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INTRODUCTION

Of the many considerations involved in formulating a ration bal-
anced in all known nutrients for swine, none is more complex than that
of supplying the proper levels of essential amino acids. Puplished
values for the average essential amino acid composition of various feed-
stuffs can be correlated with estimated requirements for the animal
under specified conditions to arrive at a satisfactory amino acid bal-
ance., However, the problem is not so easily solved as this, since
practical considerations pertaining to the cost and availability of the
feeds otherwise suitable for use are also involved.

The large annual production of milo (grain sorghum) in the South-
west at present, and the continuing agronomic improvements point toward
greater future production. Therefore it seemed desirable to obtain more
information about the characteristics of milo with respect to its ad-
vantages and limitations from a nutritive standpoint for use in rations
for swine. Although it is well established that the average crude
protein content of milo grain is higher than that of corn, there is a
paucity of published data concerning the essential amino acid makeup of
milo, .

It was the purpose of these investigations (1) to determine the
essential amino acids most limiting in a variety of milo (Kafir LL-1l)
for the growth of rats and swine, and (2) to study the effect of the
addition of a non-protein nitrogen source (urea) to a milo ration on

the growth of rats and swine.



REVIEW OF LITERATURE

The conventional method used in studies of amino acid require-
ments and of amino acid adequacy of feedstuffs has been that of measur-
ing rate of increase in body weight of young animals. To appreciate
the importance of the optimum level of each essential amino acid in the
diet in this regard, a brief review of published work dealing with the
effects of insufficient or excess amounts of essential amino acids seems
worthwhile.

The term "amino acid imbalance" is a descriptive term applied to
the concept that has developed during the past decade concerning the
relative amounts of amino acids available to an animal for growth or
maintenance. The term has been applied to instances wherein a defi-
ciency or an excess of one or more amino acids exists relative to the
others present.

Amino Acid Deficiencies:

Forbes and Vaughan (195l) obtained weight loss, negative nitrogen
balance, lethargy and the appearance of porphyrin-like pigments around
the nose and forepaws of rats force fed for 7 days, diets deficient in
methionine or histidine.

Grace and Steele (1954) found that when mice were fed a phenylala-
nine deficient diet, the amount of phenylalanine available for conver-
sion to tyrosine was limited by the use of phenylalanine for protein
synthesis. Body weights of mice receiving the phenylalanine deficient

diets remained constant or decreased during the experimental period.
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Similarly, Scott and Schwartz (1953) obtained severe weight loss in
male rats fed a diet devoid of threonine. Singal et al. (1953) demon-
strated a reduced rate of liver phosphatide synthesis in threonine de-
ficient rats. Supplementary threonine produced normal values in 8 hours.

Totter and Day (1942) observed vascularization of the cornea of
rats receiving tryptophan deficient diets and Cartwright (1945) observed
lentricular opacity in pigs maintained on acid hydrolyzed casein or on
zein. Shaeffer (1946) was able to promote regeneration of injured corneas
of guinea pigs by direct application of amino acid solutions to the eye.

Vascularization of the cornea has been described by Totter and Day
(1942) , by Albanese (19L5) and by Hock et al. (19L45) in rats receiving
lysine deficient diets. Sydenstricker et al. (1946) however, obtained
the same abnormality with a diet low in protein, indicating that the
effect may not necessarily be a specific action of a single amino acid
deficiency.

Bothwell and Williams (1952) compared nitrogen excretion of rats
fed a lysine deficient diet ad libitum with that of rats force fed the
same diet by stomach tube. While the rats fed ad libitum developed ano-
rexia and negative nitrogen balance, the force fed group lost weight but
stayed in positive nitrogen balance even until death, which occurred in
9-1l; days. There was a marked increase in urinary nitrogen during the
first fgw days followed by a decrease as the deficiency symptoms pro-
gressed. This observation was in contrast to the results with methionine
and histidine reported by Forbes and Vaughan (195k) in which a rather
constant urinary and fecal loss of nitrogen was obtained throughout the
experiment.

Mitchell and Block (1946) indicated that for rats methionine is the



most limiting amino acid in soybean oil meal. Bell et al. (1950) studied
the effects of protein from whble egg and from soybean oil meal on the
nitrogen retention and growth of pigs. When a 10 percent protein ration
was fed, the whole egg protein had a significantly higher biological value
than the unsupplemented soybean protein, but the addition of methionine

to equal the amount in the whole egg made soybean oil meal protein equal
to whole egg protein.

Amino Acid Excesses:

More than thirty years ago Lewis (1925) observed albuminuria and
death in fasting rabbits fed cystine for séveral days. A short time
later Jackson et al. (1928) obtained 50 percent mortality and poor growth
in rats fed a diet containing 35 percent gelatin. It is of interest to
note that at this early date, an improper balance of amino acids was sus-
pected of being responsible for the poor growth performance even though
the classical work by Rose (1937) concerning the essential nature of
certain amino'acida was yet to be done.

Fishman and Artum (1942) described adverse effects of excess serine
fed to rats receiving a casein diet. Feeding 100 milligrams of serine by
stomach tube daily for 7 days resulted in growth cessation, anorexia, album-
inuria and severe damage to the renal tubules,

Since that time several other amino acids have been shown to be harm-
ful when provided in excess amounts. Niven et al. (1946) obtained growth
retardation, vascularization of the cornea and edema in 50 percent of'the
rats fed a 10 percent casein ration containing 1 percent each of addition-
al Dl-phenylalanine and I~-tyrosine.

Brown and Allison (1948) obtained reduced nitrogen retention in

rats fed a 12 percent casein diet when 1.7 percent IL-arginine was added.



The addition of this amount of arginine to a similar ration supplemented
with L.8 percent DL-methionine caused a less severe reduction in nitro-
gen retention than when no arginine was added. Kidney size was increased
by excess methionine, but not by excess methionine plus arginine, fur-
ther indicating that a relation exists between these amino acids under
certain conditions.

Kade and Sheperd (1948) found that the addition of 1.0 percent DI~
methionine to an 8 percent casein ration resulted in increased protein
utilization by rats, but higher levels of 2.0, 2.5 and 3.0 percent added
methionine severely inhibited growth and protein utilization. Grau and
Kamei (1950) noted similar growth depressing effects of excess methionine
but found that these adverse effects could be overcome by increasing the
protein level of the diet. This finding substantiates the hypothesis
advanced by Kade and Sheperd (1948) that the mixture of amino acids in
which the proportion most nearly approaches that of the requirements of
the animal will be the most efficiently utilized. Roth et al. (1950)
found that practically all of the methionine fed to rats was absorbed
from the gastrointestinal tract even when supplied in amounts up to 7
percent of the diet. Roth and Allison (1950) observed extensive tissue
catabolism, weight loss and kidney hypertrophy in rats receiving this
high level of methionine. When feeding a 12 percent casein diet containe-
ing L.8 percent DL-methionine, they found that a level of 1.35 percent
choline chloride was effective in preventing the adverse effects of the
excess methionine. Other work involving the effects of excessive
dietary methionine includes that of Van Pilsum and Berg (1950) who ob-
tained retarded growth of rats by the addition of 1.8 percent DL~

methionine to the ration. The growth retardation was removed by the



simultaneous addition of O.l gram each of histidine, tryptophan and
arginine and 1.4 grams of phenylalanine to the diet. Hardin and Hove
(1951) presented evidence dealing with the toxicity of excess methio-
nine which impiicated several vitamins as well as other amino acids in
the mechanism of action in the complicated picture of methionine metab-
olism. They found that the toxicity of 2 percent DL-methionine when
added to a 10 percent casein diet, was more pronounced in the absence

of vitamin E, folic acid and vitamin By, than when these vitamins were
included in the diet. Supplemental glycine and arginine gave signifi-
cant protection even in the absence of the three vitamins, and complete
protection when they were present. It was suggested that detoxification
of excess methionine is accomplished either by supplying substances cap-
able of utilizing the methyl groups, or by the high methionine level pre-
cipitating glycine and arginine deficiencies in the animal.

DeBey et al. (1952) showed that the growth of rats fed limiting
amounts of vitamin Bg could be depressed by levels of methionine only
slightly above those required for maximum growth. This growth depress-
ing effect was counteracted by vitamin Bé s thereby demonstrating the
necessity for vitamin B6 in proper methionine metabolism.

Shahinian et al. (1952) hypothesized that excess threonine in a 9
percent casein ration caused growth inhibition by interference with the
synthesis of tissue pyridine nucleotides (PN) from tryptophan via 3-
hydroxy-anthranilic acid since threonine is structurally similar to that
compound. However, ad libitum and forced feeding experiments in which a
9 percent casein diet was fed, produced insignificant differences in PN
synthesis with high and normal levels of threonine. Ebisuzaki et al.

'(1952) could not produce amino acid imbalance using a free amino acid



mixture simulating 9 percent casein, although definite growth inhibition
occurred when threonine was added to a 9 percent intact casein ration.
This was interpreted to mean that excess dietary threonine causes an
imbalance by decreasing the availability of other amino acids in whole
casein through an inhibitory effect on digestion.

Henderson et al. (1953) studied the niacin-tryptophan interre-
lationship in diets containing 10 percent casein hydrolysate. Threonine,
lysine and valine were shown to be involved in causing growth inhibi-
tion when the casein diet was supplemented with tryptophan deficient
proteins, It was postulated that tryptophan was spared for conversion
to niacin when other amino acids limited protein synthesis. The addition
of other amino acids caused tryptophan to be the most limiting, with the
result that niacin formation was reduced and growth was depressed.

Koeppe and Henderson (1955) showed that rats receiving purified
amino acid diets containing 0.10 - 0.1l percent tryptophan developed a
niacin deficiency when all of the other essential amino acids were sup-
plied at approximately the levels required for normal growth. When one
of the essential amino acids was reduced to a level below the amount re-
quired, the growth was improved, indicating a less severe niacin de~
ficiency. This finding further supports the view that tryptophan serves
as a source of niacin more effectively when a relative deficiency of
another amino acid limits its use for protein synthesis.

Amino Acids and Liver Fat:

As with amino acid deficiencies, the symptoms common to all excesses
are anorexia and reduction or cessation of growth. In addition to these
generalized effects, manifestations specific for certain amino acid im-

balances have been described. Of these, the factors affecting liver fat



levels has been studied extensively. Treadwell et al. (1948) and
Beveridge et al. (19L5) , who demonstrated the effectiveness of methio-
nine in reducing liver fat in rats fed choline deficient diets, found
that the effect was reduced by the addition of other essential amino
acids or by additional protein. They hypothesized that the growth
stimulation created by extra amino acids was responsible for the reduc-
tion in lipotropic effect through increasing the demand for methionine
in tissue protein synthesis.

Harper et al. (1954) obtained increased fat deposition in the liver
of rats fed 9 percent casein diets containing choline by supplementing
with 0.3 percent Dl-methionine. In each case 0.36 percent DL-threonine
in addition to methionine showed a lipotropic action. Harper et al. (1953)
showed that 0.18 percent DL-threonine was effective in reducing the
accumulation of liver fat in rats receiving a basal diet containing su-
crose and 9 percent casein. The complete effectiveness of threonine
suggests that it may play a specific role in liver fat deposition. The
fact that Winje et al. (195L) showed that threonine is more effective
in reducing liver fat in rats fed certain proteins than with other pro-
teins, even though the threonine level of both diets is the same, indi-
cates that other amino acids are also involved.

Singal et al. (1953) demonstrated that choline must be present to
allow the lipotropic effect of threonine. The addition of niacin, trypto-
phan, valine or histidige did not prevent fatty livers when rats were fed
a 9 percent casein diet. Fatty livers were completely prevented when
rats were fed diets containing 20 percent casein. Benton et al. (1955)
found that leucine, glutamic acid, aspartic acid and benzoic acid were

effective in preventing excess liver fat in rats fed a low protein diet



containing choline and methionine. The addition of glycine, serine and
glutamic acid to this diet also resulted in lower liver fat. The addi-
tion of 0.36 percent DL-threonine to the basal ration was not completely
effective in reducing liver fat. It was suggested that probably a dif-
ferent mode of action was involved in each cure and that threonine may
be needed in liver enzyme or hormone synthesis involving liver lipid
metabolism.

‘ Arata et 31. (1954) studied liver enzyme systems of rats fed diets
known to produce fatty livers. The activities of the soluble cytoplas-
mic enzymes, xanthine oxidase and tyrosine oxidase were markedly increased
when supplemental threonine was included in a 9 percent casein diet con-
taining added methionine and tryptophan with or without choline. No
significant differences were obtained in the activities of several mito-
chondrial enzymes studied. When tryptophan was removed from the ration,
all_difﬁgrences in enzyme activity between threonine-deficient and threo-
nipg—supplgmented rats disappeared, but no changes occurred in liver fat
deposition. It was therefore suggested that the balance of amino acids
in the diet is the primary factor responsible for the enzyme changes ob-
served and that the accumulation of fat in the liver bears no direct re-
lationship to those enzyme changes.

Amino Acids and Liver Enzymes:

Many liver enzyme systems have been shown to be extremely sensitive
to deficiencies of one or more amino acids. Liver xanthine oxidase activ-
ity has been shown by Williams and Elvehjem (1949) to be drastically re-
duced during protein deficiency, and can be restored by increasing the
dietary protein level. Bothwell and Williams (1951) have shown lysine,

methionine and histidine deficiencies to be associated with reduced liver
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enzyme activity. Liver xanthine oxidase activity was reduced 50 percent
in rats force fed a lysine deficient diet. Succinic oxidase, choline
oxidase and endogenous respiration were reduced during lysine or methio-
nine deficiency and succinic oxidase activity was reduced during histidine
deficiency. The same workers (195L) have confirmed these earlier findings
and point out that the pattern of liver enzyme activity is different for
each amino acid deficiency.

Litwack et al. (1955) demonstrated that liver xanthine oxidase
activity of rats receiving a purified dietlcontaining only essential
amino acids could be increased by the addition of ammonium citrate or
urea., It appears that a valuable tool for determining amino acid ade-
quacy of feedstuffs may be available in the future as more information
is gathered concerning the sensitivity of various enzyme activities to
variations in dietary protein and amino acid levels.

Protein Levels and Amino Acid Requirements:

Griminger et al. (1956) demonstrated that the tryptophan require-
ment of growing chicks increases as the protein level increases, al-
though at a slower rate. Grau (1948) and Grau and Kamei (1950) had
previously shown the same to be true for lysine and methionine. This
relation betwegn amino acid requirement and dietary protein level agrees
with the concept of Almquist (1947) who stressed the desirability of ex-
pressing amino acid requirements as a percentage of the dietary protein.

~ The fact that zein is deficient in lysine and tryptophan is well
recognized (Osborne and Mendel, 191ka and 191lb). Mitchell et al. (1952)
confirmed previous work showing that the proportion of zein in corn in-
creases as the total protein increases. Dobbins et al. (1950) and

Eggert et al. (1953) have demonstrated the superiority of low protein



to high protein corn in promoting growth of swine.

Sauberlich et al. (1953) reported results from growth trials with
rats and chicks comparing the protein quality of low-protein (6.8-9.1
percent) and high-protein (9.5-13.6 percent) corn. The high-protein
samples were superior to the low-protein samples in growth rate produced
when fed on the basis of equal percentage of corn in the diet. When fed
in this way the low-protein corn was deficient in lysine, tryptophan,
isoleucine, threonine and valine, while the high-protein corn was de-
ficient only in lysine and tryptophan. However, when the corn was fed
on an equalized protein basis, the low-protein samples produced more
rapid growth than the high-protein samples, reflecting the higher per-
centage of zein in the latter. Soybean oil meal was the best natural
protein supplement to either high or low protein corn.

