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Abstract:
The trials reported herein were initiated to study the effect of adding amino acids to barley rations.

The results of Rat Trial I indicated average daily gains were slightly greater when feeding rations
containing a low protein barley when compared to rations containing a high protein barley. All rations
were corrected to 10 percent protein before the addition of amino acids. P.E.R. values were increased
when lysine was added to the rations containing either the high or the low protein barley. Supplemental
methionine appeared to have little effect on P.E.R. values.

When rats were fed rations containing 17.0 percent protein barley (rations corrected to 15.9 percent
protein) added lysine increased the P.E.R. value. Lysine and methionine added together gave slightly
greater P.E.R. values than when lysine alone was added. Little response was observed when adding
only methionine.

Seventeen percent protein barley rations (rations corrected to 15.9 percent) with lysine added at the 0.4
or 0.6 percent levels and methionine added at the 0.3, 0.4, 0.5 and 0.6 percent levels, all resulted in
similar P.E.R. values. All rations compared favorably with rations containing casein as the sole source
of protein in gains.

The results of Swine Experiment I indicated pigs fed L-lysine HCI gained slightly more than pigs fed
Lyamine. The addition of lysine to barley rations indicated trends for increased gains and feed
efficiency. Source or levels of lysine did not appear to affect the fat content of the carcass. Results,
however, indicated adding lysine to the barley rations increased the ribeye area and the loin weights of
the carcasses. Gilt carcasses contained a heavier ham, shoulder, loin, butt, lean trim and had a greater
ribeye area than barrows.

Results of Swine Experiment II indicated pigs fed rations containing a low protein barley (13.3 percent
protein) resulted in greater gains than pigs fed rations containing a high protein barley (17.0 percent
protein). The grower rations, using both barley sources, contained approximately 15.0 percent protein.
The fattening rations using the 13.3 percent protein barley contained approximately 12 percent protein
and those having the 17.0 percent protein barley had an approximate protein content of 15 percent.

The pigs fed the low protein rations (12.0 percent) had greater gains and increased feed efficiency in
the fattening phase when compared to the pigs receiving the greater protein rations (15.0 percent).
Average daily gain and feed efficiency were slightly greater when adding lysine, especially to the
rations containing the low protein barley. Results indicated supplementary lysine produced greater
effect on gain and feed efficiency in the growing phase than in the fattening period.
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ABSTRACT

The trials reported herein were initiated to study the effect of add-
ing amino acids to barley ratioms.

The results of Rat Trial I indicated average daily gains were slightly
greater when feeding rations containing a low protein barley when compared
to rations. containing a high protein barley. All rations were corrected to
10 percent protein before the addition of amino acids.  P.E.R. values were
increased when lysine was added to the rations containing either the high
or the low protein barley. Supplemental methionine appeared to have little
effect on P.E.R. values.

When rats were fed rations containing 17.0 percent protein barley
(rations corrected to 15.9 percent protein) added lysine increased the
P.E.R. value. Lysine ard methionine added together gave slightly greater
P.E.R. values than when lysine alone was" added Little response was ob-
served when addlng only methionine. ’

Seventeen percent protein barley ratioms (rations corrected to 15.9
percent) with lysine added at the 0.4 or 0.6 percent levels and methionine
added at the 0.3, 0.4, 0.5 and 0.6 percent levels, all resulted in similar
P.E.R. values. All rations compared favorably with rations containing
casein as the sole source of protein in gains, ‘

. The results of Swine Experiment I indicated pigs fed L-lysine HC1

gained slightly more than pigs fed Lyamine. The addition of lysine to
barley rations indicated trends for increased gains and feed efficiency.
Source or levels of lysine did not appear to affect the fat content of the
carcass. Results, however, indicated adding lysine to the barley rations
increased the ribeye area and the loin weights of the carcasses. Gilt
carcasses contained a heavier ham, shoulder, loin, butt, lean trim and had
a greater ribeye area than barrows. )

Results of Swine Experiment II indicated pigs fed rations containing
a low protein barley .(l3.3 percent protein) resulted in greater gains than
pigs fed rations containing a high protein barley (17.0 percent protein).
The grower rations, using both barley sources, contained approximately
15.0 percent protein. The fattening rations using the 13.3 percent protein
barley contained approximately 12 percent protein and those having the 17.0
percent protein barley had an approximate protein content of 15 percent.
The pigs fed the low protein rations (12.0 percent) had greater gains and
increased feed efficiency in the fattening phase when compared to the pigs
receiving the greater protein rations (15.0 percent). Average daily gain
and feed efficiency were slightly greater when adding lysine, especially to
the rations containing the low protein barley. Results indicated supple-
mentary lysine produced greater effect on gain and feed efficiency in the
growing phase than in the fattening period.




INTRODUCTION

Barley production is increasing in the United States and especially in
the western states. To maintain a desirable market for this increase in
production the use of barley must also be expanded.

Barley is an excellent grain for swiné feeding and produces pork of
'high quality. The protein content of barley varies from approximately 10
to 17 percent. Barley supplies oq;y slightly less total digestible
nutrients than corn. In several experiments, pelleted barley, fed in
properly balanced rations, has produced nearly as rapid gains as corn.

