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Heatmeals ave an important sourse of protein in Hew
Tealond poultyy diets. These meatmeals ave processed from the waste
by-products of the fireezing works and beceuse of their high protein
éﬁen%ezzt they ave a useful source of supplementary protein, It
appears, however, that the meaitmeals as a foodstuff are not uniform
in their mutritive wvalus, as pouliyy men have observed that young

- poultry grow well on some weatmesls and poorly on others, This

has been done in Ausiralis,

The present study has been undertaken to investigate some

of the fasctors influencing the nutritive vaelue of the meatmeals and
to find o chemical method which could be used to evaluate their protein

Mﬁy-




CHAPTER L

Lo The Yeatmeals:
(1)

The Composition of the Meatmeals,

The meatmeals are heterogencus products made by the processing
of waste offel materials suwh as meat soraps, offal visceras, blood, skin and
bone,ete, The variation of the protein content found in meatmeal can largely
be explained in terms of the extent to which the fat has been removed from the
product and the bone which has been added to the materisls used in the
manufacture of meatmeal,

The quality of the mestmeal protein or the nutritive valus of
the meatmeal is influerced by the composition of the raw materials used in ths
precessing of the meatmsal, Considerable differences in digestibility and
nutritive value of the protein of different organs and tissues has been clearly
shown (Hoaglend, et al. 192643 Hoagland, et al. 1936). For example, the low
nutritive walue of tissues high in cennective tissue suwch as hog snouts and
calf lungs was demonstrated by the poor growth rate measuwred in rats when they
were fed these materials in experimental diets.

Finally a comparison between the mutritive values of beef, calf
lungs, hog spleens and cow udders showed that the nutritive value of beef was
superior when compared to other organs which could be ranked in terms of their
nutritive value according to the amount of connective tissue they contained
(Hoagland, et al. 1926B). Therefore, the use of waste meat offals which are
high in connective tissue for the manufacture of meatmeals will result in the
production of meatmeals of inferior nutritive value., This is because ths
connective tissues are made up of the proteins collagen and elastin which are

extremely deficient in several of the essential amino acids as shown in

Table I (Sahyun,1948),




TABIE I

The Approximate Amiro cid Content of Gelabin and Elastin (N X 6.25)

Amino Acid Collagen Gelatin % Elagtin %
8.8 0.9
1.0 0.0
be5 -
0.3 1.5
0ot 0.0
2,1 o 4
0o ? 0.2
1.0 0ol
Leucine 3e7 -
Izoleucine ~ fe? -
Valine 2.4 -
Threonine 1.5 | 2.5
Glyoine 23.6 27.5
Alenine 9.2 0.0
Serine | 3.3 -
Glutamic acid 10,3 2.5
hspartie acid : 59 0.0
Hydroxyproline 13.0 | 1.9
~ Proline 15.3 | 14.2




(2)

In New Zealand the two processes used to process the meatmeal
are:

2. the wet rendering process,

be the dry rendering process,

In the wet rendering process the meat refuse is ce#eréé with
water in large tanks end boila& until the tis!sué breaks down af‘iser whieh the
fat is m&eé‘ The material remaining is then dried and ground to give the
final product mwem as meatmeal, In the dry rendering process the meat refuse
is cooked without adding water in a steam jacket vessel vhich is heated by
passing steam between the inner and outer walls of the j&éket. After the fat
is ax‘tr&wtsé from the broken down tissues the moisture is driven off and the
material dried and gmtma. The actual temperatures used in the processing and
the time the materdials are éceke& for veries between some freezing works,

4 comparison between the two processes in terms of their effect
on the mutritive value of the products has been mé (Pope, 1929), and the
vesults of this study showed that there appeared to be no difference between
the wet rendering and the dry rendering processes on the nutritive value of
the protein of the produscts produced, In the case of fishmeal it was also
shown that there was very litile difference between the two prosesses. (Wilder,
et al, 193L).

(3)

The results of the amino apid determinstions or meat by-products
made by microbiological assays sre shown in Table II (Lyman, et al. 19563




- 3e3B
0,81
tadf
2,96
2,49

173
164
Ca33
Valine | 2,38

Oubly

1664
1S3
0e 32
217

0. 80

acids present in meat (Hisr, et al. 1945; Beach,

Schweigert, et al. 1944).

These resulis are sumsyds




Beef Pork Lanib Veal
6ols Goly 6.2
3.9 3.8 362 305
8.9 8.7 8.8
, 7.6 7.2 8.1 7.6
Isoleucine 5e7 5.7 6ol 566
Valine 5.3 5.5 Sy 563
Methionine 2.5 2ol 2.4
Cystine Toly
Threonine be5 be5 4.8 3+9
Tryptophan 1ol 1ok B Y 1.4
Phenylalanine he2 L2 be3 3.8
Glutamic acid o2 11.8 11.9
Tryosine 3ol
Glycine 5.0

The analysis shows that meat is nubritionmally and hologically
complete since 1t conbains all of the essential amino asids in adequate amounts,

However, aminc acid supplementation experiments with beef
(Mitchell, et al. 1932) have shown that cystine and methionine are ths
limiting eminc acids in meak.




The imino Acid Content of Meat and Meat Sorap.
per cont of protein (N x 6.25)

Vet

Besr | Pork Leub Sea A
- 6ul 6ols 6.2 7ol
3.9 | 38 3.2 1.79
5.7 5.7 Bels 3.26
7.6 7.2 8.4 6.53
8.9 8.7 88 5049
2.5 Zok 24 1ol
o2 b2 ko 3.82
I kol P: 3.62
Toly 1.h Tabs 0,75
5.3 5.5 B 5025




It appears thet the meat scrap protein as shown by an
emimtmi of Table IV is lowsr in all of the essential amino acids,
except arginine, This difference could be due to several factors,

1o The materials used in the manufacture of meatmeals are
low in essential amino ecids., Support for this ides was
demonstrated by the fact that the nutritive value of the
protein of the varicus offal materials used in the
production of meatmeal ves lower than the nutritive value
of meat, (Hoagland, et al. 1926B). Also these offal
meterials axe high ia eezz;zeétiﬁe tissue which is deficient
in essential eming scids,

2 The effect of the high temperatures used in the processing
of these meatmsals may bring about a destruction or a
m&s&avsilabiliﬁy of some of the essentisl amino acids to

the mioro-organisms used in the determination of the amine
acids,

4 study (Clandinin, 1949) on the effect of hest on the

nutritive value of animl podwrts was carzded cut using fishmeals which

were dried under various degrees of vasuun for varying time intervels and by
the fleme method with steck temperstures of 185°F and 220°F, Vhen the meals
were fed as a source of supplementery protein in the dists of chiokens it was
found {that there was a deflinite m&wtm in the mbritive value of the f:i.gh—
i to the Pishueel fleme dricd at 185°F, and the
vaguum dried fishmesl, These results were confimmed by the work of Elmslie,

meal dried at 2296?,% compaxre

et al, (1957) which is summari:




TABLE ¥V,
Ghamtar Chick weight ‘at‘ |

of fismeals. Rat gadn. " 6 weeks,
Normal mesl - 1.8 1b
Slightly overheat T gus/week 1.7 1b
Strongly overheat 36 gms/week 165 1b

. | | |

(2)  Hest.

The effeat of heat on the rutritive value of pork (Beuk,

et al. 1949) m deronatrated by the study of pork samples auitoclaved at
113°% for 5, 15 and 30 mimutes, and for 1, 2, L, & and 2 hours, The
effect of the heat treatment on the pork samples was measured in terms of
weight gaing of rats in whose éiéts the various treated samples were mixed.
The rats fed on "‘éza raw pork geve the matest gain in weight and the
highest protein efficiency. A comparison between the rew meat and the
meat autoclaved for five minutes showed a lower weight gain in the case
of the autoclaved meat (significantly diffevence at the 9% level), tut tlhe
differences in the protein efficiencies were not significant. The

son between the raw meat end the meat ssmples autoclaved at 2 and
2. hrs., however, showed a significant difference in weight gains and

protein efficiency.

These mml‘%s ave confirmed by the work of Morgan, et al,
(1934.).

Finslly, to summardize, it is clearly shown from the resulis
of the sbove experiments that severe heating has a detrimental effect on
the mutritive value of fisimeals and meat.
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(1)

The effect of overheating on proteins has been subjested
to considerable study amd the mechanisme involved are slowly being
elucidated, It has been shown that the nutritive value of heat damaged
proteins can te improved by the supplementation with lysine in wany cases,
For example, the growth rate of rats fed on a diet containing heat treated
casein was improved by the addition of lysine. (Greaves, et al. 1938).
This has been confimmed hy other work (Block, eb al. 1944}, which clearly
demonstrated the deleterious effect that dry heat has on the availability
of lysine in the dielary protein and the resulting decrease in the |
nutritive value of the foodstuffs, Supplementation experiments with lysine
in the diets of chickens showed that the lysine was not destroyed when it
was autoclaved for 4 hours at 120°C. However when the lysine was autoclaved
ed mainly of glucose,
the growth rate of the chickens was found to be poorer due to the fact that

under the same conditions with cerelose whioh is compos

the lysine had been destroyed,or rvendsred unavailable to the chicken,
(Stevens, et al., 1947).

Two mechanisms ave involved in the nutritional destruction
of amino soids (Almquist, 1957).

(L)  The severe overheating of rich protein materials such as fish, meat
and casein,vhich contain 1little or no free carbohydrate, oeuses the
tied

amino acid lysine

and possibly arginine and histidine to hecome
up by new chemical linkages to other smino acids, and so veduce their
availability to the snimal, This 4yps of non~availability or
retention of the amino aclds will be termed the non=carbohydrate

retention reaction,




(11)

-1t -

The overhsating of proteins in the presence of cavbohydrates initiates
a series of resctions called the Maillard reaction ov non-enzymic
browning. The Meillard resction involves the amino scids,particularly
lysine, and %o a lesser extent arginine emd tryptophan, which resst
with the carbohydrates and undergp a serdes of resciions o give rise
o the brown products of the Maillard reaction. These resctions result
in zome permanent chemical loss of the aminoc acid sirse they cammot be
wholly regenerated by chemicsl hydrolysis. The neb effect is a
reduction in the availability of the amine agids %o the animel, ard

2 lowering of the mutritive value of the protein,

The resctions involved in mon-carbohydrate retention do not
bring about the destruction of the amine scids,because on acid
hydrolysis the amino scids can be recovered ss shown in the case
of casein {Block, et al, 193L),end pork (Beuk, 1948). In the
study with pork the samples of raw and cured pork were autoclaved
at 112°C for 2 hre, end the analyses of the acid or the alkeli

(in the case of tryptophen) hydrolysates of the autoclaved

samples indicated a complete recovery of lysive, arginine,
histidine, iscleucine, leucine, methionmine, phenylalanine,
threonine, txyplophen and veline., A4 low apparvent recovery was
observed when the sutoclaved samples were hydrolysed with
enzymes, The trestment of these engyme hydrolysates with acid
permitied the recovery of the initial amount of all the amino
acids, and this low apperent vecovery in the case of the enzymes
was probably due to the fact that the enzymes were not able to
liberate 21l of the amino acids in the autoclaved pork samples,
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The above findings were further confirmed by the observation,
that microbiological assays on aecid hydrolysates of heat
damaged preteins showed no difference in the microbiclogicel
activity when comparved with the acid hydrolysates from unheated
protein (Pader, et al.1948).

{v) The Postulated Mechanism Involved in the Non-Carbohydrs
Retention Reastion.

It has been postulated (Pader, et al.i948) that the

effest of heat processing on the protein molecules brings

about the formation of a complex linksge of the lysine with
cther active graigs.’ These linkages are resistant %o engymatic
attack,or the rate of the hydrolysis of the linksge was such
that the lysine enters the blood stream toc late Yo participate
with the rest of the assimilated amino scids in the formation
of protein, part of which would be used in Wilding up new
tissues. The linkage was thought to be a condensation between
the free epsilon amino groups of lysine and the free carboxyl
groups (Bldved,et al.19:6). These carboxyl groups could be
contributed by the amino asids such as glutamic and aspartis
acids, or the ¢ terminal end of the peptide chains.

(i) before heat

[ ~

(CE,)5 ¢

| |

— peptide chain - NHC EC O — peptide chain- N HC HC 0 —
Lysine Aspartic acid




(1)
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after heating
Aspartic asid
pepbide chain - HECHCO = peptide chain
e
Zf-——————— bond resistent to enzymetic attack
o
| SE),
peptide chain - HHCHCO = peptide chain
Lysine

Evidence for this %m'ems from an experiment (Eldred, et al.1946)

which was designed to study the availskility of lysine in raw and hesated casein.
In this experiment the enzyme L-lysine decarboxylase was used in the analysis
of the I~lysine vwhwse availability te this enzyme was fHound to decrease as the

ceagein was more severely heated, I-lysine decarboxylases is specific in its

a@tiaﬁ @Sﬁ. ’@5.3.1 @}ﬁs’ sl et

lysine,or piperfdine o =scarboxylic scid, A change in the & or { amine

rboxylate lysine as shown in the following squation,

f%
(fga);

NH.LH 00 B
L-lysine

It will not abiack L easelyl =, o ~msthyl =, € =asetyl =, & -methyl

group ef

lysine would,therefore, affest its availebility to ’%is enzyms,

The L emine groups and the  carboxyl
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groups ave presumebly bound up in the peptide linkages, which remain
unaffected by heat, as shown by the digestion with the crystalline engymes,
Therefore, the ¢ -amino group weuld appear t0 be the group invelved., The
mechanism of retention of the lysine secems to be the fommtbion of a

linkage belween the § -amino group of the lysine and some other active

group vhicsh protests the lysine from the atiack of the I-lysins cavboxylase,
The unavailebility of other amino solds to digestive enzymes as demonstrated
in othsr studies (Block, eb al. 19343 Beuk, 1948}, may possibly bs explained
by & similer mechanism, It 48 well known that the amino acids suwh as
tryptophan, arginine snd hisbidine contain resstive nitrogenous molebies

mot involved in pepbide linkages, such as indole, quanidyl and imidazole

groups which ere capable of combining with other reastlve groups,

{3}

?&%e of m E@a@%&sms

The Maillard resction or rone-snsymatic browning refers
to the chamical reastions invelving the amine sgids and

cegne of the Maillerd resstion s

widespread especially duvdng the proeessing of congentrated
liguid foods and during their storge.

A% the present time many of the intermediste producis
as well as the resctions inwlved in the Malllard reaction ave
not known, and the overell pleture in this fisld is ons ef
confusion. This has resulted from the multiplicily of
sonditions undexr which the reactions have been studied and the
best abbempt to rationslise the aveilsble infomation has besn
done by Hodge. (1953) who distinguished three main stoages.
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The first stage involves a sugay amine condensation followed
by an Amadori rearrangement. The sugars resct with amino
compounds to form a substituted glycosylamines of Schiff's
bases (CGottschalk, et al. 1950), which are then converted to
1~awdno — 1 deoxy —2 ketoses.These may exist in the keto or the
encl form (Richards, 1956). In gemeral, it appesrs that -OH in
the 32 pasitia;i of aldoses is essential for browning, as its

blocking or absence precludes the Amedori rearrangement.

+ H OH H HER H MR

\ /
A N\, | \3/
§ I ]
H - C-0H H=-C -0H f: ~OH
{ i
o Qo D eew) K}—a? w0 eweme—] @c?eﬁ |
i
H - GLOH H-C =0H H-C ODH
! § {
H -~ ;’J——— H-C : H-C -0H
! {
GW G‘EZGE GEZOH
Aléose Schiff's base Ketose isomer
or ¥ glycoside (keto or encl form)

The sscond stage consists in sugar dehydration, sugar
fregmentation, and either amino acid or amine degradation
according to the compound combining with the sugar, Two main

types of resction vecur in deéhyiration of the sugar moietby.




- 16 -

) The firvst pathway involves the lost of .) moles of water
0 form furfural or hydvoxymethylfurfural. This type of 0
geaction was shown to occur (Richards, 1956) in a glycine
glucose rvesotion at 37°C and 70% relative humidity.

H R
\‘f/ brown products
G = OH /
| ,
H - C =-0H ‘ c Cs CH.NR
i Mo Hp.
H « :3 ~ OH .
CH, OH
Ketose isomer : Schiff's base of S-hydroxymethylfurfural.

(keto or enocl form)

The second pathway invelves the fomation of reductones
when two molecules of water are lost from the sugar maisby
{Hoage, et al. 1953), Both furfurals and reductones brown
rapidly in presence of amino compounds,




- 17 -

Also during the latter part of the second stage of

browning fission products of the sugars appear, and the

fragments which vretain the o carbonyl grouping will trown
alone, but the discolouration was greatly increased by the
presence of amino groupings in the reaction mixture (Carson,
1953). The Strecker dsgradation (Hodge, 1953) which involves
the reduction of the ol-aminoc scids to aldehydes (containing
ons carbon less than the amino acid with the liberation of
092) in the presemce of reduotones has some importance in the
browvming reaction, because the aldehydes formed are a source
of browning, They axe able to condense with themselves and
with amines,

in the thixd stage, aldol condemsations, aldehyde-amino
polymerisetion and fommation of heterccyclic nitrogen compounds
oocour, tut the pathways and resctions invelved are not knowm.
(Hodge, 1953).

gramatic schems of the reactions involved in the
¥aillard yeaction ir shown in Fig,I (Hodge, 1953).
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FIGURE I
The Reactions of the Maillard Reaction.

N substituted
Aldose Amino <
sgar and compound (4) glycosylamine
& (%)
Amadori j‘ reaxvangement
7 Sl o
| (1,2 enol form) ,
<30 | (¢) ©) (D)
332 -2320
r, , N T*ﬁ o amino acid ,
Schiff base § ; | B
of HfF or : v (13)
furfural reductones T , I
ol Strecker é.eg’gigaa%ioz‘:
+HO ) 4 fission B
) fm’&twt Gﬁz
dehydro 3";?1) -
- - pyruvaldehyds
HIF of redustonus diacetyl,ete, +
furfural ; . aldehyde
[ L —
with or witlgu’t (=) F) . (®)
ot ~ + smino {
amino compound compo dnd N
) + amino compous
4 amino e v
compound \ ,
77 )
Aldols and
YL NI (@)
—
T + amino compound aldimines
aldimines
; ketimines
(@) () (&)™ (e)
< N ~J/ .L
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As  Sugay amine condensation.

B,  Amadori resyrangement.