Effects of Processing on Amino Acid Availability:

Bell et al. (1950) reported that soybean oil meal is deficient in
methionine. Curtin et al. (1952) were unable to demonstrate a practical
need for methionine supplementation to a corn-soybean oil meal ration
using solvent extracted soybean‘oil meal. Expeller processed soybean
0il meal was used by Bell et al. (1950) and it was suggested that the
high temperature used in processing rediiced the availability of methio-
nine. Clandinin et al. (1946) found that heating solvent extracted
soybean flakes in an autoclave at 15 pounds pressure for more than U
minutes adversely affected the nutritive value of the resulting meal.
The detrimental effects of overheating were counteracted by the addition
of known vitamins and amino acids. Other workers have also emphasized
the importance of proper heating of soybean oil meal for maximum nutri-

tive value. Only L8 percent as much lysine was liberated in a form
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available for microorganisms by hydrolysis with 2N HCl in the meal
heated for L hours as by similar hydrolysis of raw meals or meals
heated L minutes, in the work reported by Clandinin et al. (1947).
Amino acid analyses of raw, properly heated (L minutes) and overheated
(L hours) meals by Rieson et al. (1947) indicated no difference in
essential amino acid content of raw meal and properly heated meal, but
the recovery of lysine, arginine and tryptophan from the overheated
meal was considerably less. Melnick et al. (1946) obtained an increase
in biological value of soybean oil meal after autoclaving. It is clear
from these studies that proper heating of soybean oil meal promotes the
proper rate of release of amino acids from the protein but that excess-
ive heating destroys certain amino acids. Clandinin (1949) studied the
effects of methods of processing on the nutritive value of herring meals,
and found that drying under a pressure of 10 inches of mercury for 10
hours, under 16 inches for 7.5 hours, or by the flame method at 185° F.,
all produced protein of equal quality as measured by feeding trials
with chicks. However, flame drying at 220° F. produced protein of in-
ferior quality. The value of a food as a source of protein therefore
depends not only on its total protein content and its essential amino
acid composition, but also on the availability of these amino acids for
tissue synthesis.

Amino Acid Pattern g£ the Cereal Grains:

The poor amino acid balance of the cereal grains as a group has been
demonstrated by several workers. Westerman et al. (1957) obtained signi-
ficantly higher growth rate, greater feed efficiency and a healthier ap-
pearance in rats fed a diet containing 12 percent meat, milk and eggs

and 37 percent flour than in those fed Ll percent flour and no meat. The
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addition of tryptophan or valine or both had no effect on rate of gain
or feed efficiency in the rats fed the high cereal basal ration.

Pecora and Hundley (1951) obtained highly significant improvement
in growth rate of rats fed rice supplemented with 2.0 percent DI-lysine
and 1.2 percent DL-threonine. Neither lysine alone nor threonine alone
produced growth above that obtained with the unsupplemented basal diet.
Supplementation with several combinations of other essential amino acids
was also without effect. It was therefore concluded that lysine and
threonine are the most deficient amino acids in rice protein and are
about equally limiting for rat growth.

Sure (195L) studied the relative nutritive values of proteins in
wheat and rye and the effects of amino acid supplementation on growth.
Whole rye flour was found to contain protein of superior nutritive
value to that of whole wheat flour. Supplementation with 0.20 per-
cent DL-threonine plus 0.25 percent I-lysine produced a significant
increase in growth and protein efficiency of either grain, while 0.5
percent DI-valine produced the greater response in growth when added
to rye flour.

In addition to the lysine and tryptophan deficiency of corn demon-
strated by Eggert et al. (1953), Benton et al. (1955) have shown that
0.6 percent isoleucine will produce a marked increase in growth of rats
fed an B89 percent corn diet supplemented with lysine, tryptophan, thre-
onine and valine. Harper et al. (1955) presented data which indicates
that an antagonism exists between isoleucine and leucine. When a puri-
fied diet containing a high amount of leucine was fed to rats, growth
depression occurred which was corrected by the addition of isoleucine to

the diet. If such a relationship exists between these two amino acids
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in natural feeds, the addition of isoleucine to diets containing large
amounts of leucine might be expected to give a growth response.

Amino Acid Pattern of Milo Protein:

The average leucine content of milo aé set forth by the National Re-
search Council (1953) is 1.37 percent of the total grain. The estimated
leucine requirement of the growing pig has been set by the National Re-
search Council at 0.6 percent of the diet. This large excess of leucine
above the requirement suggests that an inhibitory action of leucine on
the isoleucine present in milo»might well exist, in view of the work re-
ported by Harper et al. (1955).

Shelton et E}._(l951)_reported thét lysine is the most limiting
amino‘acid in milo protein, In studying the protein»quality of milo
gluten meal, these workers concluded from digestibility determinations
tbgt”tbe 1ysine preseptvin the meal is poorly utilized. They calculated
appayent digestibility of‘lysineuby microbiological assay of the lysine
;q feed‘andﬂfepeso ihis method_cgn be criticized in that any metabolic
or baq?gyial_lysingrwpuld_be_inqlg4edvin tbevfeces,‘which would result
in a calculated digestibility below the actual value.

Hillier et al. (1954) have reported the protein and ljsine content
of several varieties of milo grown in the SouthweSt. The addition of
lysine to Martin, Redlan and Darset milo improved the growth of rats in
each case. The wide range of values. for percent protein in these var-
ieties further complicates the‘prob;gm of asgriping accurate protein
characterigpips to th¢ graipvgqrghums‘ag a group.

Hillier et al. (1953) presented data from a feeding trial with
swine indicating that lysine is the first limiting amino acid in a milo-

soybean oil meal type ration for growth of swine. The variety of milo
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used in that study was Kafir Lh=1ly. This variety is widely grown in
Oklahoma and has been used extensively as a livestock feed by virtue

of its high palatability associated with a white seed coat low in tannic
acid. |

Héidebrecht'gi al. (19L8) obtained faster growth rate and greater
efficiency of feed utilization in pigs fed a milo ration containing soy-
bean oil meal than in pigs fed protein supplements of animal origin.
>Similar results were reported by Hillier et al., (1955, 1956) in pigs fed
Kafir Lh-1l supple@ented with soybean oil meal or animal protein. There-
fore, it appears that the amino acid make=up: 6f milo and:of soybean oil
meal are such that, when used in conjunction with each other, they pro-
vide a protein mixture of high quality.

Although values are a#ailable for average essgntialramino acid com-
positiqanf several varieties of milo based on chemical or microbiologi-
ca}»gnglyses, more infonﬁation is neededvconcérning the biological avail~
ability_qfla@inqlagids}in these milo varieties for growth of swine.

»rAugqmparisQn”of the average ‘amino gcidicpmpositiOn_of the grain sor-
ghums with the estimated amino acid requirements of growing pigs indicates
that lysine, methionine, isoleucine and threonine are the most likely to
be limiting for growth. Part of the exp?rimentalvdata'presented in this
thesis has been collected with the purpose of clarifying the amind acid
inadequacies of milo protein. |

Urea Utilization by Growing Rats and Swine:

The use of urea as'a source of nonfprotein—nitrogen in rations for
ruminants is a widely acéepted practice. The effiqgcy_of‘this”pfaqpice,
however, depends on the fact that rumen bacteria are able to synthesize

i

protein from non-protéin—nitrogen sources supplied to them. ZExperimental



16

evidence concerning the utility of urea in rations for swine is limited,
and the results of work published have been in disagreemént as to the
utilization of urea nitrogen by swine.

Early work reported by Grafe et al. (1913) and by Piepenbrock (1927)
indicated that swine are capable of utilizing urea to replace a portion
of the dietary protein.

English work reported by Braude and Foot (1942) in which urea was
added to a low protein ration for growing pigs, indicated that no in-
creases‘in protein synthesis occurred as a result of added nitrogen. Mean
daily~gains over a 21 week’feeding period were not affected by the addi-
tion of approximately 1.75 percent urea to a 12,6 percent crude protein
basal ration in Which feeq:intake was equalized between treatments.

} ‘_Inmstudies_on the aééquacy'of’the éssential amino acids for growth
in the rat, Kinsey and Grant (19hh) obtéinedHCOnsistant growth when a
synthetia Qietwcpp?aininguthe‘lO'eésential amino acids suppliéd the sole
source of nitrogen. At 5.8 pergent of the diet, the amino acid mixture
produced slow growth, but when the diet contained 11 percent essential
%@i¥°m§9éd§§ growth was equal to that of pair fed mates receiving 18 per-
cent casein. ILardy and Feldott (1950) have since shown that diammonium _
citrate can replace non-essential amino acids in the diet of growing rats
fed a purified diet cqntaining:all the essential amino acids.

_ Finlayson and Baumann (1956) found that 5 percent urea in the diet
qf pgpswggusedhgrqwthmdepygssion which Was'correlated_with_reduCed feed
intake and an elevated blood urea leyelé The daily feeding period was
?Qspricted to‘a 2 hpur periqd each 2hvhqurs. Other nitrogenous coﬁp
pound; such as I-leucine, ammonium carbonate, diammonium citrate and 2,

h—dinitrotoluené also depressed growth when the diet was fed in this
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manners,

Rose and Dekker (1956) used urea labelled with le to study the in-
corporation of urea nitrogen into tissue protein. They divided six wean-
ling rats into two groups. One group was fed Diet A, a purified diet
containing essential amino acids at the minimum requirement of each (8,82
percent of the diet) and no other nitrogen source. The other group was
fed Diet B, a purified diet containing 18 percent casein. These diets
were fed for 16 days in a péired feeding trial. Diet A was consumed ad
'libitum(and the food intake of_rats on Diet B was restricted to that of
Diet A. Urea labelled with N5 was added to each ration at the rate of
0,577 grams of nitrogen per 100 grams of diet and the le of the tissues
and excreta of all rats was measured at the end of the experiment. It
was found that extensive utilization of urea nitrogen occurred in the
rats fed Diet A, while very little le utiiization ocgurred in rats fed
Diet B. Cystine, glutamic acid and aspartic acid contained le in the
highest concentration. This study clearly established that urea nitrogen
can be utilized for synthesis of non-essential amino acids when they are
excluded from the diet and when no other nitrogen source is provided. It
was suggested that the urease activity provided by the microorganisms in
the gastrointestinal tract is probably responsible for urea decomposition
and wtilization. R

. Lardy and Feldott (1950) obtained an increase in growth rate of rats
when urea or ammoniun citrate was added to diets comtaining L, 8, or 12
percent essential amino acids as the énly‘source of nitrogen. Since no
increase occurred in fecal or urinary nitrogen it was assumed that the
added nitrogen had been used for protein synthesis. However, no groﬁth

stimulation was obtained by adding ammonium salts to natural proteins
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such as fibrin or soybean c¢il meal when the diet contained L~12 percent
from these sources,

Brown et al. (1956) fed two-day-old dairy calves for 86 days on a
limited milk-hay starter ration to study the‘value of urea as a nitrogen
source for young calves. The calves in the group fed the ration contain~
ing urea and those in the group fed the linseed meal (both contained 15
percent protein equivalent) gained significantly faster than the calves
fed the low protein (6.7 percent) basal ration. It was concluded that
urea nitrogen can be successfully used by young dairy calves to meet part
of their protein requirement.

Hanson and Ferrin (1955) compared the growth and feed efficiency of
weanling pigs fed a 10.6 percent protein ration containing corn and small
amounts of high quality protein supplement wiﬁh and without 1.5 percent
urea, The pigs fed urea required 6 peréent more feed per pound of gain
apd grew at”a rate of 1.L45 pounds per day versus l.L6é pounds for the pigs
fécgiyipg no urea. They concluded that under most conditions urea has
no place in a ration for growing swine.

- A serles of experlments with growing swine were conducted by Hays
et al (1957) to study the effects of urea on the performance of plgs
fed a low protein (8-10 percent) corn-soybean oil meal type ration. In
the first experiment pigs weighing an average of 22.7 pounds initially _
were fed graded levels of urea to supply O, 2.5, 5.0, 10,0, 20.0 and 40.0
percent of the protein equivalent (0, 0.16, 0.31, 0,62, 1.25 and 2,45
percent of the diet, respectively). Pigs fed the diet-containing 2,45
percént urea weighed only 36 pounds after 8L days on test, The addition
of 2.5 and 5,0 percent protein equivalent (0,16 and 0.31 percent urea,

respectively) exerted no harmful effect on rate of gain. Feed reqﬁired
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per pound of gain increased linearly as the urea level was increased
from 0,0 tO'loéS percent of the diet. In another experiment a corn
soybean oil meal basal diet containing 8 percent protein dilutedeith
starch produced gains in 70 pound pigs equal to those obtained with the
same diet plus 0.0L percent methionine and 0.26 percent lysine and/or
with 0.65 percent urea (1.16, 1,07, 1.08 and 1.07 pounds average daily
gain, respectively). The basal diet plus methionine, lysine and urea
contained 10 percent protein equivalent. A 10 pércent protein positive
control ration composed of corny, soybean oil meal, vitamins, minerals
and antibiotic produced an average daily gain of 1.69 pounds. In the
third experiment weanling pigs weighing an average of 3008 pounds inj-
tiallyﬂwgre fed diets containing 8=10 percentvprotein in_whigh 0, 10
or 20 percent of the protein equivalent was supplied by urea. In the
basal diet 66 percent of the protein was supplied by dried skim milk
and 3hypercentiby dried whole egg. The higher protein ration (10 per-
gent) gaye.significantly“greatgr‘gains and feed efficiency than the 8
percént protein diet, Urea produced a significant depression in growth
rate, feed efficiency and feed intake at both protein levels. From these
studies it was concluded that urea has no place in practical swine rations.
However, in view of the earlien work with rats already cited, it

seems quite ppssible that pigs might use nitrogen from urea if they were
fgdrahratipn relgtively_lgw in protein but containing sufficient quanti-
ties of the essential amino acids. o

'.W?tn the exception_of lysine (angnhéimer and Weissman, 1941) and
threonine (Elliot et al., 19&9) and possibly valine and arginine (Borman
gE il??.l9h§? each Qf the essential amino acids can be replaced by the

corresponding d=~keto analog. Thus, it is the carbon chain that is
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essential; and on this basis it seems reasonable to suspect that nom=
proteinmnitrogen could be of additional use to the animal for protein
synthesis under certain conditions.

The average essential amino acid composition of‘milo_and:the esti-

mated levels of each amino acid required by the growing pig appear in

Figure 1.
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FIGURE 1 A COMPARISON OF THE AMINO ACID REQUIREMENTS
OF GROWING PIGS WITH THE AVERAGE
ESSENTIAL AMING ACID COMPOSITION
OF GRAIN SORGHUM (MIIO)

(1)N.R,C, requirements for the growing pig are, in percent of ration:
arginine, 0.2; histidine, 0.20; isoleucine, 0,70; leucine, 0.,60; lysine,
1,00; methionine plus cystine, 0.60; phenylalanine, 0.L46; threonine, 0.L0;
tryptophan, 0.07; and valine, 0.LO., Actual lysine and threonine analyses
of milo used were 0.20 and 0,30 percent of the feed, respectively.

(2)

Includes 0.1l percent methionine and 0.20 percent cystine,



EXPERIMENTAL

The studies reported herein have been conducted using growth rate
as the primary criterion in interpreting results. The problem of study-
ing the amino acid adequacy of milo protein was approached by attempting
to correlate average essential amino acid composition of milo (National
Research Council, 1953) with the quantitative level of each of the essen~
tial amino acids required by the pig for normal growth (National Research
Council, 1953).

The average values for essential amino acid content of milo have been
superimposed on the estimated reguirement of the corresponding amino acid
as shown in the bar graph in Figure 1. It appears that lysine is by far
the most deficient amino acid, followed by methionine, isoleucine, and
threonine, Thié value for methionine, however, is probably not a valid
indication of the total sulfur amino acid content since some cystine is
probably present in milo. Curtin et al. (1951) have shown that cystine
can replace up to onefhalf‘of the methionine required by growing pigs.
The fact that the leucine content of milo exceeds the requirement by such
a wide margin increases the possibility that iscleucine might be deficient
in milo, since Benton et al. (1955) and Harper et al. (1955) have shown
that excess leucine increases the isoleucine needed to promote normal
growth.,

Therefore, the initial rat growth experiments were designed to test
the theory that lysine, methionine, isoleucine and/or threonine are limit-

ing for normal growth in rats fed milo as the sole source of protein.

21
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The level of supplementation chosen for these amino acids was some-
what arbitrary, but an attempt was made to approximate the levels which
had been shown by other workers to be beneficial in stimulating growth
when added to low protein rations. For instance, Sure (1954) obtained
a growth response in rats fed rye supplemented with 0.25 percent I~lysine
and 0.2 percent Dl=threonine.

Whitehair and MacVicar (1952)(found thatAthe addition of 002,per—b
cent Dl=lysine and 0.2 percent DL-methionine to a corn-soybean oil meal
ration caused a depression in grthh rate of pigs below that obtained
with only lysine. Hillier et al. (1953) observed that levels of DI~
lysine above 0.2 percent tended to depress growth rate of pigs fed low
protein rations of the same type.