Barley, however, is deficient in calcium,‘vifamin D and vitamin'A°
Also, the protein of barley may 5e deficient in certain of the:essential
amino acids. In feeding swine efficient results cannot, therefore, be
realized unless protein supplements of good quality are fed in»addition to
barley so'sufficient ampunts of these amino acids Qill be supplied. 'Some
of the higher quality protein feeds that have been used to supplement
Barléy are fish meal, meat scrap, tankage and soybean.oil meal.

| Today'é nutritional énd.industrial;technology makes possible the manu-
facturing of bariey rations, formulated to include thése ingredients which
have been found to be deficiént in swine rations. With improved methods of
obtaining pure amino acids the -addition of certain limiting amino acids to
these formulated rations may have economic advantages.

Little research has been conducted to determine the effects of adding
amino acids to barley rations for sWine,_ Therefore, it appeared‘iméortant
to conduct additional expé;imental work to determine the desirability of
adding amino acids to barley rations as a means of increasing rate of gain,

feed efficiency and carcass quality of swine.
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Additional experiﬁental work was conducted with rats to determine the

effect of adding amino acids to barley rations.




LITERATURE REVIEW

The nutritive importance of proteins and the dependence of animals on
plants for these sgbstanées were first pointed out by G, J. Mulder around
1840 (Encyclopedia Americana, 1960). A few years later Boussingault,
writing in the Economie Rurale (Encyclopedia Americana, 1960} said, "The
alimentary virtues of plants feside above all in the mitrogenous sub-

. stances, and consequently their mutritive potency is proportiomnal té the
quantity of nitrogen entering into their composition."

McCollum, as quoted by Mendel (1923, p. 121), reﬁarked that the in-
vestigations carried out during the period between 1910 and 1920 on pro-
tein foods of plant origim '""leave mo room for doubt that all the amino
acids necessary for the nutrition of an animal are contained in the pro-
teins found in each of iheéé foods. Certain of these are, however, pre-
sent in such limited amounts' as fo restrict the extent to which the
remaining ones, which are more abundant, can be utilized."

Flodin (1953) states, ''the quantity and quality of protein supplied
by the diet are of vital importance to health at every portion of the life
span. Wherever total quantity or average quality of the protein consumed
fall significantly below accepted stamdards for good nutritiomn, the .signs
and symft@ms of protein deficiency (hypoproteinosis) appear, involving
various degrees of retardation or failure of tissue synthesis." Tﬁe dis~-
covery that many of the amino acids composing body proteins must be sup-
plied as such by food proéein explains why different foods and ratioms of
the same protein content have different protein values in nutrition. They
differ in protein quality. It must be kept in m%nd that tﬁere are certain

qualitative differences as to the essential amino acids required by
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different species and for different functions in the same species. There

- are also quantitative differences per umit of body weight or of growth

tissue formed. These comsiderations mean fhat one cannot generalize from
one species to another or one function to amother as to either qualitative
or quantitative requirements.
MEASUREMENT OF PROTEIN QUALITY

One of the most common methods of determining the quality of protein
utilizes the.criterion a&épted by Osborne and Mendell, viz-the gaimn in
weight per gram of protein ingested or protein efficiency ratie (P.E.R.).
From theoretical consideration, the maximal utilization of absorbed protein
for the synthesis of bédy protein is the most wvalid expfessi@n of the
growth promoting quality of dietary proteim, according to Barnes _g al.
(1945). They go on to state, ""The establishment of the maximal ratio of
body weight gained to proteinfcomsumed is the most useful of the methods
of measuring nutritive value of proteins for growth that do mot involve
fecal and carcass nitrogen analysis, but it does mot necessarily provide
wholly accurate indices ¢f protein values.” Chapman et al. (1959) have
standardized this proce&ure, by using rats of certain age, correcting
protein of diet to 10 percent, maintaining éhe trial for a four week per-
iod, and adjusting results to a constant value of 2,5 for casein.
Morrison and Campbell (1960) using this frecedhre found that female rats
tended to give maximal’P,E,ﬁ,'balues at lower dietary protein levels than

did males. It was also found that'differenceS'between casein and a plant

_ protein mixture were greatest during the early stages of the experiment in

both sexes.
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Hegsted (1947) found a very high correlation between weight gain and
protein efficiency. He also found tha£ protein efficiency is a functiom of
gain in weight rather than a characteristic of pretein fed. He concludes
that, in studies on the relative nutritive value of wvarious protelns using
growing rats fed ad libitum, 1itt1e additional 1nformatlon is gained by
taking into account the amount of proteim eatemn, i.e., the calculation of
protein efficiency.

McHenry et al. (1961) employed thé liver-N method with rats to deter-
mine the nutritive value of a2 number of proteims. The liver-N method is
based on the fact that, for relatively small protein intakes, the values
of liver-N [ng) per 100 g. initial body weigh;] varied linearly with the
amount of protein eaten, provided the nutritive value of the protein was
not better tham that of casein. When ﬁhey used casein as the standard of
referemce_for a series of proteims there waé good agreement between values
obtained by the liver-N and balance sheet methods for proteins.with nutri-
tive values equal t¢ or less than that of casein.