Uy  Dehydration of sugar moiety.

Yo  Fragmemtation of sugar moiety.

Be Strecker degradation of amino acid moiety,
¥,  4ldol condensation,

G, Aldehydee-amine polymerdiszetion and formation of
heterveyclic nitrogen compounds.

A study (Lea, 1958) of the mechanism in a “dry state”
casein and glucose system showed that in the initiel stages of the reaction
there was an extensive combination of the sugar with the aminc groups of
lysine, and as the vesction proceeded further srginine; histidine, tyrosine
and methionine 2ll becems involved.

The main fustours affecting the Maillerd resction weve:
(Lea, 1958; Jones,1956).

1o Zemperature.
As the temperature increased the rate of reaction bhetween
the protein amino groups and the free sugars was also found %o

incresse,

2, 2
The rate of reaction wes shown to increase approximately
linearly with increasing pH from 3 to 8, The amino scids
not react in the cetionic form, only slightly in the
Zwitterion form end fully in the anionic form,




e
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gelﬂti?@ Humidity.
The critical moisture varies from system to system,
g with

In general, systems of carbonyl compounds combini
ths amino function of high molecular weight ave in equilibrium
with higher relative humidity at the point of maximm browning
than reaction mixbures with relatively simple compounds., For
example, in casein glucose systems, the maxime are of the
order of 70-75% relotive humidity, where as a complex system
of mixed extractives of low molecular weight, such as fish
muscle, had a mexime of the order of 10-30%.

Heavy metals.
A mamber of heavy metals, such as copper, were found to

act as catalysts in the resction,

faillard Reaction on the Nubritive

Vali ueef?wtem T
4 study (Baldwin, et al. 1951) of the effect of heat on a

casein dextrose mizbure,using the micro-organisms Lewornosiis
 to detexmine the

essential amine asclds,clearly showed that some of the amino acids

were destroyed. The exbent of the destrustion was as follows:-

Arginine 957
Lysine 80%
Tryptophan and Methionine O
Valine and Histidine 50%

Isoleucine, leusine, Threonine and Phenylalonine 15207
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As a result the mutvditive value of the casein was greatly
impaived. When casein was mized with a dextrose solution (MoInroy,
et al,1949), and autoclaved for 2 hours, a dark brown yubbery product
was formed which brought about a rapid loss in wsight to mmats when
it was imsluded in their diet, while the auboclaved casein in the
abserce of dextrose sclution, included in & similar diet, resulted
in good weight gsins,

It has been postulated (Patton,1948) that the amino acid
residues of lysine, arginine, tryptophan and histidine are
especially subject to dsstruction because of the reactive
nitrogenous moieties uncombined in peptide linkages. These ave
the epsilon amino, quanidyl, indle and imidazole groups. Further,
the studies of Mehamond, et al. (1949) have shown that the above

groups are involved in protein sugr complexes,

It has been sugrested (Miller, 1956) thet the reduced
nutritive valus of heated fish prodicts can be explained by the
formation of amino acid sugar complexes resistant to enzymtic
attask, However other studies have concluded that for foods, ixz
general, the evidence suggests that the browning reaction is only
related to the problem, and is not the actual cause of the
reduction in the mitritive welue of heated fishmesls. (Natdonsl
Research Council: Food and Mutrition Research Board, 1950).
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In model caseine-glucose systems it has been shown that
the fres sugar declines in quantities equivelent to the fall
in the number of reactive aminvegroups. The concentration of
carbohydrates in fish produsts is, however, not high encugh %o
account for the reduction in the mubritive value of some samples
of heated fillets that have been investigated, although it has
been observed that free ribose is present in the tissues of

certain specles of fish, and that the development of browning

is parslieled by & fall in the level of this sugar. 4n
intersating observation was made on the aveilebility of amino
acid in fishmeals (Bissett, 195L) when it wes shown that the
season, as well as the heat treatment during processing, affected
the availability of the aminoc asids, A differengs was noted
between the February and November samples, The Pebruary samples
showed a greater impairment in their nubtritive value, and it was
also found that these meals contained a greater amount of
dasﬁgpen@ase nucleic acid and pentose. It was suggested that the
Maillaxd m@%ioas between liberated pentoses and amino acids may

have been resyonsible for the observed differsnces.

Maillard Reaction on the

{1) The Mnillard Resction.
In 2 study (lowiy, et al. 1950) to demomstrate the influence of

the Maillexd reaction on the sction of enzmymes, auioclaved casein dextrose

products were used as substrates for the fellowing

enzymes:- Trypsin,
chymotrypsin, pepsin, papein and pramcreatin, The resulis showed that the
reaption prodicts were resistant to digestion by trypsin and papain, while they
were digested by pepsin, chymotrypsin and pancreatin, These observations lead
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to the postulation of an idea that the loss of nutritive valus was due to
the protein=sugar complex being resistant to trypsin., However it must be
pointed out that it is difficult to velate these in vitro studies to the
animal. It is interesting to note that the site of attack for trypsin,
which is a highly @scifie enzyme, is the peptide linkage on the carboxyl
side of the aminp acids, avginine and lysine and it is, therefore, probable
that the reaction of lysine and erginine with the free sugar through their

£—amino and quanidyl groups protect the peptide linkage from the atbtack
of trypsin,

(2)

In vitro studies (Pader, et al 1948), with pancreatin,

showed that the rate of hydrolysis on casein by this enzyme wes reduced Yy
heating the casein at 150°C for 1% and 5 hours, while the ultimte degree
of hydrolysis which wes obtained wes not affected by the heat treatment.
Also it was found that the supplementation of the hested casein with lysine
restored the Lmpaired mutritive value. These observations clearly indicated
ghai the heating of casein sffected the rate of liberation of the lysine,
and it was postulated that the lysine wes Liberated too slowly o supplement
effectively the amino acids which were wore readily hydrolysed , and hemce
absorbed eariier during the perdiod of digestion.

(3)

In a study on commercial samples of blood meals chickens were
used to estimate the svailability of lysine (Kratszer, et al, 1957). The
basal ration used contained 20% protein which was supplied by sesame seed
meel and corn, and the bleood meals were added to the experimental diets at
the expense of sesame seed meal and aﬂr%z starch so as fo keep the total
protein level constant, Simple body weight gains for a 10-12 day period

were teken as the measure of response and the results compsred with lysine




values obtasined by the microbiological sssays of the acid hydrolysates of
the blood meals. The comparison showed that for the three samples prepared
by careful spray dxying at 45°F the mean availability of the lysine for
chicks was 75%, and in the case of the tw vat dried meals the mean availakility
was 65%.
The method of processing herving meals also influerses the
~ availability of their essential amino acids (Clandinin,1959), and a comparison
of the mierobiclogical assays on ths acid and alkali hydrolysates (in the
case of tryptophan) with the enzymatic hydrolysis measured the extent to which

the amino scids were retained, The results showed that the liberation of all

acids by engymatic hydrolysis was greatly depressed; as

the temperatures used in prosessing increased from 185°F to 200°F, OF the
individuel emino acids, lysine was the most sericusly damaged, while the
amiiic acids, arginine and tryptophan, were the least affested,

B, The"Availalle Lysine” and its Bstimation:

The above experiments show that lysine is definitely very

 The loss of lysine can be explained by the fact that in heat damaged protein
the €~amino group of the lysine forms a linkage with other active groups which
is resistant to the action of enzymes. The lysine winse € -amino groups are
not involved in complex linkages is termed the "available lysine®. If the

or its damage parelleled the ééstw%isﬁ of the limiting acid, then the

zed to such an extent that it became the li&iﬁﬂzgm acid,

estimation of the "available lysine® would give a measure of the nutritive
velue of the protein in heat treated foodstuffs.




4 method (Carpenter,1960) has been developed to determine
the "availatle lysine” in animsl products, and the procedurs involves the
use of 2, L~dinitrofluorcbenzene (F.D.N.B,) which reacts with the free
§ -amino groups of the intact protein, k’fhe "ayaileble lysine® in the intact
protein has free €-amino groups which are not inwolved in peptide linkages,
and are able to react with the F,D.N.B On acid hydrolysis of the protein
the ¢ -~dinitrophenyl lysine is released and its consentration can then be
determined after purification, colorimetrieally, Thus the F.D,N.B. technique
gives a measure of the lysine wkﬁéh m not reacted with other active groups
and is avilable to the animal fbr mebakolism, A schematic diagram to
i1lustrate the difference between results by scid hydrolysis and by biological
assay for the lysine content of processed foods is shown in Fig,2. (Carpenter,
et a1, 1957)e

Figure 2: The Difference between Results by Acid Hydrolysis and Enzymes.
co
N ’ acid
/Gﬁ (cHy), TH, » hydrolysie
i 2 mplecules of lysine.
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\gf g

60\ W 1 molecule of lysine, plus
, . vs1s o
/m (cHy),, NE-X smzyme 1 molesule of lysine which
W is beund in to molecule X
and is not utilized by the
, animal,




- 26 -

The FoD.H.B., like the engymes, does not react with the

NE,

moleculs of lysins reactis with the Fo.D.ILE,

o %
~ | e
CH(CH,), 1@, >c:ﬁ(c§2)k %D W,

groups bound to groups like X, and the met result is that only one

/ lysine 0, N
F 0,y KH € dinitrophenyl-lysine
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P CH(0F,), JHi-X W2 e’ 1o action
¢ e

AN F.D. N B

Using the F,D.N.B. techmique for the estimation of "avellable
lysine® (A,V.l. ) in animal products, such as Ffish and whele products, a
ml&ﬁaﬁshig between the "availeble lysine" and the gross protein wlue (G.P.V. )
was found. (Carpenter, et al., 1955), The G.P.V, is a measure of ithe nutritive
value of the animel products calculated from the growbh rate of chickems.
(Carpenter, et al. 1955). The siatistical analysis showed the relationship
between the GPoVe (¥) and the A.V.l. (X) to be highly significant, and the

following regression equation was worked cub.
2
¥ = 2;—3;8 £ e 2069 X = 755

The correlation caloulated betwesn the GoP.V. and A.V.L. vas
f@@d % b@ AN 1 8097a




Te investigate the liwiting amine soids in the meatuwesls,

the supplemesntation of these meatmeals with amino

experiments inmwlviag
soids =uwh as lysine, methionine and fxyptophen were carried out (Maveh,

et al. 1950; Patrick, 1953). In these experiments the mestmeals were
supplemented with methionine, tryptophan amd lysine individuslly, end in
various combinstions, afber which they were fed wilh a besal cersal vation

%o chickens, The results showed that lysins was the limiting
limiting

SELHD %iﬁg
aming ecid under the conditions

vihiile methionine was the sscond

of the experiments,

The sbove experiments were critized on the grounds that the
bassal diets used were deficient in lysine,and the protein of ths bassl dists
contributed to the polein frastion under investigation. In a second series
of experiments (Kratzer, et sl. 1959), in which the ten saw

sxamived formed the major sourge of the protein in the experiment
except for 27 fish solubles which supplied the other source of prob
difterent resulis were obbtained., The resulis of this work indio

the meat meals were deficient in methionine azzé tryptophan

anid these observations were in

Go

The ash content of the meaimesls wvaries greatly and the

¢ of this component as o probable factor influencing the mutydtive

iz is shown by the fast that the ash contains a high

Thevefors the use of meabmsals in

formulating retions would give yise to diets of varying caloium and

agresment with the work of Wildsr, et al.d947).
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phosphorus contents, Recent work bhas been done (Simeo, et al. 1961) to
examine the effect of wvarying the levels of caloium and phosphorus on the
growth rate of chickens. The levels of calcium and phosphorus studied

were 0,156, 0.y 0o6%, 0.8%, 1% and 0.42%, 0ok, 0.6% and 0.8% respectively.
The resulis of this study showsd thab:

1, The caloium level of 0.15% did not support optimum growth or
feed utilization.

2s There was found to bs no significsnt difference in growtl
feed utilization between dlets containing 0.5%, 0.6%, 0.5% and

1% ealcium in presence of adequate phosphorus.

3e The phosphorus level of 0.42% did not support optimm growth
or feed utilizstion,

be There were 5o significant differences between the growth vate
and Peed utilization when phosphorus wes fed at levels of 0.5%

and O, Gha

5o When the phosphorus was fed at a level of 0.42% the feeding of
excessive caloium (1%) appeared to megnify the growth depression,

6. The optimum growth and efficiency of feed utilization was
obtained with a caleium level as Jow as 0, 5% and a phosphorus
level of 0s5%.

FPurther, recent work (Fommica, et al. 1962) found timt the
optimum growth rate was measured at 0.6% calcium and 0.6% phosphorus,
Finally, some English work (Smith, et al. 1961) somparing
containing 0.83% and 1.35% calcium showe

1 that the 0,83% calcium diet
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promoted a faster growth rate and = higher feed conversion effisisncy,
and the differences were significant at 1% level.
Another impertent factor related to caleiwm and phosphorus
iz the ratio of these two elements in the diet, It appears that the
ratio of 1.5 1 1 is the most desireble ratio (Morrison, 199 ), tut rations
conbaining a caleium phosphorus ratic ranging from 1:1 to 2.5 11 d4id not
have any detrimentel effects, whersas & 3.3 :1 ratio was found to be
detrimenial.
| The pexcentage of fat in the diet may also influesnce the calcium
ments (Pepper, et al. 1955), as these rewirements for meximum

efficiensy were found o increase when the diebs contained 5% and 10% of fai,

The following experiments were designed to obiain infommation

on varicus facels of this problem,

Experiment Lz

cdment was fivst set up to see vhether ths
mbritive value of the meatmeals was influenced by one or more
faotors as meabtmsals ave hatmgéz&z}s materials, and the wmineral
content (caleivm and phosphorus), as well as the protein quality,
may influspce the sutritive value.

iz contain varying emounts of caleium and phosphorus,
and a factxi]l experiment wss designed to study the effect of




- 30 =

varying ths levels of caleium and phosphorus on the growth
rvate of the chicken under the conditions in which Experiment I
wag conducted,

o

_study of the effect of heat on the nutriitive value snd
lzble lysine” conbent of apimel protein:

The heating of amimal protein causes a loss in the

Experiment Iiis

mubritive velus and a reduetion in the “available lysine®,
and this experiment was designed to measure the extent of this
damage under varicus conditions,

Expexdment IV:

To demonsitrate whether the reduction of "awvailsble lysine®

during the processing of the meatmesl resulted in the lysine
becoming the limiting amino acid, 2 sample of meatmeal was
supplemented with lysine,

Experiment V: To_study protein quslity snd the "available lysine” in
ReZoMeatmeals.

To stu%' the possibility of & correlation existing beitween
ths "availeble lysine” content snd the biologicel value of the
meatmeal protein, as determined by the gross protein value metlod,
the gross protein of esch meatmsal was determined,




A,

(1) Heatmeals,

The eleven aa@les of meatmeal used in tlhis study were
obtained from = mumber of freezing works in the North Island and South
Igland, These meatimesls were stored in a deep freeze until required for

the experiments,

The meatmeals were ma:mfaaewea from the various by-products

of the fyreezing vorks and were processed by one of two methods,

8, the dry-rendering process,

b.  the weterendering process,

The actual conditions under which thess meatmeals were

processed are outlined in Appendix I,

(2) Autoclaved Meat,
One hundred and twenty-five pounds of minced lean beef was
obtained and eighty pounds of this meat was treated in an sutociave, as

follows:

a. 5 minutes at 240°F,
b. 25 minutes at 240°F,
c. 2 hrs, at 24C°R
& 2 hrs. at 270°F.

The remaining forty-five pounds was not autoclaved, ALl

samples of meat were freeze dried and put into cold storage.
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The semples which were sutoclaved were thinly spread out on
trays before they were seperated by bleocks and placed in the autoclave
bucket, This arrangement enabled the hest of the steam to penetrate the
meat and so ensure that the samples were uniformly cooked. The water in
the autoclave was allowed to boil before the samples were placed in the
autoclave and brought up to the nominated temperature and held for the
required autoclaving interval, When the autoclaving was finished the
pressure was released as quickly as ;r;nibh, after which the samples were
removed and allowed to cool befere they were stored in the deep freeze. The
45 1bs. of raw meat and the auteclaved samples were then freeze dried, but
before returning to the deep freeze they were allowed to equilibrate with
the moisture in the air.

(2)  Sempling Procedure.
To sample the various constituents of the experimental diets,

for the purpose of a chemical analysis, the bulk sample was spread out on the
floor and quartered repeatedly until a sample of suitable size was obtained
for the chemical snalysis.

All samples were analysed in duplicate. The freezs dried meat
and meatmeal samples were analysed for moisture, ash, fat, protein, calcium,
phosphorus and "available lysine”. The wheat, millers’ offal, maisze, barley,

oats, whey, yeast and casein were only analysed for protein, caleium and
phosphorus,
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8. ¥oisbure,

2 gm samples were weighed out in alum
weight which had been previously warmed and aealea. in a desiecatorn,
The dishes with their lids removed were then placed inan oven for
16 hours at & temperature of 100°C. The 1ids were then replacsd on
the dishes which were then cooled in & é@si’mgﬁy tefore they wers

re-weighed. The loss in welght geve the bygroscopic moisture content,

b.  Crude Protein.

The total nitrogen was determined by the Kjeldahl method,
(Kjeldahl, 1833). The O.h gm samples used were digested in 100 ml
Kjeldahl flasks with 20 mls of comcentrated sulphuric acid, 10 gms of
sodiun sulphate and 10 mls of mercuric chloride. (Hiller, et al. 1948).
The nitrogen was converted to the sai%s of ammonia during digestion
ané when this solution was boiled with 18N sodium hydroxide in presence
of zino, the ammonia which was released was collected in boric acid.
(Meeker, et al, 1933). The ammonia released and, hence, the total
nitrogen in the foodstuff was determined by & back titration with
?gg;ﬁg 0, . (1m :% H, 0, == 0,000 gm nitrogen.) The
¢rude protein was determined by multiplying the nitrogen content by
6. 25,

e Fat.

The contents of the aluminium dish used in the determination
of the moisture content of the foodstuff were carefully transferred to
an extraction thimble which was then plased in a soxhlet extractor,
The soxzhlet extractor was then fitted on to a flask containing 150 mls
of anhydrous ether which was heated in & waber bath held constant at

65°C. A condenser wes fitted on %op of the extractor and the extraction
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was carcied on over s period of 16 hours, After the extraction was
completed all the ether wes returred to the flask from the extrastor,
after which it was vemoved by distillation from the flask. To resove
the last traces of moisture the flask vas placed in an oven at 100°C
for 1=2 hys., and sfter cooling 1t was weighed, The flask was then
re~weighed after the fat materisl kad been vemoved,and the differcuce

between the two welghings represented the fat malerial present in the

sample.