Therefore, it was considered important to keep the levels of supple-
mentation low to avoid adverse effects from excess levels, which might

not be recognized as such because of their non-specific effects.



RAT GROWTH STUDIES

General:

The rats used in all of the studies reported herein were albino
.males of the Holtzman strain, Unless otherwise indicated, they were
weanling rats weighing approximately 55 grams when put on test.

The basal ration used in each experiment was prepared in a large
batch at the beginning of the experiment, and appropriate portions of
this total mixture were used in preparing the amino acid supplemented
rations. This was done to minimize variations in ration composition
due to mixing. Individual rations were mixed by hand. They were first
Spread}in»a thip layer on a large metal_trayrand the"a@;po agids were
then sprinkled over the whole surface to insure a uniform diStribution
of the amino acids throughout the rations° After mixing, the rations
were §tp;§qkip“avrefr;ggrapo;mgtvjlgo C to minimize vitamin destruction
by the minerals of the salt mixture,

| The rats were kept in individual wire-bottomed cages and were
offered feed and water ad 1ibitun from cylindrical metal containers.

... Binge feed wastage was extensive in all of the experiments, no
attempt was made to measure individual feed consumption.

The statistical analyses of all results (Snedecbr, 1956 and Duncan,
1955) are included in the appendix.

Growth Study 1.

Procedure:

Sixty-four rats were divided into eight groups of eight rats each

23
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and randomly assigned to the eight experimental treatments. The ex—
periment was designed in a 2 x 2 x 2 factorial arrangemenﬁ and consisted
of a basal ration with all possible combinations of three supplemental
amino acids comprising the eight treatments. The composition of the basal
ration appears in Table 1. The variety of milo used in this and all
succeeding studies was Kafir hh-1lli, a highly palatable variety gfown in
large acreage in the Southwest and used extensively as a livestock feed.
The basal ration was calculated to be adequate in all known vitamins and
minerals required by the rat for maximumrgrowtho The amino acid supple-
ments were, in percent: DL—isolgucine, 0.,20; I-lysine, 0,10 (L-lysine-
HC}4;0.125)3 and"BL—threonine, 0,20, The lysine used in this and in all
sucpeeding studies was IL-lysine monohydrochloride. Each treatment is
designated ;n_Table 29%

”Ihelgxperimeptal period";asted 28vd&(1ysu The body weight of each

rat was.recordedmweek}y during that time.

Resultsﬂanq‘Discussionz

' The results have been sumarized in Table 2. -
| Tt is apparemt that the addition of 0.1 percent L-lysine to the
basal ration had the largest effect on rate of growth, regardless of the
amino acid combination in which it was contained. The addition of lysine
alone produced a highly significant increase (P;:0.0l) in growth rate,
while the addition of 0.2 percent DLuthreonine'alone produced a signifi-
cant reduction (P<0,05) in growth rate below that obtained on the basal
ration, There was a highly significant interaction (P<0.0l) between
lysine and threonine in promoting growth above that obtained on the
basal ration. Isoleucine had no signifibant effect on growth rate when

added to the basal ration alone or in combination with lysine and/or
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TABLE 1 BASAL RATION USED IN RAT GROWTH STUDIES

Ration Components(l) , .; Percent
Kafir Lh=1h 93.85
salt mix(2) 14,00
B=-vitamin mix(B) 2,00
Vitamin A and D Supplement(h) 0,15

100,00

(1)

The Kafir LlL=-1l contained 9.13 percent crude protein, 0.20 per-
cent lysine and 0,30 percent threonine, The mixed ration, there-
fore, contained 8.57 percent crude protein, 0,19 percent lysine,
0.28 percent threonine, and, by calculation from average milo
analysis, 0,51 percent isoleucine.

(2) Salts l, Hegsted et al. (19L1).
3)

Composed of sucrose and the following vitamins to provide, in
milligrams per 100 grams of ration: riboflavin, 3,03 calcium’
pantothénate, 5,03 thiamine-HCl, 0,.2; niacin; 1.0 pyridoxine,
0.53 inositol, 10.0; para amino benzoic acid;, 20,03 choline
chloride, 50.0; folié acid, 0.2; vitamin By,, 0,00L; biotin,
0.10; and 2-methyl-l, L~-naphthoquinone, O,%ga

() Contains vitamins A and D to supply 1500 I.U. and 180 I. U.

per gram. of ration, respectively.
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threonine. However, the presence of isoleucine in the ration contain-
ing lysine and threonine appeared to have a slight beneficial effect on
growth rate (ration 8 vs. ration 7), even though the difference was not
statistically significant.

TABLE 2 EFFECT OF ADDING ISCLEUCINE, LYSINE AND THREONINE ALONE
: AND IN COMBINATION TO THE BASAL RATION

2 3 L 5 6 7 8

A | 1 | .
Treatment (1) B B#T Bel B4T B4T4L BT4T4B+LAT BeI+L4T,
Percent I-isoleucine 0,51 0.61 0,51 0,51 0.61 O§61 0.51 0.61
Percent I~lysine 0.19 0,19 0,29 0,19 0.29 0,19 0.29 0.29

Percent L-threonine 0,28 0,28 0,28 0.38 0.28 0.38 0.38 0,38

No.of rats 8 8 8 8 8 8 8 8
AVninitial Wte(g"IS) 61.1 59.8 590h 5938 59oh 5901 61-0 6003
‘Av.final wt. (gms) 65.2 6.2 8ho3 63.6 83.5 62,8 91.0 95.0

Av.gain/week (gms) oo 1.1 6.2 1.0 6.0 1.0 7.5 8.7
0 %010 %19 %07 %1.8 %0.7 21.5 %2.3
1
() ‘B = basal ration (Table 1), I = 0.2 percent DI~-isoleucine,
L = 0.1 percent L-lysine (1.25 percent I~lysine-HCl) and
T = 0.2 percent DL-threonine.
(2)

Standard deviation

It will be noted that the average weekly weight gains made by the
rats in this experiment were very low‘as_cgmpgred to\the_gaigs}made by
rats fed similar rations in later experiments. The reason for this poor
performance was thought to be due to the fgct”thap_exPremgly high en-
vironmentalhpemperatu?es pr§v§i1edlin the mid—summer pépideQuring which
this experiment was conducted. Heitman (1949) has shown with swine that
foed consunption decresses as the sir temperature _ié._incr?aéed-_ This de-
crease in feed consumption would be reflected in slower weight gains for

animals exposed to high temperatures.
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Growth Study la

Procedures

This experiment was conducted simultaneously with Rat Growth Study
1. Twenty rats from the same shipment as the rats used in Growth Study
1 were randomly divided into three groups of L, 8 and 8 rats each and
fed the basal diet (see Table 1) supplemented with 0.0, 0,05 or 0.10 per—
cent Dl-methionine, respectively. They were handled in the same way as
the rats in the previous study. The experiment was terminated after 24
days.

Results and Discussion:

The summary of results appears in Table 3.

TABLE 3 EFFECT OF ADDING METHIONINE TO THE BASAL RATION

1 2 3
Trgatmentm B B+0.05 percent M  B+0.10 percent M
No.of rats L 8 8
Avfinitial’wt,(gms) 66.4 66,6 6648
Av.final wto(ggs) 72.5 ‘ 74.8 | 72.0 |
Avogain/week. (gms) 1.8% 0.5 2.1 % 1.2 1.5 0.8

1 L e o
(1) B = basal ration (Table 1), M’-VDL~methi9n;ne N

No significant differences were obtaihed‘&noﬁé the three groups with re=
spect to gfowth rate., The poor performance even on the methionine sup-
plemented rations indicates that methionine is not the first limiting
amino acid in milo grain.

Rat Growth Study 2

Progedures

Ninety-six rats were used in this study. They were randomly divided



28

into 12 groups of 8 rats each and assigned to the various treatments as
shown in Table L. It will be noted that the first eight treatments make
up & 2 X 2 x 2 factorial arrangement, and this group of treatments was
handled as such in the statistical analysis. It was the purpose of this
study to test the possibility that some amino acid other than those sus—
pected of being deficient ( as indicated in Figure 1 ) might produce a
growth response when added to the ration which contained lysine, isoleu=-
cine and threonine. This is the ration which had produced the most rapid
gains in Rat Growth Study 1.

Methionine was again used in this study to determine whether it
could.produce a growth response if gdded in combination withvotherramino
acids?¥_Since t:yptophan gppeared to be bo;derline}in adequacy as shown
in Figure 1, a level of C.l percent DLftryptophan_was added to approxi-
matély double the level already present. Since‘Sure (195L) had shown
valine to produce a growth response in rats under certain conditions when
added to rye; O,2 percent Dl-valine was‘also used in this study°
- The“basal ration Qf‘phe‘faptorially arranged portion of this exper-
inont, was therefore identical with Fation 8 of Rat Growth Study 1. The
gqmpogipiqnJquph;supasal‘rat%on and that of all other rations used in
this study appears in Table L.

The other four tréatments included in the experiment were: the un-
supplemented basal ration, identical to Ration 1 of Rat Growth Study 1;
basal ration foRgt“Growth_Studyvl plus O.l‘percent'Lf}ysine and 0.2‘
percent DI-~threonine (Ration 7 of Growth Study 1) a.purified diet con-
taining 11 percent casein; and a purified divet containing 21 percent
wsﬁn,.

The 21 percent casein ration was included as a’'positive control
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capable of producing maximum growth of rats. The 11 percent casein ra-
tion was inéluded since it contained approximately the same percentage
protein as that supplied in the experimental rationsland would, there-
fore, serve as an index for growth at that protein 1evé1, Since the
value of isoleucine in promoting growth was questionable in Rat Growth
Study 1, Ration 7 of that study was included here in an attempt to
clarify this point.

‘The_rats in this study were handled in the same way as in the pre-
vious experiments. Water and feed were available ad libitum. Feed was
mixed and stored as described earlier.

The growth data obtained in Rat Growth Studies 1 and la indicated
that thgwgrowth perfgrmance duringvthe last‘pwp ﬁeeks»of the_trigl‘did
nqp.qiffer materially from that 9pserved during the firgt two weeks.
Iherefgpe? it was decided to adap@ktwo weeks as the standard length of
the experimental period in Rat Growth Study 2 and in all subsequent
studies. Thus, after two weeks on tgst, all rats except those fed
Rations 1,.7, 95 10 and 11 were sacrificed. The surviving rats were
continued on the experiment for an additional two week period. BRats fed
Rations 9 and 11 were continued on their respective rations throughout.
Thosg on 1, 7 and 10 were handled similarly except that”oneThglf‘of each
group was continued on the ration they had been on to this pqin@, while
the other half received the sgme“ratipn plus an“aqdipional‘o,l percent
L-lysine to make a tofal of 0.2 percent added I-lysine in the diet. This
was done to tgst the‘effect of»highe;»levelg“of supplemental lysine when
added to various combinations of amino acids.

Results and Discussions:

The sumﬁary of results obtained during the first two week period

A
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appears in Table L, There were no significant differences among the
eight factorially arranged treatments in growth rate over the two weeks
expérimental period. This indicated that methionine, tryptophan'and
valine were not limiting in a milo ration.supplgmented with 0,2 percent
Dl-isoleucine,; 0.1 percent IL-lysine and 0.2 percent Dl-threonine. Of
further importance in these results was the fact that the omission of
isqlggcipe from the rgtiqp containipg 1y%ine and threonine caused‘no_re—
@uct@onvin_rgte of_growth,M‘This agrees with the results of the first
stgdy’and ipcreases»@he 1ikeiihood that isoleucine is not limiting in
this varigﬁy_qﬁ milo°
o The gnsqpplemegted basal ration (Ration 9)“produc¢d ;ignifigantly
§low¢r growth»(Pgi0.0})”thgn the amino aqid supp}emented rations. The
ratipn_qopﬁainingvllupé?cent_gase;nwprpduced;grqwth about equél to that
optaingd on thgham%no acid supplgmenped raﬁibns,‘indicating that the amino
acid combination found in the supplemented milo ratipns is approximately
equal to tha@ qf casein for promoting growth in rats.v

~ The average 5?owth‘rat¢vobtaingd in rats fed 21'percen£.caseih was
approximately 50 percent higher than that cbtained with 11 percent casein
and with the amino acid supplemented rations, This demonstrates the need
for higher protein levels than 10 percent for maximum growth in weanling
rats when casein is the protein source.

Of the rats that were continued on the experiméntal;ratiOns for an
additional two week period, those receiving the higher levels of supple-
mental 1y§ine consistently outgained the rats continued on the lower level
of lygine. The rats receiving 0.2 percent L—lySine plus isoleucine and
threonine (Ration la) made highly significantly more rapid gains (P<0.0l)

than those receiving 0.1 L-lysine plus isoleucine and threonine (Ration 1).



. TABLE I, EFFECT OF ADDING METHIONINE, TRYPTOPHAN AND VALINE ALONE AND IN COMBINATION TO THE

BASAL RATION SUPPLEMENTED WITH ISOLEUCINE, LYSINE AND THREONINE

FIRST TWO WEEKS

. , BB BB BB BB BB BB BB BB#l -~ B BB '11%(2) 21%(2)
Treatment(l) +M *T +V MeT . NV ™™V, T+V minus casein caseln

- e ! - = o . - R T T © " isoleucine’
Percent l-methionine 0.10 0.15 0,10 0.10 0,15 0.15 0,10 0.15 0,10 0.10 0.34 O;6h
Percent I-tryptophan 0.10 0.10 0.15 0.10 0315 OQlQ 0.15 0.15 0.10 0.10 0.17 0.32
Percent L-valine - 0.53 0,53 0,53 0.63 0.53 0.63 0.63 0,63 0,53 0,53 0,65 1.25
No.of rats s 8 8 8 8 8 8 8 & 8 8 8
Av?in.wt.(gtns)“ 5700 5663 5808 5703 5708 5805 5900 5703 5868 . 5808 5900 5005

Av.final wto(gms) 82,0 80.0 86,k 82,6 83,1 8h6 75.3 82,8 69.0 B85 83.3 90,1

Av.gain/wic, (gms) 12,5 11.9 11.8 13.3 11.0 13.1 13.3 12.8 5.2 12.9 12,2 19.8

t1.5 &i1.7 1.6 1.6 f1.1  %1.8 #2.1 1.8 El.L 2.1 1) £l.7

(1)

(2)

BB = Ration 8 of Rat Growth Study l, contained O, 2% DI~isoleucine + 0.1% l~lysine + O, EﬁL—threonlne
as added amino dcids. BB contalned a total of 0.61; .0.29 and 0.38 percent L-isoleucine, L-lysine
and L-threonine, respectively. B'= basal ration (Table 1)5¥ = 0,1% DL-methionine; T = 0,1% DI~
tryptophan and V = 0.2% Dlpvallne. Ration 11 contdined 81.85 percent sucrose, 11.00 percent casein
and '1.00 percent Mazola oil in addition to the mineral and vitamin mixtures which were identical to
those of the other rations. Ration 12 contained 71.85 percent sucrose, 11.00 percent casein and
1.00 percent Mazola oil 1n addltlon to the other components.

Slnce casein’ contalns approX1mate1y 85 percent crude protein, the proteln contents of the rations con-
taining 11 4nd-21 percent casein were 9.4 and 17.9 percent, respectively. The 11 percent casein ration
contalned 0.61,70,65 and 0,36 percent isoléuéine,” ly51ne and threonine, respectively, whilé the 21 per-
cent casein ratlon ‘contained 1,16, 1,23 and 0.69 peércent of these three amino acids, respectively.
(calculated from values given by Block and Bolling, 1951).

Lo
par
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Furthermore, those receiving 0.2 percent IL~lysine plus isoleucine,
threonine, methionine, tryptophan and valine (Ration 8a) gained signi-
ficantly faster (P<0.05) than rats receiving the same ration at the 0.1
percent level of lysine (Ration 8). Although no statistically signifi-
cant differences in growth rate were obtained between rats receiving
high and low levels of lysine in the ration containing lysine and threo-
ninev(Ration 10 vs. 10a), there was a tendency for the rats receiving
0.2 percent I-lysine to gain faster than those receiving 0.1 percent.
The summary of results appears in Table 5,
TABLE 5 A COMPARISON OF O.1 AND 0.2 PERCENT SUPPLEMENTAL I-LYSINE

ON THE GROWTH OF RATS FED THE BASAL RATICON SUPPLEMENTED

WITH VARIOUS AMINO ACIDS
(Second Two Weeks)

Treatment(z) 1 1la 8 8a 9 10 10a 11
No.of rats | L bv\ L L 8 L L 8
Av.in.wt.(gms) 82,5 8175 82,5 83.0 69;0 87,0 82f0 8363

Av.final wt.(gms) 120,0 131.3 118,0 127.5 82,3 123.0 126,0 127.8

fresielms 05 &9 85 B &1 85 B B2

(2)
"a® designates rations in which I~lysine was doubled (0.2 percent).
Rats fed 9 and 1l were continued on the rations fed during the first

two weeks.

