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-.~Ltm:eaJL& are an :um:~Cr~l'l aouwe ill 

-~- poul\~ tieta.. ~- -~-.1aatal.B are pJWeaaea the 'fi&8'H 

of 

'becauu of theil" hi.~Jl pl'G\818 

aupple181l'ta:z.7 p:r:awin. It 

well em aome. 18atmeala aDl poorq on othera. '.fid.a 

oontimel 1ar recent wo:r:k (llo»oMli, 1~b1) wh:J.dl 

18 Aua,zalia. 
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The Meatmeals: 

(1) ~he C2!!Ji!?sition of the Mea],m~ls. 

The meatmeals are heterogenous prcd.Ucts made by the p:rooessing 

ot waste offal materials sooh as of'OO visoera, blood, skin and 

bone,eto. The variation of the n....r'll'i" .. ~'in oontent found in meatmeal can largely 

be explained in terms of the extent to whloh the fat has been :from the 

produot and the bone which bas been the materials used in the 

manufacture o:r meatmeal .. 

The quality of tht or the ot 

the is in:fluemed the oo.mposition of the raw in the 

processing of the • in digestibUi ty 

nutritive value of the protein of v.L.ltli:Ctl.l.!:~i:t has been olearly 

et al. 19 .;6). For exsmpJLe shown (Hoagland, et al. 1926A; I.AiiiiJ·l!!.-"'""• 

nutritive value of tissues hiah :in OOlrmEtO't 

the low 

tisaue as hog anouts 

in 

were fed these materials in diets. 

Finally a comparison between the nutritive values of beef, oalf 

lungs, hog spleens and oow udders shewed that the nutritive value of beef was 

superior when compared to other organs which could be ranked in terms of their 

nutritive value aooorQina to the amount of connective tissue they contained 

(1i:lagland, et al. 192613). Therefore, the use ef waste mat of:fals which are 

high in connective tissue for the mat~Ltfaoture of meatmeals will result in the 

production of meatmeals of inferior nutritive value. This is because the 

conneoti ve tissues are made up of the proteins oollagEn and elastin whioh are 

extremely defioient in several of the essential amtno acids as shown in 

'!'able I (~1 194.8). 
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(2} ~ P:nMaesa!!l of Jleatllefl. 

In Jfew Zealan4 the two pl'OIIesses used to process the mea~ 

ann 

a.. the wet rell4ering p:p::~CJess. 

'b. the ~ raul!miJ~g pxeoeas. 

In the •t 1'8B4er113g pi'OCeas the meat ref'uae is covered wiih 

water ill l.&rae ta.Dka ad boiled until the tisaW~t bres.D dcrfa after which the 

fat ia ~'CeQ.. The material rea~ is 'Chert dried arad ground to give the 

t:Ual pn)c3w'Jt lcnawn as meatmeal. In the ar,y rendering process the meat rei\lse 

is cooked without ei1ding water i,n a s'team ;Jacket ve•sel vidch is heated b7 

pasa:tng steam between the inner and outer walls of the jacket,. Af'ter the fat 

ia extreoted. froa the broken down tissues tho llDisture is driven oft e.ad tbt 

material dried ad srouad. The actual. tempera.tu.rea used in the preoeslliDg an4 

the time the DJate:d.als a.re cookeCl for vari.ea between some treesing v.odta. 

A comp&riaon between tho two pl:'OGesses in terms of their effect 

on the nutri.:;tve value ot the products baa been examined (~pe, 1~29), aaa tile 

resul. ta ot th1s stu.C\Y showed that there appeared to be no diftereaoe betweat 

the wet; ~ and the dJ.'7 reatilering processes on 1b.e nutr.i tt.ve value of 

the proteiD of the pX'DGuots prodllce4. In the case of .fiahmeal it was al.s 

showa that there was ve1f3 little difterence between 1b.e two pro:~esses .. (Wilder, 

et a.l. 1934-). 

( 3) 1'he A!1!e Aoid Content pg Ksa.t B;y::2P?®~. 

!he results the amino a.oid dete~tions on by-prod:ucts 

aule by microbiological. assays are in !!_ble n (~, et al. 1956J 

Almquist, 1957). 
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Beet Pod: Laab Veal 

~ 6.Je, 6.Je, 6.2 

llt.stidi.Jie '·' 3.8 3.2 ;.; 

Ly.U. 8.9 8.7 8.8 

Leueilie 7.6 7.2 8 .. 1 7.6 

Iaoleuo:ine s.1 5.7 ,_,.. ; .. 6 

VaJJ.ue ;.} ;.; ; .. At. .5.3 

Ketbio!d.m a.; 2.4. 2.~t. 

Oystille 1.lt. 

!rhreoa:1De 4...5 4...5 4,.8 '~' 
~topbu 1.4. 1.4. 1.4. 1.1 

Phen;ylala:rdi» 4,.2 4..2 4..3 }.8 

Glutud.o acid 14..2 11.,8 11., 
f.r.yosi»a ).At, 

Gl30iae ; .. o 
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low m eaaential-. ecicm. SUpport tor thta iea·Wa:s 

deJil)utrated ihe taot> that autr1t1ve 'falue ot the 

ot 

reduced availability 

the mtcro-o:rgOid.•• 

~ Etteot ot' Heat o:n the Jktr1t1!! Value ot: F.mteiu 21' .JDiml Produott .. 

(1) 

uai:ng tialbmeala wbioll 

iatervala aa4 

~dried tisbat&l. these resUlts~ confirmed by the wom ot' &lmalie$ 

et al., (1,57) 1B 1D 'the tollow:Lq table. 
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!ABLl:. v. 

Oaaraoter Bat pta. Ohick weigbt at 
ot ti._ala .. o'fiSeb. 

Noxal •al. - 1.8lb 

~tqo~t 74PB/ .... 1,. 7 11» 

StroDg)¥ ovem.ea.t I sma/WNk 1.5 lb 

(2} 

effeot of on tho nu.tr:L tive value of ~rt (Beuk. 

et al,. 1949) ·was at 

113°0 for .5; 1.5 u4 30 mimltes, 1, 2, 4-, 8 Ul4 24 ~. The 

efteot ot th• heat treatment oa thtt pol"k liJampla was 11easured. iR wnus of 

!fhe rata t•O. on the raw port gp.ve the gr&awst gain. in weis;ht .,a the 

~st proteiD ett.Wiency. A comparison betwem the raw 11eat and the 

24 bra., bowever11 ahowcl a si~ cU.ffel'eDle ill weight gaiua 8114 

proteia efticieno7 .. 

(1934). 

of 
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o. !he ~niB• Re~b1t• for ~· iedmrtion 1r! the llttriti:e 
Value of' Hea.t&d ProteiB .. 

( 1) The IWJi! of #t~ in j!e Jl!dnotion of' the ~t~tt 
Value of, Heated ITotfba .. 

The effect of overheating on protei» baa bee su.bjeot&4 

to conaiderable and the invol'¥1ld are slowly beinl 

elucida.tecL It nutri. tlw value o'f ctamage4 

proteir!s C8ll oases., 

For example, ted on a aiet conts:bd.ng heat treated 

oasein •• (Greaves, et al,. 19.}8). 

fhie has been al., 1946), whioh clear]3 

d.ernonstrated ha.8 on availabili:f;)r 

of reaul tiag decrease in the 

nu.tri tive value toodatutta. &lppl~ation experiment• with J.y.ille 

]Jrai!le was destroyed when it 

12d'o.. lfowever ~ lyaiae waa autoole.ve4 

the lyaine been 4eat~d, or rendered UMvailable to the ohicken.. 

(Stevens, a1 .. 194-7)., 

Two D'ISObaniliiiJS are inwlw4 in 

of am:lllc acids (A].mqu.ist, 1957}. 

(1) 

up 
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(a) 

:i..1'¥l16a'tEIC a ww.tllf.'.l>'"'­

or noJtJ.•eQ12i.1~ 

amino aoi.ds,partioular]T 

-A.d .... .~.~. reaot 

gtw ria 

result 

Va.IL.l!H"''II be 

DDJrt-eartomrdria:te re1r.en:uc•11 e :~et 

_..,._ ao;;z.u.s, .....,....,_..._ on aoUL 

oaae 

the 

"Were aui»cla.v$4 

aoid or the alkali 

id.st:td:I.Jle, isoleucine, .t.'l:!'-'~d.I#Ri, me·t!d;oR:ine 

case of the enzymea 

waa fact the were a'blflt to 

liberate all of the s.m:iDD acids in the autools.wd pork ~··· 
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al.1948) .. 

('h) ;he Postulated llechanisa IJnJOlved in the Bon..OarltoJl.y4rate 
Re;§ent»n.lleaction.. 

the 

al.19le8) 

qsine with 

-...~:tlii~Ui> W 8DSJ1111ltic 

~-41~o.., wa.s thought to a oon4ea.ati.on betwec 

~dt.!IU &J."'Upi i;be frflfl 0A1!"m·:~Y] 

Q~ 

I 
(r~>, 

- peptii.e che.ia - .M B C II 0 0 -

Itrsme 

rB 
,~ 

pepU.ie ohaiD - N K C Jl 0 0 -

Aapartio aci4 
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HOBO 0 

I 
y•z 
f,__ ___ \DDd reld.stanili 

r-
<ra>Jt. 
0 BO 0 -

Lysine 

al.19qe) 

u••D..t.u. •• :aore aevere],f beate4. Jr-)Jsirle 4ec&rboll\flaaes ia speed.$ ill ita 

aotion will olll;r deoar\Dqlaw l;vsiu u in the toUowiaa equatiDa. 

ailtack ,(. -, oL.. ...-ethyl. -, E. -ac.t.yl -, L.,..'tlvl 

.IJ/IIi<l.lllll'•ur :pi~ d._ -oarboqlie u:l.4. A chanp 1a tit• E.. OJ')_ GldJIO g:rgap of 

lJ'aae wulcl, therefore, affect ita a:vailab:l.l.iV w 
c(_dfiao the careoql 
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~ firat stage involves a sugar amine condensation tbllo•d. 

an A!ea.dori re~e~~ent., ~ sugars react with ami!» 

ClO!IIpOUnda to tom a au.'bstitu.ted glyoosylamines of Sohitf•a 

'bases ( Goi;tsohalk, et al. 19.50), which are th• coD.'AX'ted to 

1-a.m:l.m -1 deoJt;Y-2 ketoaes.These 'i:lla'Jf exist in the keto or the 

enol 

the 02 

Soltl.ff1 s 'base 
or N glycoside 

J 

H /liiR 
'-o u 

0 ...OH 
I 

BJ-0 ...a 
• H- 0 ..OH 
r 

:a- o -oa 

' ca2o:a 

Xetoae isomer 
(keto or •ol form) 

) 

the .SUf!J!iJ:' moiety .. 



- 16 -

~ first pathwq involves the lost of ~J moles of water 

to fora :furfUral or ~~t.b,;yl~. !~lis type of 

xeaetion was sb.owa ooom:· (Rioha.r<la, 1956) in a glyoine 

glucose reaction yfc 7oft relative humioj:\f .. 

H ltiR 

if 
0 -
t 

BJ - C - B 
f 

H - 0 ... OB 
I 

B ... 0 - OH 

• CH2 OB 

Ketose :Uomer 
(keto or fczm) 

brown products 

or- OR/ 
I II 
0 0 .. OH .. NR. 

"o/ 

~ aeoon.d pa~· in~lves the foxmation ot redilotonea 

when tv.o mlscules ot •ter are lost from. the sugar ma.iety 

(mage, et aJ... 1953).. lklth furturals end rewowuea 'bl:own 

rapidly in presaoe of a.liiDO co~. 
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Also dur.i.ag the latter part of the seoo»d stase of 

'b~ fission proata of the auga.ra appear, am tb.e 

fragranta which retain the rk oar'boJV"l grouping will ~ 

alone, blt the discoloura.t~a waa grea.tl,y iacreaaed by the 

preseme of amino groupings in the reactioa mxture (Carson, 

19.53). !he streaker O.gradation (Hodge, 19.53) whiob. involws 

the recb.lction of the ckaml.Do aoida to al~s {con~ 

one oar'bon leu 'ths.n the amino acid with the liberation of 

oo2) in the pnseme of reduotonea bas some import&Me in the 

~ rea.otion, 'beca.uae the a.l~s tomed a1'8 a soume: 

of b~ They are able to oona.se w1 tb. theaselves tmd 

vd tb. aad.,ms,. 

al:dol oo~tions, ~-a.m:i.DD 

p..;.~..;yu~-..,.~,., • ...,u. and "'"'"'·~·........,.u. of heteroayaliQ nit:rogen OOBlJlOunds 

A au.gnU~a·u.o •n- of the reaotiona involved in the 

~-"'""""'"' 
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(A) 
N subati'blted. 
glyaoaylamiae 

A--.:~-ri Ir-------------'' I (B) 
.n.ma.uu rearrangemel'lt 

+amino 
compound 

F) 

(G) 

r ' aldimine:s 

(G) 

-2H +211 .. 

with or wit ut 1 (F) 
amino oompotlnd 

l 

} 

I 
Strecker de~tion 

F) + amino 

oompodnd 

or 
ketiminea 

: : : :: 

+ 

(G) 

.L 

] 
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G. Aldel\'Yde-ami~ p>~risation and fbma.tion at 
heterocyclic mtrogea. ooa~ .. 

:reaotion pmoeeded furtbilr arg:i.JW1s1 histidine, tyxoaine 

became :l.mol..ecL 

(Lea, 1958; Jonea,1956)., 

2. 

fm• 3 to a. 'lhe ~ acids 

~.~v tbrm~ only slisiltly 1a the 

fully in the aru.om.e tom. 
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a& 

(b) 

Dimple GOIIDOtan&1/.., 

E:dm are 

mlecular weight, 

.... ~,.,,.,. ot 1 o-;~. 

OR a 



~ 

et aJ.. 1949), 

-· 
it 1118 .1.4a.ii.O.U.I~W. 

absen::se 

in 8)00 """""'~" 

resi&:les 

espeoial.ly --··""­

Ditmgeaoua 

.... 21 -

to destruotion UWUHU"''"' of 

uncomt1net4 in 

epsilon ......... """"'" q~.a,u•l'lf'l ineble and imidazole grollpa. 

(c) 

general, the 

related 

al. (1949} have that al:ove 

·complexes. 

U<4w.a.- have ~, .................. , ..... 

that the 'bXOWDing 'PAPI.B'l:, 

is th.e actual cause 

~ue of heated fishmeals. (Rational 
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The conoentra:t:ion of 

ot heated tilleta that bave 

season, as •11 aa the heat trea:-.nt d!J.ring p:roeessing. at:tected. 

the avail.ability of the amino aoida.. A di:t:tereaee was :noted. 

between the 'february and November samples. The Feb:'C."Ua%7 samples 

showed a greater impaim.ent in their nutri.tive value, and it wa.a 

also fcund that 

D.. The Btf!ot of Jbn-Carl:o!\Idrate Retention and the Maillard Reaction on the 
~tic Liberation of kt!U!•: 

( 1 ) T}le Jlai;Q.~ Reaotiop., 

In a atua,- (~;y, et al .. 1950) tQ demonatrate the inf'lueme of 

following enzymes:... :J.'eypsin, 

pramreatin. The results showed tiat the 

reaotion p:rodtota were resistant to diseation 'by tr.n>sin ana. papain, while they 

were disested 'by pepsin, abJmotrypain and pamreatin.. These o'baervations lead. 



- 23 -

to the postulation of an id$a that the loss of nutr.l ti.ve value was we to 

tb$ protein-sugar complex beiDa resistant to 'tr.n>ai.n• lfowover it I1'1Wit be 

IOinted out that it ia di:ftioult to relate these in vitro studies to tbe 

.m'Jmal. lt is interesting to mte tl'.8.t the aito of a.tta.ok for tzr.ypsill, 

which is a higbl;r aproif1o ~~~ is the peptidiD linltago on the oax-'boJWl 

side of the~ acids, a.l:."gildne and l3SiD$ and it is, tberet\)re, probable 

that the ~ tion of lysine md srg:i n:i :ne with the fl:ee supr tb:R>u_., their 

£- amtno and quanidyl group protect the peptide linkage fran tbe attack 

of t r;r.psino 

{2}' !lon-Car'!:!kfdr!'t! Reteig.on ~tio,n.. 

In vitro atudiea (Pader, et el 1948), with pacreatia, 

~a. tbat the rate of ~l3ai.s on oaaein by thia Euw,me ma re&loed 1r 

beating the oaaein 1,50°0 :tbr 1i am. 5 mura, while tbe ultiate agee 

of hjrdrolyais was o'btai:aed was atteotod tw tbe beat treatraoat. 

