:17.753¥§.5

] H s H
Ground Oats 10-0; ’.0‘ 8&03 3.0: 8.0 5.0510-00: 3.0
: : H H : H H $
Vheat Shorts 24.0: 3.0: 20.0: 2.0: 10.0: $110.00:
: H : H H : ]
Wheat Bran 10.0¢ $ 10.02 t 15.08 $12.00:

3 s $ $ $ s $
5.01 5.0' 5.0: 5.0‘ 5.08 4,02 5.00: b0
3 3 s $ 3 3 3
18.03 20.0: 23.5: 24.5: 25.0: 284.0:26.50:26.0
H : s $ : H :
5.0 K08 5.5 5.0 TeO: 7T.5:10.00:10.0

:

:
:
:
:
:
$
:
H
:
:
:
Dehyd. ALf. Leaf Meal s
:
s
s
g
: :
:
:
:
:
:
:
:
s
:
s
:
:
s
3
:
:

Soybean Meel (45%)

Fish Meal (65%)

Meat and Bone Soraps (50%)
Dried Buttermillk

Dried Brewers' Yeaot
Calcium Carbonate
Di-caleium Phoephate

Salt (NaCl)

Caloulated Crude Protein

Calculated Productive
+For Lb.)

t 3 3 : :
: 3.0t ! 2.5 2.0t 5.0 1.50t 5.0
3 3 $ : s $ :
2.00 2.0 2.0: 2.0: 2.0: 2.0: 2.00: 2.0
3 s 3 $ 3 2 $
2.0t 2,01 2,0t 2.0t 2.0: 2.0: 2,00: 2.0
$ 3 3 3 H $ s
3.0 2,08 3.0 2,08 2.5: 1.5: 2.25: 1.5
] $ t g H 3
1.0: 2.0t 1.0t 1.5t 0.5 1.0: 0.50: 0.5
s g $ s H g
058 Co58 0u5: 0.53 058 0e5: 0.50: 0.5
: $ s
122 12h 12k 126 126 :28 :28
$ 3 3 g g g g
$ s g $ 3 3 3
718 : 880 s 722 : 875 : 727 : 880 : 723 : 676

22

The growth responses of poults to amino acid levels S cri 5y were
compared in Trial I. The amino acid level S; represented the emounts of
lysine and sulfur amino acide vhich were contzined in the natural feed
ingredients. The 5) amino acid level represented the calculated require-
ment levels of lysine and sulfur amino acide for the turkey poult. Under
level 8; Table 7, are shown the amounts of available l-lysine monohydro-
chloride and dl-methionine additions which were neoessary to raise level
Sg to the estimalted requirement level of available lysine and sulfur amino
aclids for turiey poult starter rations. Table 8 gives the same type of
data, but 1s presented as ciude instead of available emounts. The



Table §.»-Vitani

 additions per pound of bessl ration
in trisl I and IX

I,

‘ﬂf ﬁﬁm

| Vitamin Dy | e 600 1.0,
Ribotlavis 3o8-1.93 2.2 mg.

Weoin - ' 1&6@2}-@1‘?@3 i

4 3500 1.9

A -

L 1.98-2,15 B g
35.008-39..50 fone
| . ﬁa‘*ﬁ‘-' !‘ B

stimeted Iysine ond sulfur andno old

tein levels s ﬁivm in Table 9, were

- interpolating to the Airferent protein leveis take
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B .J Protein | Tysine : Sulfur imino Acids

Levels : H H :
, Avallable | Crude ; Avallable | Crude
% : % . % & v

H H 1 :

22 : 1.05 : 1.2 : 0.632 : 0.69
: H :

2h : Lol - 1.32 : 0.686 : TS
H H H 1

26 : 1.239 : 1.43 s 0. ThL s .81
: : :