" It appeared that higher levels of lysine should be tried in conjunc-
tion with other amino acids to arrive at a proper level of supplementation,
and that the value of isoleucine as a su?plement to milo should be further
clarified.

Rat‘Growth Study 3

Procedures
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This experiment was designed to test further the value of isoleucine
in combination with lysine and threonine in promoting growth. Thirty-six
rats were randomly divided into four groups of eight rats each and one
group of four rats. The group containing four rats was fed the 11 percent
casein diet (Table L) calculated to contain approximately the same per-
centage protein as that contained in the experimental diets. The four
remaining groups were each fed one of the following: basal ration (Table
1); basal plus O.l percent I-lysine; basal plus 0.1 percent Léiysine and
0.2 percent DI-threonine; or basal plus 0.2 percent DI~isoleucine, 0.1
percent L-lysine and 0.2 percent DL-threonine,
| The rats were handled as described previously. The experiment was
terminated at the end of the second week,

Results and Discussions:

The summary of results appears in Table 6.

TABLE 6 EFFECT OF ADDING ISOLEUCINE AND/OR THREONINE TO THE BASAL
RATION SUPPLEMENTED WITH O.1 PERCENT I-LYSINE

1 2 .3 L 5
Treatment (1) B B+L B4+L4T B+I+L+T  11% casein
No.of rats 8 8 8 8 L
Av?infwto(ggs) 56,3 57.0 55.9 57.0 56.5
Av.final wt.(gms) 62.9 77.4 76.8 791 7543
Av.gain/wk, (gns) 3.3 10,2 10.5 11,1 19.4
. $1.0 2313 £l ¥2.3 31,0

(1)
B = basal ration (see Table 1), L = 0,1% IL-lysine, I = 0.2%
Dl~isoleucine and T « 0.2% Dl=threonine. See Table L for
composition of the 11 percent casein ration.

Highly significant differences (P<0.01l) were obtained among treatments.
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However, separation of differences by the Multiple Range Test of Duncan

(1955) showed that the three rations supplemented with amino acids were

not signifiéantly different from each other. The gains obtained on the

unsupplemented basaliration were significantly less than those obtained

by amino acid supplementation (P< 0.01), while the gains obtained in the
casein ration were féster than those of the amino acid supplemented ra-—

tions although statistical differences were not measured in this latter

case,

This study again clearly demonstrated the importance of lysine as
a supplement to milo for growth of rats. The reason for the superior
performance of the rats fed casein in thislexperiment in contrast to the
previous experiment is not’qlear, It cannot be explained on the basis
of differences in initial weight since the weights of rats at the start
of both experiments were almost identical,

The growth response obtained by the aadition of threonine to the
ration containing lysine is not in agreement with previous findings.
However, it is possible, based on the results of Rat Growth Study 2,that
the 0.1 percent level of added lysine was not high enough to allow a
response from threonine. The desirability of testing this possibility
further, as suggested in the previous experiment, is strengthened on
the basis of the results obtained here,

Again in this trial, as previously found, no growth response was ob=-
tained from 0.2 percent DL-isoleucine. However, since no apparent inhib-
iting action resulted from its presence in the mixture, it seemed de-
sirable to test it further in other combinations and at different levels,
with the idea that some situation might be found in which it would be

useful.
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Rat Growth Study L

Procedures
This experiment was designed to study the effect oh growth of rats

of adding graded levels of I~lysine to the basal ration (Table 1) sup-
plemented with 0.2 percent DIl~-isoleucine and 0,2 percent Dl-threonine.
Ninety-seven rats were randomly divided into 11 groups of 8 rats each
and two groups of 5 and L rats each, The group containing 5 rats were
fed the 11 percent casein ration while the group contéining L rats served
as the positive control and were fed the 21 percent casein ratiOn (Table
L). One of the 11 other groups received the unsupplemented basaliration
(Tgb;g ;) andﬁse;ved as the negative gont?ol, whi}e the remaining ten
groups received ;pcremepts‘of'added»Lflysinefat)Ofl,‘002, 0.3, O.k and
0.5 percent of the ration with and without 0.2 percent each of DL~iso-
leucine and bLfthreonj.neo

. Th¢'r§p§>werelh§nd}gd the same as in all previous trials., Feed was
m;xed!égd stpreq_gsidggcribgd_ggrlierf Wétgr»gnd»feed werevprovided ad
libitum. The eiﬁerimental period lasted two weeks.

Results and Discussion:

The results have been summarized in Table 7. The differences .among
treatments in this experiment were highly significant (P<0.0l). The
addition of L-lysine to ihe unsupplemented basal ration produced an in-
crease in growth rate above that obtained with the basal ration at all
levels of lysine added. An important feature of these results is that
the effect on growth obtained from supplemental isoleucine and threonine
was related to the level of lysine present. At the 0.1l percent level of
added L-lysine, growth rate was not significantly affected by the addi-

tion of 0.2 percent DL-isoleucine and O.2lpercent'DL-threonine (9.5 vs.
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TABLE 7  EFFECT OF SUPPLEMENTAL LYSINE LEVEL ON THE GROWTH OF RATS FED
THE BASAL RATION SUPPLEMENTED WITH ISOLEUCINE AND THREONINE

No.of Av.in.Wt. Av,.final Wte Av;gain/'Wko

Treatment (1) rats (gms) (gms) (gms)
1. B 8 51,1 58.1 3.5 % 1.2
2. B 0.1% 8 ' 50.L 69.7 9.5 % 3.0
3. B 0L IT 8 50.L 66,0 7.8 £ 2.8
L. B 0.2%L 7(2) 51.0 70.l 9.6 £ 3.7
5. B 0.28LIT 8 50.8 8k 17.5 1 L3
6. B 0.37L 8 50,4 77.8 13.7 % L2
7. B 038 IT 8 51.1 92.h 21.3 £ 2.6
8. B O.L4L 8 50.1 7440 11.3 % 3.0
9: B O,h%L IT 8 50.3 . 97,0 23.h X 3.6
10. B 0,58 8 50.8 72.8 11.0 £ 1.0
11, B O0.58LIT 8 50.3 100,0 2L.9 & 3.4
12, 11% casein 5 51,0 98,0 23.5 % 2.l
13, 21% casein I 52,0 120.5 3Le5 & 1.3
(1) , ‘ | |
B = basal ration; I = 0,2% DI~isoleucine; T = 0.2% DL~
threonine. The basal ration (Ration 1) contained 0.51;
0.19 and 0,28 percent isoleucine, lysine and threonine,
respectively. The supplemental levels of isoleucine and
threonine supplied an additional 0,10 percent of the
biologically active L-form of each.
(2)

One rat died'of unknown causes on day 12 and is not included
in the data. ' .
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7.8 grams gain per rat per week). When differences were separated by
the Multiple Range Test (Duncan, 1955) it was shown that the increased
growth rate pbta@ned in thglpresence of_isolgucing.and’th;eonine was
significantly higher (P<0,01) at the 0.2, 0.3, 0.4 and 0.5 percent
levels of supplemental L=lysine than in their absence. Although the
average weekly gains ofvrats receiving isoleucine and threonine in-
creased steadily with increasing levels of lysine, the differences in
gains obtained at the 0.3, O.k and 0.5 percent levels of I-lysine were
not statistically significant (21.25 vs. 23.37 vs. 24,87 grams gain per
rat per week, respectively).

When comparing the growth rates obtained with added increments of
lysine in the absence of supplemental isoleucine and threonine, it is
clear that 0.3 peréent supplemental I~lysine produced maximum growth re-
sponse. . The average weekly gain (13.68 grams) made by the rats fed that
ration was higher than gains made by raﬁs fed the 0.2 percent level of
L-lysine (9?6h grams)o However; this difference was not staﬁistically
significanﬁ. The O,h and 0,5 percent levels of added L-lysine produced
slower, but not significantly different gains than the 0.3 percent 1ev¢1.
Thus, it is apparent that a plateau was reached at the 0;3’percent level
of I~lysine supplementation.

» It is obvious from this expériment, that an interaction_exists be=
tween certain essential amino aéids at this level of protein., The pre-
sence of 0.2 percent each of DL-isoleucine and DL—threonine‘allowed
approximately twice the rate of growth obtained with lysine alone, but
this response was only obtained at supplemental I~lysine levels of 0.3
percent or more, The failure of the combination of all three amino acids

to promote faster growth than lysine alone at the 0,1 percent level of
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I-lysine agrees with the results of the previous experiment. These re-
sults support the suggestion that the first limiting amino acid (lysine)
must be added in large enough amounts to cause another amino acid to be
limiting before the other amino acid can exeft_an effect.

N Thg 11 percent casein ration produced a growth rate approximately
ggua;wtoiphgt:?f the amino agiq‘supplemented ratipns>which produced the
fastest growth., This again suggests that the balance of amino acids in
the supplemented milo met the needs of the rats approximately as well
as the ration containing 11 percent casein., However, the ration contain-
ing 21 percent casein again produced a considerably fasterrgrowth rate,
emphasizing the importance of protgin qpantity as well as quality in ob-
taining maximum growth rate of young animals.

Rat Growth Study 5

Procedures

In view of results obtained in previous experiments it seemed de-
sirable to test the effect of varying levels and combinations of isoleu;
cine, threonine and methionine on the growth of rats fed the basal ration
(Table 1) supplemented with a higher level of lysine than used in the
first three experiments. Since the 0,5 percent level of added I-lysine
had produced the highest average weekly weight gains in Rat Growth Study
L, this level was used in all supplemented rations of this experiment.,
Ninety-six rats were randomly divided intb 9 groups of eight-réts and a
series of other smaller groups. These smaller groups included the fol-
lowing treatments: basal ration (Table 1), 6 rats; basal plus 0.5 per-
cent L-lysine and 0.05 percent DL-methionine, 5 rats; basal plus 0.5
percent L-lysine and 0.10 percent DL-methionine, 5 rats; a pﬁrified

ration containing 11 percent casein, L rats; and a purified ration con-
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taining 21 percent casein, L rats.

The nine groups of eight rats each were fed thé basal ration (Table
1) plus 0.5 percent L-lysine and other amino acids as follows: 0.2 per-
cent Dl-isoleucine and 0.2 percéntﬁDL—threonine, alone and in combina-
tion; 0.3 percent Dl-isoleucine and 0.3 percent Dl-threonine, alone and
in compipatiops gnd 0.2 percent each of DL-isoleucine and Dl-threonine
plus 0,05 or 0.10 percent DI-methionine.

The rats were handled as described earlier, Water and feed were
supplied ad libitum. Feed was mixed and stored as previously described.
The experiment was terminated at the end of the second week.

Since work by Harper et al. (1953) and by Winje et al. (195L) showed
that threonine was effective in reducing liver fat deposition in rats
fed low protein diets under certain conditions, it was desired to deter-
mine whether a lipotropic action of threonine could be demonstrated in
rats fed a milo ration, To study this effect the rats which had been
fed the unsupplemented basal ration and those fed the ration supplemented
with QoS percent L-lysine and 0,2 percent DI-threonine were sacrificed
at the end of the two week experimental period for liver fat determina-
tion. The livers were removed, blotted free of blood, wrapped iﬁ wax
paper and stored in the freezer at =4° C until analysis. Just before
analysis, they were thawed, homogenigzed in a PotternElvehjem homogenizer,
oven dried and ground for weighing. &Since the dried weights were small,
the entire liver was uéed for a single determination and no duplicate
samples were available° The percentage fat present was determined by
the diﬁference in dried liver weight before and after a 12 hour ether

extraction.
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Results and Discussions

The summary of growth results appears in Table 8. Analysis of vari-
ange”of the growth rates'obtained in Rations 1-9 revealed highly signi-
‘figgnt differences (P{;Q.Ol) among treatments. However, the Multiple
Range Test (Duncan, 1955) showed that no differences existed among the
rations containing threonine, regardless of the level or the identity of
other amino acids (isoleiucine and methionine) present, All rations con-
taining threonine, however, produced significantly faster weight gains
than those containing no added threonine.

~ The addition:§f EL-isQ1eucine to the ration containing 0.5 percent
Lflysingvdidlnp?”igprqveugrqwth_rate'significantly, when added either
at the 0.2 or 0.3 percent level, Furthermore, the ration containing
lysine was not improved by the addition of 0.05 or 0,10 pércent,Danethio—
nine.

Therefore, iﬁ appears, from the results of this and previous studies,
thatﬁthrgogineAishunquestionably the.second most limiting ‘amino acid in
milo, It is further indicated that O.2 percent DL-threonine is as effec-
tive as 0.3 percent Dl-threonine in promoting growth of rats fed milo
basal diet supplemented with 0.5 percent L-lysine,

The 11 percent casein ration and 21 percent casein ration produced
grow§hvresponses s;milarfto_thgse‘obtained in‘previous studies. It will.
b§ np?edmphat phe‘milo‘raﬁiqn‘supplemented‘with 0.5 percent I-lysine and
0.2 percent DL-threonine produced growth equal to“that’obtained with 11
percent caseih (2747 vSo 26,2 grams gain per rat per week, respectively).
This might be expected upon examination of Figure 1., The addition of C.2
percent DL-threonine to the basal ration would increase the threonine

content to 0.38 percent of the ration when expressed as L-threonine (the
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TABLE 8 A COMPARISON OF VARIOUS LEVELS AND COMBINATIONS OF ISOLEUCINE,
LYSINE, THREONINE AND METHTONINE WHEN ADDED TO THE BASAL RATION
No.of Av.in.wt. Av.final wt. Av.gain/wk.

Preatment (1) rats (gms) (EM$)v (gms)
1. B 6 5547 60.0 S 2.3% 1.9
2, 1B 8 56.1 75.L 9.7% 2.6
3. 1B .2I 8 56.0 76.5 10.3% 3.9
. LB ,2T 8 55.8 111.0 27.7% 3.6
5. LB .2 ,2T 8 5L.8 107.6 26.5% 2,0
6. 1B L3I 8 5549 73.8 8.8% 3.5
7. LB 3T 8 554 111.6 28.2% 6.4
8., IB .3 .31 8 55.3 115.5 30.8% 3.9
9. 1B 2 .2T 05U 8 55.4 112.5 28.6% 7.1
10, IB ,2T .27 0.1 8 56.5 113.1 28.3% 5.5
11. 1B .O5M 5 5.8 72.0 8.1% 3.5
12, 1B ..i 5 56.0 7he6 9.3% 6.9
13. 11% casein L 5&:8 107.0 25721? 1.0°
1. 21% casein L 55.0 136.5 40.8% 1.7

(1)

B = basal ration (Table 1); 1B

1y51ne, I = percent IEplsoleu01ne, T = percent Dl-threonine and
See table L for composition of the’

The basal ration (Ration 9) contained 0.51, 0.19,"
0,10 and 0.28 percent isoleucine, lysine, methionine and threonine,

= percent ‘DL-methionine,
caseln rations.

respectively.