Abo it was foWld that the supplementation of the heated casein with l.ysU. 

restored wtri:tive value. obaenations clearly indioated 

rate of liberation 

it was J)OI~tuJ..ai;eo. tl:a t 

ef.feotively 

~ liberated too aloW.ly to supplement 

were liB!):t:e re~ eydro]3sed, and heme 

digestion. absorbed earlier t.'nn:~.»g the j,X:1.~;-,u..~" 

(3) fbe A~ila'bl:li:t:J: of hz!ino in ~t ~.eased .f\:!!~!!1 fJ.:!ducts. 

In a studT on dO~roial ssmpl es ot meals ohiokena \'ilerO 

used to estimate the availability ot lysine. (Kratzer, et a.l. 1957).. fbe 

bual used OOl:l'Ca.::t..JlE!t€1 20J' -"'""'" w.u.~~"'-"U 'Wii\8 supplied by sesame seed 

meel oorn, the exp~tal diets at 

corn staxch ao as kaep tm total 

protein level oonatant. Simple 'bod;y ~ins for a. 10..12 day period 

were talcoa as the measure of response and results compared with lyrd.ae 
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acid h;rdiO~tea 

three -·.P·~- 'O:re'DBJ.'II~& 

(in 

ere 

'Se'•.A:mqable l«;Bine~ and its Ba~Uo~t: 

ia cletild. te).y 

fhA,;tai~lf'·Pa wh»h require heat 61r.Ln,g prooeaamg. 

in pl"'teia 

a o~~ ~h 

lysine wmae t.. -ud.no gtVupa are 

a'&'f!ilable If the 

Decame the 
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the "available lysine" in ADiMl :produots, ani the pJ:OOed'W!'e inwlvea the 

use of 2• 4-a:Lnitrofluoreaen.cene (:r.D.N.B..) which reacts with th• fl:oee 

protein 

> OB 

On uid hydrolysis of 

-tm1A hydi'O Iys J..S enz.,-

1 moleoule of lysins, plua 

1 moleoule of ]¥sine wldoh 
is bc!Uad in to molecule X 
and is not u:tUiaul )1' the 
animal. 



OH(OH2)~-X 
lysine bound 
to group X 

uarl:lf!nl·ter ... et aJ.. 19.5.5).. The 

"hA!i'!ll~.- the (Y) 

Y= 

- 26 -

x-

does 

result is 

) 

is a measure of thtz wtri tiw 

growth rate of cbiok-.eb 

re1atiouhip 

~~ significum:t, the 
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(Simco, al .. ) pboepborus co!lteJrts .. 

v-~- the effect the levels of oaloium aud pbospho%'118 on 

~wtb rate ohick8ll8. fhe levela ot oaloium pbosphol'Wll sialdied 

were 1 .51', o. o. ~, 0. 1% and 0.42%,. o.~, o. and o. reapect:l:vely. 

'.fbe reaul.te of this stua;r abo•d tba:tu 

1. The oeJ.oium lewl of 0 .. 1~ did not support optit&a growth or 

feed utilization. 

:phoapborua level 

or teed """'~"'*·-\·•""'~ 

utilization 

6. fhe optiaun growth and etricieDOT of feed utilization was 

obtained with a oalQ ium. lewl a.s low as 0. a pboapboru& 

level of o.;%. 

Fu.l"ther, (Fo~, et al .. 1962) found tmt 

On1:l.ml.:lm gl'OlftA rate W!t& Dleasu:l"ed at 0.6% 0.~ phoaphoru&., 

linalJ.;r, some English 'I.Ork al. ) ~two dieta 

1 



- 29 -

is 

1.,5 : 1 ia 

YV•""'~,~~ 8. ,.;a..~.ll.wu '!)bOSli)l¥~:r'UiS 

a :1 

calcium 

content 
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ot 

A stusv of the effect of heat on the nutritive value snd 
••a.vailab~e l;tsine,", content of anifla.l. 2rote1n: 

:ro study; the effect of supJAf!DE!n~ meatmeal with L-lz!:S.ae. 

red!lgtioa of "available lysine" 