28 : L.33% : 1.54 ; 0.TT9 : 0.87
3

requirement data given by the variocus worke cited in the literature re-
view. The amino scid differcntisl. between protein levels differing by
2 percent is of the same proportion regardless of protein level. Although
Graa (1948), Greu and Kamei {1950) and Almquist (1952) disclosed that
iysine and sulfur amino acide expressed as percemt of the protein decreacses
as the protein level in chick diets increase, the writer believed the
estimated requirements to be sdeguate for preliminary studies. It should
be pointed out that the available lysine and sulfur amino acid levels
given in Table O and the S; aminc acid levels Table 7 do not exactly coin-
cide. This diccrepancy is due to the changing of the original lyeine and
mothionine valuee for saybean mesl to those given by Almquist (1953).
Besults -~ Figure 1 shows the relationship of the productive energy
level of a ration to the efficiency with vhich protein is utilized. The
adjusted means at sach protein lovel indfcate that 880 Calories of pro-
ductive enerszy vor z2und of ratisz vas adequate to suppert efficient
proteln utilization at all protein levels. Seven-hundred and tweaty
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Figare l.--Effect of productive energy at different protein

levels upon body weight gain in trial I
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Figure 2.--Units of protein per unit of gain in trial I
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Figure j.~~lody welght gain at different protein levels as effected
by methionine and lysine sdditions in triasl I
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Table 11 gives the results of the statistical amalyeis on Trial I.

The adjusted means, standard error of treatuent mean differences and ¥

teot values are glven.



Rl iy

e T

3

)

e e g T

¢ s g o

_ tim ad efficieney of gain in trisl ¥

o 5 g

o}

[

-

I

&% ¥RT

o

£

L2

Retion

<

%

¥

B

T T

ws

EL

o

v

u%wk #k o se eales

L2 - 5 A S

B AW A% &% W

E L

A A N Bel g

¢ Acdd Tevel

b

ke AN dw W e

1.8k L.36r L.96: 2410

ILg

®

&

s

e

o
&
5

T

- Bofly Welgh

,.,
L&

Avernz
ab 2

E O

L L gj-ﬁi

LR RN E

| W e R e R 4
r:&‘w

%

R

RN EE

@ )
..

3

Fo SO




Ao Std. Trvar of Mean
g0 E X s}izﬁ‘fm*eme

_ am@m :
Erersy s
Amius Acidy G5

Anmino Aeld .
Levels

TRt b table

Amino Solds

s W PP e

Proteln X Enerpy
Protein ¥ fing hedds

o W
Gk L
e
o
3
o

M Aeids

Energy X Anl
Brror o L




L))

if ! fjrm}, - ’?’he aidition of é@awzmwnww Yyeine and wethionine

bo hlgh-onorgy Sovkey poalt sharter yagionn imm&wﬂs feed efficiency

A levels in Prial X It was then oo

and growth pespones ab all prote

sideved desiradle to deterpine if forther edditions of melhionise and Ly~

adne Yo bilgh-eparsy poult starier vetions would give grostor luoroopsy

f’}‘«a Qgg : ﬁl ﬁm x»\-’. 4

deney of feed whilizetisn. Trevensed swounts of

ﬁm@@&mmﬁ& < fionine and llvgk’ﬁﬁiiinﬁ(‘m@w afded %o retlens conbal

e, Ehy 26 waent sroteln.
wm % mmmwﬁ af 18 @‘ﬁg&f‘x“mﬁﬁ%&& rabions, cach
fod in duplicate. ¥ach of 32 peos contained Powr Broad Mevastsd Bronde

ponlte.  Fhe Srial wes pberted on Fonrusry 36,

135t ard conbineed for 20 duye. Individsal poult welghts wews vesorded

snt of the Teeding i

5% the begtmming dnd tal. Peod mmwmpmm weigte

were Laken by mm ah the e; mee ol the me*iim; frial.