The supplemental levels of methioniné supplied an

= basal ration plus 0.5 percent L—

additional 0.025 or 0,05 percent of the biologically active L-form,
while supplementdl levels of isoleucine and threonine supplied 0,10

or 0,15 percent of the active I~-form.
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biologically active form). Thé additién of 0.5 pegcent iﬁlysine to the
basal diet would increase the total lysine to O.69fper¢ent of;the ration.
Whilg ?his€1evelxo£'1ysine does not equal the estimated requirement for
the pig (1.0 percent), it should be pointed out that'ﬁhié estimation was
based on data obtained with a 20 percent proteinlrat'ic\)r’l° ,;Grauv(19h8)
and Grau and Kamei (1950) have shown that the lysine requirement in-
creases as the protein level is increased. Therefore, it is possible
that at a proteiﬁ.level of 10 percent, the lysine requirement for growth
of rats does not exceed 0.69 percent. Hillier et al. (1953) ébtained
norgalngrqw@hﬂof'weanling>pigsvfed a milo-soybean'meai diet containing
1 percent protein and O,SB?percent_L—lysineo

“,“??eﬂ%39¥w°fwg?9w?h,?35p°nS? frqm'supplemental methionine in these
studies is not explained, It is possible that the cystine level of milo
is sufficiently high to meke up for the low level of methionine,

The reason for the failure to obtain a growth response from iso-
leucine in this and in previous studies is not clear. Since no isoleu-
cine analysis was available on this variety of milo, there is a possibil-
Lty that the level present was higher than the values used in the cal-
culations., In that case; no résponse would be'eﬁpected bj supplementation
with isoleucine. Another possible reason for the lack of response 1s
that some other amino acid not yet consideréd, is more limiting than iso=-
leucingg and thereby preventing any response from isoleucine‘in'ﬁhese
studies.

| The liver fat content of rats fed the unSuﬁplemented'basal ration
(Table 1) was significantly higher (P<0.0l) than that of rats fed the
basal ration supplemented with 0.5 percent L-lysine and 0;2_p¢rcen£'DL—

threonine. The livers of rats fed the basal ration contained 19.41%
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2.Ll; percent fat on a dry matter basis, versus 9,5h + 3.5 percent for
the livers of those fed the lysine and threonine supplemented ration.
This observation supports the findings of Harper et al. (1953) and
Winje et al. (195L, who reported that threonine exerts a lipotropic
effect in the livers of rats fed low protein diets.

Rat Growth Study 6

Procedure:

Since milo by=-product feeds are available in relatively large quan-
tities for use as protein supplements in livestock feeds, it seemed de-
sérablg to test the adequacy of milo gluten meal as a supplement to milo
for growth of rats. Shelton et al. (1951) demonstrated that milo gluten
meal is low in lysine, Therefore, it was expected that poor grow%h would
result with no supplemental lysine present.

To test the effect of the addition of lysine to a ration composed of
milo and milo gluten meal and adequate in vitamins and minerals, 1k rats
were raanmly divided intovtwqheq?al.grogps, Cne group was fed a ration
containing 8l percent Kafir Ll-1L, 10 percent milo gluten meal, and
vitamin and mineral subplements, The other group was fed the same ration
plus 0.3 percent L-lysine, The composition of these rations appears in
Table 9. | |

 The rats were handléd the same as in all previous trialé. Feed was
mixed and stored as described earlier. The experiment was terminated at
the end of the second week.

Results and Discussion:

The summary of results appears in Table 9. A highly significant
difference (P<0.01) was obtained between the two groups in rate of growth.

This was to be expected since microbiological assay of the milo and the
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milo gluten meal for lysine had shown these two feeds to contain only
Q.ZO apd 0.L46 peréent lysine, respectively, The combination of feeds
used in this experiment, therefore, supplied only 0.2ii6 percent lysine.
This combination supplied a total of 1lh.2 percent protein. It is signi=-
ficant. to note that even though the total protein level of the basal
ration was almost 50 percent higher than the basal ration of previous
experiments, the growth rate obtained from the basal ration of this
study was ngt;gppyegigbly‘highey than previously obtained values with
only milo as the protein source.

TABLE 9 EFFECT OF THE ADDITION OF O.3 PERCENT I-LYSINE TO A MILO
S RATION CONTAINING 10 PERCENT MILO GLUTEN MEAL

' 1 : 2
Treatment(l) ' Milo gluten meal Milo gluten meal + lysine
Percent crude protein 1.2 1.2
Percent I~lysine 0.25 0.55
Percent I~threonine 0,39 _ 0.39
No.of rats 7 7
Av.in.wb. (gns) 5.6 55.0
Av.final wt.(gus) 6h6 97.7
Av.gain/wk. (gms) h.5E 0.7 21.7 % 6.7

(1)
Ration 1 contained: Dwarf Kafir LL-1lL, 83.85 percent; milo -
gluten meal, 10,00 percentj salts, L4.00 percent; vitamin mix,
2.00 percent, and vitamin A and D supplement, 0.15 percent
(see Table 1 for composition of the salt and vitamin mixtures).
Ration 2 was identical to Ration 1, except for the addition of
0.3 percent I-lysine.

Moreover, the addition of 0,3 percent L-lysine to this 1lL.2 percent
protein ration produced a more rapidvaverage weekly growth than had been
obtained earlier with the same level added to the nine percent protein

milo basal ration (21,7 vs. 13.7 grams per rat per week). This indicates
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that other amino acids supplied by milo gluten meal allowed a higher
growth response from supplemental lysine.

The extremely poor growth response obtained by the inclusion of milo
gluten meal as a protein supplement in a milo ration for rats has been
Qemonstrgped, It igﬂpherefore unadvisable to use milo gluten meal to
supply‘prcte%n in appreciable amounts in rations where amino acid balance
is important.

Rat Growth Study 7

Procedure:

This experiment was conducted to study the effects of processing on
the availability of the amino acids in milo gluten meal for growth.
Shelton et al. (1951) reported that the availability of the lysine pre-
sent in milo gluten meal is very low. Melnick et al. (1946) obtained
an improvement in nutritive value of soybean oil meal after autoclaving.
C}andinin Ez_gla (19&6)vshowedvthat autoclaving soybean oil meal for
lgqger than’four minutés reduced the biqlogical value,»while Riesen et
al. (}9h7)vo§taiped‘}ess hydrolysis by pancreatin in overheated or in
raw sqybeén oil meal, 1In view of these findings a growth study was de-
gigpeq‘to_test_ttheffects of heating‘apd/or pancreatic hydrolysis of
milo glutep”meal on its‘nutritiye value,

Sixty-eight rats were randomly divided into nine groubs@ One group
contained four rats and was fed the unsupplemented milo basal ration used
in all previous studies (Table 1), The other eight groups contained eight
rats each and were fed rations containing 85 percent milo and 9 percent
milo gluten meal plus vitamin and mineral supplements. The milo gluten
meal.gsed'in>this study was from the same lot as that used in the previous

study. Two of these rations contained untreated milo gluten meal with
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and without 0.3 percent added L-lysine. The remaining six rations con-
tained processed milo gluten meal. The processing consisted of autoclawv-
ing or pancreatic hydrolysis or both.

The meal to be autoclaved was heated fof 1.0 minutes at 15 pounds
pressurev(lglo ) plus time for attaining the desired pressure and reduc-
ing it after the four minute period. The meal was spread in a one-half
inghgl@yexuon’§he_surface‘of a sheet of heavy paper to insure complete
exposure to the treatment. o

Another portion of meal was handled in the fQ}lowing way. A 200
gra@vgamp}e_qfvmilorgluten mea} was dispersed in 570 liters of 0.2U
disgdigm.phosphate buffer (pH = 8.3)‘containing 10.0 grams of pancreatin,
This mixture was shaken thoroughly and incubated for 12 hours at‘37° c.
At the end of this time the hydrolysate was filtered through fine meshed
cloth. The solid material was saved for drying and the filtrate was dis-
carded. Protein analysis of the dried material indicated that virtually
no nitrogenous material had been lost in the filtrate, since the treated
megl contained 63,00 percent protein versus 63.LL percent for the un-
treated‘r;;galf

Ampgrtiqq<of‘the‘autoglayed_meal as well as a sample of unheated
@gal we;gthydrquzeq in thislmanper making four typés oﬁ meals for use
in"phe experiment,vna@ely: untreated, autoclaved, hydrolyzed, or auto-
claved gnd»hydrolyzedo

‘ E;ch_meal“was fed in two rations, one with and one without 0.3 per-
gentbsupplemental l-lysine. This made a total of éight rations contain-
ing milo gluten meal in addition to the all milo basal ration.

The rats used in this study were handled as in all previous experi-

ments. Feed and water were supplied ad libitum. The experiment was
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terminated at the end of the second week.,

Results and Discussion:

The summary of results obtained appears in Table 10.

TABLE 10  EFFECT OF PROCESSING ON THE NUTRITIVE VALUE OF MILO

GLUTEN MEAL

No.of Av.in.wt., Av.final wt. Av.gain/wk.
Treatment (1) _ - rats (gms) (ems) (gms)
1. B L 52.8 59.8 3.6 1.9
2. B+ NGM 8 55.8 63.L 3.8% 2,1
3. B+ MGM L 8 55,0 99,0 22.0% ).5
L. B+ MGM(autoclaved) 8 55.5 60.3 2.4, % 1.8
5. B + MGM(autoclaved) L 8 56.7 110.3 27.6%Z 8.8
6. B+ MGM(hydrolyzed) 8 55.0 £5.5 0.3% 1.5
7. B+ MGM(hydrolyzed) L 8 55.0 943 19.8 X 3.9
8. B+ M@M(auto. hyd.) 8 55.1 60.0 2.4% 1.6
9. B+ MGM(awto. ﬁyd,j L 8 55.6 100.1 C22.3% 1.9

(1) -

- B = basal ration (Table 1), MGM = 9 percent milo gluten meal
L = 0.3 percent I-lysine. Milo gluten meal was added at the
expense of Kafir Ll-1l. The rations containing milo gluten
meal $tupplied 13.L;7 pércent crude protein, 0.21 percent lysine
and 0739 percent threonine,

It is apparent that the addition of 0.3 percent L-lysine produced a large
growth response regardless of the ration to which it was added. There
was a highly significant difference (P<0,01) among treatments in growth
rate, The Multiple Range Test (Duncan, 1955) showed that no significant
differences existed among any of the lysine supplemented rations in rate
of gain produced. Similarly no significant differences were obtained

among rations not supplemented with lysine, This indicates that neither
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heating nor hydrolyzing had an effect on the nutritive value of the
milo gluten meal used in this study. However, it will be noted that
the average weekly gain obtained in the ration containing autoclaved
milo gluten meal and 0.3 percent added I~lysine was 5.3 grams greater
(gzaélvso 22,3) than the next highest growth rate, suggesting a tendency
for this ration to_be superior to any other.

v’The protein leveluof the_mixed rations was 13.&7 percent based on
pa}gu}a@ipn; frqm the_indiyiduallfeed cqmpongnts, ”This would provide a
;ysingdgquepﬁ p?hoggl percent of‘the tptal ration, It is evident that
an increase in lysine availability, even to 100 percent, could not be
expected to produce satisfactory growth with such a low level present.
Therefore, it is not surprising that no beneficial effects were demon-
strated by the various processing methods, It is possible that the
tgndengymforptpe autoclaved meal to produce faster growth than the other
mgq;s“whep_supplemented;with lysipe‘as shown in this study, is a re~
flgct;pn;ofm;ncrggsed‘availability'of 1ysine or of the second most limit-
ing ;pingnagig,‘probablyAth;eopine.’ However, since the differences among
the lysine supplemented rations were not significant in this experiment,
fgr?hg;wgtudies should be conducted before any definite conclusions can
be drawn.

In any case, this experiment served to further demonstrate the

serious lysine deficiency existing in a ration containing only milo
protein. |

Rat Growth Study 8

Procedures
Several workers have shown that non-protein-nitrogen can be utilized

for growth of rats under certain dietary conditions. Lardy and Feldott
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(1950) obtained an increase in growth of rats fed purified diets con-
taining all the essential amino acids by adding diammonium citrate to the
ration. Recently, Rose and Dekker (1956) demonstrated the incorporation
of le into the body tissues of rats fed urea labelled with le as a
supplement t6 a purified diet containing all of the essential amino acids
as the sole hitrogen source.

Since the nitrogen content of milo is comparable to the levels con-
Pg;peq';p>the‘pgrified diets used in the experiments cited above, it
segmeqhdggipab}g tqvanW Wh§tp§r_u;ea_coglg be used as a nitrogen source
fqrmpog—esgegpigl gminomacid syn?hesis under any Circumstances in a milo
rg?ign, M?q stedy ?his pqssibility, 32‘ma1e rats were used. These rats
had all béen used in & previous rat growth study. They were rééllotted
according to previous treatment and body weight into L groups of eight
rats each and assigned to the following factorially arranged treatments:
basal, bésalwplus‘ool percent L-lysine, basal plus O.5 percent urea, or
basal plus O.1 percent L-lysine and 0?5 percent urea. The composition of
tbgupggglwrgﬁign”%;Hgiyen‘in»Table 11, This ration was composed of natural
fgedstpff;‘p;uglcommergigl sQurces qf vitamins and antibiotic commonly
used in practipalrratipns for swine,

_ The rats were handled the same way as in previous studies. Feed and
Watef'were ava@lab;e'aq libitum. The experiment was terminated at the
end of the second week.

Results and Discussions:

The summary of results appears in Table 11. Highly significant
differences (P<0.01) were obtained in growth rate among the treatments.
Treatment breakdown revealed that the significance was due to lysine.

The urea effect was not significant and there was no significant lysine
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TABLE 11 EFFECT OF THE ADDITION OF LYSINE AND/OR UREA TO A MILO=

~ ALFAIFA MEAT RATTION

Tfeatmer;t(l)' % B-EL Bfu __ B+%+U
No,of rats. 8 8 8 .8
Av.in.wt, (gms) 135.0 136.3 138.5 1h3.3
Av,.final wh,(gns) 174.8 186.3 177.8 197.3
Av.gain/vc. (gns) 16.9 2 3.9 25,0 ¥ 4,7 20,3 % h,2 27,0 £ 5,9
RAT GROWTH STUDY 9
Treatmént(l) | % BﬁL BEU ' B+%¥U
No.of rats 8 8 8 8
Avoin.wh, (gms) . 80,4 - 80.3 81.0 80.3
Av.finel wb.(gms) 02,0 122,1 9.3  121,1
Avigain/wk, (gms) 10.8 = 7.1 19.7 % 2.9 8.7% 2,6 21,0 £ 3.3
(1)

B = Basal ration fed in swine experiments 1 and 2. Composed of

Kafir hh=1l; 92.1; dehydrated alfalfa meal, 5.0 percent; steamed
bone meal, 2,0 percents trace mineral salt, 0,5 percent; Aurcfac,

0.3 percent; and Fortafeed, 0,1 percent.

The mixed basal ration

contained 9.79, 0.22 and 0,32 percent crude protein, lysine and

threonine, respectively.
fore contained 11,10 percent protein equivalent.

The rations supplemented with urea there=

I = 0,1 percent L-lysine (0,125 percent I-lysine HC1),
U = 0.5 percent urea 262 (This amount of urea 262 'supplies 1.31
percent protein equivalent).
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X urea interaction. It will be noted, however, that the average weekly
gain was highest in the group receiving‘lysine plus urea, If any bene-
ficial effect were to be obtained from urea, it would be expected, from
published,wgrk, to occur in the ration most nearly balanced in essential
amino acids. Since the addition of lysine resulted in increased growth
rate;rthe‘balapge of gssential amino acids was apparently improved.

‘ The urea_used was a commergial product "Urea 262" which contained
2.62 percent protein equivalent. ”Thereforg,-the addition of 0.5 percent
urggﬂto“ﬁhe ration increased thevprotein‘equivalent by 1.31 percent.
Sipceﬂt@e mixgd basa}‘;gtibn contained 9.79 percent protein by calcula-
@igpwfypm“ratiqn components, the total protein equivalent of the urea
supp;emenped rations was ll.lQ percent. The faster growth of the rats
??g.th¢"9f79 percent protein ration supplemented with lysine, again
emphasizes thg importance of amino acid balance in preference to quan-
tity of nitrogen provided in a ration for simple stomached animals,

Rat“Growth Study 9

Procedures |
 This experiment was a repeat of Rat Growth Study 8. The rats were
hand;éd in the same way and exactly the same rations were fed, Thirty-
two rats which had been used in a previous growth study were allotted on
the basis of body weight and previous treatment to the experimental rations.
The only difference between this and the previous study wés the dif-
ferenée between the two groups in average initial weight., The rats in
this experiment averaged approximately 90 grams initiél body weight ver-
sus approximately 138 grams for those used in the previous study.