J!o study :Rrotein g~1ty; end ;the "a.w.Ua.bl~ geinett 1n 
:N,Z.Heatmealf .. 
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O~II 

~~~ JO:IB):DB A &IRIIIDlJL. 

( 1 } :tleatmealB .. 

The meatmeals were manutaoiut'ed fl:om the various by-pxoduots 

of the tree.rd.ng l\Orks and were pr:ooessed by one of tv.o nethods.. 

(2) Autoolaved Meat. 

One :hl.aldred and twenty.r.five :pounds or minoelllean be~r was 

obtained and eighty :pounds ot this ~ t was 'b:ea.ted in an autoola ve, ae 

follOW's: 

25 minutes a.t 240°F .. 

2 hrs. at 2AttJ'F. 

0 2 hrs.. at 270 F .. 
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:a. l!!Sel!u. 
( 1) 131 Autgclayina of If!!$ §!Sl!!? 

!M ·~lea wb:Loh w:re ~toclaveu .,.... tbinl¥ • ou• oa 

t~ _ ibre tht7 w~ asetarate4 f3' loob placecl in the. a111;0olaft 

btaket, !bU arraag nt enable the h t ot the ate to penetrate the 

meat and eo eneutre that the 88Dlpl were UQitonal.J' oaoke.C. !he ter in 

the autoala'" a allowd to mU beto~e the samples were placed in the 

au\oelave an .:r:ought up to thilllDminated tempel"&tt,l%'8 qd held tor the 

re~Q, .autoela-ri.ng inte~. Wb n ~ autoola'Vina waa t'i.nished the 

pre l!lt.lt"e waa releaae4 s quiokly a• po •1'ble, fter which the samples were 

l."eeDDVed aJ¥:1 allowed to oool bet the7 wer. •tot-ed ~ the dee' freeze. 2be 

45 l a. ot •• Mat and the eu lave samples ere then treeae dr.led, but 

bet\'>" retu.Jtling to tile clee b-eeze they were allowed tD qu.U1brate with 

the istute 1a lr. 

(2) SaaJii!!s Pft;o!d!£!. 

aaaple th! variewa. couti:tuenta of tbe experi.JDJAtal Meta, 

le spread o\lt on tbe 

tl.Dor and qliiQ."t_..d repeate41Jr until sample of s~1able sue waa obWile 

tor tru. oheali04 al'lalyl1.a. 

()) !J! Jre$hf4s Inelved 1n tpe Qhemt.oal. . 4!!HX• ot »9 0ol'J8tit9!!}t§ 
o,,t the §wri.mltn,tal J?1.eta. · · 

AU 8AJIIpl s were anal7• 4 in &.tplitJe;te. The· troea Qri.ed meat 

and eatmeal. aamples were anaJ.7Pd tor ..n.ature, aah, ~ t, })l"Ote:Lnt nJ.oi . , 

pboaphOrua ani •ava.Uable lyeine". 'fb trhee.t, Dd.lle1"8• offal, ~·~ bu-le,-, 

oats, wbey, T••t aad oaaein wer orll.y analyaed for pl'OteiJl, c loium an 
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011 

by 

1833) .. were digested 100 

Kjeldahl :f'lasks with oonoentrated aulphurio 10 

10 chloride. (Biller, al,. 1948). 

.., ...... ,...,... .... was converted to the salts of amJOOJlll.a during digestion 

and when this solution 

N 
ro 

hemDe, the total 

a back titration with 

of the moisture oontsnt of tcodatu:tt were oaretu:ll.y transferred to 

The soxblet extractor v.as then fitted on to a flask containing 150 mla 

held constant at 

on extractor the extraction 
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completed all to the 

an oven at 

for 1-2 

aample .. 

after 

a 2 temperature was oorttrolled 

to prevent volatilisation of elements such as sodium and p>taasium. 

ash .. 

e. The Detexmination of Oyoium., 

ash !:tom the o:ruoible was transfer.red carefully into a 400 ml 

acid and 20 mls of water to remove a1:J:3' remaining ash particles into the 

beaker which was warmed to diseolve the ash.. The oal.oium determination 

was aarried out by the una hy<irolysia method. (Vogel, 1951 ).. The 

acid, and 

roJ~a. ms dissolved in oomentra.te sulpb.urio 

sol.ution v•~,~,.;w..,.... to 7o-80°0 and titrated with 1~ ~4 
prepared, a.ooording to Vogel ( 1951 ) .. 

e o .. 0020l;> 8JA Ca 

the caae of t.lte meatmeals, whioh are higJ'l in oaloium, onJ.;v 

the solution obtained by dissolving the ash in hydroohlorio 

aoid was 
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t.. The Determi.na:tion of Phospiprus. 

A colorimetric method was used to dete:rz:aine the phospho:rt1a 

of tr.e of 

for this mic:ro ... anal.ytioal to be too snnJ.l for 

as l::l"'-~"P.l·,dd•·cs problems to the s,enoe of 

overo(;)m!l t.bis sampling a [!JD. "'-'"'¥'"-·U' was 

.3igested in a ml Kjeldahl with 4.0 mls of' Qti<".&J;I!"". O•OBientl:'l:lte 

suJ.phuric plus a 

~ heated ~fently at frothirtg .. the 

:frothing flask 

the black solution was tmn deoolaur:i.zed by oau into 

the boiling from a bottle analar oonoentrated nitric 

were 

until the solution turned a light yellow. was 

roil fbr a 15 minutes 

was w;::u!lnou. w:lth hot 

for a further- 15 minutes. On oooling 

whioh ita oontents 

Kjeld.ahl flask were eare transferred to a 1 "t.;'Olumetrio flask, 

together with alout 800 ml of water* When the volumetrio flask contents 

oooled,a:rter the reaetion betv1een the water and the solution 

was up to the :mar'.t with water and From 1000 ml w lumetrio 

flask, 1 ml of the solution was transferred to a 25 ml volumetric flask 

for phosphorus deteminations by the method of Allen ( 1940). 

g. The DeterminatiOJt of ffA~abl~. Ia:sina". 

lysine", or the lysine with the free f... -amino groups, 

was determirJed by the of ( 1960), modified by replaoing 

the third stage (a:rter tl1e extraction with ether to re:m:>ve the ether 

soluble N.P. amim acids) by a ohronatographio method for 

the separation of (,D., lysine et e.l. 1959 ). The eluate 
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lysine then 

.LV;;5,.L..UO }WC!.:roahloxide 

the of Carpenter ( 196o). 

(4.) The ~nY!J: Jh-P?.d;er .J&gut .. 

(a) !he Brooders. 

In this stuey brooder units we:re used,. The brooder 

could be described as a large Viheel with a diameter of 6 ft. surrounded by en 

18 inch high wall, and containing a centrally placed circular heating unit. 

The brooder was di v.lded into nine compartments by moden partitions radiating 

tram the centre of the brooder to the outside (Fig. 3 ). Sa:wdllst was placed on 

the floor each oompa.rtment to a. depth of 2!-5 inches, and each compartmeut 

contained a. watering feeding unit. Fitted to each brooder unit was a 3.5 

light bulb to ensure equal illumination in all compartments, especially 

in the vt.l.llter oonths., The two brooder W'l1 ts wel."e housed insid8 a room in which 

the temperature ventilation could be controlled. 

(b) The Watee¥!& Unit~ .. 

For the construction of the watering l.ll1its, see Fig. 4.. 

(c) ;he ,Feedi:qg Units ... 

"''"''.:L.I.~~ coul. d be adjusted as the 

the o~~:~.15a of the diet.. 

;) was oonstl:'llQted eo that the 

so as to control and prevent 
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Fig. l: A Ceneral View ot the I,.a.yo:yt of th.; 
· :EJsp~ntal Brood!.£. 
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( 

( ) 
t. 

unit. 

( ) 
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(.5) The ilana.gement of tl:e Ohiokens. 

Chiokexs of the same line were used for all the experiments 

conducted in this stuay. For eaoh e~er.i.ment 250 day old chickens were 

wing banded and randomly placed in the eighteen oo~ta ot the two 

experimental brooder units. During the whole experimental period the room 

temperature was maintained at 70~. , while the temperaiu.re under the brooder 

for the first two weeks was mainte.ined at <;ri'F, after which the brooder 

heating units were raised to g;Lve a temperature under the brooder of 80°F. 

A continuous supply of olean drinking water was available at all times. 

Each e xperi.ment ran :fbr 28 days and was divided up into a 14-Eia;y pre­

experimental period and a 14-da.;r e~tal period. 

(a) The Pre-!X»erim.ental Period. 

To start the young chickens eating and to ensure that 

they were well supplied with gr:it, rolled oats were sprinkled on a 

thin layer of sand plaoed on a sheet of paper in eaoh compartment. 

Sinoe the first instinct of the chicken was to walk around and peak 

at anything that caught its eye, the spreading of the sand and the 

rolled oats on the ground ensured that the chickens lliOuld soon commence 

feeding, and at the same time receive adequate grit. At the end of 

the second day the feeding units containing the pre-experimental 

ration were plaoed in their respective compartments. These units 

were f'illed each mrning so that the chickens were fed ad lib. 

At 10 ruvs of age all the ohickem "Were debeaked. This 

involved the removal of part of the upper mandibular and the point of 

the lover mandibllar. Debeaking was done as a neoessacy precaution 

against oamdl:aliam. 'Which can start v.ilen the chickens are about 2-3 

weeks old. The actual causes of cannibalism are not known, but a 

low protein diet could be a oont:r:t'buting factor. 
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At tl':wl same time as de'bee.ld.ng all the chickens W.rtl 

identified by their wing bands -weighed.. From this into:nra t:ion the 

heaviest and the lightest birds "Were culled, and the rest of the 

chickens were then randomly eighteen groups of ten 

chickens and placed in the following da;i. Heavy 

culling was done in order to obtain 18 of uniform body 'Weight. 

This is iup>rtant as the initial boqy weight infiuemes the gmwth 

mte. 1'he ohiokena were then allowed } to Sflttle down beto:re the 

(b) The ms:tmental PeriOd. 

At 14. &we of age the chickens were weighed and tbe basal. 

diets replaced by the experimental ai.ets which were rando.mly placed 

over the experimental of chickens. During the experimental 

per.l.od of 14 days the daily feed intakea were measured for each groUp, 

at weekly intervals the individual olrlsl kens were 'Weighed. During 

the experimlmtal period a net was placed over each of the brooder units 

to keep the ohiokens confined in their compartments. 

fhe ~gement of the chickens outlined above was the 

same for all expeliments in this stua;r.. At the finish of eaoh 

experiment the sa:w&lst WSII remved, tbe experimental 'brooder units 

dismantled scrubbed, as were the water and :teedi»g units of each 

compartment. F1nall.y the rqom W!lB washed out and the floor scrubbed 

with calcium }Vpochlorite. 

the 

possibility of the build up of disease, aa the room. was continuously 

used for these expe:r.l.ments for a period of 8 nx>nths. 
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ohioker• wexe w~;~.~,...\4 i.'l a Ema1l wire basket placed 

a seals &raduate4 in units of 

m"' ... wil:inl~ov teohnicpe whioh eua.'bles 

am~ng:wg levels of auM>).eaentax:y pmte:in tG be 

Eaah. mtmea1 was fed as a source of IIJupplemen.ta:ty pxotein the 

exper.l.mentaJ. diets whiob wem fed at tr.e three protein levels of 1 1 

2CJJ':; end in each experimental diet the protein of the 'basaJ. ration oon:tributecl 

9.31% of the protein. f.he growth rate was plotted against the log of the 



protein intake 

lines were found to be ~1, 

laelonged to the sa.ma population. 

- 42 -

groups of 10 wbioh were then allotted one level. To test 

:l!o StuS!; the Infi.u«!Ce of the V!X:[in& Levels of 
Oaktium am Pboa;eh;)rus on the Growth Rate of the 
Obioken .. 

up tor thia 

of 1.~ 

to1 in a diet vvJ,J.~>~ ... u.~~,.~g, o. phoapbo:rus on the growth rate of the ohioken. 

levels of oaloium. a.nl phospherua. 

si,cnitioant differenoee was """"'"!!'-"""'""' 

with 10 

and tor the interactions between the 



- 43-

!. St,u<h, pf th.e Effect of Heat on the Nutritive Value 
and the "Available Iocsine" of :Meat. 

The meat used in this experiment was sub~eoted to the five treatments 

out~d below: 

(a) 

(b) 

(o) 

(d) 

(e) 

Freese dried raw meat • 

.Autoolaved fOr 4 minutes at 2J.,JJ°F. 

.Autoolaved fbr 25 minutes at 2,40°F. 

Autoola. ved :fur 2 hrs. at 2WJ°F. 

Autoola.ved for 2 hrs. at 270°F. 

Treatment (e ) corresponds to conditions similar to those 

experienced by tm meatmal.s during tbeir processing. 

The design of the 8ltperiment was the same as that of Experiment I. 

All trea.tmJnts were feel. as a source or supplementary protein in exper.i.mental. 

diets whioh were fed at the pr;otein levels of 11%, 1,:; and 2QJ', with the basal diet 

contributing 'to 9.31% of the protein. Ea.oh treatment was tested with 30 ohiokens 

di v1ded up as in Experiment L 

The rearession line of eaoh treaf:mant was :plotted and the freeze 

dried meat was compared with eeoh of the autoolaved meats. In eaoh comparison 

tha regression lines were analysed statistically for parallelis and for significant 

differences in elevation. 

To StuGW: the Bffeot of SU;smJ.ementa;x Kea.tmeal. with 
lt::J.xsine. 

To test only 1he mea1meal protein and to reduce the influence of the 

mutual supplementax:y action of the other pzoteins which ~uld inf.luence the 

result obtaineO.. the basal. diet used in hp!triments I, II and III was replaot=td 
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The lysine supplemented and the lysine \lllSUpplemented meatmeal 

we.t! at two level& of protein ( and 20}&) with tl:e 'basal diet only 

contributing .;. of 

lysin! t:meupplemented ........ - ... "'"~ were eaoh tested with 20 chickens whioh were 

divided int.o 2 £rO·um 10 - ~ on each level of protein. 

J'ej~res,gi.On lines were plotted and sta.tistioall;r anal,ysed fer 

xaralleli 1m 

supplementary effect 

pas pmtein value (G.P. v.) was determined by a JIX)dif'::i.cation 

of the method used 'by O&rpemter, et al. (195.5). Tht DIQdif'ioation was made in 

the composition of the oereal oomponents of the basal diet w:bich contained 

the experimental diet. Tht test protein was fed at a leYel of to make the 

timl protein level in the expel"'illental diet to 11%,. The seYen aamples of 

meatmeal, the casein w hUJh was used as the standard, and the lr:l.ii&l diet were 

eaoh fed to 2 groups of 12 ohiokens,. The 18 experimental groups we:r:e :ranclomised 

in the two experimental 'brooders. 

the ua.vaila'ble lysine" content of eaoh mes:tmea.l was iieterm:l.n&d 'by 

the method of <la.r.penter,(1960) with the modift.cations of Ba.liga.,et al. (1959 ). 

Tb!t "a:vallable ~n and gross :protein value data VI8I'e then used to compute a 

oorrela tion and a. regression equatil':in. 
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(2) Tha ~tal Diets. 

(a) The Pre'Daratlon of the Diets. 

The 

tbey would mix in with 'the 

mise, barley and oo. t11 -were fi.ne!y ground eo 

Colll,P\)nents of the diet and ftu:m a suitable 

dey ibr the exr;erimental diets. Also because gn:und cereals lose their 

pala.te.b:Uity on tbeset "Were only ground as required.. 1'be commeroial 

in lb::periment IV was tirst heated fur 1 hour at 1rtJ>c and 

'then ground before it was :mixed 

kill yeast cells wh:lah otbe1"!ld.se my mgin 18 rezment in the dipst1ve 

traot and oause digestive upseta. 

A standard pmeecmre was a(k)pted in the mixing of all 

diets. The various coq:onents of the diet "Were weighed out separately and 

tray :fbllowed by portions of 'the other oollp)nants of tl:e diet• except the 

cod liver o1l. Th1s layer prooedure was repeated using all the COmp:.lnents 

of the diet after whitJh they were ~ugbly mixed by band. The cod liver 

o1l was then mixed into tre diet,. 1hls imolved m:lJd.Dg the ood liver oil 

required with a mm.ll part of tbe diet and then gra.aual.ly mixing in the rest 

of the diet,. 

bags and s wred 

feeding units. 

liver oil .. 

~:r.:imlimt$,. 

'lhe var.lous diets were then placed in labe-lled plastic 

a biX beirlg removecl only <'iuri.ng the ftllin& of tm 
Vf'AS tD prevent li{jlt affecting the co4 
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A Prel.i.mim.J7 S~ o 'l the Factors A:ffeotip,i 
the Nutriti. ve. 

In the 1~dq px-e-e.x.perim9ntal period the chickella weN ted a 

pre-experimental diet which :tad the :tbllowlng oomposition and oontained 9.,31% 

protein.. 

Wheat 65 .. 0 

Whey Powder 6.0 

caeo
3 1.0 

NaOl o .. ; 
Liver OU 1.0 

Sugar 26.,,5 

100..0 

The composition of the basal diet used in the EQtper.imental 

dists, to which tile •a.tmeals were added in plaoe of acme of the ~~~ to fo:rDUlate 

Wheat 

1.0 

o.; 

Oil. 1..0 

26 • .5 

100.0 

The basal diet formed 7}.5 parts of tl1t experimental diet and contributed 

9.31% ot tha protein in tm experimantal diet. 



'fABLE 

Wanganui GisbG:me 

11% 2~ 1.5% 1 1;% 1 

diet 73 .. .500 73 .. 500 500 13. 73 .. 13 .. 500 73.500 73.500 73 .. 73. 73.500 

154. 9.287 17.460 2 .. 239 1 .. 537 14..170 2.805 9 .. 44.3 17 .. 74/J 3 .. 339 11 .. 24.0 

Sugar 2} .. 695 17 .. 057 8 .. 23.161 15. 

100. 100.000 100 .. 000 100 .. 
I 

.f:-
-.J 

~ra Belf'ast Fairfield 

11% 1.5% 1 11% 1 

diet 13.500 73.500 73 .. 500 73 .. 500 73.500 500 73.500 73 .. 73 .. 73 .. 73. 

2.879 9 .. 694- 18.,210 3 .. 101 10.,44/J 19 .. 610 2.786 9.378 17 .. 2.658 8 .. 94.5 810 

Supr 23 .. 621 16 .. 806 8 .. 290 23 .. 399 16 .. 060 23.714. 17.122 8.880 23.84.2 17 .. 555 9 .. 690 

1 100.,000 100. 100.000 100 .. 10().000 1 100 .ooo 1 w. 000 

1 15% 1 
le!lllliW-

73 • .500 73. 73 • .500 73 .. 500 73 .. 500 
l 2 17 .. 18 .. 200 2 .. 724. 9 .. 170 17 .. 230 

2} .. 16.,806 8.,280 23 .. n6 17. f).,270 

100., 100.000 100. 100 .. 000 
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!wriment II: To Stat the Influence of the Vmina Lewls 
et Calcium and PhosphDws on the G;rowtb Rate 
of the Ohioken. 

dist w 'fhlt)h the meat and the various calcium salts 

Whey Pcmcier 

Ood LiwrO:U 

aiet also contributes 1o of the pl"'tein, o. 

the experimental di.et. 

1.0 

100.0 

of the calcium, and o. 



~. 
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TABLE VII. 

Diets 

Diets contail'lin@; 2Cf§ Pxotein and 018! Phe!!!he,ru.s vlith Va£Gn& Calcium 
~vel!.• 

~ ,v" 

Ca o.)l% Oa 1.4% Ca. 1.9% 

'RA!l:ll£'>1 dlet 72.500 72.500 72 .. 500 72.500 

15.}00 15.}00 15.300 1 300 

~~ ... .,. .... 9 .. 743 8 .. 74.3 8 .. }}6 7 .. 086 -.-

caao3 0.282 1.,282 1.254 501;. 

Oa}(:ro4)2 1.94-0 1 .. 94-0 

Ca(~IO.r)~O 2 .. 175 2 .. 175 0.670 o .. 670 

jQO.,OOO 100,000 100.000 100 .. 000 

pie,ts oontainin& 2~ P,rotein and 01 Y~ Poost:horus with V!!:Zi§ Calcium 
Leve;J;s. 

Ca. o. o.9% Oa 1.~ 

~l!f.A'l. diet 72e 72 • .500 72.500 

15.300 1.5.300 15.300 

""" 11 .. 091 10 .. 091 8.84.1 -"----
caao3 0.84-5 1 .. 84-5 }.095 

c~(ro4)2 0.264 0 .. 264- 0.264-

100e000 100 000 100.000 



diet 

1 

1 

- 5P -

A Stug ot the Effect of Heat on tile NUt:ri:tive :V!ilue aDtl 
"A'fail!,b;L& Mv4ue" ot ,A~l ProtS,q .. 

Preeu Meat s 

1 1 1 1 

73. 73. 7). 73.500 73 .. 73 .. 

770 9.3:,50 17 .. 530 2 .. 8.013 15. 

2}.730 17 .. 170 8.970 24.120 16 .. 487 11 .. 440 

100. 

2 hrs .. a.t 

1 1 1 1 

73 .. 500 73 .. !)00 73 .. 500 73 .. 500 7J.SOO 73.500 

2 .. 4.14. 8,. 1 2 .. 4.14- 8,.128 15.280 

24-.C6b 18.}72 

100 .. 000 

Autoolaved 2 

1 1 

TJ.500 73 .. 73.500 

2.370 7.980 

24...130 18. 

100 000 
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~t IV: ~ Supplementation of a lleatmeal with L-J,:Y:sine. 

The pre-experimental diet was the same as that used in 

Experl.nent I, hlt the basal diet w \\hioh the n.atmeal was added conta.iD!Id only 

3. 88]& protein. Thia synthetic "b;l. sal diet was similar to the stand.ard basal diet 

used in Experimant I, except that it oonta:t.ned m wheat w 'Vilq powclsr which vvere 

replaced by starch sinoe these oontrl.buted to the protein in the stancls.r4 basal 

diet. The synthetic l:asal dlet was deficient in Vitamin E end Vitamin B complex 

and essential minerals due to the removal of the wb9at and 'Whey powder. The 

Vitamin E was replaced by the addition of wheat germ oil, wb:Ue the Vitamin B 

complex was replaced by 1he addition of a yeast ext:t'lf)t in 1he fbrm of a special 

vegemite starch m1:x:tui-e ( 1;4).. The minerals weN replaced by a special m:in:Jral 

mixture (Kra.tser, et el. 19.58). 

Starch 37.5 

Staroh-Vegemite Jlixture 12.5 

oil 1.0 

lfixture 2.0 

Ood liver oil 1.5 

Oa003 1.0 

55·5 

protein ~ sugar 44.5 
lysine 

100,0 

of the protein in tre expa r.ln.ntal diets. 
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v.aaa1 Jleataeal. sup:flaente4 
with ~:l.ne 

1SJ' 20}' 1SJ' 2(Ji 

~ 15.50 §C. SO §6.soo S6 .. soo 
Xeataeal 20.A.O 29.,0 20.A.OO 29.ooo 
suaar 23.10 1.}. 22.75} 1.).}98 

L-lyailae - - O.:A-7 0.502 
iOO..OO 100.00 100.00 100.00 
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Cliet wbioh contained of protein snd had the following composition: 

lti.llers of'fals 10.00 

Barley 11.50 

Jla:l.se 10.00 

Oats 10.00 

Powder 10.00 

Yeast }.00 

Cod liver oil 1.00 

Na!Jl 0.50 

ca.3 (ro4-)2 2.68 

Sugar }.,.1 • .}2 

100.00 

The diet was designed to pxovide phospbc.>rus and 1. calcium, 

as well as an adequate level of vitamins and minerals. 

The basal ration to wb:loh t m mea tmeals and casein were adilei. 

as sourcee of aupplenenta:r,- protein to formulate th! experimental ration wae the 

same as the pre-experi.mental diet used. 
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Millers otfals 10.0 

:Barley 11.S 

mise 10.0 

Oats 10.0 

I\'Jwder 10.0 

Yeast J.O 

Cod liver oil 1.0 

:tW::l 0.5 

;6.0 

100.0 



- 55 -

T 

Ba.aa1 Diet Ouein Control) 

56.00 56. 56.00 

}.53 4-.71 

2 .. 2. 1 .. 91 

0.,10 0.,25 

37 .. 37 .. 13 

1 100.,00 100 .. 

56 .. 56.00 56.00 

4-.98 ;. 4.98 

2.14 2.67 2.14 

0 .. 05 

;6. 37 .. 35 }6.,8,) 

1 00 100 .. 00 1 

Fairfielcl Belfast 

Basal. diet 56 .. 00 56 .. 00 56 .. 00 

4.94 }.53 5.10 

oa3(:ro4}2 1.50 1.81 

Cali FOlt-~0 0.37 2.37 

oaeo3 0.07 0 .. 12 

37 .. ;s .. o.; }6.97 

100-00 10fLOO 100_00 



fbi resUl ta of the am.J..yeitt of tbe eleven aea tmeal.e si\l41e4 iD 

lxperim.ent I are gi 'Wn in Table S• 

TABLI XI 

!rile All8.1,yeia of tbe Xeatmeala. 

Aah% Oa% P% Protein" 

l!OJJg'bUI'ft 20.,80 8.,12 }.51 61.25 

Gear 4.77 0.80 0 .. }0 62 .. 04-

.;di:Alri ;52 .. }0 12 .. 68 5.29 50 .. 60 

Pa.reom 19.67 7.o6 '·'' 58 .. 70 

Belfast 24,.20 8.60 2.0.} 51+. 50 

J'ail"tiel4 21.86 8.10 ,.,., 60.67 

Giellorae 12 .. 88 2.79 1 .. 20 60 .. 25 

Wanpaui }.,.}2 o .. s6 0.,11 15 .. 50 

Patea 16.,21 4.24. 2.25 60.25 

Jlalcarewa. 19 .. 17 6.07 }.4.6 58 .. 10 

Waitara 19 .. 82 At. }.J7 6;.60 

...... .B. 17.7.}!2.52 s. 78!1.10 2.61!0.48 6o.,;s!1.85 

prodwts aad the re~~ge of values obtained tot' ash, protein, 

abowA in '-!alflle XII .. 

Pat% lbiature" 

10.75 6.55 

2;5.80 7.}5 

11.,26 6.;slo. 

9.20 7.42 

12 .. 75 4.70 

10.,1} s.;o 
18 .. 18 7.70 

15.22 5.4.3 

11.90 7.6} 

14,.40 6 .. 71 

13 .. 8§ 5 .. 50 

13.77!1.,26 6.J.M.1 0.}1 
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'!'ABLE XII 

The Range of Values tor Ash,~tein, Fat and Jioiature 
Obtained in the Analysis of the :Kea:ttmeala .. 

Ash ;a.;O}b ).2~ 

l?%\')'tein 75 • .50}& 50.60}& 

Fat 23 .. 80% 9.20}& 

Jioiatuxe 7.6Y/o 4. 70}& 