& sshe

A 2 gm ssmple wes welighed in & silica erucille of known weight,
after igniting it and cooling it in a desiccator., The sample was then
ashed in a furnace at 600°C for 2 hours, The temperature was controlled
to prevent volatilisation of elements such as sodium and potassium,
After ashing the orucibles aye cocoled in a desiccator and weighed

obbain the weight of ash,

€e The Determination of Caloium,
The ash from the erucible was transferred carefully into a 400 nd
beaker. The crucible was then washed with 10 mls of 1:1 hydrochloric
acid and 20 mls of water to remove any remaining ash particles into the
beaker which was warmed to dissolve the ash. The calcium determination
was carried out by the urea hydrolysis method. (Vogel, 1951). The
caleium oxalate precipitate formed was dissolved in concentrate sulﬁurie
acid, and the solution warmed to 70-80° and titrated with o K N
prepared, according to Vogel. (1951). :

N

Tml 95~ K z= 0.00200 gm Ca

5}"“ ==
BD L

in the case of the meatmsals, which are high in celoium, only
one~fifth of the solution obtained by dlssolving the ash in hydrochlorie

asid was used in the csloium determination.
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f. The Determination of Phosphorus.

A colorimetric method was used to determine the phosphiorus
content of the foedstuffs., The size of the sample which was dlgested
for this micro-analytical method was found to be too smell for the
neatmesls, as it introduced sampling problems due to the presence of
tone partisles. To overcome this sampling problem a Z-3 gm sauple was
digested in a 250 ml Kjeldahl fiesk with 40 mls of anslar concentrate
sulphurde acid, plus a drep of anti-fooming sgent. The Kjeldahl flask
w2 heated pently at first{ to prevent excessive frothing. After the
frothing had subsided the Kjeldahl flask was heated strongly for 3 hrs,
The black solution was then decolourized by cauticusly dropping inlo
the boiling mixture from a droppiog bottle snslar concentrated nitric
azid, until the solution turned a light yellow. The solution was
allowed to boil for & further 15 mimtes and after it had ccoled the
neck of the flask was washed with bot weter, after which its coatents
were boiled for a further 15 minutes, On cooling the contents of the
Kjeldahl flask were carefully transferred to a 1 litre volumetric flask,
together with atout 800 zd of water. VWhen the volumetric fiask centents
hed cocled.alter the reaction between the water andacid, the seluticn
was mede up to the mark with water and med; From the 1000 ml volumetric
flask, 1 ml of the soclution was transferred to a 25 ml wvolumetric flask

for the phosphorus determinations by the method of Allen {194G).

e The Determination of "Available Lysine".

The "available lysine™, or the lysine with the free ¢ -amino groups,
was determined by the method of Carpater (1960), modified by replacing
the third stage (after the extraction with ether to remove the ether
soluble D.M.P. amino acids) hy a chromatographic method for

the separation of £-DelioP. lysine (Beligs, et al. 1959 ). The eluate
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from tha strip of paper chromatogram containing the £-D.N.P. lysine
wag made up o 25 nls in a volumetrie flask with = hydrochloric aeid,
and itz extinction ecosfficient was resd ot L35 mp in o Beckman model
Dol Spentrophotometer. The comeentration of €-D.ilP. lysins wes then
vesd from a stendard curve prepared using ¢- D.N.P, lysine hgéa*@ah;g;iés
preparsd by ths procedure of Porter and Sanger (1948).

The recoveries of ¢~D.JLP, lysine, vwhen the meatmeals were

snalysed, were checked by the method of Carpenter (1960).

(L) The Experimental Brooder Iayout.
(a)  The Brooders. |

In this study two broocder units were used, The brooder
could be described as a large vheel with a diameter of 6 £t. surrounded by en
18 inch high wall, and containing a centrally placed circular heating unit,
The brooder was divided into nine compartments by woden pertitions radiating
from the centre of the brooder to the outside (Fig.3). Sawdust was placed on
the floor of each compartment to a depth of 24-3 inches, and each compartment
contained a watering and feeding unit. Fitted to each brooder unit was a 35
watt light bulb to ensure egual illumination in all compartments, especially
in the winter months., The two brooder units were housed inside a room in which

the temperature and ventilation could be controlled.

(b)  ZThe Watering Units.
For the construction of the watering units, see Fig. 4.

(6}  The Feeding Units.

The feeding unit (Fig.5) was constructed so that the
feeding could be adjusted as the chicken grew, s0 az to control and prevent

the spillags of the diet.
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(2) The experimental 'bmdm

(b) The compartment




a
b

%

(a)

The assembled unit.
The components.

(®)




(5) ‘The Management of the Chickens.

Chickens of the same line were used for all the experiments
conducted in this study. For each experiment 250 day old chickens were
wing bended and rendomly placed in the eighteen compartments of the twe
experimental brooder umits. During the whole experimental period the room
temperature was maintained at 70°F., while the temperature under the brooder
for the first two weeks was maintained at 90°F, after which the brooder
heating units were raised to give a temperature under the brooder of 80°F,

4 continucus supply of clean drinking water was available at all times,
Each experiment ran for 28 days and was divided up into a 1i~day pre-
experimental period and a 4l=day experimental period.

(2)  Ihe Pre-Experimental Period.

To start the young chickens eating and to ensure that
they were well supplied with grit, rolled oats were sprinkled on a
thin layer of sand placed on a sheet of paper in each compartment.
Since the first instinet of the chicken was to walk around and peck
at anything that caught its sye, the spreading of the sand and the
rolled oats on the ground ensured that the chickens would scon commence
feeding, and at the same time receive adequate grit. At the end of
the second day the feeding units containing the pre-experimental
retion were placed in their respective compariments. These units
were filled each morning so that the chickens were fed ad 1lib.

At 10 days of age sll the chickens were debeaked. This
involved the removal of part of the upper mandibular and the point of
the lower mandibular. Debeaking was dons as a necessary precaution
against cannibalism which can start vhen the chickens are about 2=3
weeks old. The actual causes of camibalism are not known, but a

low protein diet could be a econtributing factor,
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At the same time as the debesking all the chickens were

identified by their wing bands and weighed. TFrom this information the
heaviest and the lightest birds were culled, and the rest of the
chickens were ‘Ehén randorly divided into eighteen groups of ten
chickens and placed in the compertments the following day, Heawvy

eulling was done in order to obtain 18 groups of uniform body weight.

This is important as the initial body weight influences the growtl
rate, The chickens were then sllowed 3 é&&s to settle down before the
experiment was carried out. ?he loss of chickens during this pre=-
experimental period did not exceed 3%,

(v) The Experimental Peri6d.

At 1L days of age the chickens were weighed and the basal
diets replaced by the experimental diets which were randomly placed
over the experimental groups of chickens. During the experimental
period of 1 éaysiha daily feed intakes were measured for each group,
and at weekly intervals the individual chickens were weighed. During
the experimental period a net was placed over each of the brooder units
%o keep the chickens confined in their compartments.

The management of the chickens outlined above was the
ssme for all experiments in this study. At the finish of esch
experiment the sawdist was removed, the experimental brooder units
dismantled and scrubbed, as were the water and feeding units of each
compartment. Finally the room was washed out and the floor serubbed
with caleium hypochlorite,

This was done as a routine precaution against the
possibility of the build up of disease, as the room was continuocusly

used for these experiments for a period of 8 months,
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{e)  The Weighing Procedure used for the Chickens.

The shickens were welghed in a small wire basket placed
on the pan of a Mettler K7 balance with a scale graduated in units of
0.1 gm, The basket was tared to zero so as to give a direct reading
of the chicken's weight. The weight of excreta excreted by the
chicken is very smell compared to the body weight of the chicken, and
hence no problems arose in obtaining good estimates of the chicken's
body weight if the chicken exsreted before or during weighing,

{a)  Ihe Measurement of the Taily Feed Intake,
' The clickens weve Fed esch morming and the daily intakes

were measured ty the difference between the weight of diet put ocut in
the previous moming, and the amount Jeft in tls feeding wdil nexid |
momming vhich vas welghed before the feeding unit was filled with a
known weight of det.

G Experimental:
(1) Zhe Experiments.

Expevirent I: A Ereliminery Stuly of the Factors Affecting the
‘ ” Nubritive Value of Noi.Meatmeals,

This study wes based on a Wio-assay technique which embles the
response in growth rate to the changing levels of supplementary protein W be
me asured,

Each retmexl was fed as a scurce of supplementary protein in the
experimental diets which were fed at the three prolein levels of 145, 15% and
20%, end in each experimental diet the protein of the basal ration contributed
9.31% of the protein. The growth rate was plotted against the log of the
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protein intake and the regression lines {growth rate on protein intake) were
drawn, Yhen all the regression lines for eech ssatmeal were p&c;t‘saé. they

were then amalysed statistically for parailelism, If twe or more regression
lines were found to be parallel, then this slowed that the meatmeals comcerned
belonged to the sams population, |

’ Fach meatmeal tested was fed to 30 chickens divided up into 3
groups of 10 which were then allotted one group to each protein level, To test
all the meatmeals two separate trials were conducted, and in order to check on
any factors widch mey have influenced the resulits between ths trials a standard

meatmeal was ran with sach trial,

Bxperiment I1: To Situdy the Influence of the Varying lLevels of
Caloiwm and Phosplorus on the Growth Rate of the
Chicken. ‘

Tvo trials were set up for this sbudy. The first trial was a
factorial experiment in which the effect of two levels of phosphorus (0.3% and
0, &%) and three levels of caloium (0.58, 0.9% and 1.4%), at a protein level of
2Qk,on the growth rate of the chicken were studied. The second trial was
designed tc study the influence of increasing the level of calcium from 1eL%
to 1.9% in a diet containing 0.8% phosphorus on the growth rate of the chicken,
Each treatment in both trimls was duplicated with 10 chickens per treatment, The
data in the first izisl was statistically anslysed for significant differences
between the levels of calecium and phwsphoyus and for the interactions between the
levels of caleium and phosphoivs. In the second trial the data amlysed for

significant differences was between the levels of caleium,
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Bxperiment IIX: A Study of the Effect of Heat on the Nutritive Value
and the "Available Lysine" of Meat.

The meat used in this experiment was subjected to the five treatments

outlined helows

(a) Freeze dried raw meat.

(b) Autoclaved for 4 minutes at 240°F,
(¢) Autoclaved for 25 mimutes at 24,0°F,
(8) Autoclaved for 2 hrs. at 240°F,

(e) Autoclaved for 2 hrs, at 27C°F.

Treatment (e) corresponds to conditions similar to those
experienced by the meatmeals during their processing,

The design of the experiment was the same as that of Experiment I.
All treatments were fed as a source of supplementary protein in experimental
diets which were fed at the protein levels of 11%, 15% and 20%, with the basal diet
contributing t 9.31% of the protein, Each treatment was tested with 30 chickens
divided up as in Experiment IL. |

The regression line of each treatment was plotted and the freeze
dried meat was compared with each of the autoclaved meats, In each comparison
the regression lines were amalysed statistically for psrallelism and for significant

&fferences in elevation,

Experiment IV: To Study the Effest of Supplementaxry Meatmeal with
V I~lysine,

To test only the meatmeal protein and to reduce the influence of the
mutual sup;aiementazy action of the other proteins which would influence the
result obtained, the bassl dlet used in Experiments I, IT and III was replaced
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by & synthetic basal diet containing only 3.887 protein,

The lysine supplemsnted and the lysine unsupplemented meatmeal
wag fed at two levels of protein (15% and 20%) with the basal diet only
contributing 3.88% of the protein, The lysine supplemented msatmesl and the
lysire unsupplemented meatmesl wore each tested with 20 chickens which were
divided into 2 groups of 10 - one on each level of protein.

The repression lines were plotted end statistically analysed for
arellelisn and a significant difference between them which would measire the

supplementary effeat of the lysine.

The gross protein velue (G.F.V. ) was determined by & modification

of the method used by Carpenter, et al, (1955). The modification was made in
the composition of the cereal components of the haaal diet which contained
adequate levels of minerals and vitemins and contrituted 8% of the protein in
the experimental diet. The test protein was fed at a level of 3% to make the
final protein lewel in the experimental diet to 11% The seven semples of
meatmeal, the casein which vwas used as the standard, and the hasal diet. were
each fed to 2 groups of 12 chickens, The 18 experimental groups were randomised
in the two experimental trooders. |
| The "awailable lysine" content of each meatmeal was determined by
the method of Carpenter,(1960) with the modifications of Baliga,et al, (1959).
The "awailable iysine" and gross protein value data were then used to compute a
correlation and = regression squation.
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(2) The Experimentsl Diets.
(2)  The Preperation of the Diets.

The wheat, maize, barley and oats were finely ground so
they would mix in with the other components of the diet and form a suitable
dry mesh for the experdmental diets, Also because ground ceresls lose their
palatebility on ageing these were only ground as required. The commercial
dried yeast used in Experiment IV was first heated for 1 hour at 100%C and
then ground before it wes mixed in the experimental det. This was done to
kXill the yeast cells which otherwise may begin to femment in the digestive
tract and cause digestive upsets,

A standard procedurs was adopted in the mixing of all
diets., The various components of the diet were weighed out separately and
the mixing done in stainless steel trays which held 10 kilograms of diet,
Portions of the major components of the diet were spread oubt evenly on the
tray ‘f&ﬁw@e& by portions of the ’ether components of the diet, except the
cod Iiver oil., This layer procedure was repested using all the components
of the diet after which they were thoroughly mixed by hand., The cod live:r
oil was then mixed into the dlet., This inwlved mixing the cod liver oil
required with a smll part of the diet and then gradually mixing in the rest
of the éietc

The various éiéts wers then placed in lebelled plastic
bage and stored in & daxk tox being removed only durdng the filling of the
feeding upite. This wes done to prevent the light from affecting the
liver oil. o diet which bhad been mixed more than 1. doys was fed inthe

experiments,




the Nutritive,

in the 1j=day pa:'eé-axparimzz%a}. period the chickens were fed a

pre-experimental diet which lad the following composition and conteined 9.31%

Protein,

The Pre-Experimental ‘Diat,

Wheat 65.0
Whey Powder 6.0
Calo 3 1.0
NaCl. 0.5
Ced Liver Cil 1.0
Sugax 26,5
100.0

The composition of the basal diet used in the experimental

diets, Yo which the meatmeals were added in plesce of some of the sugar to formilate

the experimental diets, is given below:

Ihe Pasal Diet

Wheat 65, 0

Whey Powdex 6.0

Sal0 3 10

Nall Ce &
Ced Idver Oil 16

73:5

Supplementary m%‘eing 26,5

Sugax . ,
100, 0

The basal diet formed 73.5 parts of the experimentel diet and contributed to

9.31% of the protein in the experimental diet,




Basal diet
Heatmeal

Sugazr

Basal diet

Bagal diet
Hea tmeal

Sugar

TABLE Vi

The Experimental Diets Fed in Experiment I.

100, 0CO

Longburn Wanganui Gisborne Wadtaki
1% 156 20% 11% 15 20k 11% 15% 20%. 11% 154 2%
?3,500 73.500 73,500 | 73.500 73.500 73. 500 73500  73.500  73.500 7%+ 500 71’&5(}0 73. 500
2075k 9.287  17.460 2,239 7.537 k170 2,805  9.hh3  17.740 3,339 11.240 21,190
23,766 17,213 9,040 | 24,261 18,963 12,330 | 23,695 17.057 8,760 23161 15.260 5,390
100,000 100,000 100,000 | 100,000 100,000 100,000 | 100.000 100,000 100,000 | 100,000 100,000 100000
| Pareora « Belfast Fairfield Vaitara:
1% 19 206 1% 157 20% 11% 15% 200 11% 15% 20%
73.500 73,500 73,500 | 73.500 73.500 73,500 | 73.500 73,500  73.500 734500 75,500 73,500
2,879  9.694 18,210 3,101 10.440 19.610 2.786  9.378 17.620 2,658 8.945 16,810
23.621 16,806  8.290 ) 23,399 16,060 6.890 | 23,71k 17.122  8.880 23,842 17.555 9.690
100,000 100,000 100,000 | 100,000 100..000 100,000 | 100,000 100,000 100,000 | 100,000 100,000 100,000
Patea : : lakarewa Geax
1% 155 207 5% 150 207 115% 15% 20
w%&m 736500 73,500 | 73500 73.500 73.500 | 73.500 73500 734500
b2.805 9,443 17.740 2,879  9.694 18,220 2,72 9.170 17,230
25,695 17.057  8.760 | 23,621 16,806 8.280 | 23.776 17.330  9.270
100,000 100.000 100,000 |100,000 100. 000 400,000 |100.000 100,000 100,000

_2.-37..
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Experiment I1I: To Study the Influence of the Varying levels
o of Calcium and Phosphorus on the Growth Rate

The pre-experimental diet was the same as that used in
Experiment I, tut the basal dist to vhich the meat and the varicus calcium salis

were added had the following composition:

Ihe Basal Diet

Yhest 65,0
Vhey Powder 6.0
Nall 0.5
72.5
Meat protein
Calcium salts 27.5
Sugar , ,
100.0

The basal diet which forms 72.5 parts of the experimental
diet also contributes o 9.31% of the protein, U.2% of the calcium, and 0,247%
of the phosphorus in the experimentel diet,
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TABLE VIIL

The Experimental Diets Fed in Experiment II.