The experiment was terminated at the end of the second week.
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Results and Discussion:

The sumﬁary of results appear in Table 11, In this trial as in the
previous one, highly significant differences (P<0,0l) were obtained among
treatments. Lysine was again shown to be responsible for the differences.
No significant differences were attributable to urea or to lysine x urea
interaction. A slight, though insignificant growth depression, occurred
in the group receiving only urea as the supplement. This appears to be
the only qualitative difference in results between this and the previous
experiment. It is possible that the size of the rats fed urea is critical
invdetermining the response obtained. If the reduction in growth rate
indicated in this experiment is a real one, it appears that urea may be
more”toxic to young animals than to older ones. Rose and Dekker (1956)
theorized that the urea utilization they obtained in a purified diet fed
to rats was due to the urease activity of the microorganisms in the
gastrointestinal tract. If this theory is correct, it seems likely that
the ability of older animals to utilize urea_would be greater than that

of very young animals,

Rat Growth Study 10
Prdcedure; «

‘In"view of the fact that greater growth response was obtained in
previbus experiments by supplementation of milo with 0.3 percent L-lysine
than with O.1 percent, this experiment was conducted to determine whether
this higher lysine level would have any effect on urea utiligzation.

Thirty-two rats weighing an average of approximately 137 grams were
allotfed on the basis of body weight and previous treatment to four
groups of eight rats each.

One group received the basal milo ration used in the early rat growth
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studies (Table 1) while the other groups received the basal plus 0.3
percent I-lysine or the basal plus O.L percent urea or the basal plus
both lysine and urea.

The rats were handled the same as in all previous studies. Feed
and water were offered ad libitum. Feed was mixed and stored as de-
scribed earlier,

The experiment was terminated at the end of the second week.

Results and Discussion:

The sumﬁary of results appears in Table 12.

TABLE 12  EFFECT OF THE ADDITION OF LYSINE AND/OR UREA TO THE
B . BASAL RATION

1 2 3 L

Treatment (L) B B.L B+Y B LU
No.of rats 8 ‘8_ 8 8
Aviinart.(gns) 1371 137.3 137.9 137.0
ol 299 w60 Usg e
Av.gain/wk.(gms)  -1.9% 3.7 9.8% 7.6 3.4 3.9 13.5% 9.1

(l) N . -
. B = basal ration (Table 1); L = 0.3 percent L-lysine; and

U = 0.l percent urea 262, This amount of urea supplies 1.05

percent protein equivalent, Since the basal ration contained

8.57 percent crude protein, the rations containing urea sup-

plied 9.62 percent protein equivalent.

The differences obtained among treatments were again highly significant

(P<0.,01). The addition of lysine was, as in the two previous trials,

responsible for the sipnificant difference, since treatment breakdown

revealed the effect of lysine to be highly significant (P<0,01), while

the effect of urea and lysine x urea interaction were not significant.

However, the ration containing both lysine and urea again produced



5k

a higher average weekly gain than lysine alone (13.5 vs. 9.8 grams) .
Although this difference was not statistically significaﬁt, the trend
is consistent with the trend of previous studies, for the ration con-
taining'both 1ys;ne and urea to produce the fastest growth.

The only explanation available for the poor growth performance of
the ratg in this“study qompared to those of the previdusi£wo studies is
with reference to the treatment prior to the beginning of the experiment.
The rats usgd in’the two previous studies were transferred immediately
f;om the first growth study to the second, with no time interval be-
tween, The rations of both experiments were of similar composition
(milo), so0 no adaptation pericd to a new type of diet was necessary.

In contrast, the rats used in this study were fed for 10 days previous
to the experiment on Purina Laboratory Dog Chow. It is probable that

the abrupt change in diet consistancy and composition was responsible

ﬁpr the‘poor performance, since the growth rate during the second week
of the spudy”was much greater‘than‘during the first week.

In any case, the relative differences among treatments in this ex~
perimépp With‘?espect to”rate ofmgainbwere not materially different from
t@ose‘of‘the‘twqmp;evipus>trials. Therefore, it is indicated that the
0,3 pgrcent ;evel of I~-lysine tended to have a beneficial effeét on the
utiligation of urea, “

Rat Growth Study 11

Procedure:

» VGSinqe_therinclusion of ;eyeral amino acids as supplements to a milo
ration contributes materially to the total nitrogen content of that
ration, it seemed desirable to compare the effect of added isoleucine

and threonine with that of an isonitrogenous amount of urea on the growth
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rate of rats. Levels of 0.2 percent DL-isoleucine and 0.2 percent DL~
threonine were used, since this combination had been shown earlier to
produce a growth response in weanling rats. Urea 262 was added to
another ration at the level of 0.15 percent, which supplied 0.39 per-
cent protein equivalent and was isonitrogenous with the amount supplied
by the amino acids. These materia1§ were added to the basal ration
(Tableul) to which had been added 0.5 percent L-lysine.

»Four_qther rations were included in the experiment. These were:
bgsal’rationr(?able 1); basal plus 0.5 percent L-lysine; a purified diet
containing llrpercent‘caseip (Table L); and a purified diet containing
21 percent casein (Table L).

Forty-one rats were used in all. They were allotted to the treat-
mentsupp the basis of body weight and”pfevious_treatmentf

The 11 percent and 21 percent casein rations were assigned three
and f&ur'rats, respeotively,»while the remaining four rations contained
eight rgts_eacho The rations are designated in Table 13.’

The rats‘were>handled as in all previous experiments. Feed was
mixed‘and stored as described‘earlier° The experiment was terminated
atﬂﬁhe“endrof.the second week.

Results and Discussion:

The_sumﬁary qf results appears in Table 13. Highly significant
differencgs (P<0,01) were obtained in growth rate among the treatments.
The Multiple Range Test (Duncan,_l955) showed that the bésal ration pro-
duced significantly slower growth (P<i0001) than the supplemented rations,
The basal ration plus 1ysine and urea was not significantly different
from the basal ration plus lysine, isoleucine and threonine in growth

rate produced despite the fact that the average weekly gain obtained on
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the latter ration was 7.0 grams greater than on the former (29.9 versus
22.9). Therefore, it is indicated that the presence of urea in a milo
ration containing 0.5 percent L-lysine is capable of producing some
growth stimulation. However, it 1s not clear whether the mechanism of
stimulation was the same as that of the isoleucine and threonine addi-
tion, The growth increase produced by the amino acids could conceiv-
ably be due partly to their nitrogen content, although this possibility
seems unlikely in view of the results obtained in earlier experiments.

TABLE 13 A COMPARISON OF UREA WITH ISOLEUCINE AND THREONINE WHEN
ADDED TO THE BASAL RATION SUPPLEMENTED WITH 0.5 PERCENT

L~LYSINE
- 1 2 3 L 5 6
Treatment (1) B BsL  Belel  B+I4U 11 percent 21 per-
' T casein cent casein
Noof rats. 8 88 8 3 b
Av.fin.W‘bo(ng) ahoh BSeh 81.].06 8509 7705 7833

Av.final wb.(gms) 108.8  126,5  1hh.h  131.6  126.0  1h2.5

Av.gain/wk. (gms) o2 20.0 29.9 22.9 3.4 32.2
il o 1.

.5 7 2.3 *6.5 £1.1 .2

B+ N

4

(1)
B = basal ration (Table 1); L = 0.5 percent L-lysine; I = 0.2
percent Dl-isoleucine; T = 0.2 percent DL-threonine; U = 0.15
percent urea 262, This amount of urea 262 supplies 0,39 per-
cent protein equivalent. Since the basal ration contained
8,57 percent crude protein, the ration containing urea would
furnish 8.96 percent protein equivalent.

It will be noted that the group fed the diet containing lysine,
threopine»and isoleucine gained 29.9 grams per rat per week as compared
to 32,2 grams gained by the group fed 21 percent casein. This difference
is much smaller than obtained with earlier studies. The reason for this

is not clear, but it is possible that the protein requirement of rats of
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the size used in this experiment was low enough so that a proper balance
of amino acids such as that supplied by the amino acid fortified milo
was able to promote nearly maximum growth.

Rat Growth Study 12

Procedure:

This experiment was designed to test the effect on growth of adding
\urea“to the milo basal ration supplemented ﬁith isoleucine, lysine and
threonine or with these three amino acids plus methionine. The addi-
tion of 0.2 percent DL-isoleucine, 0.5 percent L-lysine and 0,2 percent
DLfthreonine had produced the most rapid gains in previous studies. It
was felt that this combination was probably sufficient’to supply the re-
quirements for all of the essential amino acids forvgrowth. Therefore,
it seemed that if the rat required édditional nitrogen for nqn-essential
amino acid synthesis, the addition of urea to this ration might serve
this function, _It was alsovdesired tc test once more the effect of add-
ipg methionine to the ration supplemented with the other three amino
acids,

_ ?hus; the experiment was designed in a 2 x 2 factorial arrangement
as shown in Tablerlh,‘ Thirty-two rats were allotted according to body
wgight andvpfevious treatment to fqur groups of eight rats each and
assiggeq to“theﬂvarigus treatments. The rats were handled as in all
previous experiments., Feed and water were supplied ad libitum. Feed
was mixed and stored as described earlier. The experiment was terminated
at the end of the second week,

Results and Discussion:

The summary of results appears in Table 1L, No significant differ-

ences were obtained in growth rate produced among the treatments in this
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experiment., The fact that the addition of 0:1 percent methionine to
either of the rations in this experiment caused no growth response
verifies the results obtained earlier when methionine was used as a
supplemeﬁt°

TABLE 14  EFFECT OF METHIONINE AND/OR UREA ON THE GROWTH OF RATS

FED THE BASAL RATION SUPPLEMENTED WITH ISOLEUCINE,
LYSINE AND THREONINE

Treatment (1) BAISLAT  BeIeATU  BHOLM B+I+LiT+U+M
No,of rats 8 8 8 8
Ave.in.wt.(gms) 113.6 110,0 112.1 111.8
Av.final Wt,(éms) 176.0 177.0 183.4 179.4

Av.gain/wk. (gms) 32,6% .3 32,92 6.2 3u.L4% L0 33.8%3.2

(1)
B = basal ration (Table 1)3 I =~ 0.2 percent DL-isoleucine;
L « 0.5 percent L-lysine; T = 0,2 percent DL-threonine;
M = 0.1 percent DL-methionine; and U = O.L percent urea 262,
This amount of urea 262 supplies 1.05 percent protein equivalent.

Since.urea did not incfeasevthe growth rate of the rats in this
study, it 1s possible that the non-essential amino acid content of the
ration was sgfficient to meet the needs of rats of this size or that
the rat was unable to utilize the urea nitrogen for non-essential amino

acid synthesis under these dietary conditions.



SWINE GROWTH STUDIES

Swine Growth Study 1 (Summer 1956)
Procedure:

The purpose of this study was to determine the effect on growth
rate and feed efficiency of growing swine fed a milo ration supplemented
with lysine and/or urea. Published data and the results of the initial
growth_study presented in this thesis indicated that lysine is the first
limiting amino acid in milo° Since published findings concerning the
value of urea in rations for swine are limited and somewhat in disagree-
ment , it was desired to test urea in a low protein ration containing milo.
Kafir LL-1l was used in this test. This is the same variety used in all
of the rat growth studies.

Twenty~four Hampshire and Poland China pigs weighing annaverage of
apprbximately 113 pounds were allotted on the basis of sex, breed and
weight to the fqur treatments. The experiment was designed in a 2 x 2
factoriai arrangement with six pigs on each of the four treatments. The
basal ration contained, in percent: Kafir Ll-1lL, 92.1; alfalfa meal, 5.0j
bone meal, 2.0; trace mineral salt, O.5; Aurofac, 0.3; Fortafeed, 0.1;
vitamin 4-D mix, 0.15; and zinc sulfate, 0,02, The supplemented rations
were composed of: basal plus 0.1 percent L-lysine, basal plus 0.5 per-
cent urea 262 and basal plus both lysine and urea 262.

Ihesevrations were identical to the corresponding rations in Rat
Growﬁh Studies 8 and 9.

The pigs were kept in individual pens with concrete floors in a well

59
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ventilated barn. Feed was supplied ad libitum in individual self feeders.
Water was supplied in individual metal troughs which were filled twice
daily.

All pigs were weighed every two weeks until they approached 180
pounds. They were then weighed more frequently to allow removal from
the experiment at as near 180 pounds as possible.

Feed consumption was recorded for each pig to facilitate calcula-
tion of efficiency of feed utiligzation.

Results and Discussion:

The summary of results obtained appears in Table 15. There was a
significant difference among treatments (P 0,05) in growth rate and a
highly significant difference (P< 0.0i) in feed required per pound of
gain, Treatment breakdown showed lysine to be responsible for the dif-
ference in rate of gain and in feed efficiency. No statistically signi~
ficant effects were attributable to urea or to lysine x urea interaction,
either with respect to growth rate or efficiency of feed utilization.,
However, there was a tendency for the ration supplemented with both ly-
sine and urea to promote better performance.‘

On a practical basis, the performance of the pigs fed the ration
containingrboth lysige and urea was quite satisfactory (1.37 pounds aver-
age daily gain and L.59 pounds of feed required per pound of gain). The
growth rate and feed efficiency obtained on the other three rations would
not be considered an acceptable performance for pigs of that weight.
(0.86, 1,06 and 0,92 pounds gain per day for Ratioms 1, 2 and 3, respec~-
tively).

No toxic symptoms were evident in pigs receiving urea in their

rations. One pig in the group receiving the ration containing both ly-



TABLE 15  EFFECT OF LYSINE AND/OR UREA ON THE GROWTH AND FEED

EFFICIENCY OF SWINE FEDR A MILO RATION

SWINE EXPERIMENT 1

61

Summer 1956

1 2 3 h
Treatment (1) B B+L B+U B+1L+U
No.of pigs 6 & 6 5(2)
Av.in.wt.(1bs.) 115.3 113.0 112.8 113.0
Av,.final wt.(1bs.) 17677 179.7 183.8 187.4
Av.daily gain (1bs.) 0.86 1.06 0.92 1.37
Av.feed/lb.gain (1bs.) 7.16 5,31 6.32 Le59
Av. no.of days 76.5 66.0 78.8 55.L

SWINE EXPERIMENT 2

Winter 1956-57
Treatment 1 2 3 L
No.of pigs 8 8 8 8
Avein.awt.(1bs.) 86.0 85,6 86.1 86.9
Av.final wt.(1bs.) 132.h 150.3 128.8 149.9
Av.daily gain (1bs.) 0.96 1.38 0.75 1.28
Av.feed/Ib.gain (lbs.)  6.12 L.58 8,00 5,07
No. of days 56 56 56 56
(]_ ) - e e e e B P 0 it s 1 e

B = basal ration,

percent. L = 0,1 percent L-lysinc; U = 0.5 percent urea 262,

Composed of Kafir Li-1l, 92.1; alfalfa meal,
5.0; bone meal, 2.03 salt, 0,503 Aurofac, 0.3; and Fortafeed, 0,1

amount of urea supplies l.31 percent protein equivalent.

(2)
the trial,

This

One pig developed cervical abscess and was removed midway through



sine and urea developed a large cervical abcess and was removed midway
through the trial. The performance of this pig was not included in the
final data.

Neither Hanson and Ferrin (1955) nor Hays et al. (1957) were able
to demonstrate a beneficial effect from urea in low protein rations for
swine, However, the former workers suggested that under conditions in
which all of the essential amino acids are supplied in adequate émounts,
a stimulation of growth rate might be expected from added urea.

It appeared from the results obtained in this study that urea was
of no vglue when added alone to a low protein ration of poor protein
quality. However, there was a tendency for fastervgrowth and higher
efficiency of feed utilization in pigs fed the ration containing the
limiting amino acid, lysine, when urea was added.

Swine Growth Study 2 (Winter 1956-57)

Procedure:

In»view of the results_obtained in Swine Growth Study 1, it was
considered desirable to repeat that study in an attempt to clarify the
value of urea in a milo ration.

Thirty-two Poland China barrows weighing approximately 86 pounds
were'allotted on the basis of weight to the four treatments described
in the previous treatment.

They were handled in the same manner as those in Swine Growth Study
1. They were kept in individual pens with concrete floors. Feed was
supplied ad 1libitum in individual self feeders and water was supplied
twice daily in metal troughs.

This study differed from the previous one in that the experiment

was terminated at the end of 56 days. Information was therefore ob-
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tained on a time rather than on a weight constant basis.