fb.e meatmeala wbich "W'Gre tound te be low in preteia ~ also 

shown to be high in either ash or fat, and 1n some cues lilcth the ash and 

fat oonstiinted a high percentage of the mea:tm.eal.,' The high ash cGntEmt ot 

to the tact that the mater:tals used in the 

the moisture content dQ not intlueme the level of protein 

in the meatmeals. 

The calcium and phosphorus content of the meatmeals represented 

aoout .50Jb of the mineral oont<>..nt o:f the ash, and when the oalo:illm and 

phcspborus content ot' the mea imeals were oorrelated wi 1h the ash present m 

the m.eatmeals, correlations ot 0.96 and 0.91 respectiveq wre found to exist. 

(see Appendix XX). Therefore, the level of oalciua and phospru.s in the 

aeatm.eals could 'be estimated from the ash content using the regression equation 

= o. 423 X ... 1 • 72 for oalciUlDt and the regression e<.pa.tion = o.173 x -o.4£ 
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A Prel:imi!?@:t;Y StB:SJ; of the Factors Affecting the Nutritive 
Value of N., Z.Jlea.tmeals. 

The eleven :meatmeals were studied in two trials with 

Long bum as a standard in eaah because the facilities available did not 

make it pOssible to test the eleven meatmeals together., When Iongburn (Trial I) 

parallel with no significant <liffere:ooe between tbe elevation of tbe two 

regression lines.. The analysis of covarianoe is shown in Table XIII, while 

the data is presented in Appendices ll and IV. 

T A B L E XIII. 

The Ar.alysis of Covarianoe. 

U>ngburn (Trial I); Long burn (Trial II) 

Deviations from i 

Reg. +RePression 

2 x2 1 2 xy LY 2 
~d.yx 

2 Mean d. f. Coeff. d. f. a quare 

Longbum 26 0 .. 78}74. o. 77696 0.9:;066 0.99 25 0.16042 0.0061.-
Trial I 

Long bum 29 0.81659 0.74-184. 1.00835 0.91 28 0.3341+ 0.0119 
"Trial II 

Within I 53 0.4948 0.0093 

Regression 1 0.0028 0.0028 
Ooeffioient 

CoJI'IllOn 55 1. 6003} 1,.51880 1.93901 0.95 54. 0.4976 0.0092 

Adjusted 1 o.oooo o.oooo 
Means 

~ Total 56 1.60179 1.52036 1.94065 55 0.4976 
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TABLE XIV. 

Analysis of Covari.ame 

Trial I Keatmeals 

Deviations from 
Reg. Re~ssion 

a.r. 2: 2 ~~ 2: y2 Ooeff. a.r. L" d:p.2 atf~ X 

Long bum 26 0.78374 o. 77696 0.93066 o. 25 0.16042 o .. o06q. 

Gear 26 1.00597 1.18582 1.63418 1.18 25 0.2}64 0.0095 

Wait ald. 26 0.37662 0.444,66 0.72513 1.18 25 0.2001 0.0080 

Pareora 26 0.,91472 1 .. 234.30 2.20103 '1 .. 35 25 0.535.5 0 .. 0214 

Belfast 26 0.94085 1.24363 1.81891 1.32 25 0.1751 0.0070 

Fairfield 26 0.8762} 1.1.5464 1.81012 1.32 25 0.2886 0.0115 

Within 150 1.5961 0.0106 

Regression 5 0.0758 0151 
Ooef'f'ioient 

Comnon 156 4. 3 6.04001 9.1200} 1.2} 1.55 1.6719 I 
I 

The differeme between regroe as ion ooeff'ioients: 

F = p .. 0151 = 1.42 for _!L d.f'. required F (2.27) not signifioa.nt 
0.0106 150 (3.14) 

The analysis of the regression lines showed that there were no 

signifjoa.nt differemes between the regression ooef:t:i.oients a.nd, thereforet all 

the mea.tm.eals tested in Trial I oa.n said to have been draw.n from the same 

:p:>pula. tion. 

Trial II. 

The anal.ysis of oovariance for II is given in Table XV, 



COMPARISON OF NUTRITIVE VALUES OF PROTEIN 

IN :MEAT MEALS. 

Meat Meal Available Lysine Relative Nutritive Value 
No. Value g lysine/16g N. from Bioassay and 9.5% 

fiducial limits. 

1 4.8 100 

8 4.6 101 (87.8 - 117.3) 
6 4.8 lo8.5 (92.2 - 121.0) 

7 4.8 99.0 (85.9 - 114.1) 
11 4.9 Bioassay not possible* 

4 5.3 82.2 (73.8 - 91.6) 

5 5.5 100.4 (90.2 - 111.8) 

9 5.6 104.2 (90.5 -119.9) 

3 5.7 94.4 (84.9 - 105.0) 
2 5.9 91.7 (81.9- 101.6) 

10 6.5 Bioassay not possible* 

Bioassays 4 2 3 7 1 5 8 9 6 

* slopes significantly ) standard. 

Adapted from N.D.Grace & E.L.Richards 1964 J.Sci.Fd.Agric. 12L 711 
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d.f. 

Long bum 29 

Wan~ui 29 

Gisl:ome 29 

Waitara 29 

Patea 29 

Jla.karewa 29 

Within 

Regression 
Coeffioi ct 

Oonmtl')n 174 
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TABLE XY. 

Analysis of Covariance 

Trial II ileatmeals 

Reg,. 
E 2 .L":liiY LY2 

X Goeff. 

0.816.59 0.74184. 1 .. 00835 0 .. 91 

0.72697 o.8704S 1.3.}601 1.,20 

0.97463 1.24964 2.01550 1.28 

0.43926 o. 7834? 1., 78786 1. 78 

0,.49417 0.4819C 1.38938 0 .. 98 

0.88469 1.28829 2.,19983 .1.46 

4.33631 5.41.563 9.73693 1.25 

The difference between regression aoef:fitlients: . 

Deviations from 
Re~ession 

d. f. L... dp:.2 ... 
28 0 .. 3;44. 0.0119 

28 0.2937 0 .. 0105 

28 0.4133 0.,0148 

28 0.3904. 0.0139 

28 o. 94 0.0328 

0.3238 0.0116 

168 6750 0.0159 

5 0 .. 2983 o. 0596 

17:; 2.9733 

The results from. this ena.4r8is of oavariame sh>wed that one or 

m:>re of the meatmeals tested differs signitioantly :from the rest of the mea.tmeals. 

This gn>up of meatmeals, ex0ept for Waitara and :tlakare111a, were again analysed am 

the a.nal;yais of oovarianoe is sh>vm in Table XVI. 
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T A:& L E XVI. 

The Analysis of Covariance 

Trial II Keat:meals, exoept Waitara and lfakarewa. 

r:i 2 Reg. 2:asx2 lfean a..:r. 'Ex::r LY Coeff. d. f. squ.are 

Long 'burn 29 0.81659 o. 74184 1. 00835 0.91 28 o.;JI.tlt. 0.0119 

Wanganui 29 0.72697 0.87049 1.33601 1.20 28 0.2937 0.0105 

Gis'bo:me 29 0.97463 1.24964 2.01550 1.28 28 0.4133 o.o1ltS 

Patea 29 0.49417 0.48190 1.38938 0.98 28 0.9194 0.0328 

Within 112 1.9608 0.0175 

Regression 3 0.0766 0.0255 
Coefficient 

Co0010n 116 }.01236 3-34387 5.7492.4- 1.11 115 2. 0373f. 

The difference between regression coefficients: 

F = 02 02!2!2 
0.0175 

= 1.46 for ....l... d. f. re<pired F (2. 69) not si,gnifioant 
112 (3.96) 

The analysis of covariance of the meatmeals in Trial n, except 

Waitara and Jla.karewa, sb:nved that these meatmeals were dra:wn from the same 

population as no signifioant differenoes between their regression ooeffioients 

were found. Tbe results of the covariance analysis (see Appendix IV') of tm 

meatmeals• Waitara and lfakarewa presented in TaJ;?J.e XVII, showed that they were 

drawn from the same population, as no significant difference between their 

regression coefficients could be shcmn. Al89 the nutritive values of these two 

meatmeals did not differ significantly because the difference in elevation 

between the regression lines was not significant. 

! 
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TABLE XVII. 

Waitara Jlakarewa 

:rl 2:.y2 
Reg. 

d. f. L 2-x:r Coeff. 

Waitara 0.43926 0.78347 1.78786 1. 78 

Jlakarewa 29 0.88469 1.28829 2., 1998) 1.46 

Within 

Regression 
boeff.i.ci ent 

Comnon 58 1.32395 2.07176 3.98769 1. 56 

Adjustecl 
~leans 

Total 59 1.)4129 2.11807 4.1114( 

differeroe between regression coeffi.cients: 

F = 0.03150 
0.0127 

= 2.50 for 

The difference in elevation: 

F = 0,0210 
o.o131 

= 1.60 ft>r 1 d.f. required F 
57 

r. dyx2 
Mean 

d. f. square 

0.3904. 0.0139 

28 0.3238 0.0116 

56 0.7142 0.0127 

1 03150 0315 

57 0.7457 0.0131 

1 0.0210 0210 

58 0.7667 

(4.02) not si,gn?.ficant 
(7.12) 

The regression lines of I and Trial II are 

graphs I and II {see Appendix III)"~' vbUe the regression ooeff:icients, 

together with their fiducial limits (see Appendix , are in Table XVIII. 
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i' A B L E XVIII .. 

The Regression Coefticients of the Xeatmeals. 

Trial 1 

Long bum 0.99 + o.os -
Gear 1.18 + o.os ... 
Waitaki 1.18 + o.os -
Pareora 1 .. 35 + 0 .. 13 ... 
Belfast 1. 32 + 0.08 -

Fairfield 1.32 + 0.10 -
Trial 11 

Long'burft 0.91 + 0.10 -
Pa.tea 0.97 + 0.18 .... 

Wanganui 1.,20 + 0.09 -
Gis'bome 1. 28 + 0.10 -
~wa 1.4.6 + 0.09 -
*Waitara 1. 78 + 0.10 ... 

An examination of Table XVIII shows that the fiducial limits 

of the regression ooeffioients of each mea.tmea.l does not vary greatly., Also 

the mea tmeals Xakarewa and Wai tara, whi.oh were :found to belong to a dif.ferent 

population, have the highest regression ooeffioients. 

To examine whether a:ny significant differences between the 

existed, the 

nutritive value of each m.eatmeal compared was expressed 1n terms of rela.ti ve 

potency whioh was calculated (see Appendix VI) using lt>ngbum as the stande.rdf 

and these relative potencies, together with their 9.9)& fiduoial limits (see 

Appendix VII), are presented in Table XIX. Waitara. and Xaka.rewa were not 

included in these oomps.ri sons because they formed a second group wm se nutritive 

values had a.lrea.ey been oomps.red in Table XVII .. 
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TABLE UL 

The Relative Potenoies of the Meatmeala .. 

Trial I 

l.Dngblm (standard) 100.0 

Waitaki 84..9 94.4 105.0 

Pa.raora. 81.9 91.7 101.6 

Belfa.at 90.,2 I 100.4. 111.8 

Fairfield 92.2 108.5 121.0 

Gear 73.8 82 .. 2 91.6 
Trial n 

Longbum (standard) 100 .. 0 

Wanganui 90.5 1()4. .. 2 119.9 

Q.isborne 85.9 99.0 114-.1 

Patea. 87 .. 8 101.5 117 .. 3 

between the various meatmaals are presented in Table XX., 1bese rssul ts 

show that the nutritive value of the meatmeals was not uni:fbrm, as 

signifioant differences in the nutritive values wexe found the various 

meatmeals were compared. These comparisons are presented in Table XX.. 
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TABLE XL 

Oomp~.rlsons between the Nutritive Val.ues of the Meatmeals .. 

Trial I. I 
I Fa.irfiel4 v Gear • 

Fairfield v PareGra • 
t 

Fairfield v Ylaitaki • l 

f 

I 
v Belfast • 

I 
Gear v Pareora s. 

Belfast v Pareora N. I 
Trial II .. ~ 

I Wanganu.i Patea I N.s .. v 
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The lnflueDle of WA8 Va:£Y!n& Levels of P.rotein 
on the G~ Rate of the 9!B:gken. 

(a) 20}6 pretein. 

('D) 11% p:n>tein. 



- 70 -

To SAASY; the I~uence of the Vming Levels of Calcium 
and Pho!:phorus on the Growth Rate of the Chicken. 

The experimental Cliets used in Exper-iment I contained var..ving 

levels of calcium and phosphorus in the ratio ef 2:1, and Table XXI gi.ves 

phosphorus oontant ef the experlmental diets fed.. 

TABLE XXI. 

The and Phosphorus Content of hpe:r.i.menta.l Diets Fed in ExperimEm t 1,. 

Level of Protein 1 20}& 

Ca and P 
e:qressed as 

of diet Oa p Ca p Ca. p 

62 0.35 1,.12 o.sa 1,.80 o.87 
0 .. 42 0.26 0.47 0 .. 28 0.66 0.32 
0 .. 82 0.43 1 .. 0.85 ) .. 10 1 .. 37 
o .. 6o 0 .. )6 1.08 0,.61 1,. 71 0.92 

o.63 0 .. 35 1,.16 0.57 1.,82 0 .. 86 

0.41 0.26 0.44 0.26 0.50 0.27 

0 .. 48 0,.29 0.66 0.37 o.sw 0.4.7 
Oc>.52 0.)4. 0.79 o. 1.20 O.o82 
o. 0.32 0.79 0 .. 46 1.20 0.75 
0.57 0 .. 36 0.99 0 .. .59 1,. 50 0.88 
0;,67 0 .. 27 1.25 0.46 1.90 0.75 

of the diets varied widely in 

their levels of calcium and phosphorus, and Experiment II was designed to measure 

the inf.luEmee of these differences on the growth rate of the chicken .. 

F-test of the feed intakes (see Appendix XI) of the different 

experimental groups showed that the feed intakes did not differ signifioantly" .. 

Therefore the variation in feed intakes of the experimental groups v.ould haw no 

influence on tr.e results obtained by b various treatments. The F-test for 

the feed ~takes is presented in Table XXII .. 
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TABLE XXII. 

The F-test for the Feed Int8kes 

Source of ss do f.; Mean lP Required F Result Variation square 

4.-21 
Treatment ,;,.;86.6 6 A 3. 8.-26 N.s. ·L!-

Residual 1,Q98,8 7 l .o 

Total 4,48.5.4 1' 

The results of the treatments involving 3 levels of' oaloium 

statistically a.na.lysed and an analysis of these results is sr..own in 

Table .XXIII. The data is presented in Appendix 

T A B L R XXIII .. 

An Analysis of Varia.noe of the 11feight Gain lleasured on Diets 
oontaining 

O-J%, Phospb:>rus, and 0 • .5%, 0.9%, 1.~ Calcium. 

Source of ss d.. f. Mean F Required F Result 
Variation scpare 

6.61 
:Blocks 17 .. 79 1 17.79 0.,27 16.26 N.S. 

Caloium 1, 1.58.41 2 .579.21 

Phosphorus 1,472.97 1 1472.97 
.5.79 

Calcium x 1.028.27 2 514.13 8.47 1,.27 * 
Phosphorus 

Error 303.59 5 60.72 

Total .3.981.03 11 
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+ 

p 

) 



(a) 

ga,ve 1:he 

the o .. Jto 

0.9% calcium.. 

(b) 

calcium 

- 73 -

calcium x phosphorus means 

d ( 05) = 2.,571 J f:X 6Q .. 72 
2 

c1 (. o1) = q.. 032 j 'g ~ ,}§. .. 72 
2 

the 

5 Ca - no 

0.,9 Ca - llO 

.., 

the 1. level 

on 

p -

= 20,.03 

of pr.osphor..ts 

ohio ken.. No difference in 

calcium levels of o .. 

diets containing o.~ phosphorus .. 
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In the second part of the experiment, in the calcium levels 

were varied from 0 .. 5% to 1 .. 9% in diets containing 0. pwsphorus, no 

significant difference in the growth rate of the chioken was tbund, The 

analysis of variame of these results is presented in Table xz:.v, 'While the 

TAB L K UV. 

An Analysis of Variance of the Varying 
Calcium Levels (0.:;%, 0.,9%, 1.~ and 1.9%) in Diets Containing 0.. Phosphorus. 

Source of ss dot'. I Mean F Required F Result Varl.ation square 

9.28 
Level 22.12 3 7 .. 37 less 1 29.46 N .. S. 

Run 15.42 1 15.42 le~ss 1 10 .. 13 N.s .. 
34.12 

Error 76.75 3 25.58 

Total 114.,29 7 

The experimental diets used in Experl.ment I which were low in calcium 

phosphorus contained o. 5% calcium 

in oaloium and phos];horus contained 1., 9% calcium and phosphorus. A 

the o. phosphorus, o. calcium diet, 

1. diet showed :no significant dif:ferenoe; while a further comparison 

o.S}& pl»sphorus, 1. calcium 

diet also showed no significant difference in the growth rate of the chiokm., 

Therefore, under the conditions of Experl.ment I the varying levels of calcium 

and phospmrus in the experimental diets, With the emeption of not 

influeJJCe the growth rate of the chicken. ainoe the diet (2~ 

protem) which li9.S tbrmulated from the Vlaitaki meatmeal contained ).,10J' calcium 

1.37% phosphorus, it is pxobable that this high level of calcium could have 

influemed the gxowth rate of the chickens when they were fed this diet. 
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,A, ~tug;y; of the Effect of ~at on tba Nutritive Value a,pi 
their tt Ava1lable It.v!inerc of .Animal Protein., 

Table XXVI shows the analysis of the autoola.ved meat samples 

for moisture fat. protein and ash., 

T BLE 

The Analysis of the :Meat Sampl.O'i· 

lloisture Fat l?xotein Ash 

Dried :Meat 12.40 27.90 61.00 2.97 

5 240°F 11.60 18 .. 90 71.00 2.n 
25 at ?4JJO., 11 .. 40 17.90 70 .. 00 2 .. 87 

2 bra. at 2400., 11 .. 70 16.,60 70.00 2.36 

2 hrs. at 2700., 10 .. 4.5 17.15 71.30 2.,31 

misture, :fat and protein content 

fioeeze dried meat sample was fbund to be higher in fat 

when oompared with the au:toolaved samples.. The difference 111A1'~~m 

that some of the was lost during the autoolaving 
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The 11a.vaila"ble lysine" of the freeze dried and the autoala.ved 

meat s is shown in Ta'ble XXVIL 

TABLE 

Treatment Available am li£sine I Lysine 16 f!1D. li 

( 1 ) Freeze Drie4 9.95 
Xeat 

{2) 5 mins.® 2q.0°F. 9.90 I (3} 25mins.@ 24/J~. 9 .. 86 

(4) 2 hrs. @ 240°F,. 9.35 

(5) 2 bra .. 270°F. 8 .. 42 

for var.ring a:utoolaving intervals. The hir)ler 

autoolaving temperature greatly acoelera.ted the reduotion of the 11a.vailabl.e 

l;yaine" as shown by a oomparison between treatment 4 ( 2 hrs .• at 2.4-COF) and 

treatment 5 (2 hrs. at 270°F).. The oomparison between the various samples 

whioh bad been a:u"b3olaved for various a:utoalaving intervals at ~ showed 

that there vas a progressive redmtion in 11available lysine" as the 

treatrcant 3 {25 

a smal.l reduotion in "available !ysine", the difference between treatmsnt 2 

greater redootion in "available lysine". 



o. 
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Table XXVIII s:J:l..ows 

T A B L E XXVIII. 

The :i.n It Available 
Samples "'ere Compared 

( 1) Freeze Dr.i.ed Meat 

(2) 5 mins., at 2.4t/F. 
(3) 25 mins.,at 

(4) 2 

(.5) 2 ~s .. 

men the Au.wolaveci lfeat 
Dried 

Reduction in "Ava:Ua'ble 
l{ys:i.ne~' 

-

1'reatment 5 (2 2700.,) 7ihioh is similar to the aondi tiOna 

they are pxooessed sb~d a 1.5.3% re&lotion :i.n 

the freeze dried meat. 

The Nutritive Value of the Aumolaved Keats. 

ot meat 19ere sta. tist:Wally in following tables. The regression 

lines are plotted in Graph III 

XIII. 

the is presented in Appendioe s XII anA 



Common 

Adjusted 
Means 

- 78 -

TABLE 

55 

(5 minutes 

Zl 

53 

1 

54. 

1 

Derlations from 

J 
61795 0.00.37 

f l 0.80.514 0,.0298 

1.4231 0,.0268 

0,.0869 o. 

1,.5100 0.,0079 

o. 0 .. 0512 

55 l1.,5612 -Tota:L .~.1~:~2~7_._1_ .. _72_22 __ '~"·_562_2_6_._ _ _,1----1-----+----t 

F = 0,.0862 = 3.42 for ....1... d., f. requi.red F (4.. 02) not si@lifi.oant 
0.,0268 53 (7.14.) 

F = qt.O:aJ2 = 1.,84. for 
0 .. 0279 

d.f. required F (4..02) not si~ant 
(7.13) 
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TABLE XXX. 

Analysis of Covari3noe. 

FreeZEt Dried ; Autoola ved (2.5 minutes a.t 24-0"F). 

IRe g. 
Devia tiona from 

~x2 2. y2 
Re.11:ression 

d. f. 'Lxy Ooeff. d. f. L:ayx2 Mean 
square 

Freeze 27 o • .59610 0.8895.5 1. 94-541 1.49 26 0.6179.5 0 .. 02.37 
Dried Meat 

25 mins.@ 
24-0°F .. 

27 0.93620 1.1.5930 2.180.51 1.2, 26 0.74495 o. 02.86 

Within 52 1.)6290 0.0262 

Regression 1 0.02449 0.024.5 
Coefficient 

Common 54. 1 • .53230 2 .. 04.88.5 4..12592 1.34 53 1.,38639 0.0262 

Ad. in: 1 0.03064. o.o.;06 
'MAl4fl!l! 

Total 55 1.63060 2.12366 4.. 18284. 54- 1.41705 

The differeme between regression coefficients: 

F = ~ = less 1 for .L. d. f. required F (4.. 03) not simifioa.nt 
0:02b2 52 (7 .. 15) 

The differenoe in elevat:iDn: 

F = 0,03o6k = 1.17 
0,.0262 

for ...1 d.f. required F (4.. 02) not significant 

'' (7.14) 



29 

56 

Total 

F = 0 .. 0032, ::: 
0.022.7 

F:::: 

Ex2 

0.59610 

0.74.181 

34251 
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( 2 _hrs. 

1.94.54.1 

1.02633 2.03147 1 .. 38 

1., 

a.t. Square 

26 0 .. 61795 0.,0237 

28 0 .. 61149 0.0218 

54 1 22944 0.0227 

1 a. 00391 

.55 1.,2}3}5 0.0224 

1 1 0.00523 0.00523 

1., 

F ~4..02) not significant 
\7.13) 

not significant 
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Freeze Dr.led lleat; Autoolaved ( 2 hrs. at 2700-.p),. 

IRs" 
Deviation :from 

Rearession 

I.x2 2JW L ;r2 
2 !lean 

d. :t. Poeft. a..t. [ ~ aquare 

Freese Driei Z7 0.59610 0.88955 1.94.541 1 .. 49 26 0.61795 0 .. 0237 
:Meat 

2 • at 29 0.7264.5 1.3.3708 3.05173 1 .. 84. 28 0.59075 0.,0211 
27 

Within '54 1c~20870 0.02~ 

Rft~~sion 

l 
1 o.o3972 0.,03972 

Ooeffioient 

Common 56 1 • .32255 2., 2266.314. 99714 1.68 55 I 1.24&+2 0.0227 

Adjustei 1 0.02144 0.02144 
:M:eana 

t Tetal 57 1 • .34352 2,.28.328 5.1;5024. 56 h26986 

F = 0,039:Z2 = 1 • .78 for 1 d.,f., required F (4.02) 
0.,022}8 54 (7.13) not significant 

The difference in elevations 



+++++r~~~HY~~++++~~HH~44~++++~~HHH-t44+~H-HY~44+++++++~•+++~~HH~IH~~-H++-~++f++++~-
~ ~~+~4-1~+++~~ H~-bi-++~HH~~~~ ~' ~-H~~~~HH~~- 1~-~+-

+++++rrrr~~~~+++++++rrrHH~~+++++++r~-rrl~~-r+~~~HY~44+++I+++L-HH~44~1 ++~~HH~44-r~+r -
++++~~,-rl~nH~~+++++r~HH~44-~-+++++++~rriH-+~~~+++r++-~HH~~~ • 
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In all 'bll..e OO!IplirisonB the regression lines o:f the autoola:ved mats 

when oompa.red with the freeze dri..ed meat were :fbund to be ~:rn~lel, and the 

differences between the treatments showed that the nutritive value of the 

autoolaved samples did not aiffer si@'lifioantly from the freeze dr.i.ed Eat• 

although a progressive 4eorcase in the gNWth rate was noted 11.han th.e samples 

whioh bad been autoolaved for 2 hrs .. at 2J+rlF. and 2700.,. were oompared with 

the freeze Qr:ied meat. The average weekly gain of the freeze dried meat and 

the autoolaved meat is shovm. in Table XXXIII. 

~ A :8 L E XXXIII. 

~ Average Weekly Gain of Freeze Dried lleat 

Jleat Autoolaved. tbr 2 hrs .• at 2.LJJ"F. and :for 2 hrs. at 27d'F. 

Protein Level 11% 15% 20}6 

Freeze Dried Meat 15.26 au 36~88 au 1 53 • .59 .. 

2 hrs. 240~- 14-.97 gas 32.73 gJU 47.65 mae 
2 bra. at 270~. 10,().5 .. 47.89 ~ 47.89 ps 



lWil) 

Belfast 
\Control) 

,,.Belfast 
i\lqsine} 

Within 
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To StMf\y, the Effect ot: S~RJ?le.!l!ent;!.Ag 1\ea;eeJ.. with L-l,ysine .. 

~ regres$l.on lines of 'the JD:Jatmeal (see Appendioes XVI am 
the lysine suppltmented meatmeal, 'Which are plAtted in Graph IV, are 

T A :B L E XXXIV • 

..Analysis et Oevarianoe. 

Jlea:tmsal (oont:rol) Xeatmeal. {lysine supplemented) 

I Reg. 

De'Via tion frGm 
n --ssion 

I::l· ~:q L ,.2. 
Mean 

d,.f. )oeft. d. f. [c.Vx square 

18 0.26159 0.)4586 o.85lf46 1.32 17 0.39718 0.02336 

o.272?lJ 0.26543 0.4.90<:9 0.97 17 0.2314-4 0.01.;6 

34 0.62862 o.o1S5 

Regression 1 0.01614 o.o161~e, 
Doeffioi.ant 

O~n .;6 0.53398 61129 

Adjusted 
Kean 

Total 37 0.54-54-0 0.64.535 

F :: 01 0161;.:: less 1 fOr j. f. 
0.,0185 3~ 

The diffexence in elevation: 

1.34455 

1.44611 

1.14 35 o.£41+76 0.0184 

1 0.0}774 

36 0.682.50 

F (4.13} not significant 
(7.44.) 

F = o.o3V!t: = 2.,05 tor 1 d.f. required F (4..12) not simificant 
0 .. 0184. 35 (7.42) 

The two rep-ession were ibund to be paxyUlel with no 

sigmticent dittereme in .,U.e'W.tion between the t..o regression lines showi.J>& 

that the addition of L-lysine to the meatmeal did not improve its nutritive 

value. 
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The gross protein valuo (see Appendix XVIII) whion is a 

Gross Protein Value ** Aw..ilalile Iqsine tt 

fllysille 
r~i~u· 

Casein 100 -
83 4.51 

Waitara 93 4,.86 

w,...,_nni 98 5.55 

Fa:ir:et.eld 98 4,.80 

Gis'torne 99 4.84-

Belfast 99 .5.51 

Jlakarewa 111 6.50 

oorrelati.on coefficient o.Bq. 
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content 

in Table ~""'""ncol!lfa. l'illi$ OJ.'.il'.IWU to 16 8111 N, 

4. .._",..""'4"<:<.""""' were found 

to have intennediate 

The 11tatistical showed that a aign.:i .. f':l.oent relationship 

between the pmtein value the "available lysimn existed, Bid a 

significant correlation coefficient of was calculated (see XIX). 

esti.ma tion of the gross protein value of the m$atmeala my be detezmined 

from the regression equation (see nx). 

Y :: 42. 71"} + 10.42 X 

if 
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tl\IIIIP1~-~-r:~~ _,_..,~~~·· _.,. up o~ ta. i;GtaJ. pzot.em 