Ga 0.5% Ca 0.9% |Ca 1.4% | Ca 1.9%

Basal dled ?295‘90 ?29 56‘{} ?29500 ?20 BQG

Meat 15, 300 15,300 15 300 154 300

Sugar 9. 743 8,743 8,336 7.086
Caly 0.282 1,282 10250, 2,50

‘3%(?0432 1940 1,940

, sa(Hz}?G&}zﬁz{) 2,175 2,175 0. 670 0, 670
100, 000 100,000 | 100,000 100,000 __

B,

G 0u 55 Ca 0.,9% |Ca 1.1%

Basal diet 724500 724 500 724500
Meat 15, 300 15300 156 300
Sugar 11,091 10, 091 8,841
a0, 0.845 1,855 | 3.095
Ca,(P0, ), 0, 264, 0. 26, 0. 264,
100, 000 100,000 | 100, 000
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Experiment II11: 4 Study of the Eifect of Heat on the Nutritive Value and
‘ vaveilsble Lysine” of Animsl Protein.
In this experiment the pre-experimental diet and the
basal diet were the same as that used in Experiment 1.
TABLE ViIiL,
The Experimental Diels Fed in Experiment Il
Freoze Dried Meat iutoclaved 5 mins.at 2L0°F,
11% LA55 20% 114 15 205
Basal diet 73500 73500  73.500 | 73.500 73500  73.500
Protein 2. 770 9330 17.530 2. 380 8,013 15, 060
100,000 100,000 100,000 | 100,000 100,000 100,000
futoclaved 25 mins.at 240°F. Autoclaved 2 hre.nt 240°F,
144 15 208 115 157 208
Bagal diet 73« 500 73. 500 75500 735 500 73:500 73500
Protein 2514 8,928 15,280 2e500 8,128 15,280
Sugay 21, 0B6 18372 11220 204, 086 18,572 110220
100,000 100,000 100000 100,000 100. 000 100,060
suteclaved 2 hrs.at 270°F.
z 158 20%
Basal dist 75. 500 7 3e BOO 73.5C0
Protein 2. 370 7.980 15, 000
Sugar 25. 130 18,520 11500
100,000 100,000 100,000
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Experiment IV: ‘he Supplementation of a Meatmeal with L-lysine,
The pre-expsrimental diet was the same as that used in

Experiment I, it the basal diet to which the meatmeal was added contained only
5.868% protein, This synthetic Wmsal diet wes similar to the standard basal diet
used in Experiment I, except that it contained no whest to vhey powdsr which were
replaced by starch since these contributed to the protein in the standard basal
diet. The synthetic Tasal diet was deficient in Vitamin E and Vitemin B @mplex
and essential minerals due to the removal of the wheat and whey powder. The
Vitemin ¥ was replaced by the addition of vwheat germ oil, while the Vitemin B
complex was replaced by the addition of a yeast extract in the form of a special
veg@zitey starch mixture (1:4). The minerals were replaced by a special mineral
mixture (Kratzer, et al. 1958).

The Composition of the Synthetic Basal Diet

Starch 375
Starch-Vegemite Mixture 12:5
Minerel Mixture 2,0
Cod liver oil 1.5
Ce00,, 1.0
| 55}5
protein
sugar o5
lysine ‘
100,0

The synthetic basal diet supplied 55.5 parts of the experimental
diets and contributed to 3.88% of the protein in the experimental diets.
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TABLE IXL

The Experimental Diets Ped in Bxperiment IV,

-~ — , e wisugglmmeé
Msatmeal | ;wi‘fiﬁhié mm

LS N NN I

Bagal diet 15,50 56.50 564500 56, 500
Hootweal 20,50 . 29.‘5@ | 20. 400 - 29,600
| Sugs 23,10 13.90 22,753 | 13,398

L-lysine - - | o 0.502
100,00 100.00 | 100,00 10000
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Bxperiment V: To Study the Protein GQuality end the "Available
ine” in N, Z.Meatmeals. B

In the 1i=day pre-experimental period the chickens were fed a
diet which contained 8% of protein and had the following composition:

The Pre-Bxperimentsl Diet.

Millers offals 1000
Barley 11,50
Maize 10,00
Cats 10,00
Vhey Powder 10.C0
Yeast 3. 00
Cod liver oil 1. 00
NsC1 G, 50
Ca, (x0 #}é 2,68
Sugar 41,32
100,

The diet was designed to provide 0,87 phosphorus snd 1.1% calcium,

as well as an adequate level of vitamins and minersls,.

The basal ration to which the meatmeals end casein were added
as sources of supplenemtary protein to formulate the experimental ration was the

same as the pre-experimental diet used,




Millers offals 10,0
Barley 1.5
Helze 10,0
Cats 10,0
Whey Powder 10, 0
Yeast » 3.0
Cod liver oil 1.0
NaC1 0.5
56,0
Heatmoal )
Caleium selts i e ©
Sugar ) S
100, 0
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TABLE X

The Experimental Diets Fed in Experiment V.

Bagel Diet

(Hegative Control) Casein Wadtara:

Basal diet 56 N4 56e 00 §éo Co
Heantmeal - 3.53 Lo 71
Cs%(m#)z 2.68 2,58 191
Celt 3 - 0.10 0.25
Suger L. 32 37.79 37 73
100, GO 100,G0 100, 00

Cisborne Wanganud Patea

Basal diet 56. 50 56'€§§ 569 G{}
Heatmeal 4,98 3.98 4,98
Gaé(}%{} 4)2 2. 44 2,67 2.4
6%3 - o ee 05
Sugaz‘ 36, 8@8’7 3. 35 364 33’
100, GO 100. 00 160,80

Fairfield Belfast Y¥akarews
Basal diet 56, CO 56,00 56,00
Meatmeal 4 9k 3453 510
Gai(wlé.}z 16 50 - 1.81
Call F0, 2H,0 0, 37 2,37 -

Calo 3 - 0. 07 0.12
Sugar 3719 38.03 36,97
10000 100,00 100.00




The Meatmeals.

The results of the amls;ais of the eleven meatmeals studied in
Experiment I axre given in ZTable XI.

TABLE X1

The Analysis of the Meatmeals.

| ‘A#h% ca%k“ E% ,m%m% ?at% Eeigﬁaré%
Longburn | 20.80 | 8.42 558 | 61,25 10.75 6455
Gear 477 0.80 0.30 62,04 23.80 7.35
Waiteki 32,30 12,68 5,29 50,60 11,26 6o3h
Pareors. 19,67 7.06 3.66 58, 70 9.20 Tek2
Belfast 24,20 8.60 2.03 By 50 12,75 la 70
| Fairficla | 21.86 8.10 3045 60.67 10,13 5,50
Gisborne 12,88 2.79 1.20 60.25 18,18 7.70
Wanganud 3.32 0.56 0,11 75.50 15,22 5043
Patea 16,21 o2l 2.25 60.25 11,90 7.63
Hakarewa 19,17 6,07 30k6 5870 14 40 6.7
¥aitara 19.82 460 | 337 63.60 13.85 5.50

Mean £ 5.5.|17.7552.52 | 5.7851.10] 2.61%0.48 | 60.5551.85 |43.7741.26| 6uiht 0.31

The data given in Table XI shows that N.Z.Mealmeals are heterogenous

produsts and the vange of values obtained for ash, protein, fat and moisture are

showm in ?&Q@ ‘mo
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TABLE XII

The Range of Values for Ash,Protein, Fat and Moisture
Obtained in the Analysis of the Meatmeals,

Ash 320305 322
Protein 75 50% 50, 60
Fat 23 . 80% 9.20%
Moisture 7.63% | Lo 70%

The meatmeals which were found 0 be low in protein were also
shown to be high in either ash or fat, and in some cases both the ash and
fat constituted a high percentage of the meatmeal. The high ash content of
soms of the msatmeals was due to the fact that the materisls used in the
processing of these meatmeals contained e high percentage of bone, while the
meatmeala vhich had a hipgh fat content were those which had been mamifactursd
by processes where the extraction of fat from the digested material had not
been completed. The moisture content of the mestmeals was low and, therefore,
any verisations in the moisture content do not influence the level of protein
found in the meatmeals,

The caleium and phosphorus content of the meatmeals represented
about 50/% of the minersl contsnt of the ash, and when the calcium and
phosphorus content of the meatmneals were correlated with the ash present in
the meatmeals, corvelations of 0,96 and 0,91 respectively were found to exist.
(see Appendix XX). Therefore,the level of calecium and phosphorus in the
meatmeals could be estimated from the ash content using the regression equation

= 0423 X = 1,72 for caleium, snd the regression equation = 0,173 X «0,46
for ph@spmm.
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Experiment 1: 4 Preliminary Study of the Factors Affecting the Nutritive
Value of No Z, Meatmeals.

The eleven meatmeals were studied in two trials with
Longturn as a standard in each because the facilities avalilsble did not
meke it possible to test the eleven meatmeals together, When Longburn (Trial I)
was compared to Longburn (Trial II) the two regmssian’ lines were found to be
parallel with no significant difference between the elevation of the two
regression lines, The amalysis of covariance is shown in Table XIII, while

the data is presented in Appendices II and IV,

TABLE XIIL

The Anslysis of Covariance, V
Iongburn {Trial I); Longburn (Trial I1I)

Deviations from |

; "Regression
2 2 | Reg 51 Mean
de £s Z -1 Z zy Z v Goeff. | d.f, Zaosrx Bquare

:Qngm 26 Q. ?83?”«? Qe 77695 o 93966 Qe 99 2§ Ot 6@1&2 O 00513-
Trisl 1

Longburn 29 | 0,81659| 0.7448L | 1,00835{ 0,94 28 | 0,334k | 0,019
Teial II ,

Within 53 0.4948 0, 00393
Regression 4 0, 0028 0. 0028
Coefficient

Commn 55 | 1,60033] 1,51880 | 1.93901( 0.95 Bh | 0,L976 0, 0092
Adjusted 1 0. 0000 0, 0000
Heons

Total 56 | 1,60179| 1.52036 | 1.94065 55 | 0.4576
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The differerse bebween regression coeflficients:

¥ o= £,0028 = less 1 for 1_ 8.7, veguived ¥ ézg..aﬁfg

0. 0083 33 .12

The differews in slevation:

F o= 000010 = less 1 for j§ d.f. requived P E&_.azg
0, 0092 56 7o1%)

These results show that ths date obtained from ths two trisls

wes not greatly influsmeed by exbernal faoctors operating in one trial and
not the othen

Prist I,

m mai& ﬁf fetedinhs
while the date is presented in Appendix II,

iznce for Trial I is given in Teble XIV,
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TABLE XIV,

Analysis of Covariance

Trianl I Meatmenls

Deviations from

Reg. Regression

defs Z x‘?' z:g Z y2 Coeff.] dafe Z&yxz s%ﬁ%e’
Longburm 26 | 0.7837k} 0.77696| 0,93066 1 0.99 | 25 0,16042 | 0,006k
Gear 26 | 1,00597) 1.18582| 1.63418] 1.18 | 25 0.2364 0, 0095 -
Waitaki 26 | 0.57662| 0.4u466] 072513 1.18 | 25 | o.zoot | o.o080
Pareora 26 | 0.91472] 1.23430 | 2.20103 1, 1.35 | 25 0.5355 0. 024
Belfast 26 | 0.94085] 1.24363 1 1.81891] 1.32 | 25 0. 1751 0. 0070
Fairfield 26 | 0.876231 1.1546L} 1.81012]1 4,32 | 25 0, 2886 0.0115
Within 150 1, 5961 0, 0106
Regression 5 0, 0758 Q. U151
Coefficient '
Common 156 | 4.89813] 6.04001 | 9.12003 | 1.23 |155 1.6719

The difference between regression coefficientss
142 for 5 dof. required F (2.27) not significent

F = 0,0151

0. 0106

150

(3e14)

The analysis of the regression lines showed that there were no

significant differences between the regression coefiicients and, therefore, all

the mealmeals tested in Trial I can be s8id to have been drawn from the same

ropulation,

Zrial II.

The anelysis of cowariance for Trial Il is given in Table XV,

and the data is presented in Appendix II,




COMPARISON OF NUTRITIVE VALUES OF PROTEIN
IN MEAT MEAIS.

Meat Meal Available Lysine Relative Mutritive Value
No. Value g lysine/16g N. from Bioassay and 95%
fiducial limits.

1 4.8 100

8 o6 101 (87.8 - 117.3)

6 L8 108.5 (92.2 = 121,0)

7 L8 99.0 (85.9 = 114,1)

i I 4e9 Bioassay not possible®
b 543 82,2 (73.8 = 91.6)

5 55 100.4 (90.2 - 111.8)
9 5.6 104e2 (90.5 =11949)

3 5e7 ol (84e9 = 105.0)

2 549 91.7 (81.9 = 101.6)
10 6e5 Bioassay not possible®

Bloassays 4 2 3 7 4 B 8 9 6

* slopes significantly ) standard.

Adapted from N.D.Grace & E.L.Richards 1964 J.Sci.Fd.Agric. 15, 711
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TABLE XV.

Analysis of Covarisnce
Trial II Meatmsals

Deviations from
) Reg. Regressio

¥l
at] S | Sw |5y Coeff, laof.| 5 ap® | siashe

Longburn 29 | 0.81659 | 0.74184f 1.00835] 0.91 |28 | 0.3344 | 0,019
Wan genud. 29 | 0.72697 | 0.87019) 1.33601] 1.20 | 28 | 0.2937 0s 0105
Giskorne 29 | 0.97u63 | 1.2496L 2.01550f 1.28 | 28 | 0.4133 0 0148
Waitara 29 | 0.43926 | O. 783;2;?‘;1‘.?878% 1,78 | 28 | 0,350 0.0139
Patesa 29 | ouuont7| o.usted 1.38938] 098 | 28 | o.9194 | o.os28
ligkarewa 29 | 0.88469 | 1,28829) 2,19983| 1,46 | 28 | 0.3238 0.0116

Within ’ 168 2,6750 0. 0159
Regression 5 0: 2983 0. 0596
Coefficient

The difference between regression cosfficients:

F = 00596 = 3,75 for 5, 8. required P (2.273 significant difference’
0, 0159 i (3012

The results from this snalysis of covariamce showed that one ox
move of the meatmesls tested differs significantly from the rest of the meatmeals.
This group of meatmeals, except for Waltarse and Makarewa, were agein analysed and

the analysis of covariance is shown in Table XVI,
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TABLE XVl

The Analysis of Covariance

Trial II Meatmeals, except Waitara and llakarewa.

an | X L T | 55| k] ar)san® ﬁ;;‘;
Longhurn 29 10.81659 | 0.74184{ 1.00835] 0.91 | 28 | 0334 0.0119
Wanganui 29 | 0.72697] 0.87049 | 1.33601| 1.20 | 28 | 0.2937] 0.0105
Gisbome 29 | 0.974631 1.24964] 2,01550] 1.28 | 28 | G.4133} 0.0148
Pates 20 | o.uon17] o0.48190] 1.389381 0,98 | 28 | 0.9194] o0.0328
| Within 112 | 1.9608| 0.0175
Regression 3 | 0.0766 0, 0255
Coefficient
Common 116 | 3.01236] 3.34387] 5.7.92%| 1.11 | 115 | 2,037

The difference between regression coefficients:

B o= 0

0.0255

0, 0175

Weitara and Makarewa, showed that these meatmeals were drawn from the same

146 for _3 d.f, required F éz.ég
509

112

; not significant

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

population as no significant differences between their regression coefficients

were found, The results of the covariance analysis (see Appendix IV) of the

meatmeals, Waltara and Makarewa presented in Table XVII, showed that they were

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

regression coefficients could be showm, Also 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 AVIL

The Analysis of Covarienve
Walitare and Maktepewa

5 2 Reg, 2 Mean %
Aufel ). = Z Xy Zy Coeff, | d.f. Zdyx square
Weitara 29 | 0.43926 | 0.78347 | 1.78784 1.78 | 28 | 0. 3904 0. 0139
Makarewa 29 1 0.88469 | 1.28829 | 2.19984 1.4,6 | 28 | 0.3238 0. 0116
Within 56 | 0.7142 0. 0127
| Regresszion 1 0, 03150 0. 0315
Coefficient :
Common 58 | 1.52395 | 2.67176 | 5.96769 .56 | 57 | G.7457 0.0131
hdjusted 1 10,0210 00 0210
Heansg
Total 59 1 1.34129 | 2,11807 | ke 1114G 58 | 0.7667

The differerce between regression coefficients:

F = 003150 = 2,50 for 1 d.f. required F gz}.czg not significant
C.0127 56 7.12

The difference in slevation:

F = 0,210 = 1.60 for 1 d.f. required F ga.m; not significant
Us 0131 57 (710

The regression lines of Trial I and Trisl II ave plotted in
graphs I and II (see Appendix IIL), vhile the regression coefficients,

together with their fiducial limits (see Appendix V), are presented in Table XVIII,
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TABLE XViii.

The Regression Coefficients of the Heatmeals.

Trial I ‘
Longturn 0.99 £ 0,08
Gear 1,18 £ 0.08
Waitaki 1,18 ¥ 0,08
Pareora 1.35 : 0. 13
Belfast .3 % 0,08
Pairfidld 1.32 £ 0,10

Trial II
Longburn 0,91 2 G; 10
Patea 0.97 = 0.18
Wanganui 1,20 ¥ 0,09
Gisborne 1.28 ¥ 0.10
’#m?i& 1¢1+6 : 6003
*faitara .78 £ o¢.10

An examination of Table ZVILI shows that the fiducial limits
of the regression coefficients of each meatmeal does not vary greatly., Also
the meatmesls Makarewa and Waitara, which were found to belong to a different
population, have the highest regression coefficients,

To exsmine whether any significent differences between the
nutritive value of the meatmeals (except Waitara and Makarews) existed, the
matritive value of each meatmeal compared was expressed in terms of relative
potency which was caleulated (see Appendix VI) using Longburn as the standard,
and these relative potencies, together with their 955 fiducial limits (see
Appendix VII), are presented in Talle XIX. Waitara and Makarewa were not

included in these comparisons becsuse they formed a second group whose nutrd tive

values had already been compered in Talle XVII,
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TABLE XIX

The Relastive Potencies of the Meatmenls.

Trial 1

Longturn (standard) 100,0
Vaitaki 84,9 Yo by 105.0
Pareora 81.9 91.7 m.s
Belfast 90,2 100, 4 111.8
Fairfield 92,2 108, 5 1210
{ Gear 73.8 82.2 91,6

| Trial 1L

Iongburn (standard) 100, 0
Wanganui 30,5 10 2 119.9
‘Gisborne 85.9 99,0 14,1
Patea, 87.8 101.5 117 3

The results of the comparisons made {see Appendix VIIL)

between the various meatmeals are presented in Table XX,

These rasults

show thet the nutritive value of the meaitmeals was not uniform, as

significant &ifferémes in the nutritive wlues were found when the various

meatmsals were compared,

These comparisons are presented in Table XX,
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TABLE XX

Comparisons between the Nutritive Values of the Meatmeals.