Results and Discussion:

The summary of results appears in Table 15%, In this experiment,
highly significant differences (P<0.0l) were obtained among treatments
both in growth rate and in efficiency of feed utilization. With regard
to growth rate, lysine waé responsible for the significant difference.
The effects of urea and lysine x urea interaction were not statistically
significant. There was no significant lysine x urea interaction in ef-
ficiency of feed utilization‘but the reduction in feed efficiency due
to urea was significant (P 0,05), Lysine caused & highly significant
decrease (PL0.0l) in the pounds of feed required per pound of gain.

It Will be noted from Table 15 that there was a tendency toward a
reduction in growth rate in the rations containing urea. This is in
contrast to the first swine growth study, since the tendency was toward
an increase in growth rate in pigs fed the rations containing urea in
that study. It is possible that the weight of the pigs fed rations con-
taining urea is critical in determining the effect of urea on growth
rate. The same tendency toward a growth depression due to urea in
smaller animals was shown in the rat growth studies in which these same
rations were fed. It was suggested in that discussion (see Rat Growth
Studies 8 and 9) that possibly older animals would be expected to util-
ize urea more effectively than young animals. If urease activity of
intestinal microorganisms is neCessary for utilization of urea by the
animal, as suggested by Rose and Dekker (1956), it seems reasonable to
expect a greater response in older animals.

Since no clear cut effects of urea were obtained in these two growth

studies with swine, it appears that any beneficial actions of urea in
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growth or efficiency of feed utilization would occur only in special
cases, Therefore, it would not be justified to recommend the use of
urea in rations for swine until more information is available about its
effects under a variety of conditions.

The fact that no definite beneficial response was obtained in these
studies does not, however, rule out the possibility that an advantage
might exist for the addition of urea to milo rations under certain
conditions. Possibly a higher level of lysine in these studies, or the
addition of another amino acid would have provided the proper conditions
for a beneficial response from urea.

Swine Growth Study 3

Procedure:

Farlier studies with rats and swine showed that lysine is the first
limiting amino acid in milo. In the rat studies, supplementation of
thenbasal ration with 0.l percent Lflysine and other amino acids gave
inconsistent effects on growth rate. Higher levels of added lysine gave
more satisfactory results, and these higher levels in conjunction with
supplemental threonine produced strikingly faster growth than when ly-
sine was added alone.

Satisfactory growth had been obtained in work by Hillier et al.
(19533 1955,v1956) using small amounts of soybean oil meal as a supple-
ment to miloor Wiﬁh this in mind it was desired to compare the growth
andvfged efficiency thained by lysine supplementation with that obtained
by soybean oil‘meal added in an amount sufficient to supply an equivalent
total lysine content of the ratibn.v

‘vForty—two‘weanling crossbred pigs (Duroc x Poland China - Landrace)

weigﬁing an average of approximately li3 pounds were allotted on the basis



65

of sex and weight to seven groups of six pigs each., Fach group was
assigned at random to one of the treatments shown in Table 16.

One. group received the unsupplemented basal ration. Three other
groups received the basal ration supplemented with 0.1, 0.2 or 0.3 per-
cent I-lysine, The three remaining groups received rations conﬁaining
soybean oil meal in amounts to provide a protein mixture supplying ap-
proximately the same total lysine that was contained in the three lysine
supplgmentgd rations, Since it was necessary to start the experiment
beforelactual;amino acid analyses were available, calculations from ave
erage values from the literature resulted in rations which deviated
somewhat from actual values (Table 16). However, these differences were
probablyﬂnot large enough to cause appreciable changes in the results
obtained.

~ The animals were kept in individual pens as in the two previous
triglsf nFeedeas supp}ied ad libitum in individual self feeders and
water»wasisupplied twice deily in metal troughs.

The experiment was conducted for 28 days° At the end of this period
allﬂénimals were weighed and the experiment was terminated.

‘Results and Discussion:

,Th? summéry.of results appears ih Table 17. Highly significant dif-
fe:ehcgs:(P<(OoOI) were obtained among treatments in the growth rate
prodqged,  The Muitiple Range Test (Duncan, 1955) showed that the rations
containing the two highest levels of soybean oil meal and the ration con-
taining 0.3 percent supplemental l=lysine were not significantly differ-~
ent frdm each other with respect to rate of gain. These three rations
produced significantly faster growth than the remaining four rafionso

The ration containing the highest level of soybean oil meal was signi-



TABLE 16 COMPOSITIONS OF RATIONS USED IN SWINE GROWTH STUDY 3

. RATIONS
‘ 0w T 2 R 5 5 7

Ration Components Percent Percent Percent ~ Percent Percent = Percent ' Percent
Kafir Ll-1k 96.65  96.55  93.25  96.45  89.85 96,35  86.L5
Soybean o0il meal —— ——— 3.40 ——- 6,80 —— 10,20
Steamed_bone meal 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Trace mineral salt 0,50 0.50 0,50 0,50 0.50 0,50 0,50
purofac'? 0.75 0.7 0.7 0.75 0.75 0.75 0.75
Fortafeed(B) 0.10 0.10 0.10 0.10 0.10 0.10 0.10
L-lysine ——— 0.10 — 0.20 e 0,30 mmme
_ 100.0° ~ 100.0 -~ = 100.0 100.60 100.0  100.0  100.0
Percent protein 8.82 8.82 10.07 8.81 11.33 8.80 12,58
Percemt lysine 0.20 0.30 0,32 0.40 0.43 0,50 0,54

0.29 . 0.29 0.3Lh 0.29 . . 0,39 . 0.29 0.4k

Percent threonine ..

(1)

0.02 percent zinc sulfate was added to all rationms,
rations to supply LOOO I U per pound of ration.

(2)

(3)

Fortafeed supplies the following vitamins, in grams per pound:’
pantothenic acid, L.0; niacin, 9.0; and choline chloride, 90.0.

riboflavin, 2.0;

Vitamin A concentrate was added to 3ll

Auvrofae supplies 1.8 grams of aureomycin and 1.8 milligrams of vitamin B;» per pounds,

99



TABLE 17 A COMPARISON OF THE GROWTH AND FEED EFFICIENCY OF SWINE FED VARIOUS
LEVELS OF LYSINE ADDED TO A MILO RATION IN THE PURE FORM OR AS
A COMPONENT OF SOYBEAN OIL MEAL

1 2 3 h 5 6 7

Ration(l) B B+, 1L B+,11SOM  B+.2L B+,2LSOM  B+.3L B+, 3LSOM
No,of pigs 6 6 6 6 6 6 6
Av.in.wt.(1bs.) 43.0 h3.2 - - k3.8 ;h3.3 43.7 . k2.5 k1.0

AV, final wt.(1bs,) 59.3 59.3 58.5 60.0. 66.8 70.0 71.2
Av.daily gain (1bs.) 0.58 0,17 0.58 £0,18 0.52%0.10 0.60%0.30 0.83%0.39 0.98%0.21 1.08%0.23

hv.feed/pound gain (1bs.) L.69£0.79 5.2k £1.56 5.20%2,26 L.39%0.96 3.7611.17 3.35%0.9k 3.17%0.68

(1)
B = Basal (Table 16), L = percent L-lsyine, LSOM = percent lysine from soybean oil meal.

L9
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ficantly higher; and the ration containing 0.l percent lysine from soy-
bean oil meal was significantly lower than the remaining five rations
in growth rate produced.

With respect to feed efficiency significant differences (P 0,05)
among treatments were obtained. The general pattern was for the fastest
gaining groups to have the highest efficiency of feed utiligation. The
four treatments which had produced the fastest growth were sighificantly
superior to the remaining three treatments in promoting feed efficiency.
These_four treatments were, in ascending order of average feed per pound
of gain: the ration containing the highest level of soybean oil meal;
the basal ration supplemented with 0.3 percent L-lysine; the ration con~
taining the intermediate level of soybean oil meal; and the basal ration
supplemented with 0.2 percent I-lysine.

As shown in Table 17,‘none>of the vaiues for average daily gain were
satisfgctoryf Asrwould be_expected, the ration containing the highest
level Qf soybean oil megl produced the highest average daily gain and
average feed efficiency. This ration contained 12.58 percent crude pro-
teinvqompared‘to‘S,SQ'percent contained in the ration supplemented with
0.3 percent I-lysine. It is significant to note that despite this dif=-
ference Qf 3;78_percent.in protein content, the performance of pigs fed
these two rations was not appreciébly different.

As the percentagg of lysine in the ration was reduced, the average
daily gain and efficiency‘of feed utilization was also reduced. This
is inragreement with the resulté obtained in the rat studies. Levels
of lysine below 0.50 percent of the total ration were insufficient to
support growth appreciably above that obtained with lower levels of

lysine, when lysine was supplied either as added L-lysine or as a com-
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ponent of soybean oil meal. However, the tendency was for the rations
gontaiping soybean oil meal at the two highest levels to producé greater
gain and feed efficiency than rations containing equal I-lysine supplied
partly in the pure form. This tendency could be interpreted to indicate
that the extra amino acids supplied by the soybean oil meal were respons-
ible for the effect. In view of results obtained in previous studies,
the effect was probably due primarily to the presence of the second limit-
ing amino acid, namely threonine. The percentage of threonine supplied
by the high protein ration (Ration 7) was O.ll versus the 0.29 percent
supplied by the rations containing no soybean oil meal, Obviously, the
cbntent of other amino acids were increased similarly in the rations con-
taining soybean oil meal. Therefore, others could conceivably contri-
bute to performance; but it is unlikely that the tendency toward faster
gains and greater feed efficiency in the rations containing soybean oil
meal was due to the non-specific effect of additional protein (Ration 6
versus Rations 5 and 7).

The experiment served to further demonstrate the importance of proper
amino acid balance in rations for swine. The serious lysine deficiency
vamilo was again demonstratedo It is of value to note that moderate
growth and efficiency of feed utilization can be obtained even in rations
containing less than nine percent crude protein when the essential amino

acid balance is improved by the addition of the most deficient amino acid.
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NITROGEN BALANCE EXPERIMENT

Procedure:

Since Hillier et al. (1953) reported an increase in growth rate of
swine fed a 1l percent protein milo ration by the addition of 0.1 per-
qent DLflysine, it was consideredrdesirable tp test the effect of lysine
on the nitrogen balance of young pigs fed a similar ration. It was also
indicated from previous work that the D-isomer of lysine tended to have
an inhibitory effect on growth rate and feed efficiency when fed as Dl-
1ysin¢.

To test the effect of lysine on nitrogen balance and at the same time,
to cbmpare the effects of the L-and DL-forms on nitrogen balance, the
following experiment was performed. Nine weanling barrows (thréé Hamp-
shires and six Chester Whites) were divided into 3 equal groups accord-
ing to weight and breed, and assigned at random to the three experimental
treatmentsn Ration 1 was the basal ration shown in Table 18. Rations
2 and 3 were composed of the basal ration plus 0.10 percent L-lysine and
Q52Q_p§;cent DLflysine?_respectively° With t@is combination, the pre~
sence of the“b;igomer could be observed with respect to its effect on
nitrogen balaﬁce°

The pigs were kept in individual screen bottomed metal cages in an
air-conditioned room. They were offered water ad libitum., Feed was sup-
plied twice daily in a metal box attached to the side of the cage.
Ipdividual fged consumption during the first three days was recorded.

During this period all animals were fed the basal ration. This orienta-
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tion period was followed by a five day preliminary period, During this
period daily feed consumption was restricted within each similar group
of three animals to the amount eaten daily during the orientation period
by the lightest eating animal of that trio.

At the end of the preliminary period daily collections of total
feces and urine of each animal were begun., The feces for each animal
were refrigerated in a jar containing toluene as a preservative. Daily
urine volume was recorded and an aliquot was acidified and brought to
an appropriate volume for storage under refrigeration.

Fecal and urinary collections from each animal during the nine day
colleqtion period were pooled for analysis of each component. At the
end of the ninth day of collection all pigs were weighed and the experi-
ment was terminated.

Results and Discussion:

The summary of the results obtained appears in Table 19. No signi=-
ficant differences were obtained among treatments, either in the absolute
amount of N retained or in the percent of the nitrogen ingested that was
absorbed. However, the average values for the amount of N retained, no
matter how expressed, were larger for the pigs receiving the lysine sup-
plemented rations, indicating an advantage from supplemental lysine,
Comparison of the N retention_of the pigs receiving O.1 percent L-lysine
with that»of_pigs recelving 0.2 percent DL-lysine (equivalent amounts
of the biologically activevform) indicates that the presence of the D-
isomer‘in this»sﬁudy did not interfere with lysine metabolism. This,
of course, does not rule out the possibility that such an interference
could exist in many cases.

The apparent digestibility of protein was not significantly affected
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by the addition of lysine to the basal ration.

Any differences in nitrogen retention resulting from supplemental
lysine would presumably be due to differences in protein utilization
after absorption. A comparison of the fecal losses with urinary losses
of nitrogen among treatments in this study tends to support this theory.

The results of this study provided evidence indicating that the in=-
creased gains obtained in swine fed rations supplemented with lysine are

due, at least in part, to an increased nitrogen retention.,
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TABLE 18 BASAL RATION USED IN NITROGEN BALANCE STUDY
WITH SWINE
Ration Components(l) Percent
Milo ‘ 79.50
Soybean oil meal 10.25
Alfalfa meal (dehydrated) 7.00
Steamed Bone meal 2,00
Trace mineral salt 1.00
Aurofac 2A _0.25
100,00
T

B vitamins were added in the following amounts:
Thiamin -HCl, 0.5; riboflavin, l.5; niacin, 6.0;
calcium pantothenate, L.0; pyridoxine, 0.6; and
choline chloride, 200 milligrams per pound of mixed
ration; vitamin B15, 9.0 micrograms per pound of mixed
rationy vitamin Dj, 8 grams per pound of mixed ration.

The mixed basal ration contained 15,15 percent crude protein
and 0.L8 percent lysine,



TABLE 19 - EFFECT OF SUPPLEMENTAL L-LYSINE OR DL-LYSINE ON THE NITROGEN BALANCE OF WEANLING
- i PIGS FED A MILO-SOYBEAN OIL MEAL BASAL RATTON
Treatment Basal . Basal 0.1 percent Basal 0.2 percent
I~lysine DI~lysine
No.of pigs 3 (Av.) 3 (Av.) 3 (Av.)
Initial Body o R SR : . . o . .
Wt. (1lbs.) 33.5 26,0 32,5 30.7 32,5 22,0 28,0 27.5 32,5 20.0 28.0 26,83
Final Body e 3 : - 5 L o 5 N S
Wt. (1bs.) L5.0 33,5 LL.5 L1.0 k2.5 30.5 10.0 37.7 L2.5  30.0 L2.0 38,16
consumed (gms.) 900.0 616.6 900,0 ~--- 900.0 616.6 900.0 ---- 900.0 616.6 900.0 —-m-
Daily N ihtake (gms.) 21.60 1L.80 21.60 19.3 21.60 1&.80 21.60 19.30 21;60 14.80 21,60 19,30
feces (3{1_&) 7.0k 5.73 9.73 7.50 7+90 5.80 8.62  7.LL 8.32 L.96 7.97 7.08
urine (gms.) 5.0 3.3h k.55 L33 3.W1 0 2,67 3.65 3.2k 3.72 3.55  L.O1 3.76
excreted (gms.) 12,1,  9.07 1Lh.28 11.83 11.31 8,47 12.27 10.68 12.04  8.51 11.98 10.8L
Total Daily N S | i o o o | | |
retained (gms.) 9.46  5.73  7.32 7.50 10.29  6.33 10.33 8.98  9.56  6.29  9.62 8.9
Apparent N , . S : » . : . o N -
digestibility (%) 67.L  61.3  5L.9 6l.2  63.4  60.8  60.1 6l.y  61.5 66,3 63.1  63.7
N retention as - o S o o B o . | |
percent of N intake L3.8 38.7 33.9 38.8 L7.6 L2.8 L7.8 L6.1  Lh.2 L2.5 LL.S  L3.7

LPA



SUMMARY

A series of growth trials were conducted with rats and swine to
study the amino acid adeguacy of milo protein.

In the rat studies, supplemental lysine produced a significant
growth response in all cases when added to a basal ration composed of
Kafir Lli~-1l, and purified sources of minerals and vitamins. No improve-
ment in growth was obtained by the addition of 0,05 or 0.10 percent DL-
methionine, 0.l percent DI~tryptophan and/or 0.2 percent DI-valine to
the basal ration in any of the studies.