The bassl vebions uweeld in Triel X weve ubere 2, By &l B

epch vablon wes the suwe as

glven in Table %. The basls for es)

.

degorihed in the sraceduvs In Teiel T, The animn wm SAA%E o mads

R?mm the em ounded avsil

We vesaivement level fy ave siven tn Table 13

favel 8 o YEDYSDensy ﬁa@ Jevals of

upder the hewlings level i?* ‘;“mi,

Iywine and sudl o i ide whim mgl@ e pregcet ab w mﬁuim Llowed

v e bonal zratedn Iovel, :mi%j j

levete at & protedn level 2

then that off #hs Loeal. In mml’ 8l tho ha
sainn asld lev

Leiyaine nonoh)

wanld ralne 'f*m iyeine svd aulfar oedns scide w’vﬂm to that gliven ander



ﬂ?wmm%m m o

SE R KR R R SR e Y

Ton

wh gy wn wl

ECTE Y L

 w

WG W RE AN R b W
b EA

FE
W FA

[E N T |

o5 W we RE g

Fop w6 B¢ B %

e B W e
2

% e b
v
oy

¥ ex Rk

A & e
WESE. Ak

i
w9

R

oy

B AR RSB KE 0R WP

W

R 5 S BT T e 4

§ %

£ AT

R OEE EN BE MM DY #R

g BB OFE RS 4B RE bk S

<F
ok F

Fe Td ER EE PR e gy

£

WG RE KR AF R R CER ¥ SRR R

b EE B 8% Wh BR ¥ GE

P

&y wnkaw ek

S TOAT

R

g awe wnk ok asnd

o'y TRAT

& e ST ee hf s S8l ks

Y MR R AT 4% ERY

sl O

% o

Haw wr wifon ef

PRY P

PPN Oy OT ST9AAT ST

Fho% g0 ve] g kaf

T Pen SUTUGTNGOE opnaD

1y

B ﬂ;kﬁivnm wigey




v aabew avg ae B OAE BE WE KN R

1al I

which wenld be orevent

i

&
E4
3
g

&3 o wh Foaw WE A ew ¥R

TP FE T S

w radkiens fed in &
%

a1

e in B

T8 w3 9 we 4k NE AP 4B #RS

o
-

Fiww 45 wodav ang

Lyaite

&

Few w4 we By we @Y %u ows Enf Be Y 4% 65 B ¥ ME sn 64

B3 :
5

CEa. wh oda oRe €% ¥ 88 de & Twh s &% ed ¥ ¥ w3 b g

L T

ECA S TNE R B ) T

Yi&b‘}{‘f 3;3 -

# %

o 2




kY

Figure 4.--Tffect of productive energy at different prosein

levels upon body weight gain in trial IT
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Figure 5.~-Units of protein per unit of gain in trial II
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Plgure 6.--8oiy weight galn at different protein levels as effected
by nethionine and lysine additions in trial IX
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Table 16.--Analysis of adjusted gains in trial II

Amino Acid Percent Protein
o 2 8 2 20 _
8 : 953 580 603 603 : 5§5 Std. Brror of Mean
: 3 : Difference
by Slcadint Wl TR
85 : 536 5Tk 616 : 568 Amino Acids 9.60
¥ S 560 590 607
F Teat
Source Degrees of Freedom ¥ Value § Probability level
Protelin 3 2.10 995
Linesr 1 25.96 99.95
Residual 2 2.06 79.0
Amino Aclds 2 $.08 95.0
Lineax 1 8.65 98.0
Quadratic i 1.3 1240
Protein X Amins Acids 6 1.07 55.0
11

Errvor

An sverage difference of 0.03 pounds in the efficlency of feed utilization
betveen levels 5, and §,, and 8, and 8,, at all protein levels, appears
to sccount for the depressed growth rather than a lowered diet palatability
or a high level smino acid toxieity. Table 12 shows the crude lysine and
salfur emino scids in each treatment ration. These amounts ere considera-
bly above those recoumenied by the Natlional Research Council (1954)., A
low level amino acld toxleity mey have caused the decrease in efficiency
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Pable 1T wﬁ‘%tm’m and trase ninevel sdditions per poand of
Bas mﬁm in br*iaxl XTI and IV