Trial I.
Fairfield v Gear #
Fairfield v FPareora #
Fairfield v YWaitaki ®
Gesp v Belfast #
Gear v Pareora | W8
Belfast v Pareora ; H.8
Trial I,
Wanganui v Patea .S,
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Fig. 62 The Influence of the Vayving Levels of Protein
on_the Growth Rate of the Chicken.

(a) 20% protein,

(») 1% protein.



Experiment II1: Te Study nfl ving Levels of Calcium
and Phﬁgghams on ths &zmth Ra‘se of the Ghzckezz,

The experimental diets used in Experiment I contained varying
levels of calcium and phosphorus in the ratio of 2:1, and Table XXI gives
the caleivm and phosphorus content of the experimental diets fed.

TABLE XXI.

The Caleium and Phosphorus Gcm't'eﬁt of the Experimental Diets Fed in Experiment I,

Level of Protein 11% 154 20%

Ca apd P

exmessed as

% of diet Ca P Ca P__ Ca P
 Longburn 0,62 035 1,12 0.58 | 1,80 0.87

Gear Ouly2 0.26 0. 47 0,28 0,66 0.32

Wadtaki 0.82 0o 3 1,88 0,85 3.10 1437
' Pareora 0. 60 0. 36 1,08 0.61 1.7 0,92
Fairfield . 0.63 0.35 1,16 0. 57 1,82 0,86

Wangenud, Os 41 0.26 Oo il 0.26 0. 50 0.27

Gisborne 0. 48 0.29 0.66 0,37 0,90 047

Waitara: 0. 52 Qo 34 0s79 0.55 1620 0,82

Patea 0. 52 0. 32 0. 79 0. 46 1,20 0.75
Makarewa 0.57 0. 36 0.99 0. 59 1. 50 0.88
| Belfast 0. 67 0.27 | 1.25 0o 16 1,90 0.75

An exemination of the table showed that the dleis varied widely in
their levels of calcium and phosphorus, and Experiment 1l was designed to measure
the influence of t}wae differences on the growth rate of the chicken.

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

experimental groups showed that the feed intakes d&id not differ significently.
Therefore the variation in feed intakes of the experimental groups would have no

influence on the resulis obtained by the various treatments. The F-test for

the feed intakes is presented in Table XAIl.
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TABLE XL

The P-test for the Feed Intakes

Source of | al Hean | . T
Variation 83 dofe & F Required ¥ Result
| | k2t
Treatment 55358646 6 564.4 | 3.60 8426 HoSse

Residual 1,098.8 7 157.0

The resulis of the treatments involving 3 levels of calcium
(0sB%y 0s9% and 144%), and 2 levels of phosphorus (0s3% and 0.8%) were
statistically anslysed and an analysis of these results is shown in

Table XXIITI., The data is presén*te& in Appendix 1X,

TABLE XAXIXL

An Analysis of Variance of the Weight Gain Measured on Diets
conteining

0¢3%, Ce8% Phosphorus, and 0.5%, 0.9%, 1.45% Calcium,

Source of ~ “Viean . -
Vaﬁatien S8 4.t square ¥ Required F Result
‘ ‘ 6,61
_Blocks 17.79 1 17. 791 C.27 16,26 M. 8.
Caleium 1,158.41 2 579.21
Phosphorus 1,472,970 1 1472, 97 79
- 5,

Caleium x 1,028.27f 2 S54he 13] 847 13.27 *
Phosphorus
Ervor 30%5.59{ 5 60.72

Total 3,981.03] 11
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b sigmificant difference at the 90 level was found with the
caleium phosphorus intersction.
The Feratios of caloiun and phosphorus wore nol tested because

maan sguere of the celcium phosphorus ivlersction wes high, This is best

explained in terxms of the following squations.

Calodum M. 8. = 6 L 2 e v 6 Caxr
Fhosplome 1,58 = éz + éﬁ P oos éz Ca 2 P

x Phosphorus M.8: = 6* + 6 caxp

etion of Table XXIIL shows that the caleium x phosphorus
Hae8. contributes to all the variance of the caleium H.8., and halfl the wariane
us interaction

of the phosphorus K5, This means that the celeium % phosphor
is the most ipportent source of verdalion. For this reason also, the pooled
means were not exemined In the table of means presented below.

TABLE XXIV.

The Yable of Ysans,

Oe % ; Ga 9% 1 ‘gﬁw m&mﬁ
0.3% 125, 31 10959 79 3h 10k Tl
0.8% 127,69 126,79 126,23 126, 90
Galoium Veans 126,50 118,19 102.78

a4 (s08) for 5 &tfs = 2,571
d (.01) for 5 duf. = 4032
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calcium x phosphorus means

a{.08) = 2.57 [ 2 x 60,72 = 20,03

2

a (1) = 4032 /zx 60,72 = 31l

The results from the table of means ghow thati~

(a) Within the calcium levels:
0.5 Ca - no &fference between 0.8 srd 0.3 phosphorus
0.9 Ca - no dEfferernce between 0.8 and 0.3 phesphorus

1o Ca -~ 0,8 Cu3

Within the 1.4% level of calcium the higher level of phosphorus
gave the best growth rabte for the chicken, No significant differerves between

the 0.3% and the 0.8% phosphorus were found on the diete containing 0.5% and

0.9% calcivm,
(v} Within the phosghorus levels:
0.8 P - no sigailicant difference

Within the 0,3% phospherus level the imerease in the level of
caleium to 1.4% depressed the growth rate of the chicken, No difference in

rih rate was found between the caleium levels of 0.5%, 0.9% and 1.4% on

diets containing 0,8% phosphorus,
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In the second part of the experiment, in which the calcium levels
were varied from 0.5% to 1.9% in diets containing 0.8% phosphorus, no
significent difference in the growbh raite of the chicken was found, The
snalysis of veriame of these results is presented in ‘féble ALV, vhile the

data is shown in Appendix X,

TABLE XXV,

An Anslysis of Variance of the Varying ;
Calcium Levels (0.5%, 0.9%, 1o4% and 1.9%) in Diets Containing 0.8% Phosphorus.

Source of | Mean - |
Varistion 88 de £, square 13 Requizred ¥ Result

' 9,28
Level 22,12 3 7037 less 4 29,46 H, Se

10,13

Bun 15614»2 1 15.2.}2 laﬁﬁ 1 3&'12 HeSoe
Ervor 76.75 3 25.58
Total 114.29 7

The experimental diets used in Experiment I which were low in calcium
and phosphorus contained U.5% caloium and O, 3% phosphorus, while the diets high
in ealcium and phosphorus contained 1.9% calcium and C.8% phosphorus. A
comparison between the 0,35 phosphorus, 0.5 calcium diet, sand the 0.8% phosphorus,
1okfh celcium diet showed no significent difference; while a further comparison
between the 0.8&% phosphorus, 1.4% calcium diet, and 0.8% phosphorus, 1.9% cslcium
diet also showed no significant difference in the growth rate of the chicken,
Therefore, under the conditions of Experdiment I, the varying levels of calcium
and phosplorus in the experimental diets, with the exception of Waitaki, did not
influence the growth rate of the chicken, Since the experimental diet (20%
protein) which vas formulated from the Waitaki meatmeal contained 3%,10/% calcium
end 1,37% phosphorus, it is probable that this high level of calcium could have

influenced the growth rate of the chickens when they were fed this diet,
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Experiment IIL: A Study of the Effect of Heat on the Nutritive Value and
Thesr "Availsble Lys: W of Animal Pmteim

Aq The Analysis of the Meat Samples.
Table XXVI shows the snalysis of the suteclaved meat samples
for moisture fat, protein and ash,

?ABLE m

The Analysza of the Meat Sa.agslﬁ%

Moisture Pat Protein Ash

% % % %
Freeze Dried Meat 12,40 27,90 61,00 2.97
5 mins. at 240°F 11,60 18.90 71,00 2,77
25 mins,at 20°F 11,40 17.90 70,00 2,87
2 hrs, at 240°F 11,70 16. 60 70,00 2, 36
2 hrs, at 270°F 10645 17.15 71.30 2,31

The autoclaved meat samples showed only a mmall difference in
misture, fat and protein content when compared with each other, while the
freeze dried meat sample was found o be higher in fat and lower in protein
when compared with the autoclaved samples, The difference between the freecze
dried meat sample and the auboclaved meet sample can be explained by the facs
that some of the fat was lost during the autoclaving of ths meat samples.
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B. The "Available Lysine'.
The "available lysine™ of the freeze dried and the autoclaved

meat samples is shown in Table XXVIT,

TABLE  XXVIL

The "Available Lysine" of the Heat Samples,

’i*featmenﬁ | Availeble gm lysine
Lysins 16 gm N
(1) Freeze Dried 9.95
Heal
(2) 5 mins.@ 240°F, 9,90
(3) 25mins.@ 240°F, 9.86
(1) 2 hrs. @ 240°F, 935
() 2 hrs, @ 27C°F, 8,42

The "available lysine" was reduced by autoclaving the meat for
varicus temperatures and for varying auteclaving intervals, The higher
autoclaving temperature greatly accelerated the reduction of the "available
lysine" as shown by a comparison between trestment 4 ( 2 hrs. at 24L0°F) and
treatment 5 (2 hrs. at 270°F). The comparison between the various ssmples
which had been autoclaved for various autoclaving intervals at 240°F showed
that there was a progressive reduwetion in "aveilsble lysine" as the
autoclaving increased;as demonstrated by the difference between treatment 2
( 5 minutes at 240°F) and treatment 3 (25 minutes at 24,0°F) which showed only
a small reduction in "availalle lysine"”, and the difference between treatment 2 ]
(5 minutes at 240°F) and treatment L (2 hrs. at 240°F) vhich showed a much

greater redwtion in "available lysine".
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Table XAVIII shows the reduction in "available lysine” when the

autoclaved semples were compared with freeze dried meat.

TABLE XXVIIL

The Reduction in "Available Lysine® vhen the Autoclaved Meat
Samples were Compared t the Fresze Dried Meal,

Treatment | % Reduction in "Available |
Lysine"
{1) Freeze Dried Meat -
(2) 5 mins, at 24,0°F. 0s5
(3) 25 mins.at 240°F, 0s9
(4) 2 s, at 246°F, 6.0
(5) 2 nes.  at 270°F, 1563

freatment 5 (2 hrs., at 270°F) which is similar to the conditions
experienced by the meatmeals when they are processed showed a 15.3% reduction in
the "available lysine",when it was compared to the freeze dried meat,

Ce The Nutritive Value of the Autpclaved Meats.

The regression lines of the freeze dried and autoclaved samples
of meat were statistically anslysed in the following tables. The regression
lines are plotted in Graph III and the data is presented in Appendices XIX and

X111,
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TABLE XXX,

Anplysis of Covariance,

Freeze Dried Meat; Autoclaved Meat (5 minutes at 240°F).

Déx;iatipns f’mza
V Hegression
2 o | Rea. ’ 5T een
do Ly Z x 2 xy Z ¥ boeff, 1 dofs Zﬁgx sqguare
 Freeze
Drded 27 0. 59610 | (.86955 1 1.94551 1 1,49 26 1 0.61795 | 0, 0237
Meat ‘
5 ming.,
@ 2L0°F 28 0.82140§ 0813751 1.61131 | 0,99 27 10,80514 10,0298
Within 53 | 1.42351 0, 0268
Regression
hoe fricient 1 10,0869 §0,0869
Conmon 55 | 141750 ] 1.70330] 3.55672 | 1,20 | 54 |1.5100 |c.27
Adjusted , ~
Total 56 1.48227 1 1.72226 | 3,56226 55 15612 -

The differerce bebweon regression coefficierts:

F = 0,0069 = 3.42 for _1  d.f, required F (A,CQ% not sigificent
0, 0268 53 (714

The difference in elewations

F = 0.0512 = 1.8 for _1_ dof. vequived F (4o02) pot significent
0. 0272 Sk (7.13)
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TABLE XXX

Analysis of Covsarisnce,

Freeze Dried Meat; Autoclaved Meat (25 minutes at 240°F),

Deviations from
Reg. Regression
afl Sx°| T xy |Sy® Coefr.| a.f. S ay Yeon
square

Freeze 27 1 0,59610] 0.889551 1.94541] 1.49] 26 0.61795 0.0237

Dried MHeat

25 gins.@ 27 1 0.936200 1.15930] 2.18051] 1.23f 26 0. 75495 0. 0286

2LO0°F,

Within 52 1.362901 0,0262
- Regression 1 0. 024491  0,0245

Coefficient V

Common Bl | 1.53230!] 2.04885] L.12592} 1.,34i 53 1.38639] 00,0262

Adjusted 1 0. 03064) 0.0306

Heans

Tobal B5 | 1,63060] 2.12366{ 4, 18284 Bl 1.41705

The differemre between regression coefficients:

F= 0,025 = lessi for i_ d.f. required I (4,03) not significant
c.az%z 52 (7.15) ~

The difference in elevation:

¥

F= 003064 = 1,17 for 1 d&f, required F (4.02% pot significent
0, 0262 53 (714
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TABLES

XXEX.

Analysis of Covariance.

Freeze Dried Meat; Autoclaved Meat ( 2 hrs, at 240°F,)

Devistion from
Regression

ﬁ@gﬁv *
Gy Z :3;:2 Z Xy Z 3:2 Coeff.| dofe |2 &yxg %{ean Square

Fresze ,
Dried Meat 27 | 0.59610 | 0. 88955 | 1.94541 | 148 26 | 0.61795 | 0.0237
g&-gg};. @ 29 | 0.761871 | 1.02633 | 2.03147 | 1.38| 28 | 0.61149 | 0.0218
Within Sl | 4.22940 1 0,0227
Regression 4 G, C0391 {0, 00391
pmfficigm .
Common 56 | 1633791} 1.91588 ‘3‘97688 Tolt3 55 1 1.233351 0C.0224
Adjusted 1 1 C.00523) 0,00523
Hesns ,
Potal 57 | 134251 | 1.92757 | L. 00560 56 | 1.25858

The difference between regression coeffipients:

F = ‘:}9 Cf{)ﬁ

=

0, 0227

less 1 for 1

1
Sk

The differente in elevaliong

C.0224

less 1 for 1
55

defe required P {24..(}2
(7.13

dofe required

®

3 not significent

E?ﬁg not si@ificant
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TABLE XXXIL

Analysis of Covariance,

Freegze Dried Meat; Autoclaved Meat ( 2 hrs, at 270°F).

Deviaiion from
Regression
, Reg, 5 Yean
df. 5P D xy > ¥ Coeffa) dufs zéyxz square
Freeze Dried | 27 | 0.59610 | 0,88955 § 1,956 | 1.49 | 26 | 0.64795 | 0,0237
Meat
2 hrs, at 29 | 0.72645 | 135708 | 3.05173 | 1.84| 28 | 0,50075 | 0,0211
270°F,
Within | 545 | 1.20870 | 0,022
Regression o 1 |0,03972 | 0,03972
Coefficient
Common 56 | 1.32255 | 2,22663 | 4.99714.] 1,68 | 55 | 1.2u4842 | 0,0227
Adjusted | 10,0244 | 0,0214%
Yeans
Total 57 | 134352 | 2.28328 | 5.45024 56 | 1,26986

The difference beitwsen regression coefficients:
0,072 = 1,78 for 1 d.f. required F (A;,‘QZ) . ,
0,92238 5hy (7.13) not significant

The difference in elevations

0. 0214} = less 1 for { d.f. required F 224,023

G. 02270 55 7.42 not significant




C_ ¥ S N |

at 20°F.

ﬁ,,

5 mimited at 2c°R.

25 inutep ot

>

2

Freeze Dried ]@;atﬁ.

T
| £ | B ® NN
! ~
5 | T
. |

b
I

S 1

A 5. 2 hrs. at 270

b

3

@ e
- =}
BEcRE BE=RE NR< 1
;” .W.n\ 1 ‘,.\\ in — i M..‘,.w
I | I gl
| 1 | _nw ._
| o |
b
| T
L
I | @
b M L] il [ ]
il - ! o il e -
| e Q
_ ] [T ol
Jol ] 0 1 0 0 5 O O . W
m~ ! i g ] !
L I N AN |
L) = T T = il i fE = 1=
\_,ﬁ : 1 _ ! .Oﬁ

i

-

o
~

Relgrbssion|Tnes

O

4

2

BErE

- The |

IILs |

BESrANEE

__leg of Daily |Pretein Intake per Chicken

i " WZ,

r i it

nm | FE I T

Bl (RSN NP

i , | ,‘ m

! Ll Rl S |

| i RO

— { ! L=

e { _ It ¢
S m

| 1 I |

+ ito ! A 0

| Al | | |

! | 5] 15 o I

. § o RRREE

1| ” | |
pn EjEET;EETEE
O i B ]




- 83 -

In all the comperisons the regression lines of the sutoclaved meats
vhen compared with the freeze dried medt were found to be parsllel, and the
differences between the treatments showed that the nutritive value of the
autoclaved samples did not differ significantly from the freeze dried meat;
although a progressive decresse in the growth rate wé.s noted when the samples
which had been autoclaved for 2 hrs. at 2&9%‘. ané,Z?OoF, were compared with
the freeze dried meat., The average weekly gain of the freeze dried meat and
the awtoclaved meat is shown in Table XXXIIT.

TABLE XXIIT

The Average Weekly Gain of Freeze Dried Meat
Meat Autoclaved for 2 hrs, at 240°F. and for 2 hrs. at 270°F.

Protein Level [ 5% 207
Preeze Dried Meat 15,26 gms 36,88 gms 53 59 gns
2 hrs. at 240°F, 14,97 gns 32,75 gms 47.65 gns
2 hrs, at 270°F, 10,05 gms 47.89 gus | 47.89 gns
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To_Study the Effect of Supplementing Meatmeal with L-lysine.
The regression lines of the meatmeel (see Appendices XVI ard

Experiment IV:

XVII) and the lysine supplemented meatmeal, which are plotied in Graph IV, are
statistioally anslysed in Table XAXIV.