~~~tat of csl.o~ u well u •• the phc»aJ)»JUa of the dl.tl .. 

~fbze al.\1 in tbe nw=~ta!!Jt ~V the OO!Ili!OJI1 

tM meat.ala w.mta. ~. the llltritiw value of the tiDal •t. 
Ir1 th1a ~ meatrual.a UJI4er wat wre fel wiih a cereal 

ration ao tbat their nutr!Uv• w.lua ooul4 'M iete~ whe ttJe7 

were UM4 u a IDU'l"Ce of au.pple~~~DtQ:r pmtein. fhe dlft'~•• reco::ra.t 

iD tbe pwth rate the chiokeu fed th•• li.tle were rean,- a ~ 

of the autriil w 1'8J.ue the u.perillontal &ta, 'tut beoaust the cereal 

baul waa the sal8 tor all 41.U thin l'IJOOm4 4Uf'eNMea ia 

;p:owfdl ate alto ret1aote4 the wtri.ti.w Y&lua ot the •atllfiBla atwti.d. 

reaulta I that tho nutr!.ti.w .,,....,£_ 

the -.a intl.ueDeei 'b3' -··- becau.ae the ataUatical 

~ of ~ I"'C"uioD liDea !i:Lii.'llc.Llim!Q up the aataoala 

~p~. !baae zeJJI4ta are ld. th oiiber z·mdl.DJ- lJIGDO'm~~ 

A1lo aiaaif'iomt dU'f'4QNDI:teB Writ i'bun4lie1i'f~Hm. tM m:&'R':i. 1iY8 YalltJeB Of 

~"'P X aa1&18alll (Hfl -..,...,.._ 

wart ~ 'ftlriatio~ in the uh ccntellt pw a ~'lli'VIt 

Ba~~UZ'e the 'Wlriati.oa 1ft the le•ela of calcium ~ma, u blab 
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aoJ:Telatioaa were t\n.m4 to eld.at 'between the ash oonteut and the level ct 

eal.cila ( r • + Oe96), and the level ot phoaphel'\18 ( r • + 0.91) in aea.tmeal-.. 

In the mea.tmeal.a atwliecl the uh content wu tbund to 'f/'IU.7 t:roa ;.22% to )2.30J'. 

Aa a reaul.t, a wide w.rl.ation in the le'ftla of oaloium ami pl»apaoJ:Ua waa toun4 

in the ex,perimeatal diets o t Bxperiment I. 

All examination of the clifri;a of the Group I ma.1meala (Pareora, 

lmlglum, hltut, J'airft.eld, Gear, 1re.J1ganu1, Gia'iome and Pat._) and the 

Grou.p II Jl8atmeala (llab.nnra a.ad Wa.itara.) in lxperiatllt I -.a made to see 

whetber the variation tbund m the oaloiua and plloa]i»zua levele was one ot 

the taoton Wluead.ac h J~Utriti'Ye •alue of the aeataa.la.. ~e·exami.Dati.on 

shewed tmt there was ver.y little variation betwean the oaloiua and phesp.zus 

levels w1 ibiD Qrou.p II diets, and that these leYela oaloium phoapherua 

did not fall outs1c1fe the range of levels found in Chvup I diets., It was 

ooiJQ].Uded. that under the oonaitiona of Bxperl.aent I the dif.f'erenoe tound 

ltetween the G:roup I am Gxou.p II Jl8at•a.la1 aa well u the ditfe:rerJ.()e al:aoa 

in 1:11tritin w.lue within the Q.roup I •atllftala 11 •s not dile the variation 

in the oal.oiua and phoapborua levels. '.ftd.a oonolu a1on -. oontimed 'b,y tla 

results ot k];eri.amt n. 

flaee l"eaul.ts were not in ~- with the recent l'fl)rk {Smith. 

et al. 1961) wiWJh abowe4 that the g10'fth ra:t. ot the ohiokens was 4Gpreaaea 

am they were fed a diet in which the level. of oalciua was iDoreaae4 troa 

O.Sl% to 1.},;i, while the results of lb:pedment II abowe4 that no aigoit'Joant 

dit'ftn:emea in tno &rowth rate of the chickens OOOl.U:Ted when the level of 

oaloiua ill a diet oontaimng o.~ pheaphol'\18 -· increased from o.!i% to 1.~ 

The cliffereme in reaut ta could poaai.ld;r he explained in tems or the lqth 

of the exper.l.aental period, \teaause in Jb.periaent :0: the ohiokena were onl3 

tea the diets ceata:laiq ditterent levels of calcium tor~ wew, aa compared. 

with at.x and ten weelca ill the kper.l.meD.t of (Smith• et sl.. 1961 ). Therefore, 

it appeared tbat the two week exp~tal. period 1'18.8 proba\tly too ami"G' 



allow tor ti&e etteot of the va¢n& lema of oalcdua iD ai~ftoant~ 

depzess t:b.e ~:rate of tJII cbiokeu in lxperiaertt I. &wner,it Jlllst 

1M ae:n.t:lontd that uruler the noDIJial. oonaitiou ot raiaiaa cbiokena ia..,. 
Zealalad, the resulta of the recent wrk wula ••• to 111\lWSt tba:t the aah 

oontellt of tile mea tmeala coul4 'De aa 1m.pctrtant factor :Ud'l.ua.ci~~& tAe1r 

nutritive wlw. 

In ~riDBD.t I the e:per:btental iti.ets were touDA to have a 

oaloiua piloaphontS ratio of ap~tel.Y 2: 1 wbioh na. been abo• to be 

satiaf80to~ tor obiakeDJ ()l)lTison, 19~) an~ tiMretere, ffll1'JT aitfererJCea 

obaervea in the nu"trli ive "ilallle of the meatmeala •zoe Di>t due "to aa 

uata:vouralll.e oalcia pmsplarwa ratio- '1he etfeot et a hip calo!wa 

phcspbolUa rat:lD (4. 6: 1) on tlae ~ raw of old.okeu was 48110nstrate4 

reaulw of Ezperiment n, whioh sbneA 'Ule ~ ra.te Wall 

greatly depresse4 whe the calciwa lewl _. i=reased to 1 on a diet 

contaird.ng o. 'jf. phoapboJ.Us. 