Results obtained in the initial experiments indicated that threonine
and isoleucine were the next limiting amino acids in milo protein. Sub-
sequent studies showed that threonine is probably the second limiting
amino acid and that the growth response obtained by supplemental threo-
nine depgnds on the level of lysine present in the ration. When 0.1 per-
cent L-lysine was added to the basal ration, the effects of supplemental
t@reqﬁine4;n growth rate weré inconsistent. However, in the presence of
Oo3wpergent L—lysine, the addition of.threonine resulted in more than a
50 pgrcent ihcrease in growth rate (13.7 grams vs. 2l.3 grams gain per
dgy)f The most rapid growth was obtained when 0.5 percent L-lysine and
0.2‘peréent Dl~threonine were added to the basal ration. No further
improvement ﬁés made by increasing the DI-threonine level to 0.3 percent
or by including isoleucine and/or methionine in the ration. The liver
fat of rats receiving the basal ration was significantly higher (P 0701)

than that of rats receiving the basal plus 0.5 percent I~lysine and 0,2

75



76

percent DL-threonine., This growth rate was approximately equal to that
obtained with a purified ration containing 11 percent casein, but inferior
to that obtained with a 21 percent casein ration,

In the swine studies, the addition of 0+l percent L-lysine to a
basal ration containing Kafir Ll-1L, alfalfa meal, bone meal, salt and
commercial sources of vitamins and an antibiotic produced highly signi-
ficgﬁt inqreasesvin growth'rate_and efficiehcy of feed utilization in each
Qf two gpudies with 85 and 113 pound pigs. In a third study, the addition
of 0,3 percent L-lysine to a basal ration composed of Kafir LlL-1k, bone
meal, salt, vitamins and an antibiotic produced growth approximately equal
to that obtained on a similar ration containing enough soybean oil meal
to supply 0.3 percent lysine., The addition of 0,1 or 0,2 percent L-lysine
to the basal ration was ineffective in improving rate and efficiency of
gaine

A nitrogen balance study was conducted with weanling pigs fed a 15
percent protein ration containing‘westland milo and soybean oil meal with
or withouﬁ Supplemental lysine. .Although no statistically,significant
d%ffgrences were obtainedyamong treatments; the rations supplemented with
0.1 percent L-lysine or 0.2 percent DL-lysine produced a higher average
nitrogen reténtion than was obtained from the basal ration.

“_Groyth'studiesﬁwith rapg demonstrated-the serious lysine deficiency

vam?lovglutep‘ﬁeg}?ﬂ No signifiqant improvement in the nutritive value
was obtained by autoclaving or by pancreatic hydrolysis.

The effect of urea on the growth of rats and on the growth and feed
efficiency of swine fed a milo ration was also studied. No significant
improvement by urea was obtained in either growth rate or feed efficiency

in any of the studies. However, there was a tendency toward faster growth
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when urea was fed in conjunction with lysine. This tendency was greatest
in rats weighing more than 100 grams imitially and in swine weighing more

than 100 pounds initially.
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TABLE 1
PARTIAL COMPOSITION OF FEEDS

(1) Percent Percent Percent
Feedstuff Where used Protein Lysine Threonine
Kafir LL-1) All growth studies 9.13 0.20 0.30
Milo gluten meal RG 11, 12 63,1k 0,46 1.40(2)

2
Alfalfa meal RG 7, 8 18.70 0,73 0,70( )
sG1, 2

Soybean oil meal SG 3 L5.94 3,60 1.77
Westland milo SNB 10,30 0.18

(1)
RG = Rat Growth Study, SG = Swine Growth Study,
SNB = Swine Nitrogen Balance Study. Numbers refer
to the study in which the feed was used,

(2)

Average values from Morrison (1956).



TABLE 2
RAT GROWTH STUDY 1

ANALYSIS OF VARIANCE
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Degrees of Mean F

Source of Variation Freedom Square Value
Total 63 87.8637
Treatment 7 0.610L 40,923

isoleucine 1 575.8800 0,28

lysine 1 11,6025 268 . 203

threonine \ 1 1.4854 5.L0%

isoleucine x lysine 1 2.5400 0.69

isoleucine x threonine 1 19.9697 1.18

lysine x threonine 1 29579 9o 3033

isoleucine x lysine x threonine 1 2.1472 1.38
Experimental Error | 56

#% Significant difference at the 1 percent level,

# Significant difference at the 5 percent level,

TABLE 3
RAT GROWTH STUDY la
ANALYSIS OF VARIANCE
Degrees of Mean F

Source of Variation : Freedom Square Value
Total 19
Treatment 2 0.93k7 0.80
Experimental Error 17 1.1730

## Significant difference at the 1 percent level,
#* Significant difference at the 5 percent level,
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TABLE U4 :
RAT GROWIH STUDY 2

ANALYSIS OF VARIANCE

Degrees of Mean 4 F
Source of Variation Freedom Square Value
Total . 63
Treatment = 7 2,7886 O.99é
Eﬁperimental Error v 56 2,7932

TABLE &

RAT GROWTH STUDY 2

ANALYSIS OF VARIANCE
Rations 1-9 (Includes unsupplemented basal ration of Rat Growth Study 1)

Degrees of Mean F
Source of Variation Freedom Square Value
Total 71
Treatment ' 8 5641125 20,87%x
Experimental Error 63 2.6888

s8¢ Significant difference at the 1 percent level.
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TABLE 6
RAT GROWIH STUDY 2a

ANALYSIS OF VARIANCE

Ration 1 (0.1 percent I-lysine) vs. Ration la (0.2 percent L-lysine)

1 Degreeé of Mean F
Source of Variation Freedom . Square Value
Total 7
Treatment 1 75,0300 3o 793k
Experimental Error 6 2.1567

i

| ANALYSIS OF VARIANCE
Ration 8 (0.1 percent L-lysine) vs. Ration 8a (0.2 percent L-lysine)

Degrees of Mean F
Source of Variation Freedom Square Value
Total ' 7
Treatment % 1 L0, 5000 6.85%
Experimental Error 6 5.9167

i

ﬂ : ANALYSIS OF VARIANCE
Ration 10 (0.1 percent L-lysine) vs. Ration 10a (0.2 percent I-lysine)

. Degrees of Mean F
Source of Variation Freedom Square Value
Total " 7
Treatment o 1 32,0000 4.80
Experimental Error ) 6. 6667

33t Significant difference at 1 percent level,.
% Significant difference at 5 percent level,
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TABLE 7
RAT GROWTH STUDY 3

ANALYSIS OF VARTANCE

Degrees of | Mean F
Source of Variation Freedom Square Value
Total 3 _
Treatment N 3 106,2100 bl 1Lee
Experimentél Error 28 2.1,061

%% Bignificant difference at the 1 percent level,

MULTIPLE RANGE TEST(Y)

Standard error of the mean = 0.5L8

ns= 28 v
Basal Basal + 0.1%L Basal + 0,1%L Basal® 0,1%L
’ ) + 0,247 + 0,2%T+ 0,291
3.31 10.19 10.LhL 11,06
(1)

L = L-lysine; T = Dl=threonine, I = Dl~isoleucine.
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TABLE 8
RAT GROWTH STUDY L

ANALYSIS OF VARIANCE

Degrees of Mean F
Source of Variation Freedom Square Value
Total 86
Treatment 10 377.8020 33,75
Experimental Error 76 11.1940

#* Significant difference at the 1 percent level.

MULTIPLE RANGE TEST()

Standard error of the mean = 1.18

n=76
B B+;1%E; B+,1%L B+,2%L B#.5%L B+ L%L B4+e3%L B+.2%L B+.3%L B+.L%ZL B+.5%L
+I+T | +I+T +I+T +I+T +1+T

3,50 7,81 9.50 9.6l 11,00 11,31 13.68 17.43 21,25 23.37 24.87

= Basal, L = L-1lysine, I = 0.2 percent DL-isoleucine,
= 0,2 percent DL~threonine.
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TABLE 9
RAT GROWTH STUDY 5

ANALYSIS OF VARIANCE
(Rations 1 - 9)

Degrees of Mean F

Source of Variation Freedom Square Value
Total 71

Treatment 8 680.1238 27 + 16963
Experimental Error 63 25,0371

¥* Significant difference at the 1 percent level.

MULTIPLE RANGE TEST(1)

Standard error of the mean = 1,77

n = 63
BrL BIt o 31 B#L+.2T B+L+.2I B+L+.2T B4+L+.3T B4+L+.2I B#L4.2I B+L+.31
+,2T . 2T4o 1M 4,2T 4o 3T
+005M

9,69 10,01 10.25 26.Ll 27.63 28,13 28.31 28.56 30.75

(1)
B = Basal, L = 0,5 percent L-lysine, I = percent DL-isoleucine
M = percent Dl-methionine and T = percent DL-threonine.



TABLE 10
RAT GROWTH STUDY 5

ANALYSIS OF VARIANCE

Liver Fat Content
Basal versus Basal Lysine and Threonine
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Degrees of Mean F
Source of Variation Freedom Square Value
Total 12
Treatment 1 299.7388 30,05
Experimental Error 11 99,9732

% Significant difference at the 1 percent level,
TABLE 11
RAT GROWTH STUDY 6
ANALYSIS OF VARIANCE

Degrees of Mean F
Source of Variation Freedom Square Value
Total 13
Treatment 1 1028.5700. L5.15%%
Experimental Error 12 28,7800

*% Significant difference at the 1 percent level.



TABLE 12
RAT GROWTH STUDY 7

ANALYSIS OF VARIANCE
(Rations 2 - 9)

ol

Degrees of Mear. F
Source of Variation Freedom Square Value
Total 63
Treatment 7 hO0,0000 Lo 1830
Experimental Error 56 95.6148

%% Significant difference at the 1 percent level.
MULTIPLE RANGE TEST(1)
MGM MaQq ey MaM MM MM MG M@
(hyd) (aut) (hyd+aut) (hyd)+L L (hyd+aut) (autRL
+ L

0.25 2.38 2.4k 3,81 19.75 22,00 22,25 27.56

(1)
MGM = Milo gluten meal, L = 0,3 percent L-lysine



TABLE 13

RAT GROWTH STUDY 8

ANALYSIS OF VARIANCE
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Degrees of Mean F
Source of Variation Freedom Square Value
Total 31
Treatment 3 10L4.9480 Lo 713t
lysine 1 291:,0313 13,204
urea 1 1307813 0062
lysine x urea 1 7.0313 0.32
Experimental Error 28 22,2811
3¢ Significant difference at the 1 percent level.
TABLE 1}
RAT GROWTH STUDY 9
ANALYSIS OF VARIANCE
Degrees of Mean- F
Source of Variation Freedom Square Value
Total 31
Treatment 3 3&2,8&25 }633}**
lysine 1 1010.2513 5395
urea 1 9.2450 0.9
lysine x urea 1 9,0313 0.48
Experimental Error 28 18.7272

¥% Significant difference at the 1 percent

level.



TABLE 15

RAT GROWIH STUDY 10

ANALYSIS OF VARIANCE
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Degrees of Mean F

Source of Variation Freedom Square Value
Total 31 ‘
Treatment 3 309,6120 7 o 2633

lysine 1 835.3828 19,583

urea 1 92,8203 2.18

lysine x urea 1 0.6328 0,02
Experimental Error 28 42,6751

## Significant difference at the 1 percent level.



97

TABLE 16
RAT GROWTH STUDY 11

ANALYSIS OF VARIANCE

Degrees of Mean F
Source of Variation , ~ Freedom , Square Value
Total 31
Treatment 3 693,1767 25,1944

Experimental Error 28 27.5157

st Slegnificant difference at the 1 percent level.

MULTIPLE RANGE TEST(L)

Standard error of the mean = 1.86
nz’28
B B+ L B+ L+ U B+ L+ I+ T

7.19 19.93 22,88 29.88

(1) '
B = Basal, L = 0.5 percent L-lysine, U = 0.15 percent urea 262,
I = 0.2 percent Dl-isoleucine and T = 0.2 percent Dl~threonine.



TABLE 17
RAT GROWIH STUDY 12

ANALYSIS OF VARIANCE
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Degrees of Mean F
Source of Variation Freedom Square Value
Total 31
Treatment 3 15,1767 0.73
urea 1 14,5000 0.22
methionine 1 32,0000 1.53
urea x methionine 1 9.0300 0.43
Experimental Error 28 20.8907




TABLE 18
SWINE GROWIH STUDY 1

ANALYSIS OF VARIANCE
Average Daily Gain
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Degrees of Mean F
Source of Variation Freedom Square Value
Total 23
Treatment 3 0,3180 Lol 3%
lysine 1 0,6567 9,063
urea 1 0,2072 2.86
lysine x urea 1 0.0900 1.2
Experimental Error 20 0.0725
3¢ Significant difference at the 1 percent level.
TABLE 19
SWINE GROWTH STUDY 1
ANALYSIS OF VARIANCE
Feed per Pound of Gain
Degrees of Mean F
Source of Variation Freedom Square Value
Total 23 ‘
Treatment 3 7.6410 6o 6933
lysine 1 19,2425 16,8
urea 1 3.6582 3.20
lysine x urea 1 0.0222 0.02
Experimental Error 20 1.1429

% Significant difference at the 1 percent level,



TABLE 20
SWINE GROWTH STUDY 2

ANALYSIS OF VARIANCE
Average Daily Gain
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Degrees of Mean 'F
Source of Variation Freedom Square Value
Total 31
Treatment 3 0.6837 11,10
Aysine 1 1.8336 29 ,983x
urea 1 0.1953 3,17
lysine x urea 1 0,0221 0436
Experimental Error ' 28 0,0616
#% Significant difference at the 1 percent level,
TABLE 21
SWINE GROWTH STUDY 2
ANALYSIS OF VARIANCE
Feed per Pound of Gain
Degrees of Mean F
Source of Variation Freedom Square Value
Total 31 ‘ -
Treatment 3 18,30L0 8.29%x
lysine 1 39.8278 18,03
urea 1 11.2338 5,093
lysine x urea 1 3.8503 1.7
Experimental Error 28 2.2087

st Significant difference at the 1 percent level.
% Significant difference at the 5 percent level.



TABLE 22
SWINE GROWTH STUDY 3

ANALYSIS OF VARIANCE
Average Daily Gain
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Degrees of Mean F
Source of Variation Freedom Square Value
Total L1
Treatment 6 0,3002 ho7la
Experimental Error 35 0.0637
% Significant difference at the 1 percent level.
MULTIPLE RANGE TEsT(1)
Average Daily Gain
Standard error of the mean = 0,103
/nm35
B+ . 1L B B+.1L B+,2L B+, 2L B+,3L B+. 3L
from SBOM from SBOM from SBOM
0.52 0,58 0,58 0,60 0,83 0,98 1.08

(1)

B = Basal, L = percent IL-lysine, SBOM = soybean oil meal,



TABLE 23

SWINE GROWIH STUDY 3

ANALYSIS OF VARIANCE
Feed per Pound of Gain
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Degrees of Mean F

Source of Variation Freedon Square Value
Total L1
Treatment 6 403160 2,72
Experimental Error 35 1.58L45

#* Significant difference at 5 percent level.

MULTIFLE RANGE TEST(1)

Standard error of the mean = 0,51k
B¥.3L B+ ,.3L B*.2L B¥.2L B B+,1L B*¥.1L
from SBOM from SBOM ) _ from SBOM

3.17 3.35 3.76 Le39 L.69 5.20 5.2l

(1)

B = Basal, L = percent L-lysine, SBQM = soybean oil meal,



Nitrogen Retained as a Percent of Nitrogen Ingested

TABLE 2L
NITROGEN BALANCE STUDY

ANALYSIS OF VARIANCE

103

Degrees of Mean F
Source of Variation Freedom Square Value
Total 8
Block 2
Treatment 2 11.2933 3693
Experimental Error L 10,5167
TABLE 25
NITROGEN BALANCE STUDY
ANALYSIS OF VARIANCE
Grams Nitrogen Retained per Day
Degrees of Mean F
Source of Variation Freedom Square Value
Total 8
Block 2
Treatment 2 1.7037 0.56
Experimental Error L 3.0450




TABLE 26

NITROGEN BALANCE STUDY

ANALYSIS OF VARTANCE

Apparent Digestibility of Nitrogen

10k

Degrees of Mean F
Source of Variation Freedom Square Value
Total 8
Block 1 18.100 _
Treatment 1 5?7500 0.38
Experimental Error 6 15,2450
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