TABLE XXXIV.

inslysis of Covardance.
Meatmeal (control) Meatmeal (lysine supplemented)

Deviation from
; Hegression
Reg, Mean
at |22 | Yww | X 5% coert. ot {Tayx | square
Belfast 18 | 0.26159 | 0. 34586 § 085446 11,32 | 17 10,39718 | 0,02336
{Control) ~ v . o
Belfast 18 }0.,27239 | 0,26543 | 049609 | 0,97 | 17 10,2344 | 0,0136
(Lysine)
Within 34 10.62862 | 0,0185
Regression 1 10,01614 | 0,01644 |
Coefficient :
Common 36 10,53398 1 0.61129 1 1.30455 | 1,14 | 35 | O0.64476 | 0,0184
| Adjusted 1 1003774
{ Total 37 1 054550 | 0.64535 1 1.44611 36 §0.68250

The difference between regression coefficients:

F = 0,01614 = less 1 for i dofi vequived P é&,,«;gg not sienificant
The difference in elevation:
F = 00377 = 2,05 for 1 dof, required F éng not sigificant -
0. 0162 35 ‘ Te42 ,

The two regression liues were found to be parallel with no

significant difference in elevation between the two regression lines showing

that the addition of L~lysine to the meatmesl &.d not improve its mutritive

value,
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Experiment Vi To Study Protein Suality and the "Available Lysine” in

The gross protein valus (sec Appendix XVIIL) which is a
measure of protein quality was determined for the seven meatmeals used in

this study, and these values are presented in Isble XXXV,

TABLE XXXV,

The Gross Protein Valus and the "Availsble Lysine" of Meatmeals,

Gross Prétein Value "Aveilable Lysine"

Casein 100 -

Patea 83 4. 57
Vadtara: 93 486
Wanganui 98 5.55
Fairfield 98 4. 80
Gisborne 99 bo Bl

Belfast 99 5.5%
Makarewa 111 66 50

correlation coefficient 0,8

Makarewa was found to have the highest gross protein value and
Patea the lowest gross prutein values, while a large group consisting of
Wangenui, Fairfield, Gistorne and Belfast were shown to have intermediate

gross protein values.
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The "availatie lysine' content of each meatmeal is shown
in Table XV, Makarews was shown 1o contain 6,50 gm lysine per 16 gm N,
and Patea L.57 gm lysine per 16 gn W, wiile the other meatssals wers found
to have intermediate values,

The gtatistical analysis showed that a significant relationship
between the gross protein velue and the "aveilable lysine" existed, and a
significant correlation cosfiicient of 0,84 was calculated (see Appendix XIX),
An estimetion of the gross protein value of the meatmeals may be determined
from the regression equation (see Lppendix XIX),

Y= 42,79 + 1042 X

if the "awmilalle lysine"” value of the peatmeal is known.







In poultry diebs the meatmesls vhich are used as a source of
supplementary protein may contrilute up to 5% of the total protein and
most of caleium, as well as some of the phosphorus of the final diet.
Therefore sny verdations in the protein quality and the composition of
the meatmeals would influence the mutritive walue of the finsl diet,

In this study the meatmesls under test were fod with a cereal
basal ration so that their nutritive value could be determined when they
were used as a source of supplementary protein. The differences resoxnded
in ths grovwth rate of the chickens fed these diels were really a measure
of the autridive wluve of the experimontal diets, but because the ceresl
basal ration was the sams for all diets these recorded differenves in
growth rete aleo reflected the mutritive value of the meatmesls studied,

The results of Bxperiment I showed thet the nutritive velue of
the mestmesls wes influenced by several factors becsuse the statistical
sis of the regression lines divided up the meatmeals studied into two
g8 (MoDonald, 1961).
en the nutvitive values of the

with other findin

groups. These resulits are in agreene

Also significant differences were found betwe
Group I mestmesls (see Table XX).

It was ghown that the variation in the ash content gave s dirvect
measure of the variation in the levels of calcium and phosphorus, as high
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correlations wers found to exist ‘ééﬁween the ash content and the level of
caleium ( r = + 0:96), and the level of phosphorus ( r = + 0.91) in meatmeals,
In the meatmeals studied the ash content was found to vary from 3.22% to 32.30%
As a result, s wide vardation in the levels of caleium and phosphorus was found
in the experimentsl diets of Experimernt I.

An examination of the dists of the Group I meatmeals (Pareore,
Longbum, Belfsst, Pairfield, Gear, Wanganui, Gisborne and Patea) end the
Group II meatmeals (Makarvewa and Waitara) in Experiment I was made to see
whether the variation found in the caleium and phosghorus levels was one of
the factors influenping the nutritive value of the meatmeals. The examination
showed that there was very little variation between the caleium and phosgphorus
levels within Group II diets, and that these levels of celeium and phosplorus
did not fall outside the range of levels found in Group I diets. It was
conpluded that under the conditions of Experiment I the &ifference found
between the Group I and Group II meatmeals, as well as the difference showm
in mitritive walue within the Group I meatmeals, was not due to the variation
in %;he caloium and phosphorus levels. This conclusion vwes confirmed by the
results of Expsriment IIL.

These results were not in agreement with the rescent work (Smith,
et al., 1961) which showed that the growth rate of the chickens was depressed
vhen they were fed a diet in which tha 16%1; of caleium was increased from
0.83% o 1.35%, while the results of Expeviment II showed that no significant
aiffexeaeeaiﬁ the Mh rate of the chickens ocourred when the level of
calcium in a diet containing 0.8% phosphorus vas increased from 0.5% o0 1.9%.
The differengse in results could possibly be explained in temms of the lengih
of the experimental period, because in Experiment Il the chickens were only
fed the diets containing different levels of calcium for two weeks, as compared
with six and ten weeks in the Experiment of (Smith, et al. 1961). Therefore,

it appeared that the two week oxpevimental period was probably toc shore to




allow for the effect of the varying levels of caldium to significantly
depress the growth zate of ths chickens in Experiment I. However,it maust
be mentioned that under the nommel conditions of reising chickens in New
Zealand, the vesults of the recent work would seem to suggest that the ash
content of the meaimeals could be an mpez-taxiﬁ factor influencing their
nutritive value,

In Experiment I the experimsnial diets were found to have 2
caloium to phosphorus ratio of approximately 2:1 which has been stown o be
satisfantory for chickens (Morrison, 1959) and, therefore, mny differences
observed in the mutritive value of the aeams were not due to en
unfavouratie celeolum phosphorus ratio. The effect of 2 high caleium
phosphorus ratio (4.6:1) on the growth rate of the chickens was demonstrated
by the results of Experiwent II, which showed that @e’ growth rate was
greatly depressed when the caleium level ves incressed to 1.4% on a diet
containing 0.3 phosphorus.

The variation in ths protein quality of the meatmeal is awother
important factor which would affect the nutritive value of ths meatmeals.
The protein quality is influerced by the wvariable nature of the raw
materials used for the prosessing of meatmeals and the severity of the heaat
treatment spplied during the processing of these rew materials. It has been
shown (Foaglend, et al. 19264, 1926B, and 1932) that the use of raw materials
which are high in connestive tissue for the prosessing of meatmesls would
result in the production of meatmeals of low nutritive valus, because ths
cornestive tissue is made up of the proteins gelatin and elastin which are
low in the essential emino aoids (Sahyun, 1948). The loss in the mutrikive
value of protein foodstuffs suoh es meeimeals, csused by the application of
heet duving thelr processing, is a result of the destruction or a reduction




in the availability of the amino esids such as lysine (Pation, 1950). The

effect of heat on lysine was demonstrated in Experiment III where it was
shown that the "avalleble lysine" was progressively redused as the severity
of the autoclaving treatment was inoyessed, No significant differemces in
the nutritive value, however, were found between the various samples of
autoclaved meat in Experiment III. This was probably due %o the fact that
the two week experimentel period was too slort to allow for the significant
differences to show, as i% has been demonstrated by (Beuk, et al. 1949 and
Yorgan, et al.1934) that when samples of auteslaved meat were fed to rats
for a period of four to six weeks significant differences in the nutritive
value of the samples were found,

~ The reduction in the "available lysine" during the heating was
the result of the freet -amino groups of the lysine which were not involved
in peptide linkages reacting with other active groups and g0 protecting the
lysine from the action of the 2,L - dinitrofluorvbenzene, Meats and meatmeals
contain very little carbohyirate and, therefore, it appeared that the most
important reaction involved in the reduction of the availability of lysine
was the non-carbohydrate retantion reaction (Almquist, 1957 and Pader, et al. .
1948). Thie reaction involves the free { -amino groups of the lysine and
other active groups such as the carboxyl groups of aspartic and glutamic acid
(BEldred, et al, 1946). Since soms carbohydrates are present in meat the
¥eillard reaction which involves the free smigars and amino scids would also
account for part of the reduction in the "available lysins®, because the
free  —amino groups of the lysine could have reacted with thes free
carbohydrates (Lea, 1948 and Hodge, 1953). Although the redustion in the
"available lysine" is accelerated by inoreasing the temperature and cooking
intervals (Experiment III), it was shown that the lysine was not redused %0




a levsl where it besame the limiting amine acid in meatmesl (Bxperdment IV
and Reatser, et al. 1559).

Pinally, from recent work (MoDonald, et al 1959), a factor was
isolated from the mineral fraction of meat and bome mesls which wes found to
be responsible for the reduction of the nutritive value of these meals, The
mede of action of this factor was thought o be through ozidative chenges in
the mesls because the é&&i%imz of an &zzté. cxidant was shbown Yo improve the
rutritive value of these meat snd bone meals, If is possible %2&% a factor
similsr o that mentioned above (Melonald, et al. 1959) could have been
responsitle for the differemse between the Group I and Group II meatmeals,ss
well as the differences found between the nutritive velue of the Group I
3, bub further work on this aspest

A signifiosnt correlation between the gross protein value and the
Pavailable lysine” was found to exist for the seven meatmesls studied, This
finding agrees with recent work (Carpenter, et al. 1955) which showed that
the seme relationship existed in other animal products such as fishmeals and
whale by-products. The establishment of a correlation between the “available
lysine"” and the gross greteizz value could be reasonably expected in animal
products because the severe effects of processing do cause a reduption in the
nutritional availability of the lysins, Further, the major reason for the
high velue of proteins made from snimal tissues is due to their high content
of "available lysine" and, therefore, animel produstz which are found to be
low in "available lysine® will most likely have a low gross protein walue.

" The above relationship between the "available lysine" and the
that the “availableé lysine” technique could be used as a
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possible method to ewaluate chemically the protein quality of ths meatwmeals.
A chemical method for the evalustion of protein quality of the meatmeals
would emable routine determinations to be carrvied out to chesk on the protein
quality of the meatmeals. The present biological methods involving small
animals are not sultable for routine determinations of protein quality because
of the time and expense inwlved, However, before the “available lysine®
technique can be considered as a suiteble metlod for the chemical evaluation
of the protein cuslity of mesimeals, further determimations will have o be

- carried out to substantiate the results of Experiment V and to develop a

suitable regression esquation.

The findings of Experiment ¥V would suggest that lysine is the
limiting amino acid under the conditions of the gross protein value test, This
observation my appear to be contradictory to the previous work (Experiment IV
and Krazter, et al. 1959) which showed that lysine was not ‘sm limiting amine
acid in meatmeals. However, the apparent anomaly of results mey be explained
vhen it is gémw& out that the meatmeals were studied under different conditions,
In Bxpsriment IV the meatmeal was the #ajer source of protein s%uéie&; where as
in the gross protein salue diets the meatmeals studied were fed with a cereal
basal ration and, therefore, the mutusl supplementary action (Almquist, 1957)
of the cereal and m*@eal protein must be afonéiéere&;‘ The effect of the mutual
sﬁ;aglemt&.ry sction between the meatmesl an:i the cereal proteins could have
resulted in the lysine becoming the limiting amino acid in the gross protein

value diets becouse the cereals are deficient in lysine (Almquist, 1957 and
MeDonald, 1961). Suppord for this idee was shown by the results of same work
{March, et al. 1950) which showed that lysine could be the limiting amino acid
in cereal meatmeal dlets. However,the possibility that some other amine scid
may be limiting and thet it ccours in some fixed relationship with the
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"ayailable lysime® must alsc be considered as & possible explanation.

Pinally,low levels of protein are employsd in the determinations
of the gross protein value to emphagize the differences in quality which
might not attain statistical significence. The emphasis is useful where
uniformity amongst experimertal animols is difficuli to atiain and
differerses in protein quality mey be expescted o be small,




1o

2.

3

o

Se

The meatmeals were shown to be heterogenous produots
which contained varying smounts of protein, fat, ash,
and moisture.

Bxperimental groups of chickens wore used to determine
the mutritive values of the meatmeals, These meatmeals
were fed as a souwrce of supplementayry protein with a
cereal basal ration.

Significant differemes were found between the mutritive
values determinsd for the vexdous sawples of meatweals,

The 8iffsrermmes slown in the autrdtive values of the
meatmeals could be related to s single nutrient.

During & two week experimental period it was shown thet

in diets containing 0.3% phosphorus an imreass in the
caloium level to 1.4% resulted in a significant depression
in the growth vrate of the chickens. Under the same
expsﬁmeatal conditions it was als shown that an inorease
in the caloium level from 0.%% to 1.9% in diets containing
0.8% phosphoyus did not cause a significant depression in
the growth rete of the chickens. |




8.

7o

8.

9

The amino acid lysine was shown not 1o be the limiting
amine acid in meatmeals,

The "available lysine” in meat was shown to be progressively
rveduced as the severily of the sutoclaving treatment was
inoreased,

4 significant correlation wes found to exist between the
"available lysine" and the gross protein value in msatmsals,

If further work confimms the findings of this study then the
2,4 -dinitroflucrobenzens techniqus for the estimation of the
Yavailable lysine® could be used as a suitable metlod for the
chemical evaluation of the protein quality in Few Zealsnd
meatmenls, \
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APPENDIGCES

(b) Vaitars

(0) Faiteld

(3) Mokarews

Dry rendering. The process used a pressure of 80 1lbs/sqg.in,
(324°F) in the outer jackets, during which the material was
vented for an hour, after which the pressure inside allowed to
build up to 30 1lbs./sg.in, (274°F) and held for one hour. The
pressure inside was then relieved while ths pressure in the
outer jacket wag maintained until the material vas dry,

Dry rendering. The outer jacket pressure wes maintained at
80 1bs./sq.in (324°F), and the internal pressure was allowsd
to rise to 40 1bs./sq.in. (290°F) and held for spproximately
an hour, Ths intermal pressure was then released and the
material dzied,

Dry vendering., The material was cooked for 2 hrs. at 312°F,
Dry rvendering. The material was vented for i5-2 hrs, before

the internsl pressure was alloved to rise to 35 lbs./sq.in.
(280°F).




(e) Patea Dry rendering, The materdial was cooked for 3 hrs. at
40 1bs./sq.in. (29¢°F).

{£) Wanganui Vet rendering, The material was cooked at a temperature
of 367°F - 3700F.

(g) gisborne Dry rendering, During processing a pressure of 80 1bs./sq.in,
(321°F) was used in the outer jacket., After venting for an
hour the intermal jacket pressure was raised to 30 1bs./sq.in,
(274°F) end meintained for sn hour before the pressure was
reduced. The pressure in the outer jacket was maintained wntil
the material vas dry,

(h) Pareora, Belfast snd Fairfield
Dry rendering, The total "eooking" varies frem about 4 hrs. to

43 hrs, according to the nature of the charge. The temperature
of the meterisl was raised from cold to 212°F and was held there
until most of the woisture had beern evaporated. This took
approximately 2 hrs. from the start., The mschine was then

closed down and its internal pressure was raised to 35 1bs./sq.ine
(280°F), held for i hr. them lowered.




All the dats

worked in Experiments I, III and IV was

worked in log temms, In Graphs I, II and ITI the protein intske values
were plotted in log terms to give a styaight line graph, because the
growth data when phﬁteé in normal terms would follow sn exponential
growth curve. Alse, to meke the data used for the caloulations easier
6 work with, the characteristics of the log protein intake values were
inereased by one because some of the ghsvacteristics of these values were

less than nought.




APPENIEX II
: I - Growth Rate and Feod Data.

riment I:
Longburn
Protein Level 11% 15% 20%
(10g) (1og) (log)
Protein Intake | 1,136  1,0553 | 1.854  1.2681 2.969 1.4726
(gms) per
chicken.
Weekly Weight 16.20  1.2095 | 17.90 1.2529 36.80 1.5658
S‘hﬁk&”") g 11.15 1,072 | 16,90  1,2279 | 4430 1.6464
14.65 1.1659 | 20,60 1,3139 38,60 1,5866
17.45 1,217 | 20.10 14,3032 | 34.05 4.5321
13,15  1,1189 | 24.10  1,3820 47.05 1,6726
18,40  1.,2648 | 29.70  1.4728 | 34.95 1,5434
10,25  1.0107 | 17.35 1.2392 | 31.70 1.5014
14,00  1,1461 | 22,10  1.3444 | 40.60 11,6085
14.30  1,1553 | 24.00 1,3820 | 27.00 1,434
| Total Weight 129, 10 192,75 11,9183 | 335.05 14,0879
5 X =34 1640 5 2001258 T XY=46.79245 S Y 2-49.91242
3 Y=36,3663 C =43.22884 =46,01549 =48.98176
T 2. 0.783T = xy= 077696 = y°= 0.93066

‘80099



Gear

Protein Level 11% 154 20%
(leg) (log) (log)
Protein Intake 1439 1,4580 | 2.734 1.4368 L.247 1.,6281
(gms) per
ohicken,
Weekly Weight 18,80 1.2742) 23,00 11,3617 52,45 1,7197
Gain (gms)
per chicken, 12,45 1.0952| 26.50 1,4232 41.15 1,6143
1395 11461 21,75 1.337% 39420 1.5933
15,00 1.1761 1 36,45 1.5637 30,80 1.4886
10,70 1.0294 | 24.20 1.3838 54,70 14,7380
13.55 1213191 33.20 1.521% 36.85  1,5664
8.50 0.9294.1 30.45 1.4836 65.20 1.8142
16.30 1.2122 | 33.45 1.5244 | 56.05 1.7486
Total Weight Gain [121.70 10,0882 | 262,45 13,1214 |437.00 15,0656

X X =38.0061 S x% 550461 T XY=55.06326 5. Y =55,89310
2.Y =38,2752 C = 53.49864 =53, 8774k =54, 25892
T x® = 1,0097 S xy =1.18582 =y = 1,63418

b = 1.18




Yaitaki

. Protein Level 11% 15% 206 -
{log) (log) (leg)
Protein Intake 10397 1. 1452 2,162  1.3349 2,687 1.4292
(gms) per
chicken,
Weekly Weight 16,40  1,2948F 23,15 11,3645 30,50 14843
Gain (gms)
per chicken 17,20 14,2355 32,10  1.5065 32,60 1,5132
14,45  1,1599 22,05 14343k 23,75 1.37%
13.05 1.1155 26,00 1.4150 17.85 1:2516
14,75  1,1688 26.35 1.4208 37.05 1.5688
14,15 41,1507 31.15  1.4935 25.00 1,3979
17,00 41,2304 1 29.95 1.4764k | . 35.95 1.5557
13:65 1.1319 33.40 14,5237 38.00 14,5798
11.50 14,0607 26,35  1,4208 § L43.45 1,6380
Total Weight Gain | 132,05 10,4682 } 250.50 12,9646 284.15 13,3649
5 x =35,1857 S x%216,22009 3 XY®iB8.3957h S Yo= 50,8759
2 Y =36,7977 C ® 45.8,787 = 4,7,95108 = 50.15078