Vitentn A 16,000 L. Blstin
Vitsain By 750 T:ts  Thismine

Calodum Panbothenate  T+00 mgh

Riboflavin

f#lacin 20,00 mg 300 mge

Vitapln Hp 3400 mogs 850 mge

 Viteml

B0 s
155 wugs

min T 2400 mge
Polie Acid 130 mge 3% Protein B
Pe Ax By “w fi’ﬂ}wﬁﬁ m&g.
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The increment of energy between each diet was approximately one-

half the sise of those used in Trials III amd IV.

fat.

Besults -~ The response curves formed by the plotting of the adjusted body
veight gains ave shown in Figave 14. The addition of 0.1 and 0.2 percent
of dl-methionine to the 22 percent protein rations gave an inereased

The growth increase was greater for the 0.1 percent add-

growth responee.

The over-all ploture at this

protein level shovs methionine to be limiting. The addition of supple~
mentary l-lysine gave no grovih response at the 22 percvent level.

ition level than for the 0.2 percent level.
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The sddition of 0.1 percent dl-methionine to the 26 percent protein
poult starting retions gave o slight incresse in growih response. The
addition of G.15 pervent l-lyeine monshydrochlioride supported a growth
response greater than that demmmstrated by the methionine sddition. A
greater growth response ves obtained vhen the dlet was supplemented with
Vel and 0,15 peroent dl-methionine and lelysine muwnohypirochlorides yes-
pectively.

The unite of protein required per unit of gain are given in Table 31
and Flgare 13. The yesponse curve showe the efficiency of protein utili-
sation to be more favorsble at the 22 percent protein level than at the
26 pevoent level. The addition of methionine greetly inovessed protein
ubllization efficicnsy at the 22 percent protein level. The eddition of
lyeine scemed to moither lnoresse nor decrease protein efficiency at thils
protein level. Supplementery lysine and wmethionine added singly %o the
26 percent protein rations ineresved the efficiency of protein ubilisetiom.
The addition of both amine acids slmaltanecusly gave an even greater
efficiency reeponse.

Comparing the adjusted body welght gain mesne of the b emergy lewels,
given in Tsble 2, there appeared to be a trend in favor of the inoveasod
enorgy levels. The differences between odjusted means approsch significance
to the .9u probability level. The linear effect of the differences
agproach significence to the U.945 prodadbllity level.

Table 33 givea the aljueted body welght gain means for the 3 by 3
and 2 by 2 fectorials, the standard error of the woan differences and
the T test datn. The ¥ Sest indicated the methionine addition at the &2
percent protein level to be significant %o the U.9995 probebility level.
The addition of mwethionine anl lysine at the 25 percent protein level were
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¥nergy and Protein Belaticnship
%ﬁ ﬂmﬂalﬁ&blﬁ mrm frm Whrﬂﬁa &m f&'ﬁ W‘ﬁiuir@ﬂ. %m sﬁw@fg
Tx'ial III m‘% I‘fﬁ ?ﬁgw%i%w. fﬂiﬁ x‘g&ﬁpm% QWQ& £®T m r E&iﬂnﬁ ﬂimw

tatning 700 sni 720 Caluries of avallable ene

By per poand, bresk at the
28 and 30 percent proteim levels. These bresks in the respanse curves
indicate thet protedn is being utilized less efficiently for the sypthesis

o protein Wlssve. Pigires B snd 10 shov mavked ineresses in the unite

p

of protein reguired per unlt of body weight gein at these protein amd
anergy levels. | |