The variation :in the proteiD qualit:y of the :1!18a.taeal is amtheJ> 

important which 'ft1Dul4 atf'eot tM nutr.t. tiw value of the meatmeala. 

protein ~ty is intluem.S. 'b:y tile variable Dature of the raw 

materials used tor the p~ssi.Dg of aeatlleala and the sewn:~r of the heat 

treatment app:U.ed 4ur1ng the p:'OCessing of these raw ~~&ter:lals.. has 'be• 

shown (lroaglam, et al. 1926A, 19~:1, ana. 1932) that the use ot raw aateri$ 

-!kol-'" are high. connecti:ve tissue tor the prooesaiaa of meatmew •ul4 

pmduction of meatmeals of low nutritive value, becau,a the 

oomecti.ve tiaaue mde of the p.-.t.._ pla.ti.:n and ttlastin wbicb. are 

low in the eseential am.i.no aeide (SalvUn. 1948). !he loss in tile nu.tr#!.w 

proteiD toodatuffe such sa aeatmeal ~ caused 'tty the Application of 

their prooesaiq, 1a e. result of tM deattuotto• or a reC.t:»a 
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effect of heat on lyrd.ae wu ~rated in ixperlaent III where it wu 

ab:nm. that the "available lysine" waa proa»:eaaiwly :nKt.uce4 aa the aeveri v 
of a.utoolavma treatment was 1aoreased.. lito si81itloant differemea iA. 

the wtrltiw value, however. were found between the various samples of 

autoolawd •at 1n hper.i.ment m. !bia was ~'bl,y due to the faot that 

the t1110 weak experimental perJ.od sa too sl»rl to allow tor the sipiti.oant 

ditfereaces to ahow, u baa 'been del~:nurh••ated by (Beuk, et al.. 19lt9 aai. 

et al.19.}4.) that when aamplea of autocla.ved aeat wre ted to rats 

ftJr a of fcur to ax weeks •iani~ tittererJCu in the D.Utritive 

'Value o t tha amplea were fOUJ34. 

':he reauotion in the •available 1)111me" durto.g t:te heatiDg was 

the the free€.~ gxoupa of the lyaine which we:re not inwlve4 

in pept14e linkage& reaotiDg nth other active groups and ao pl'Ot.Oting t!Mt 

l;ralne txoa the actioa of the 2,~ ... diJd.txotluoro'beuene. Kea.ta aDJ. aeatma.ls 

contain "Jel'Y little oar'bo~ta ~ thfrl"etore, it appeared that tbl •at 

ilrj;lortau.t reaction inwlved in tJ» recuotion of the availa.M.lity of l.T•m• 

•• the non-ca.r'D~att reiamtioa reaotion (Alaquiat, 19.57 md P&der, et e.l. 

1948).. !h1a reat.:tion involves tJ» tree t...W.. goupa ef the lyaine and 

other aotive P'Oup& such as the oar'boql groups of aspartio mel gluta.ad.G e.oi4 

(11tlre4, et al. 194.6). ~· aoa oar'bo}V'drates axe present in m.ea.t tu 
Jlaillu-4 res.otion wbioh in'fOlvea the free lllpr& and ami.Jlo aaida would ala 

account for part of the reduotioa 1». the .. available J..ystnett, because the 

tree t. -amiao 11'0Up8 o t the lysine could bave xeeoted with the f:ree 

oartotv«rates (Lea, 1948 aM. Hodge• 1'53 ), Al thQu.p the reduction in tlte 

"a:sila'ble lya:ble" u aooeleratea by' 1aoreaaias· the temperature am. cooking 

i.nt..-w.ls (BXperi.atntt III), was sb:nm. that tha lysine was DOt reduced to 
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nee" Y.Ork et al 19.59) • a taotor wu 

troa tbiiJ milleral ot aa4 'Doae ual.• .,.. touD4. t.. 

be tbr the of the nutd.tlw Talu.e ot thiH meal-. 

•de ot tbia taotor wu to be tbro.l&h ondatiw ohaaae• 

Mala beoauae the an a:att-oxta.a waa abo\m the 

Dltritiw value oftben •a" ana boDe It 1a JiOUi'ble that a factor 

..... w..a.'SQ.' to amtiona4 1959) ooul4 \HMm 

tbt atfte:r:eme 'hai'_, .... the X aa4 ~mup II •ataeala, aa 

titfel"ffllDea nutri*in wl:a of the O:roup I 

ia --·ea.z:r 'betb:m aJVtbiB.I 

2. ~ Che~ kfluajica of :§l!e lfu)rii\v• Val.wt of 1!!;1!!el•. 

A aillltt.loant Corr8lat:Lon llletwa the _....protei». wlue d4 U. 

•available lyaw• 1'1&8 found to mat tor the aeven aeatam.J.a atudie4. this 

t::i..JJ.&g agr:reea with :moent work (Carpenter, et al. 1955) whieh ahowea that 

1;ho same relatiobbip •xi~e4 1D ether aniwl protll:iets such u t:Uhmeal.s aA4 

whale l>,y-pro(blota. !be eatablisll•u• •t a correlatk>n between the •aftilable 

lyaine'* and the goaa protein value OO'Uld be :m&ISODa'blJ' es:,pected 1D. arrhu] 

pro<lacta 'beeauae tbt aevere effeota of prooeaaing ID oauae a rebtiDn ia the 

DUtri.tiop,al awdlabili:V of the ]¥siRe. Furth•, the ma#CJr reuon tor the 

high 1ialue of proteiluJ made from aQimal tiaauea is aue to their hip oo:n.teai 

of "aw.ilable l,yal:n.e" an4, therefore, ammal produeta whioh are to~ to be 

low i:n. •available lyaine" w:Ul moat likelJ' have a low sro•• pJ"'teiD. wl.ue. 

~ above :mlatwnahip betwe:n. th• "available lyame• and tn. 

gross proteiD show that the tta'fa:Uable lyai:n.ett teelmiq.;Le could be used as a 
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ptss114a aet:bad to e'ftluate oheld.oal.ly the pxotaira quality of the •at.eala • 

.A chemical •tl»d tor the evaluat~a of protein q.lal.itJ' ot the aeatmeala 

would emble routine detel"'linatiou to be carried out to oheok on the protein 

~it.¥ of the mea:tmeals.. !he present biolog!Dal metboda invol vJ.ng a.U 

animal.& are not suitable for routine dete:rm:i.llatiou of protein quality beoauae 

of the time and expenae in\lblved.. However, before the "available lysine" 

teolmiq'l» oan be oonaidexed aa a auitable metlud for the chemical e1'8luation 

further determinations will 

carried out to au.'batantiate the results of hperime».t V 

suitable regression eq~Ja:t;ion.. 

The tinoj.Jiga of Bxper.i.lleat V 110uld suggest that lysine is the 

limiting aud..Do acid under the conditions of the gz9u prote;j.n val'~» teat .. Tbta 

obaerva.tion 'lla'l' appear to be oontraaieto17 ·to the pxe'tioua work (ExpeX'ialeat rf' 

and lraater, et al. 1959) which slowed that lyeine waa the lim:Lting a:ad.ae 

acid meatmeala. i'ovntYer, the apparea:t anomaly of resul ta 'lflq' ba explained 

mea it ia pointed out that the mea.t~~eals were stu.d:ied under ditfe:rent oonditiou. 