T x%m 0,37662 S xy® Oubkhb6 S y°® 0,72513

b= 1,18




Eareora

b= 1035

Protein Level 1% 156 20%
(log) (leg) (log)
Protein Inteke 1,429 1.1550 | 2,087 1.3196 3,988 11,6008
(gms) per
GhiOkm.
Weekly Wedght 8.65 0.9370 | 39.10 1.5922 | 53,70 1.7300
Gain (gns)
per chicken. 13,50 1.1303 | 19.25 4.2844 6.0 1.,8089
13,20 1.1206 | 22,65 1,3551 52,10 1,7168
12,30 1.0899 | 32,00 11,5051 51.85 1¢ 7447
16,25 1.,2108 | 10,90 1.0374 43.95 11,6430
12, 20 1,086 | 43.20 1,6355 | 64.30 1,8082
12,45 1.0952 | 12.55 14,0087 61.35 1,7879
22,50 143522 | 39.20 14,5933 44,05  1,6440
14,90 11732 | 16.65 14,2214 59.80 41,7767
[ motad weight Gadn [125.95 10,1956 |235.50 12,3231 | 495.50 15.6302
S X =36.6786 S x%_ 50,7137 S XY-53.05830 S Y% 56,1025
2 =38,1489 C =49.82665 = 51,82400 = 53,90142
2 . eneniasrrae— -
2 x°- 091472  Sxy=1.23430 S_y°=2.,20103




Bolfast

‘21032

~ Protein Level 1% 154 207
| (leg) (leg) (log)
Protein Intake 1.251 1.0972 | 2.068 14,3156 | 3.583 41,5543
(gms) per
chicken,
Gain {gms}
per chicken, 10,70 1,0294 | 28.60  4.4564 § 52.05 41,7164
12,65  1,1021 | 29.15 14,4646 | 56.35 1,.7509
13.95  4.4446 | 31.80 1.5024 | 62.65 14,7969
11,30 1.0531 | 3465 14,5397 | 4320 14,6355
13,30  1,4239 | 25.70 1,50909 | 40.85 4,6112
18.05  1,2565 | 2540 4,048 | 51.70 4,735
7.80  0,8921 | 2315 1,3645 | 46.60 1,668
14,05 1.1476 | 21.20 41,3263 | 58.55 41,7676}
Total Weight Gain| 117.35  9.9410 |55 00 12.9917 |465.85 15.3920
5 X #35.709 T x® =8, 1509 XY =51.92293 S Y0 %6.21826
X =38.3247 C = 47.21364 = 50. 67930 5., 39935
= %% 5 0,95085 S xy #.2,365 = y° *1,81891




Fairfield

Protein Level 1% | 15% 20
(10g) (10g) (10g)

Protein Intake 1,237  1.0923 2,119  1.3261| 3.414 1,5333

(gms ) per

chicken,

[Weekly Weight 19.00  1.2788 17.10  1.2330] 59,35 1.7735

Gain (gms)

per chicken, 9,35 0,9708 19.55 12914 | 54,05 1.7328

12,30 %.0B99 | 41.10 1.6138) 52,55 1,.7206
21,35 13294 37.60 15752} 40,75 1.6101
13.80  1.1399 | 32,00 1.5051| 56.05 1.7486
15.10 11790 | 22,45 1.3512] 49,95 1,6985
15.75 11973 | 141,50 1.6180 65.60 11,8169
11.60 1.0645 30,75 1.4878 ] 53.45 1.7279
14,55  1,1629 34.65 15397 64.95 1,8125

Total Weight Gain | 132,80 10,4125 | 276,70 13,2149 [496.70 15, 6414

D X = 35,5653 Tx%o 47724 3 x¥-52.88081 Y Y 58,92266
2 Y= 39,2688 C =46.84779 = 51, 72617 = 57, 11254
Sx% -0.87623 5 = 11546k S y°=1.81012

b= 1.32



Trial Il - e Food Intake

longbuen
Protein Level (7 S 5% 20%
(log) (leg) (log)
Protein Intake 1,228  1.0892 | 1,766 1.2470 | 3.092 1.4903
(gms) per
chicken,
Weekly Weight 22,15 1345k | 26,95 1.4306 | 37.10 1,5682
Gain (gms)
per chicken, 11,75 1.0700 | 20.25 1.3065 | 36,25 1.5593
13.35 161255 | 29,30 1.4669 | 3,.60 1.5391
13.00 1,913 | 33,70 1.5276 | 26.55 1.4240
12,45 1.0952 | 28,05 1.4480 | 144,50 1.648h
13.45 1.1287 | 19.70 1.2045 | 25,25 1.4023
13,60 11335 | 16.50 1.2175 | 29.50 1.,4698
9.40  0,9731 | 34.25 1.5346 | 39.15 1,528
21,70  1.3365 | 23.80 4.3766 | 31.70 1.5011
16,40  1.2148 | 19.45 1.2885 | 39.60 15977
Totel Weight Gain | 147.25 11,5366 | 251.95 13.8917 | 344.20 15,3027
SX= 38,2650 T x%-19.62359 5 XY-52.69423 S Y- 56.30882
2 Y= 40,7310 @ = 48,80700 = 51.95239 = 55. 30047
Zx® - 0.8165 Sxy- 0718k Zy° - 1.00835

b = 0,91




Yanganud

Protein Level % 5% 20%
(leg) (log) (log)
Protein Intake 1.192 1,0762 2,137 1.3298 2,816  1,4496
(gms) per
chicken.
Weekly Weight 18,20 1,2601 30,45 1.4836 38.95 1.5905
Gain (gus)
16,95 1.2292 25,50 1,4065 51,30 41,7101 .
15.95 1,208 17.00 1.2304 42,65 1,6299
16.95 1.2292 26.85 1,4289 52,35 1,7189
11,60 1. 0645 35.65 1.5520 51,55 1.7122
12,60 1. 1004 20,60 1,3139 L. 10 14,644
1., 60 1. 1644 35,85 1,5545 33.10 1,5198
12,70 1,1038 19.80 1,2967 L3.45 14,6380
15.65 1.1945 20,40 1,3096 30.00 41,4771
Total Weight Gadn |145.50 11,5617 ]250.80 13.8479 | 426.85 16,2364

ZX = 33-5560
ZI = &-10%0

5 %% 50,2791
C = §9.55217
Sx%  0,72697

XL = 54.39592 SY° = 59, 14898
= 57.61297
Sxy= 087049 Zy® = 1.33601

= 53.52343

b= 1020




Pateo

“Protein Level 11% 1§v 20% ‘
(leg) (log) (log)
Protein Intake 1.124 1.0508] 1.559 1:1928] 2,316 1.3647
(gms) per
chiocken.
Weekly Weight 10,10 1.0063F 11,00 1.0} 33,60 1.5263
Gain (gms)
per chicken. 12.55 1.0987 ] 22,05 1.343hf 19.20 1.2833
10,30 1.0128 32,60 1.5132 33,45 15240
11,15 10473} 16.20 41,2095} 39,95 1. 6016
9.00 0.95421 13,80 1.1399 11,50 1, 0607
10,05 1,002¢4 § 22,55 11,3532} 37.20 1. 5705
15,80 1.1987F 35.05 1,547 .45.20 146551
13,80 1,1399] 28,50 1.4548§ 18,20 1.2601
14450 1,961} 27.60 1.4409{ 33.55 1.5257
16.85 1.2266] 17.20 1.23881 9.20 0.9638 |
Total Weight Gain | 124.10 10,8460] 226.55 13.2765] 281.05 13.9715
3 X=736,0830 T x3. 43.89359 = XY =46.30000 > ¥2 - 49, 76114
2 Y= 38,0940 C = 43,3992 = 45,81819 = L8.37176
Z X - 0UOMT  Tay -04B190 L y3=  4,38938

b = 0098




Sipborne

Protein Level 1% 15 20%

(log) {log) (log)
Protein Intake 1,263 1,401 ] 2.449 11,3890} 3.430 1.5353
(gms) per
Omkm.
Weekly Welght 15.90 12014} 28,85 1.4602] 45.30  1,6561
Gain (zme)
per chicken, 14,80 1.4703] 47.90 1.6803|] 55.05  1,7408

16.05 1.2055 ] 23.65 1,3738] 64.85  1.8119
19. 60 1.2923] 31,80 1.502h§ 145.10  1.6542
16,65 1e2214f 22,05 13434 50.65  1.7046
9.10 0.9990] 38.15 1.5815] 143.55  1.6390 |
144 50 116141 22,25 1347 66,95  1.8257
9.25 096611 2,45 1.3883] 26,55 14240
8.05 0.9058] 28,55 1.45%6| 51,50  1.7118
16.35 1.2135) 24.50 1.3892] 63.75  1.80h4

Total Weight Gain 140,25 19,2966] 292,15 45224] 513.25 16.9725

S X = 40,2570 S X% -54,,99549 S XY 58,6711 = Y2 63.05172
SY=- 42.7312 C =5l 02086 = 57. 42151 =61,03622
Sx%- 09763 Say- L2 Sy 2,01550

h = 1.28




Yakarewa

tein Level 11% %% 20%
(1og) (log) (leg)

Protein Inteke - 1.360  1.1335) 2,338 1.3689| 3,573  1.5531 |
(gms) per
chicken.
Weekly Weight 12,00 1,012} 30.60 1.4857] 50.30 1.7016
Gain (gms)
per chicken, L 12,55 1.0987 | 23.00 1.3617 62,80  1.7980

13,30 1.1239 | 22,70 1.3560] 62.20 1,7938
22,60 1.3541 | 40,80 1.6107| 53.10  1.725%
24,10 1.3820} 40,85 1.6112) 54,35 1.7352
12,50 10969 | 29,20 1.465h | 43.80  1.6415
10,00 160000 § 27.55 1.4401 57.55  1.7601
14, 05 14476 | 37.30 45717} 39.05  1.5917
10.95 1.0395 | 22.45 1.3512§ 78.35  1.8941
11,25 1,0511 | 24.50 1.3892 | 71.70  1,8555

Total Weight Gain | 143.30 11,3730 ]298.95 14,6429 | 573.20 17,4966

X = 40,5550 T x% 55.70829 S XY= 60.10993 = Y= 65.31108
Y = 43,5125 C = 5482360 = 58, 82164 = 63,1125

> x4 0.88469 Say- 1.28829 Sy~ 2.19983
b = 1.46



¥aitors

Protein level 11% 15% 200

(log) (1og) (log)
Protein Intake 1,478 11697} 2,078 13177 2,925  1.466%
(gms) per
chicken,
Weekly Weight 16,60 1+2201 ] 13,45 1.1287 50.95 1.7071
Gain (gns)
per chicken, 10,70  1.0294 § 36,25 1.5593] 41.85  1.6217

12,65 1,102 | 30,50 1.48431 35.85 1. 5545
17,40  1.2006 | 19.70 1.2945] 46.20  1.6646
6.55 0.8162 § 16,40 1.2148f L45.45 1.6575
11.55 1,0625 | 25,50 1.4065{ 31.35  1,4962
13,00 1.1139 § 23,35 1.3683] 42.45 1.6279
14,05 176 | 29,75 1.4738] 30.00  1.477%
14,80 1.4703 | 29.35 1.4676] 41.70 1,6201
10,75 1.0318 § 17,20 1.2358] 62.25 1. 7941

Total Weight Gain 128,05 10.9342 § 241,45 13.6330] 428,05 16,2208

ZX= 39.5350 S 32 5253980 T XL 5453525 3 Y2 67.24322
Y= 40,7880 C - 52,1005 - 5375178 = 55.45536
S x%= 0.43926 Say- 0.78347 Zy>- 1.78786

b =1.78




AFPENDIX II1

Experiment I1: Data Plotted for Graphs I and II.
[ Average Weekly Weight | Deily Frotein intake | Leg Daily Protein
Gain in gms, per per chicken in gms, Inteke per chicken
chicken, in gms,
Protein Level 11% 156 206 1% 1% 206 11% 156 20k
TRIAL I
Longburn We39 21,42 37.23 | 1,136 1,85, 2,969 1.0553 41,2681 1.4726
Gear 15,52 29.16 4B,55 1 1,439 2,734 4247 1,1580 1.,4368 1,6281
Waitaki 14.67 27.83 31.57 1,397 2,162 2,687 11452 1.3349 1.4292
Pareora 13,99 26,17 55,06 } 1.429 2,087 3,988 1.1550 1.3196 41,6008
Bel fast 13.04 28,11 51,76 ] 1.251 2,068 3,583 1.0972 41,3156 1.5543
Fairfield 14.76  30.74 55,19 | 1.237 2,119 3,414 1.0923 1.3261 1,533
IRIAL II
longhbum he73 25,20 3442 1.228 1,766 3,092 1.0892 1.2470 1.4903
Wanganui 4.5 25,08 42,69 ] 1.192 2,137 2.816 1,0762 14,3298 1.4496
Gisborne 14,03 29,22 51,33 | 1.263 2,449 3.430 1.1014  1.3890 1.5353
. Wedtara 12.81 2415 42.81 ] 1.478 2,078 2.925 1,1697 41,3177 1.4661
Patea 12,41 22,70 28.14} 1.124 1.559 2,316 1,058 1.1928 1.3647
Makarewa 14.33 29,89 57.32] 1.360 2,338 3.573 1.1335 1.3689 1,5531




Jongbun Trial X

Sx=sat600 | TxPon01258 | Txx 4679245 | X ¥P = 19,9122
2T 36,3663 C = 43.2283% C = 46,01549 C = 48,98176
Sx%= 0.7837% | X xy= 0.77696 f.yg = 0.93066
Longburn Trial 1L o
STX=38.2650 | Z X%=19.62359 | Z X¥=52.60423 | ZY° = 56,50882
2 Y 40,7310 C =48.80700 C  =51.95239 C = 5530047
S i%- 081658 | STay- o7u8 | Ty® = 1,00835

Total N = 57

B Y= 77,0973

S %% 93.63617

C = 92.&)3@33
1. 60179

P!

S xy = 1.52036

D XY = 99.48668
C =97.96632

S Y% -106.22121,
C =104,28059

* (Snedecor, 5th edition)




2K = 40,5550
2T = 43,5125

c

T XY = 60010993

Juy = ?;3382?

S %% = 65,3108
S y% e 2.19983

:§ B §§0§.§§Q
Eg = zﬁt?&%

XY = 5h. 53525
C = 5375178

Sy = 0.78347

T Y% - 5724322
Sy 1.78786

2F = 84,3005

DX = 80,0900

C = 1%205’2?1‘3

Sy = 2.11807

SHE = wf.éaéﬁa; ST¥? = 122,55430

C = ??30%% :
Sy? e ke itk




8 y.xg = Zé Yo =2
B2

8 YeX &= Zéizxz
Y2

‘ 5-2

Py
5 =] - ot

19,623
° The fidusial liwits of the regression coefficient arve equal to:

B - %49§%£B = ‘aﬁ+‘§.g53h

]

. ° . 996 Piducisl Limits = i 8y X b o5 for 28 &uf. (b o for 28 dof. = 2,048)

= JOUST x 2,048 = 0,100

The fidusial limits for the regression coefficient ef Longbum II = £ 0,10




The formula used to caloulate the Rélative Potensy, where M
is the relative potency in log temms, is given below:

el -3 - s,;)ff

Is Vs

M o= 1.2653 « 14076 = (13468 = 1.4476)
12351

M = -0.1423 = (.= 0.0707)
1.2331

H = ~0,1423 + 00573

g -4 “@, @5@

E is relative potency in orxdineyy tems,
B = _1_ { when M is negative )
antilog M

or R = antilog M ( when M is positive)

R = 1 = G.822 (82.2)
1,216

The relative

R by 100,

pobency given in Talle XIX is caleulated by multiplying



The fiducial liwmits wers caloulated from the following

formule where the Vapriance of ¥ equels:

e

6255 = wéa' [ T S |
| ¥R

besanse all ths woeerd

g= 524
’éz ng

formile if the valne of g is less than 0.1

é-(§-zs

sons wade confomed te the g - griterion,

limits can only be caloulated from the above

The Veluss of g f@z%&%ﬁmmme

IRIAL I

SRR PO TR A

Iengbarn v Geay
Longburn v Waitaki
longhurn v Pavsora
longhurn v Belfest
longbuzn v Fairficld

0. 016
00025
0. 017
0e 017
.17

0. 036
G 031
0. 042

_ 2
¥ Xp )




The celoulation of ths fidusial limits of the relative
potency of Gear.