The parpsse of Ceeding graded levels of aveilable snerey ia Syials TIT
el IV vas that of determining the amount of aveilsble cerbohydrate srd -
fat eneray which would be reguived o support the mosd efffciemt ntildza-
$ion of protein. The use of protein as 8 scurce of emergy 1 & waste of
tipsue builiing meterial. Consldering the oost of probein on s Calorie

basis, the cost of one Calerde of proteim is ususlly grestey than sne

L esst of one (elorie of prsteln

falorie of earbohpdvate. If the initlal
18 grester than tunh of one Cplorie of cavbohydrate, it 1a ecenmicslly

unsound to use proteln a8 8 source of ensvgy. A second lose in the Uslorie

value of protedin is epcountered ak & remult of the desmivation process.
Almgulet (1953}, etates, "It 1s unlikely thet forced synthesis of dls-
penssble amine zeide from Indfonencable ssmins aclds will proceed withous

conatderable waste”. It would, therefore, seem likely that energy is lesy
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certain rations 1t would contain more than 1140 Calorles vhen compared to
the prolactive energry ratings of matursl ingredients. It was because of
this apparent disorepancy in productive cnergy values that available
energy velues were used in ealoulating the carholydrate an? fat encrgy
levels in the &lete fed Iin Trisls III, IV, Vamd VI.

1% appears from Flgares 7 end O that 790 end 720 Csloriee of avail-
able energy per pound of diet support efficlent protein ntilization at
the 22, 24 and 26 percent proteln levels. However, these amounte of
svailsble eneryy were found tc be limiting at the 28 and 30 percent pro-
tein levels. Vhen dZetary energy levels of 700 end 800 Calories were fed,
protein was effliclently utilized up to and including the 28 percent
level. The dlete contalining 850 and 880 Calories, suppovted efficlent
proteln utilization at protein levels of 22 flarough 30 pexcent. Vhile
the calewlated energy levels ln Trisl III and IV differed by spproxi-
mately 20 and 30 Calories of productive energy per pound of dlet, it
does not appear, ccooréing to the experimentel data, that the moleoular
energy difference between cerslose and starch exlsted.

Protein and Amino Aclds

The available sulfur amino acids and lysine content of rations fed
in Trials I and II were calculated from the amino acid values gilven in
table 4. The diets which contained the S, levels of sulfur emino acids
and lysine were utilized more efficiently than the control diets which
contained the S  amino acid levels. In Trial II the Sp and S3 sulfur
emino acide and lyeine levels seemed to have retarded poult growth. When
o.xwo.zmmummmmm;aemmmm-
purified diet the growth response of the poults was considerably greater
than the response siven by the unsupplemented dlet. The addition of the
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approximate available sulfur amine acid requirement level calculated for
the 28 percent protein starter fed in Trial II.

The apperent depressicn of feed efficlency in rations containing
Sz and 83 amino acid levels is probably caused by a multiple error. One
error could exist in the using of protein digestion ccefficients es a
base from which to calculate the availability of emino acids in each
ration. The availability of the amino sclde are probably slightly higher
than that shown in Table &, Should the first probable error be true a
second error will evolve from the method used to figure the amino acid
values for the natural feed ingredients. The crude amino acid levels of
highly purified diets were first calculated and later reduced to the avail-
able level. Rations containing natural feedstuffs were then formulated to
contain the same levels of avallable sulfur amino aclds and lysine as were
contained in the purified diets. In general the protein in the natural
feedstuffs was less digestible than the proteins used in the purified diets.
Therefore, the crude amino acid levels of the natural diets were higher
than those of the synthetic diets. The presence of these two errors could
easily raise the methionine or lysine level to a point at which a low level
toxicity would exist.

In Figures © and 10 From Trials III and IV, respectively is shown the
efficiency with vhich the unite of protein within each ration was utilized.
The curve which represents the respcnse of protein as affected by 850 and
880 Calories of energy appeers to plateau at the 28 and 30 percent levels.
The plateau ehowe that protein was being utilized more efficiently at these
protein levels, According to Almguist (1952) end Scott (1953) an inerease
in the amount of a good quality protein within a ration will give an amino
acid balance more in line with the physioclogical demand of the growing
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