In lxperiment n the meatmeal was the mjor aouroe ot protem stu.aiecl, wh_.. u 

the axo•• protein w.lue diets mea.tmeals studied were ted wi:th a cereal 

~~~ ........ ra.111.0n a;nd,. theref\·u.-e,. the mutual aupplemeni;ar,y action (Almquist,. 1957) 

the and. pxotein muse be oonsi4ere4. The ettaot c:t the mutual 

supplementary aation the meatmeal and cereal proteins could 

the lysine bec~Cm:Lng the limiting a:mino acid m the grosa protein 

beoause cereala are deficient in lysine (A~at, 1957 8!14 

1961 ). Suppori for this 14ea was alDwn by the results of saae work 

et al. 19.50) which that lysine cou.14 'be the liaiti.JJ& amirMt aci4 

in oereal meatmeal. diets. BD'wever ,the possibility that aome other ~ add. 

may be limitiJ1a sa that it cccurs some ttxea. relationship wiih the 
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-...~v~•-.t.111L!I allWAJ!P;B~ Gxpe~ 8lD.IUJ~IJ 

quality 
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c~v 

1. 'ta. aee.taeala weze 8howa w 1Mt !»t..,s«DDua pauta 

wbioh. oon~4 Yar~ ~· of pzotebl, tat, alb., 

ana. moui;ure. 

2. lxpe~W Jl'OUpa of ehil.lk.- were uae4 to aetei"!!1De 

tlwl autri.,tiw 'teluea ot the mea:tllf~&lJt. theM meatmea.la 

•r• f\114 aa a eouree of •U».Pl~a.J:7 pl'Otein with a 

oerftl ~ :ration. 

Sifld,tioaat d:ltf'eremea were between tbe mtri:tiYe 

vru:'L~LK.""" I!SJBp).es of meatmeala .. values <te1:emt1Jl8 

q.. fhe dttferero u in the autritlYe values ot t.bfj 

mea:D~ealr; ceu14 not be :related to a sin&l• autrist. 

in M.ets ooata.iaing o. '!l{o phospl»ru all it»reas• in tbiJ 

calcita lewl to 1.~ reatQ.ted in a Jd.aai:tlaaat 4epreaa1on 

1a tbe ~ rate the ch.iokea. uaa..r the ._ 

~atal. ooJHU.:tiou it 'l'I"U alaD ahowa tha:t au !aOr-.. 

til the calcium ~wl from o." w 1.9% tn diets contahdaa 

o. SJ' pboaphowa tii aot cause a si&tdt':l.oallt Aepreaaioll ill 

tb..e tpOWth tlw ehic~Mill .. 
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the 8ld.Jlo so14 J.ya!M as llhoa 

8JI:i.Do soid in meailllea.lls. 

1. !be *'amla'ble qeilae., :Ulseat as ab:nvn to be pmp-esi!d.ve:J, 

~ceil as the ••wrtv of the auteolaYi.ng treatment_. 

mcreaeecL 

g., lt wo:k oonftmll tlWJ atu(\y 

2,4. -tiDitrctl..uomlKm.meJW teclmiqUD :ftu: 

'*aYaila'ble l;raiM'* ooul4 

obnd.Dal eval~tien the ""''"''""AI'> 

aatraeal• .. 
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the Oowela.tion &'tween the Gmaa Pretai.n Value ani 
tt AYS.il.ali.e 41;Ya·.uw 



(a) iu£ 

(c) Jai~ 

!he OoJ!!:1.tiog tm.det which the Kee.tmea.la Stu4ie4 
!!.Sa PJ!gfUlli.a., 

Dr.r rea~. The preoeaa uae4 a pnuure of 80 l'bajaq.b .. 

(}24,~) in the outer ~ckets11 4u:r1'na which tlla aterl.al waa 

't'en'te4 tor q ho\lr, after whioh the pnuure inside allowea t. 

Dui14 up t. JO 10. .. /aq.,in. (27At."P) and. hel4 tor oae hour. ~ 

preai!Jllft :Luide waa then nlieved. whUe the preuure in 

outer ~ctet was 111.1n:ta.me4 until the aateria.l was 417. 

Dr:y ~. The outer jacket pwasure was minta.med at 

80 lu .. jaq.m (:52At.~)J tUld the internal presSUl'lt waa allolRINl 

t. rise to 40 lu.jaq.U. {290"F) and hel4 for ap~:.d.me.te~ 

an ho\lr. !he iatemal preaaure was then releaae4 ua. the 

aterial 4rie4. 

Dr:y nnder1D.&.. The aterial 1lla8 vented for 'fi-2 bra. before 

the internal pras•ure waa allowed to riae to }5 lba./aq.m. 

(28o"F). 



(e) Patea lh7 re~ fM material was oooked for 3 bra.. at 

40 lba .. faq.in. (29d'P),. 

!let ~ ~~~ waa cooked at a temperature 

of :So~ - 37e-P~ 

Dry nmierins.. Dtlr.i.ng prGOeaaing a preuure of 80 lba.fsq.in. 

(324-0-g) was ill the outer jaoket.. After ventiug for aa 

hour the inter.aal 3aoket pressure was raised to )0 l'bs./aq.in. 

(274~) 

(h) l?areora, hJ.faat and Fairfieltl 

Dry rew:lering.. !be total ifooold.ngu varies .tlela about 4. bra. to 

4! bra. aooording to the nature of the charge. '!he temperat.ure 

of the ~ was raised fma ool4 to 212C, sad was held there 

approximately 2 bra. from t!Je start.. file E.Ohine was thtm 

closed ita i.lltemal pressure was raised to 35 lba.,jaq .. l.a. 

(2800p), held fori hr .. thea le'MtrM. 



wo:rited 1n lo& te:au. 

were plotte4 1a log 

~iata 

~h GUI"Wil ,U..ae, 

Graphs I, II aM. III the inte:t• 

to ,;lw a·~ 11M p<aph., tile 

woulA follow aa Gl!ON~IR:la1 

tbe ealoulatioa eutezo 



APEENlliXll 

. Tri.aJ. I • Growth Rate and Food Inta.ks Data. 

I!Feriment I: 

Protein Level 

Protein Intake 
( ) per 
ohioken. 

Weekly Weight 
Gain ( gms ) per 
ohio ken. 

Total JVeigA_t Ge.u 

L X=J4.1640 

LY=36 • .;663 

lmlgburn 

11% 

{log) 

1.1_3'6 1.0553 

16.20 1.2(})5 

11. 15 1. 04.72 

14.65 1.1659 

17.45 1.24.17 

13. 15 1.1189 

18.40 1.2646 

10.25 1.0107 

14.00 1.1461 

11+• 30 1.1553 

129.55 10.3601 

~X 2:41+..01258 

c :4}.22884 

Z: x
2 

= o. 78374 

15)& 

{log) 

1.854 1.2681 

17.90 1.2529 

16.90 1.2279 

20.60 1. }139 

20.10 1. 3032 

24.10 1.}820 

29.70 1.4728 

17.35 1.2}92 

22.10 1 .• 3444 

24.00 1.3820 

192.75 11.9183 

~ XY =46• 79245 

:46.01549 

~ xy = o. 77696 

b = 0.99 

2Q% 

(log) 

2.969 1.4726 

36.80 1.56.58 

44.30 1.6464 

38.60 1.,5866 

34.05 1. 5321 

I 47.05 1. 6726 

34.95 1 • .5434 

31.70 1. 5011 

40.60 1. 6085 

27.00 1.4314 

335.05 14..0879 . 

2 
~ y =49.91242 

=48.98176 
2 

~ y = 0.93066 



Protein Level 

Protein Intake 
(gms) per 
ohioken. 

eekly 1ght 
. Gain ( gms ) 
per ohi.o~en. 

Total f'eight Gain 

L" X =38.0061 

~y =38.27.52 

11% 1~ 20J' 
{log) {log) {log) 

1.439 1.1.580 2 •. 734 1.4}68 4.247 1.6281 

18.80 1. 2742 23.00 1. 3617 52.45 1. 7197 

12.45 1. 09.52 26.50 1.4232 41.15 1.6143 

13.95 1.11;.4.6 21.75 1.3375 39.20 1 .. 5933 

15.00 1.1761 36 • .45 1.5617 3o.eo 1.4.886 

10.70 1~0294 24.20 1.}838 54.70 1. 7380 

12.45 1.~52 33.45 1 • .5244 60.60 1. 782.5 

13.55 1.1.}19 33.~ 1 • .5211 36.85 1.5664 

8.50 0.9294 30.45 1.4836 65.20 1.8142 

16.,}0 1. 2122 33.45 1.5244. 56.05 1. 7486 

121.70 10. C682 262.45 13.1214 437.00 15 .. 06.56 

~ 2= 54 • .50461 "£: XY=55. 06326 ~ y2 =5.5.89310 

c = 53.49864 =5J.Bn41.- =54.25892 

b = 1.18 



Protein Level 

Protein Intake 
(gns) per 
chioken. 

. eekly eight 
Gain ( @llS) 
per chicken 

Total Weight Gain 

L: x •35•1837 

L Y•.;6. 7977 

Wa.itaki 

11% 
(log) 

1.397 1.1452 

16.40 1,.2148 

17.20 1, 2355 

14.45 1,.1599 

13.05 1.11 55 

14.75 1.1688 

14.15 1.1507 

17.00 1.23~ . 

13.55 1.1319 

11.50 1,.o607 

132.05 10,.4682 

~ x2
• 46 .. 22449 

0 • 45.84.787 

15% 
{log) 

2.162 1. 3349 

23.15 1.3645 

32.10 1.5065 

22.05 1. 3li-34-

26.00 1.4150 

26.35 1.4208 

31.15 1.4&35 

29.95 1.4764 

33.40 1.5237 

26.35 1,.4200 

250.50 12.9646 

L .X.Y•48.39574 

• 47.95108 
~ 

L' x:y • o.44466 

2q& 
(log) · 

2.687 1.4292 

30.50 1.4843 

32.60 1. 5132 

23.75 1.3756 

17.85 1,2,?16 

37.05 1.5688 

25.00 1.3979 

' 35.95 1. 5557 

,38.00 1 .. 5798 

43.45 1.6380 

284.15 1}.36.49 

Z: y2. so.87591 

• 50.15078 

'L y2 
• o. 72513 



Protein Le rel 

Ptotein Intake 
( ) per 
ohio ken. 

eekly Weight 
Gain ( gttlB ) 

per chicken. 

I 
1 Total. eight GAin 

r x =.}6.6786 

~ = 38.1489 

Pareom 

11% 1~ 20J' 
(log) (log) (1 g} 

1.429 1.1550 2.087 1.)196 3.988 1.6008 

8.65 0.9370 39.10 1 • .?922 53.70 1. 7300 

13.50 1.1303 19.2.5 1.2844 64.40 1.8089 

1.}.20 1.1206 22.65 1.3551 52.10 1,7168 

12.30 1.0899 32.00 1.5051 51.85 1. 714-7 

16.25 1.2100 10.90 1.0374 43.95 1.6430 

12.20 1.0064 43.20 1.635.5 64.30 1.8082 

12.45 1.®52 12.55 1.®87 61.35 1. 7879 

22.50 1.3.522 39.20 1.593} 44.05 1.6440 

14.90 1.1732 16. 6; 1.2214 59.80 1.n61 

-

125.95 10.19.56 235.50 12.3231 495.50 15.6302 

0 = 49.82665 = 51.82.400 
2 z :t. X = 0.91472 £X¥= 1.2}430 Ly' = 2,20103 

b = 1.3.5 



[ · 

Protein Level 

Protein Intake 
(gms) per 
ohiokell. 

eekly eight 
GE!iJ1 (~s) 
pe~ ch1Dken. 

' 

~tal Weight Gain . 

~X •l5.7039 

L. t =-38.324.7 

lfut 

11% 1.9J' 2~ 

(log) llog) (log) 

1. 251 1. Cf.J7'2 2.068 1·.3156 3. 583 1.5543 

15.55 1.1917 33.35 1.52.31 53.90 1. 7316 

10.70 1.0294 28.60 1.4561.. 52.05 1. 7164 

12.65 1.1021 29.15 1.4646 56.35 ' 1.75(1) 

13.95 1.14/+6 31.80 1.5024 62.65 1. 7969 

11.30 1.0531 34.65 1. 5397 43.20 1.6355 

13.30 1.1239 25.70 1.4099 4-0.85 1.6112 

18.05 1 .. 2565 25.40 1.4048 ' 51.70 1. 7135 

7.80 0.8921 23.15 1.3645 46.60 1.66&.. 

14.05 1.1476 21.20 1.3263 58.55 1. 7676 . 

117.35 9.9410 253.00 12.9917 465.85 15.)920 

L. x2 48 .. 154lf-9 ~ XI .• 51 .9229' ':L .;. *56. 21826 

c 47.21364 50.679}0 ~}9935 ----~ x2 • 0.94005 LJC3 =-r1.24363 'Z..y2 ~.81891 



Protei11 · Lev: 1 

:Protein Intake 
(grm) pfJJ." 
jolUoken. 

!Weekly eight 
~ain (gna) 
!Per chicken. 

Total Weight Gain 

2 X= 3.5.5653 

2 y = .39.2688 

Fairfield 

11% 1!J}b 

{leg) 

1.237 1.092.3 

19.00 1. 2768 

9.35 0.9700 

12.30 f.<699 

21.35 1.3294 

13.80 1.1)99 

15.10 1.1790 

15.75 1.1973 

11.60 1.o645 

14.55 1.1629 

132.80 10.4125 

L. x2= ~~1. 124m 

0 = 46.84779 . 

2: x2 = 0. 8762} 

2.119 

17.10 

19.55 

41.10 

37.60 

32.00 

22.45 

41.50 

30.75 

34.65 

276.70 

b = 1.32 

(log) 

1.3261 3.414. 

1.2}30 59.35 

1.2911 54.05 

1.61;8 52.55 

1.57.52 40.75 

1,.5051 56.05 

1.3512 49,95 

1.6180 65.60 

1.4878 53.45 

1.5397 64.95 

1}.214$ 496.70 

= !)1. 72617 

2Qlt 

(log) 

1 • .5333 

1.7735 

1. 7328 

1. 72.06 

1. 6101 

1. 7486 

1.6985 

1.8169 

1. 7279 

1. 812.5 

15.6414 

= 57.11254. 



Ttial Il - Growth Rate end Food Intake Data 

Protein Level 11" 1~ 20}G 

{log) (log) {lo!) 

Protein lntake 1.228 1.0892 1.766 1.2470 3.092 1.4,90' 
( . ) per 
chicken. 

Weekly eight 
Gain (gila) 

22.15 1. ;4-SI., 26.95 1.4306 37.10 1 • .;682 

per chicken. 11.75 1.0700 20.25 1.3065 36.25 1.5593 

13.35 1.12.5.5 29.30 1.4669 34.60 1.5391 

13.00 1.1139 33.70 1.5276 26.55 1,..42,4.0 

12.45 1.0952 28.05 1.4ltBO 44.50 1.64&.,. 

13.45 1.1287 19.70 1.2945 25.25 1.4023 

13.60 1.1335 16.50 1.2175 29.50 1 .• 4698 

9.40 0.9731 34.25 1.5346 39.15 1.5928 

21.70 1.3365 23.80 1.3766 31.70 1. 5011 

16.40 1.2148 19.45 1.2889 39.60 1.5977 

Total Weight Qa1n 147.25 11.5.366 251.95 1}.8,17 344.20 15.}027 

-Ex= }8.2650 2 x?- = 49. 62359 z XY = 52. 69423 ~y2= 56.}<1382 

L"Y= 40.7)10 Q = 48.80700 = 51.95239 = 55. }(.X)l,. 7 

1: x2 = a.s1659 !::" ~ = o. 74184. E:r2 = 1.00835 

b • 0.91 



Protein Level 

Protein I ntake 
( )pet" 
chicken. 

Weekly Weight 
Gain {- ) 
per ohicken. 

Total ~ ight Gain 

2 X :: 38. 5560 

I y = 4-1.64.60 

J 

Wa.n8§J!i!t 

11% 

(1 al 

1.192 1.0762 

18.20 1 ~ 2601 

10.30 1.0128 

16.95 1.2292 

15.95 1.20~ 

16.95 1.2292 

11.60 1.0645 

12.60 1. 1 CXl4. 

14.60 1.1644. 

12.70 1.1038 

15.65 1.1%-5 

145.50 11.5617 

L: .x2 50.27914 

0 :: 49.5521"7 

..... 2 
..c.. X o.7'2b97 

1~ 

(l g) 

2.137 1.3298 

30.45 1.4.836 

18.70 1. 2718 

25.50 1.406.5 

17.00 1.2304-

26.85 1.4289 

35.65 1.5520 

20.60 1.3139 

35.85 1.554-5 

19.80 1.2967 

20.40 1.30J6 

250.80 1}.84.79 

= 53.523}.3 

b ::: 1.20 

2~ 

(L g) 

2.816 1.;4496 

38.95 1.5905 

39.40 1.5955 

51.30 1. 7101 . 

42.65 1.6299 

52.35 1. 7189 

51.55 1. 7122 

44.10 1.6444. 

33.10 1. 5198 

43.45 1.6380 

30.00 1.4n1 

426.85 16-2364. 

e 57.81297 



P.n:>tein Level 

P'rc"ein Intal<:e 
(gms) per 
cbioken. 

eekly ei.gb.t 
Gain {gms) 
-ge,r chick-en. 

Total Weight Gain 

~ X= }6.0030 

E Y = 38. 07lt.O 

11% 

(J.og) 

1.124 1.osoo 

10.10 1.0()4.} 

12.55 1. CIJ87 

1 0,.}0 1.0128 

11.15 1. Oi+73 

9.00 0.9542 

10.05 1.0021 

15.80 1.1987 

13.80 1.1}99 

14.50 1.1614-

16.85 1.2266 

124.10 10.8460 

I:" x2 
= 4.3· 89 359 

c = 43. 39942 

L x2 = 0.494-17 

--

1~ 20J' 
(log) . (log) 

1.559 1.1928 2.}16 1.3647 

11.00 1.C»,.14- • 3}.60 1.526.3 

22.05 1,.3434. 19.20 1.28}} 

32.60 1,.5132 .33.45 1.5244. 

16.20 1.2095 .39.95 1.6016 

13.80 1.1}99 11.50 1. 0607 

22.55 1.35}2 37.20 1.570; 

35.05 1.~7 45.20 1. 6551 

28.50 1.4548 18.20 1,.2601 

27.60 1.~~ 33.55 1.5257 

17.20 1 .. 2}55 9.20 0.~6)8 

226.55 1}.2765 281.05 1}. 971.5 

~ X!= 46.}00(JJ '£ Y2 
= -49.76114 

=-= 45.81819 = 48.}7176 

~ q = 0.48190 ~ Y2= 1.}89,38 



.• 2(j . 

Protein In e 1.263 
( ) 

1 .. 1014. 2.449 1.3890 3.430 1.)35l 

chiokM.u 

15.90 1.2014 28.85 1.~ 45.30 1,6561 

14.80 1.170} 47.90 1.6803 55.05 1.7408 

16.05 1.2054 23.65 '•3138 64.85 1.8119 

19.60 1.292.5 31.80 1.5()24. 45.10 '·'542 
16.65 i.221 22.05 1.34-34. 50.65 1.704Jl 

9.10 0.9590 38.15 1.;81.5 43.55 1.6390 

14.50 1.161·4. 22.25 1.34.74 66.95 1.,.e2.57 

9.25 9661 24.45 1.,388} 26.55 1 .~40 

8.05 9058 28.55 1.4.556 51.50 1. 7118 

16.35 1.21.35 24.50 1 .. 3$2 63.75 1 .. 8044. 

Total 140.25 11.2966 · 292.15 14-5221 513.25 1·6.9725 

~X = 4.0. 2~70 L 2 = 54. 99 51.9· ~ X = 58.6711.5 ~ x2= 6.5.05172 

:E y = 42.7912. c =51 02086 = 57.42i51 :61.0J622 

2 x2 = 0.91l.£J ~ = 1.~ 64. ~Y2= 2.01550 

= 1.28 



!Protein Level 

Prot . in Intab . 
(gJDS) per 

·chiCken. 