$? = 00108 ¥ = 15206 N, = 27 N, = 27
M = =0,0850 Xy = 1.2653 Xp = 104076

S 2% = 1,789

ézﬁ = 0,0108
145205

6% =  0.0071 (0.07%)

by = S 0,000559

b6H = 0.02321

= & 0,02321 x 2,006 = 0,046 ("’.95 for 52 &f. = 2,006)
N OF Limits of M = -0.038, and  =0.1316
o © i = 1.@2 S k 1035&-

&= 0:916 Bﬁé 0.7

Therefore, the relative potersy of Gear and its fiducial limits iss

91,6 82,2 73.8




MMy > bt (H-2an /6w .+ 6%

where ¥, and 32 ave the relative pei P, snd 0%,
reripnces of Uy and Mp.  If Hy = M, is grester tham ¢ ¢ {% 2) d.f.
\/ézé,‘éézﬁz mmmﬁﬁ@mm@fmmwaMsm |

% J03316 = 0,0665

* the relative potensy of Fairfield is significant

gresier than Gear.



regs Gain in Veight in 1, daye

in gms,
125,08
3.5‘% Ga 60% P -
1272
120,
1ot G G806 P
135:40
0.5% Ca P 3 ?g
’ % 413.7
@s% Ga G5 P .
' 88& :
1% Ca 0.5 P
130. 38
0:5:Ca 08P 3
; 31
0% Ca Q8% P 126, 3
‘ 132,02
14%Ca 080 P 32
0.5% Ca 0s3% P 115:23
10540
09% Ca O.EP 1
| ) j 7By
1-&% Ca ﬁ,‘% P




ent I1:

Treatment

The Average Gain in Feight in

14 days in gms.
BIOCK 4 0. 5% Ca. 125,08
0.9 Ca 127,28
1e4% Ca 120.45
1,9% Ca 125, 62
BIOCK B C.5%Ca 0.8 P 130,30
909% Ca ﬁ.&% P 126.3‘;
1o4%h Ca 0.8 P 132,02




Experiment I1:

i’ream% Blosk A Block B
f}.% Ga G;% P 25&9 253'7
0.5%6Ca  0.8% P 237.0 250.3
1.9%Ca  0.8% P 255.1 243.3
Oo5%4Ca  0u3% P 229,14 274, 4
1.4%2Cs Q.3 P 218.8 210.8




Freeze Dried Meat.
Protein Level 11% 15 208
(og) (log) (leg)
Protein Intake 1,396  1.4449 | 1,95, 1.2909 3,210 1.5065
(gms) per
chicken,

W Weight 17.05 1.2316 | 21.00 4.3222 61.90 1.7917
Gain (gns)
per chicken, 12,80 1,1072 | 54,00 1.732h 49.70 16964
8.90 0.949% | 47.90 1.6803 64,25 1,8078
10,30 11,0128 | 38.30 1.5832 57.45 1,7993
12,15  1.0846 | 29.80 4.47h2 |° 54.80 1.7388
29.80 1.h742 | 36.10 1.5575 57.00 1.7559
15,45  1,1889 | 41.70 1.620% 32,65 15139
11.65 1,0663 | 42.75 1.6309 67.55 1.8296
19.30 ¢ 1.2856 | 26.45 1.422% 37.05 1.5688

= " 500 80 1;% B -

Total Weight Gain [137.L0 10.4006 [368.80 15,5118 482,35 15,4622

X =36.7716 Sx% 148.86720 Y XY -55,22563 3 Y°- 63.08317
3 Y =136 ¢ = 48.29110 =5k 33608 = 61,13776

S % 059610 Sxy - 0.88955 L yt- 1,94541

t'f.u



Protein Level 1% 1 20%
(log) (log) | (10g)

Protein Intake 0.998 00,9954 | 2.221 1,366 | 2.347 1.3705

(gms) per
chicken,
Weekly Weight 19,60 11,2923 | 39.50 1.5966 | L19.50 1.6946
Gain (gms)
per chicken, 13.75 1,1383 ] 54,15 1.7336) .43.55 1.6390

24.35 443865 | 25.30 1.4031 | 27.60  1.4409
27.25 1435, ] 18.85 1.2754! 50.45 1,7028
9.95 09978 29.25 1.4661 | 42.15 1,6248

16.35 14.2135| 23.60 41,3729 | 17.15 1,232
9.85 ©0.,993% | 48.15 1,6826| 53.05 1,727

25.45 4.4057| 19.25 1,284k | L4425  1,6459
11.15 1,062 | 48.30 1,6B39| 46.95 1,6717
- - 56.55 1.7852h| 55.10  1,7442

Total Weight Gaim|157.70 10,9091 | 362.90 15,2510 | 429.75 16,1198

2 x-36.1296 3 x%-145.83340 J XY =53.48809 J_T> 63.25234
2 Y -42.2799 G =45,01200 = 52, 6743% - 61, 64103

S x®- 0.82140 I xy= 0.81375 2 y= 1.61431

380.99



25 mimtes st 240°F,

Protein Level 1% 19% 208

(leg) | (leg) {leg)

Protein Inteke 1,007 1.0029 1,853 1.2679| 2.772 1.4428
(gms) per
chicken,

W Weight 28.40 14533 | 21.85 1.3395| 5u.55 1.7368
Gain (gus)
per chicken, 21,85 1.3395 | 40,45 1.6069| 62,95 1.7990
8.60 09345 | 37.00 4.5682| 34,.60 1.5391
20,25 1.3065 | 49.95 1.6985| 47.80 1.679%
8.40 Q0,923 | L46.00 1,6628| .5.90 1.6618
8.05 ©.9058 | 28.15 1.4492| 56.15 1,749
13.54 11315 | 36.35 1.5608| 37.80 1.577%
20,75 131 14,85 1. 1MB| 32.60 1.5132
8,20 ©.9138 | 20.75 1.317%| 51.65 1.71%0

1001"'5 1‘”' w~ . - Lo

Total Weight Gaim [148.49 19,2484 | 295.35 13,3748 | 424,00 149692

D2 X - 344258 2 X2- 43.2612 X X¥- 49.83310 2 Y2 58,1553
2 Y - 39,581 C = 42,3250 = 48.67380 = 55.97488
Tx% 0.93%20 Jxy- 1.1930 2 y3- 2,18051

b= 1,23




2 hrs, st 240°F,

Protein Level 1% 15% 206
(leg) - \leg) {leg)

Protein Intake 1.212  1,0835 2,204 1.3432 2,882 1.4597

(gms) per

chicken,

Weekly Weight 10,80 1.033% 18,80 12742 40.80 1.6107

Gain (gms)

per chicken, 9.05 Q.9566 | 19.05 1.2799 | 58.30 1.7657

13,70 4.4367 | 42.90 4.6325 | 53.55 1,7288
27.20  1.4346 22,40 1.3502 57.75 1.7616

6.85 0,8357 | 32,45 1.5192 | 45.25 14,6556
19.85 14,2978 | 44.35 11,6469 | 34.45 1.5372
12,75 11,1085 | 25.40 1.4048 | 54.75 14,7384
19.65 4,293h | 29.40 4.4683 | 33.05 14,5192
17,20 14,2385 | 55.80 4,766 | 38.10 11,5809
12,70  4,1038 36,80 14,5658 60.55 1.,7822

Total Weight Cadnm |[119.75 11.4330 | 527.55 14,880k | L76.55 16.6803

T x - 38,8640 T x2-51.08882 L XY-56.72323 2 Y2 63.6467

2 Y =42,9957 C = 50,3470 = 55.69690 - 61.61527

| T x%- 074181 Saxy= 1.02633 Zy* 2,03147
b= 1,38




2 hrs, at 270°F.

Protein Level 1% 15% 208
(log) {log) (leg)

Protein Intake 1.180  1.0719 2,014  1.3040 2,817 14498

(gns) per

chicken,

Weekly Weight 8.80  Q.9ULS 13,60 1.1335 47.35 4.675k

Gain (gns) |

per chicken, 8.95  0,9518 36,15  1.5581 33.45 1e52hi
9.45  0.9754 20.70 1.3160 54.95 17400
7.30 0.8633 14,.00 4.1461 54,65 1.7376
7.85  0.8949 | 37.40 4.5729 | 31.15 1.4935
10,95  1.039% | 37.50 1.57%0 | 50.65 1.7046
11.25 1.0512 35.40 %o 5490 55.40 1.Th35
17.30 1.2380 46,450  1,6665 60.35 1.7807
6. 30 0.7993 36.75  1.5653 4L7.50 41.6758
12,40 1.093% 39.60 14,5977 43.60 1.6395

Total Weight Gein[100.55 9,8512 | 317.50 146791 | 478.95 16,7150

Zx = 33.2570
>y - 41,2483

S x%- 49.51305 = XY- 53.93446 5 Y>- 59.75755
¢ - 48.78660

PP

= 52.59738

= 56.70582

0.72645 T xy= 1.33708 Zy®- 3.05173

b"o“




APPENDIX XIIIL.

*Analysis of Covarisnce

Freeze Za:gieé, i&a&‘k

> x=36.7716 | S x2= 4&38?2@ S XT=55.22563 | 3 Y= 63.08317

5 ¥ = 41,3746 ¢ = C 2533608 | © = 61,13776
> xae: e.ﬁ%m ngz 0,88955 | S y°= 1.94541

Fx=36.1296 | 5 %2 45,6350 szg 5348809 | S 12w 63,2523

1= 42,2799 C 24501200 | C© o 52,6743k | © = _61,64103
Z x = 0,82140 Z = 051375 S y2.  1.6115

| | Totel W = 57

T % =72.9012 S . 94 72060 S Xt- 108, 71572 S v’ 126.33551

7Y =83,6545 C = 93,25 C «_106.99146 C o 122,77325
Z x?' = 148227 |Sxye  1.72226 Zyga 3‘.5&2&

[T 36,726 | S %% = 18.88720 | S x¥%a 55.22563

12Y =436 C = 48,2910 | C = 5433608 Cw 61.13776
Sx% o 59545@ Ty =0 80935 Sy%  1.9u5u1

o | 25 minutes at 240°%.

DX 3h4285 | 3 X%~ 13,26120 | TN -u9,83310 | 3 Y74 615539

¥ =39.5891 Cgam C 2486738 C = 55.97488
S 2. 0.93620 | Ty = 1.15930 S y% . 218051

| | fotal W= 56

TX =71.1969 | DX = 92,1481 S 105, 05675 S ¥ _124,23856

[F¥ =80.9637 C = 90.51783 | © _192.9350] c m
32, 1.63061 (D 242366 | ZyP_ e 16281

¥ Enedecor, 5Sth edition,




| ?x%ezs m@é g@a‘%

@.32125%

2 xy= 1.92737

Preess Dried Meat

Tx=36.7716 | %2 = 48.86720 |5 %Y = 55;22553 1= . es.08317
v =nt.376 c 25" » =_61.13776
Se &5%%& Sy%e 1.94541
‘ 2 333’3@ &t
Tx=38.8600 | K = 51,0882 Zﬁa% 735 | Y. 667
¥ 42,9937 C = 50.3k701. 55069690 =.61,6152;
S o mam Zz@r* o263 | Sy%e 2,057
| | | | %‘6&3 Hs 58 | | | ‘
Txe75.635% | S Xom 99.97602 |5 x¥=119,94886 | > Y° . 126,72991
12X = 8L, 3683 C = _98,63351 =110, 02449 =122, 72433

Z:‘f . &.m&ée

=P 13352

Z x5y e 2,28328

S %= 36,7716 5 5%. 4886720 |3 XYL 55.22563 | S Yoo 63.08317

XY= 41,376 C = 48,2911 .5l 33608 = 6113776
ZxP. 059610 |Saye 0.80955 | S y®.  1.94543

| 2 hrs. at z’fgfm | | |

P % 38,2570 S 3% 149.51305 |5 x¥. 5§.§3=¢e5 S ¥A 59;?&?55

= 4t.2483 G = 48, 78660 2. 52, 59738 . 56,705
S5 . &?25;&5 Z e -;,53?95 Zgi 3;.@35%?5

| Tetel W = 58

xe 75,0286 | = 52= 98.40025 |5 XTe %@?.ié@? S v, 122.84,072

= 826199 ¢ = _97.036) » = 17,6908




 Ieg Daily Protein

intake per
chicken in gus.

Protein
Level

Freeze

1 5 minutes
at 24-9@?&

17,52
| 12.85

14,98

10.06

- 0.998

1.007

1,212

1.'&6&

26 357

2,772
2,882

2,817

R o

1.1449 1.2909 41,5065 |

0.9954 1,3456 1.5705

G078 ‘%,26?9 ‘3;1&}928 :

1.0835 13432 1.4597

1.0719 1,3040 14498




ﬁu%@la%ék g@a‘sﬁ.

The fiduciszl limits of the regression

coeffisient

= %'t‘%%égé,@*ﬁﬁg§s§

Proeze Drisd ¥Yeal

5 minutes at 2L0°F,
25 minutes at 2,0°F,

2 hes. at 2,0°F,
2 hrs. at 27¢°F,

% Snedecor, S5theiition.

0.99
123
1. 38

4 B e i

1R

G
0. 17
017
0. 12
G. 12




Experiment IV:

Meatmeal (Control)

Protein Level » 15% 206

(log) (leg)
(gns) per
chicken,
W Weight 13,05 1.1155 37.60 1.5775
Gain (gms)
per chicken, 6.95  0.8420 25.15 1.4006

12,65 1,102 30,05 1.4778
1495 1.17h7 28,65 1.4572
7.65  0.8837 34 60 1. 5391
9.L5 0,975k 15. 50 1. 1903
12,20 41,0864 13. 00 1.4139
11.60 1,0645 28,45 1.4541
21.65 14,3355 17.90 1.2529
14. 50 1. 1614 - -

Total Weight Gain | 124.65 10,7492 | 231.19 12,4634

= 29.19411
> X =23.6116 2 x%= 29,6040 X XY-29,18258 - 12= c
2 Y =23.2046 C =_29,34251 =.28.83672 5 42 _ o.8506

Xt - 0.26159 Zv 0. 34,586
b= 1.32



Meatmeal (Wmd with L-lysine)

 Pretein level 19% 207 -
' (Teg) (leg)
Pretein Intake 1.4583 11,1638 2.533 1.4036
(gus) per
chicken,
Ve Weight 19.50 1.2900 | 29.05  1.48631
hﬁm)

9.15 0.9614 26.15 14174
10.85 1.0384 | 23.20 1. 3655
28,75 1,4887 | 37.35 1.5723
21,55 1,333 | 23.75  1.3756
16,45  1,2161 | 22.05  1.3434
16.85 41,2266 | 31.90 14,5038
15.05 14,4778 | 27.60  1.4409
15.55 #.491F | 35:25. . 54N
17.75  1.2492 -

Total Welght Gadn |171.45 12,1400 |256.30  13.0291

Y X = 24,2704 Y x%-31.2751h T XY - 3241617 S X2 - 33,8333

Z Y=25.1691 ¢ m 2.32,1507 23230120
S 2= 027239 5 xy = 0.26543 > y®- 0.4900

'hnO.”



meal gswmg J

2 x =23.61%

2 %% =29,48258

2% = 2 270k
Z ¥ =25,1691

C =32

Zxy=

3 ﬁf ”

‘§§a,§'

B x=47.8820
2_?: %5&3*?3?

S XY= 64.59875




Gross Protelin Value Data

[5] x

i

{ Basal ‘ Casein | Waitare | Wengamud] Fairfield| Gimborme | Belfast | Makesvewa | Patea
IDTeT T, ‘ ; ‘ ' V i —— "
(1) Yean Weight Gain in | { : ‘ ‘
*(z} Gain in mi§w: over |
 adet 1 18.46 15,89 | 17.45 1 U 20,13 160 Ol 20,39 15,01
(5) Mean feed consumptior i :
| in 2 weecks | 166.8 154 3 161.7 131.3 182.8 7.3 | 165.7 163.5
(a) ﬁuwlmtaxy proteid ‘ |
~ consumed {gms 5.0 ko6 4.8 369 505 boly 5.0 4e9
1(5) cain in weight ever | |
| diet 1 per gm : 3.69 3.45 3063 3.63 3.66 30 6k 4.08 3,06
supplementary protein.
{(6) Gross Protein Velue | 400 93 98 98 9 99 11 83




“Gross Protein T Wavsilavie Lysine®

Value (X) ‘ (x)

Waitera 93 4,86
VWangmi 98 5,55
Pairfield 98 4,80
Gistorne 99 be 8l
Belfast % 5.51
111 6450

8 | b

2 Y = 681,0

Z Yg = é‘&géégcw

66,252,57
Sy = 4163

X = 5,23 Na7
¥ = 97,29 He?

SEY = 3,590.7% I X° = 194.38
3,563, 57 . _191.68
Sxy = 28,47 Tx = 2,700

v o= Cove xy,
J& x 6

ros 1695
J 69.500 x 0,454

= 084 (significent)




(¥ = 97.29) = 28,47 (X ~5.23)
2, 7032

(¥ = 9729 ) = 1042 (X «5.23)

T = 42,79 + 10,42 %

The ?i%mial Limits of B

82 =2y - (Zx )?

82 = L1643 - (28.47)°

S‘% = Ieo@?:’ = 3,02
_° The standard erzor of ® = 1042 % 3.0

.0 The fiducisl limits of b = I .75




Ash (x) Caloium (¥)
Determined Values Betimated Values
20.80 8.12 7.07
477 0.80 0,29
32,30 12.68 11.9%
19,67 7.06 6. 60
20,20 8,60 8.52
12.% 20?9 3’?3
3.32 0.56 0.28
16,21 bo 2l 5.1
19.17 6.07 6.3
19.82 60 6,66
TX= 195,00 £ =17.73 He=11
>¥ = 6362 ¥ = 5.78 =1
> %% = 419.09 T XT = 1420.39 . > ¥ = 500,85
356,82 227,81 ~267.95
> = 692,27 Sy = 292,58 S y% = 132,90
T 2 OOV XY
J 6% x 6%

[69.227 x 13.29

T = 29;268 = 0,96
30033




8 %

*

L2

o

(Y = ¥) e b» (X - %)

¥ «578)= 2,58 (X = 17,73
( > %2.27 ‘ )
{ T =578 )= 0425 X = 7.50

o

132,90 - %)2

o |

sb = jm

S'i% = 0. 0383

The stendard ervor of b = 0,423 % ,0383

The fiducial limits of b = < 00,0865

(¢

«05

for 9 dfe = 3.252}




The Correlation between Phosphorus and ish,

’Agh ’(z) k‘ | | | Ehespaem '(*z‘)
| Eetemimé 7&1&&3 Estimated Values
2080 | 3.8 | 3.3 \
L77 0. 31 o
32.30 ; 5,29 5,13
19.67 3.66 2.94
24.20 2,03 3.73
21.86 '~ 3445 3.25
12,88 1,20 | 1.77
3.32 0. 11 0.1
16,24 | 2.25 N 2. 34
19,17 | 5046 | 2,86
19,82 3.3 | 2.97
. ZXe 195.00 BTy ¥ a1
2= 28.M Y= 261 N =11
Zx% = yu9.09 S XK= 628.76 S T= 100.16
S5 . 69227 Sy = 149.81 5% 25.23

Y = cov Xy

& s &

r o= 11.28}

J69.227 x 2.523

r = 14 4 = .91
‘%5._22




(¥ «261)= gggg (X = 17.73 )

(¥ =261)= 0173 X = 3,07

— '(1.; 81 =
632.27

9 x 692,27

s, = 25.23

LR

8 = / o 00072
SE = @e 32%

°® The stendard error of b = 0.173 £ 0,027

. The fidusial limits of b = E o.0715

(%05 for 9 a.f. = 2.262)