. . · ekly ei.ght 
Gain (gms) 
per chicken. 

Total ~.l~ht Gain 

I:" X = 4.0 • .55.50 

L: Y = 4.3. 5125 

' 11% 1~ 20}6 

{log} {log} (log} 

1.360 1.1335 2.338 1.}689 3.573 1.5531 

12.00 1.0792 30.60 1.113')7 50.}0 1. 7016 

12.55 1.0987 23.00 1. }617 62.80 1. 7980 

13.30 1.1239 22.70 1. 3.56<> 62.20 1. 7938 

22.60 1.3541 40.80 1.6107 53.10 1. 7251 

24.10 1.3820 40.85 1.6112 54.35 1. 7352 

12.50 1.0969 . 29.20 1.4651+ 43.80 1. 64.15 

10.00 1. 0000 27.55 1.4401 57.55 1. 7601. 

14.05 1.14-76 37.30 1.5717 39.05 1.5917 

10.95 1.,0395 22.45 1. 3512 78.35 1.894.1 

11.25 1.0511 24.50 1.3892 71.70 1.8555 

143.30 11.3730 298.95 14..6429 573.20 17.~66 

"'£ X2= 55. 70829 ~XY= 60.10993 ~ y2= 6.5.31108 

c = 54.82360 = 58. 821~ = 6}.11125 

L x2= 0.88469 ~q= 1.28829 '£.y2= 2.19983 



~tein Level 

p tein Intalce 
' (gms) per 
. cbiokett. 

WeeUy Weight 
Gain (sns) 
per chiokan. 

Total eight Gain 

1: .K. = }9. 5350 

E Y = 40.7880 

Waitara 

11% 
{log) 

1.478 1.1697 

16.60 1.2201 

10.70 1.0294. 

12.65 1~~1~2 

17.40 1.24~ 

6.55 0.8162 

11.55 1.0625 

13.00 1.11}9 ' 

14.05 1.1476 

14.80 1. t70} 

10.75 1. 0315 

128.05 10.9342 

~ x.2= 52 • .53980 

0 = 52. 1 0051.. 

'L x2 = o. 43926 

J 

15J' 2-0% 
{log) (log) 

2.078 1.~177 2.925 1.4661 

13.45 1.1287 50.95 1. 7071 

36.25 1.5593 41.85 1.6217 

30.50 1.484.3 ,i5.85 1. 5.54.5 

19.70 1.2945 46.20 1.6646 

16.40 1.2148 45.45 1.6575 

25.50 1.406s 31.35 1.4962 

23.35 1.}68} 42.45 1.6279 

29.75 1.4?3~ 30.00 1.4771 

29.35 1.4676 41.70 1.6201 

17.20 1.2.555 62.25 1. 7941 

-

241.45 1}.6}}0 428.05 1&.2208 

= 5).75178 = 55.45.5}6 



A~rage Weekli Weight Daily P-rotein Intake Log Dail3 Protein 
Gain in • pa- per obioken in l!}11a. Intake per:- chicken 
chic1.--en. in SD&· 

Protein Level 11% 1~ 20)& 11% 1" 20J' 11% 15% 2~ 

!RIAL I 
"Sf-

. tongburn 14.39 21.42 37.2} 1. 13' 1. 85lt- 2. 969 1.0553 1. 2681 1.l,.726 

Gear 1) • .52 29.16 413.55 1.439 2.734 4.247 1.1580 1.4368 1.6281 

· Waitaki 14.67 27.83 31.57 1.397 2.162 2.687 1.1452 1. 3348 1.4292 

Pareora 13.99 26.17' 55.06 1.429 2.087 3.988 1.1550 1'.3196 1.6000 

hl:tast 13.0lt, 28.11 .51.76 1. 251 2.068 3.583 1. CYJ72 1 • .3156 1. 5.54.3 

Fairti.el4 14.76 ,30.74 55.19 1.237 2.119 3.414 1.092} 1.3261 1.53-" 

TRIAL I! 

Long bum 14. 7} 25.20 34.42 1.228 1. 766 3.092 1.0892 1.2470 1.4903 

. Wangamd. 14.55 25.08 42.69 1.192 2.137 2.816 1.0762 1. 3298 1.lt496 

Gisbon:le 14.03 29.22 51.}3 1.263 2.449 3.430 1 .. 1014 1.3890 1.53.5) 

We.itara 12.81 24.15 42.81 1.478 2.078 2. 925 1.1697 1.3177 1.4,661 

Patea 12.41 22.70 28.11 1.124 1.559 2.316 1.05CS 1.1928 1.3647 

J6akarewa 14.33 29.89 57.32 1.360 2.338 3.573 1.1}}5 1.,3689 1.5531 



lang;\ltl1:Jil Trial I 

2 X= 34..1640 .Lx2 =44.012,58 l: XY = 46. 79245 I: 'x2 = ~9.9124.2 
~y .)6 .. ;663 c = ~.22884 c = 46.01549 c = ltB. 98176 - -~x2= 0,.78374 ,Lxy= o.n696 2..,.2 = 0.93066 

~ 

wngbum Trial n --
L" x = ;s. 26.50 2 x2 = 49 .. 62359 'L },.'"f = 52. 69423 2:y2 = ,56.30882 

LY 40.7310 c =48.80700 c =.51.9.52}9 0 = 55.}004.7 -- "'~ 

~x2= 0.,81659 l:":l\1 = 0 .. 74184 L.,-2 = 1.008}6 

Total N • 57 

LX =72.4290 .Lr= 93 .. 6;611 _L XY = 99 .ls,B668 L" x2 =106,.22124. 

£"1: = 77 .. <JJ73 c = c =97.96632 0 = 101+. 28059 

E~2-
L""- 1., J:.xy= 1.520.:;6 Ly2= 1.94.065 

* (Snedecer, 5th edition) 



. c = 

• 
c = 

c = c = 112 • .52711 c = 



' 

• 

~ aeaple ataada:rd. 4flriation of the bpwuion Coettloieat • '\ • S z,x 

• 
• 

' 
e 

J 2: -..2. 

S y.x2 • E., :c,,x2 

1'-2 

«.f. 

fiAuoial lim1 ta of the :te31'$l!Ud.cn ooef'ficieJ& are equal t.a 

..,_ 
t.osS. ~~ 

~ lt+t 
" 

9!f' J'i4ueW Limits • + a,. x t, 05 tor 28 c~.:r, (t, 05 r.r 28 4. r. -
,()491 X 2.048 a 0,100 

• 2, ) 



thfl. tel'lllll.a uaea to calculate the atla.tive Pot81l0y, ~ ll 

relative poteacy ill lea teD~&• ia p.wa 'Ml•WI 

•• -0 .. 142.}-

K • -0.142.; + 0.0571 

• -o .. osso 

( 



were 

eq].lals: 

62a • [ + -1. ( ... ~ >2] + - ; + •r ,Lx 2 

, ... 
,. s2 "2 

._2 ra2 

cum 

val&le 1 

y 

y 0.025 

•~ra 017 ; 
I 

y 011 I 
v FairtieU 0.017 I 

Ul~t;lWI:'I& T Oe 0)6 

Ullllt,plD'D v tialMti'IB: 0.0.31 

X..lt!bAm v 0.~ 



The ealoula:iioa ot the fiiuoial lild.ta ot the relatift 

JOUDCJ' of Gear. 

)( -o.os;o - 1,.2,S3 • Xs· 
L. %.2 = 1. 7891 

62x = 010108 
1.5205 

oZ. • 0.0071 (0.07:1J) 

6 •• 

• • 

• 9" Lbd.ta ot R = 
1 1 

• 0 

0.71/J 
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• + 

-
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• 
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Oa 

1 

p 1 

1 o. p 

31 

Ca o. P 

0.-~ Ca. o. ,3% P 

Oa P 

1.M' Oa 



BI!JOJt.A 

Part II .... ~ Gp!th. Rate •!: the Obi!k!!J Xe,aaurei 
11'11 the O!le1ura Levels ot' o,,P4 g,,;, 1,~ 
a.aa 1,~, awl a Pboa:Jb2rwa 1«!!6 et o,§£ 

~a-at 

o.~ aa. p 

o.,. o,&J' P 

1,41& Oa p 

1.91' Ca o.&J' P 

o. p 

1, Oa. 

AYel"8,p ill 
14 ...,... 1a ..... 

125. 

127,28 

120.~t-S 

125,,2 

1.;o.;o 

126.31 

1)2, 



o.~ o.e;t P 

274.1 

0.9% ca o.~ P 

6 21'0.8 



tetnlnteJIB 
( ) 
oh»ken. 

L X =J6.n16 

L T =41.,5146 

• 

1. 396 1.1W 

17.05 1.2)1' 

12.80 1.10~ 

8.90 0.9~4. 

10.30 1.0128 

12.15 1.Cil46 

29.80 1.4742 

15.45 1.1889 

11.65 1.066$ 

19.30 1.2856 

... 

e = 48.~110 

L. x2: o.sg610 

t.954 i.2909 · .3.210 1.S06s 

21.00 1 • .3222 61.90 1. 7917 

54.00 1. 7324. 49.70 1.69&.. 

47.90 1.6803 64.25 1.8078 

38.30 1.5812 57.45 1.759) 

29.80 1.4.742 . 54.80 1.7)88 

36.10 1.557.5 57.00 1.7551 

41.70 1.6201 32.65 1 • .5139 

42.75 1.6)09 67.55 1.~96. 

26.45 1.42~ 37.05 1.5688 

30.80 1.4886 -

L:.u =55.2256, £ .r = 6,.08,17 

=51+.))608 = ,1.1,776 

L..~ = o.aa'55 "£.. y2 = 1. 9451+1 

• 



Protein Level 

.:fl1) te1n Intakltt 
(gms) per 
ohi..oken. 

eekly eight 
Gain(gas) 
per obitsken. 

TOtal Weight Ge.lD 

L X =36.1296 

L t =4-2.2799 

11% 

\log) 

0.998 0.9954 

19.60 1,292' 

13.75 1,1J8j 

24.35 1:..386, 

27.25 1.4}.51+ 

9.95 0.9978 

16.35 1.2135 

9.85 0.9934. 

25.45 1.4-057 

11.15 1. 01+62 

- -
157.70 10.90!11 

0 = 4-5.01200 

~ x2 = o.8a14.0 

15% 
(lD&) 

2.221 1 • .)466 

39.50 1 • .5966 

54.15 1.7336 

25.30 1,1J)}1 

18.85 1.2754. 

29.25 1.l,.66i 

23.60 1.3729 

48.15 1.6826 

19.25 1.2814 

48.30 1,68)9 

56.55 1.~ 

362.90 15.2510 

L xr = .53.48&)) 

= 52. 674-Jit. 

L q = o.s1375 

b • 0.99 

2qC 

{log) 

2.347 1 • .}705 

49.50 1.6946 

43.55 1,6.}90 

27.60 1.J.t4()9 

50.40 1. 7028 

42.15 1.6248 

17.15 1.2,542 

53.05 1. 7247 

44.25 1.64.59 

46.95 1.6717 

55.10 1. 74.12 

429.75 16.1f9S 

L"t2
= 63.252)4. 

= 61.64.10.} 

L",-2= 1.611)1 



L X = .)4.1J25J 

r r = ».5891 

11~ 1 

L x2= 4.}.26124. . r:. XY= 49.83310 

0 = 42 • .}250.. = 48.67.}60 

' 2 " ~ ~X= 0.9}620 L 'q= 1.15930 

b • 1.2) 

I: rl58.1.5.539 

= 5.5.97488 

:£ y2 = 2. 18051 



Protei.n Xntak• 1.212 1.08,, 2.204 1.)432 2.882 1 • .1t.S91 
( ) el" 
obiokAtn. 

10.80 1.0,.54- 18.80 1.274.2 40.80 1.6107 

9.05 0.956' 19.05 1.2799 58.30 1.7657 

13.70 1.1~7 42.90 1-.6.}25 53.55 1.7288 

27.20 1.4.31+6 22.40 1..)502 57.75 1. 761 

6.85 0.8JS7 32.45 1 • .5112 45.25 1.6556 

19.85 1.~78 44.35 1. 61,.69 34.45 1.5372 

12.75 1.1055 25.40 1.40r.S 54.75 1. 7381.. 

19.65 1.29,.. 29.40 1.468J 33.05 1.5192 

17.20 1.2)55 55.80 1. 7466 38.10 1.!)809 

12.70 1.1038 36.80 1.5658 60.55 1. 7822 

Total Wetst* CfdA 149.75 u.~,o 327.35 1Jt..88(1.. 476.55 16.6&05 

L X=,S.8&..o ~ 2_ X -51. 2 l: xt = so. nru L" ~= 63.6lt67~to 
L X= 42.99$1 0 :::50.31.701 =55.69690 = 61.61.527 

Z:z2
= o.z~t1§1 ~.;;: 1,02,l} .Ly2= 2.0)14.7 

1 • .38 



2 hre, t 21fh;. 

1 11" 

)?J:ot«Ln IntPe 1.180 1.0]'19 2.014 1.~ -2.817 1.4J+,98 
( ) r 
chi4k.en. 

Week]¥ 1.t 8.80 0.9445 13.60 1.1J)S 47.35 1.67,. 
Gain ( a) 

ohicken. 8.95 0.951 36.15 1.5581 33.45 1.52Jt4, 

9.45 0.9754. 20.70 1.,}160 54.95 1.7400 

7.30 0.86.3} 14.00 1.11.,61 54.65 1. 7}7, 

7.85 0.8949 37.40 1.5729 31. 15 1.4~'' 
10.95 1.039lt. 37.50 1.5740 50.65 1"7~ 

11.25 1.0512 35.40 1.5490 55.40 1. 74.35 

17.30 1.2)80 46.40 1.6665 60.35 1.7807 

6.30 0.7993 36.75 1.565.3 47.40 1.6758 

12.40 1.07}1. 39.60 1.'!1Jn 43.60 1.6)95 

!otal Weip Ge1D 100.55 9.8;12 317.50 14.6791 478.95 16.71.50 

I: X = 38.2570 L x2= 49.51}0, 'I:xr= 53.93446 I:r2 = 59. 7;755 

L 1 = 41.2Jt;5l 0 = 48.78660 = S2.597J8 = S6.70,S2 

2. z2= o. 72645 l:":q= 1-.337~ 'f:.y2= J.OS173 

'b • 1. 



I •36.7716 
[.Y •41.J746 

.[" x2 = = s.s. 22.563 
c = . ;a, 2~11Q c = :Hb 33608 

L.x2= 0,.59610 Llfl'• 0,889SS 

L. xZ. 6.;.08.;17 
c • 61.1ID6 

L72 = 1.9454.1 

2. r = 12a6o 2: 71!172 ~ J3.5.S1 

c • 12fl•ZZ85 
2.72= .;.,;6226 

c = 2.'2· 2l§U c • 1o6. 221Si 
L x2 

a 1,.48227 2:_ 1o 72226 

2 = q8,.88720 ~XL .55.2256) 

c 
2 

• /&.29110 1 ., . c = a:e »'08-
~x a o. ,z ;q- = o ..... ,.,.,.,~., 

2: l:U.105~0.587J 
c c~ 

2:. x2 • 1,.6JO§~ L;q-= a. 

~r. 15.539 

c = 52· 211t48! 
L_7

2 • 2. 1so;1 



----------~---..;------------ ------------------.----

122.81,1J72 

-~.1.2Z;~ 

E :~2 • .5~1.5024 



P:L9t.ia 
L4rv• 

'-•• Dri.e4 

2 .at 
27 • 

pa.,per Ghi.olcaL 

11,. 1!\C 2(J( 

15.26 ,,.88 .5}-.60 

Ddl¥ Plwteb r.a DaU7 :rr.teta 
l¥1tab per ID.~ 
eW.okeD b1 ,.. oh.tokea. .. .. 

11,. 15'& Zfl' 11,. 1"' aqt; 

1 1.9.54 j.210 1.1~ 1.29og 1.506s 

1 •. 007 

1.212 

1 2 .. 817 



+ -
s 0.99 + 17 -

25 1.23 + 0.17 ... 
2 1. + ... 
2 1 + .,. 



tet.n Intaa 
( ) r 
ohi.olclln. 

eekly 
Gain { 

o1sht 
) 

r ob:Lokel. 

~ X=23, 116 

L t = 2.J.2or.6 

r 

Meatmeal (Control) 

1. 354- 1.1,14 2.325 1,J"lt, 

13.05 1.11S.5 37.80 1.;77, 

6.95 0.&.20 25.15 1.4.006 

12.65 1.-1021 30.05 1.4.718 

14.95 1.1747 28.65 1.4:572 

7.65 0.86)1 34.60 1,5)91 

9.45 0.9751f. 15.50 1.1,0.5 

12.20 1.ce61.. 13.00 1,11}9 

11.60 1.0645 28.45 1.4-54,1 

21.65 1.,,,, 17.90 1.2529 

14.50 1.1614 -

= .,28.Jl?65 
c = ii· ,»&Jl = as, 83§72 . r. ,.a = 0• 85446 

£ x2 = o. 26159 :2:. ~ o. J~t.SS' 



( 

• 

r: X =24.27~ 

1: f= 2§,1691 

1.4583 1.16l& 2.533 1.40.)6 

19.50 1.~00 29.05 1,46)1 

9.15 0,9614. 26.15 i,4,171t. 

10.85 1.0)Sit. 23.20 1,.}6SS 

28.75 1. ~7 37.35 1,,572) 

21.55 1,l),31,. 23.75 1.3756 

16.45 1,2161 22.05 1,)1.)4. 

16.85 1,2266 }1.90 1.50}8 

15.05 1.1715 27.60 1.440) 

15.55 1.1917 35.25 1 • .51;.71 

17.75 1,2,492 

2:" x2 = 31.27511. L xr = J2,4t617 ~ t2 = ,J.8J13l 

c = l2·00271. - =J2.1WZ1t. = Jl,lft'!i: - . 2 . I 

L x2 = 0,27~ 2_xy = 0,26Sfd L y = 0.49a:9 



I"X= ~ ~ = 

= c c c 

~ Iq= ~~ ; = 

~ = l:"XT= "2: = 

0 

~ ~ ~ 



Gress !'fttd.B Value Data 

laaal Cas em Waitara \lfaagaJ~\d. :Pa.irtieli Gialltr.ae hl:tast ~ Patea. 
LJJJ.et JNO. 1 

( 1) X.an We~t <kill ill 
2 weeks pa) 1.3.38 ,1.81o. 29.27 ,0.8,3 27.52 ,,.,;1 29.42 ,3).71 28 • .39 

(2) Gain ill n;tt •wr 
1 (&fill 18.46 i!).S, 17 .. 4.5 14.14- 20.1.3 16.a. 20.}9 1,5.01 

(.3) tee a ""- 111\l! 

2.weka 
- ..,., 

166.8 1.54-.3 161.7 1,1 • .3 182 .. 8 147.;5 165 .. 7 16} .. 5 

(4) Sum.tl-~ :p:wteit 
4.6 ~•<..-> ,5.0 4.8 '·' ;.s 4.4 s.o 4.9 

( S} Gain ill wei.gbt .,.... 
1 per gm J.6, 3.45 ;.6} '·'' '·" ;.61.- 4.08 le06 

supplementary proteir. 

{.6) G:reu P.n!lteiD Value .122 .2l j§ .2§ -'1 .?1 111 8.3 -
[5] X 

~~' il 

' 



~Vt 

r.x • )6.6) 

!:t • 681.0 

• ""6$.00 

661 222.57 
272 

Iilli ~16.43 

-
X • 5.23 
y = 97.29 

.Ja!i!J•!U 
L"''' • 28.17 

r • C!f, !f 

}6&2. X 6} 

r = _ Ju6U 

J 69.;00 ~ o.Jt.S1 

4.57 

Ma7 

•·1 

.. 121.68 

'f:.x2 • 2. 700 



( 'f • T )• 11 (X • i ) 

2,10 

10.42 + - .}.02 



I 

Am (X) 

20.80 

4-.77 

;2.:SO 

19.67 

24.20 

21.86 

12.88 

;.)2 

16.21 

19.17 

19.82 

LX. 19,5.00 
r:.x • 63.62 

L x2 
• ~t-1~t-9.ot 

.&2'.82 
2.: :.2 • '92. 21 

-
Oaloia (1') 

Detel:'ld.ne4 Values 

8.12 

o.so 
12.&8 

1.00 

s.oo 
8 .. 10 

2.79 

o.S' 

lt-.24 

6.07 

lt-.'0 

I • 17. 7J 
f • 5.78 

:Ln. 1420.» 
112Z181 

'2:xr· 292.58 

X" a , OOY JSt 

J t:l X 62y 

r • §.268, 
J 6,.221 X 1.}.29 

lstimate4 Val.u.ea 

7.07 

o.at 

11 .. 94. 

6.6o 

8.,52 

1.ss 
).7J 

0.28 

.5.14. 

'·"' 6.66 

•• 11 

.. = 11 

L xl.. • soo.as 
l6Z,22 

'):.y2 • 1}2.90 



• 
• • 

• 
• • 

(Y- y). 1t (x-i) 

( l' ... 5. 78 ) IIIII ~ ( X ... 17. 7.3) 

( Y • 5.78 ) • 0.42.3 X - 7.50 

+ 0.42,3 - .0.}85 



Ash (X) 

20.80 

4.-77 

32.Ja 

19.67 

24-.20 

21.86 

12.88 

;.;2 

16.21 

19.17 

19.82 

LX • 195.00 
L'f = 28.71 

I.x2 • ~t-149.<1.1 
2~6 .. fta 

2. x2 = ,,2. 21 

lbflaplwztU 
Det.:&'lli.DIA Values 

;.;a 

0.)1 

5.29 

;.66 
2.03 

).4.5 

1.20 

0.11 

2.25 

;.~ 

3·Yl 

L. x.r • 628.76 
'9§,95 

.!: XI' • 119.1f 

r • oev !t 

1"6~ X 6; 

r • 11.281 

),,.227 :1: 2.523 

Jl 

Jl 

L r,. • 

"£,.a. 

(Y) 
X.tiated. Values 

;.13 

o.;7 

5.13 

2.94-

;.7; 

).25 

1 .• 77 

0.11 

2 .. ~ 

2.86 

2.97 

• 11 

a'f1 

100.1' 

Zllta!l 
25.23 



(1'- T)• 1t(X-i) 

'I • 0.1:ZJ, X - 0,9! 

o.o2A 

• !be atan~ er:vr •f ~ • 0.173 ! 0.027 
• • 

• fiwl tifluoial l:Uu:ta et ) • ! o. 0715 • • 