A method to determine protein quality with réspect only to lysine has
been described by Garpentef (1960) employing the Samger reaction with 1
fluoro~2:4 dinitro benzene for thé determination of the free QGamino gréups
. of lysine units in purified proteins. Baliga et al. (1959) in using this
method in cottonséeﬂ meal found a relationship between the content of
lysine with the free E@amino groups and protein Quality as determined in
rat protéin repletion tests.

, Mitchell (1924) used a ﬁetho& based upon nitrogen balance data'involv-

ing direct determination of the amount of nitrogen in the feces and in the
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uring and indirect determinations of the fractions of the fecal nitrogen
and of the uriﬁary hitrogen~tha£ were of dietary origin. The biological
value of the ﬁroteih is taken as the percentage of the absorbed nitrogen
(nitrdgen intake minus fécal nitrogen of dietary origin) that is not
eliminated in the urine.

McLaughlan et al. (1959) based their determination on the content of
lysine and methionine or methionine and cystine and developed a simplified
chemicél score. Bégause the simplified chemical score method is relatively
rapid, yields reproducibié results, and correlates with animal assays, it
was proposeﬂ'as a rapid sc%eening procedure for the evaluation of protein
in food, but was not infepded to replace the rat bio~éssay method.

Physico-chemical methods of amino-acid apd}ysis_by isotope dilution
may also be employe& (féster 1945): This procedure, ,which appears to be
the most acﬁurate method now available for the determination of amino-
acids in proteiﬁ hydrolyzates, is limited.onl& by thg availaﬁility of the
equipment and thé ma;érial. |

There has been poﬁ;iderable use of biological methods employing micro-
organisms and specific enzyme systems for the routine estimation of all
the known amino acids. '

The results of thé'microbiblogical assay may be affectéd by many fac-
tofg such as oxygen - (Bohonos et al., 1942), carbon dioxide (Lascelles et
al., 1954), sparing of amino acids by the addition of other amiﬁo acids or
compounds (MbClure'gg al., 1954), interactions with other amino acids

(Fildes 1953), and.the'rélative proportions of various amino acids and other

comboundé (Brickson et al., 1948) and (Sirny et al., 1951).
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However, Stokes et .al. (1945) found that, in general the microbiologi-
cal values for purified and impure'proteins are in reasonably good agree-~
ment with those obtained by the more recent improved chemical methods.
Block and Mitchell (1947) indicated a higher degree of reproducibility than
was noted in the work conducted by Stokes.

The.evaluation of bacteriological methods for the determination of
protein quality by comparisons with protein efficiency ratioc (P.E.R.)
values determined by standardized rat growth assay was conducted by Rogers
et al. (1959). Results with enzyme hydrolyzates correlated poorly with
P.E.R. values, whereas with acid hydrolyzates, a good correlation was
obtained for cereal proteins.

t al. (1961) reports on evaluation of 130 samples of seven

e

Bayne
different types of protein concentrates, which were evaluated by the Gross
Protein Value (G.P.V.) procedure as supplements to cereal protein for
chicks. In addition Net Protein Utilization (N.P.U.), with the samples as
the sole source of protein for rats, was determined for a limited number.
Microbiological procedure correlated well with these methods.

THE QUALiTY OF PROTEIN IN CEREALS

Maynard and Loosli (1956) states, ''Cereal grains are-deficient in
lysine.” Morrison (1956) also concludes '"'when fed as the omnly source of
protein, the grains all fall decidedly below such a food as milk in quality
of protein." In fact, it has been concluded by Morrisom and Campbell
{1960) that P.E.R. values for bread and flour diets were a direct function
of the lysine content of the protein. Mclaughlan and Morrison (196ﬁ)

found that for mixtures of foods in which cereal products comtribute
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approximately half or more of the protein, the lysine content is a reli-
able guide to the nutritiomal value of the protein mixture.

‘ Carroll and Kridér (1956) states, "The proteiﬁs of all cereal grains
are.deficient in certain essential amino acids. For this reason proteip
supplements must provide not only more protein but protein having a good
Balance of the essential amino acids.”

The results obtained by McElroy et al. (1948) agreed with thé estab-
lisheé-fact'that grain prétein is iacking in quality for the promotion of
efficient growth in swine. |

Morrison (1956), and.the National Research Council Publications 648
~and '659 (1959) show barley as deficient in sémé amino acids for swine and -
rats, espeéially lysine.

THE EFFECT OF'PROTEIN CONTENT ON THE BIOLOGICAL VALUE OF THE PROTEIN

Markéd differences in the growth response of both rats and pigs attri-
butable to variation in the'protein content of.the grain was observéd by
McElroy et al. (1949). Mitchell (i924) found biologiqal values were
smaller at the higher protein content of corn. Mitchell et al. (1952)
observed the proportion of tryptophan and of lysine in ghe total protein
of corn decreased with inéreasihg contenf_of protein. ~However, Miller
et al. (1950) found that amino_acid'content of corn varied directly with
protein content and there was no chaﬁge in pretein quality with increase
in the amount of protein within the range from 8349 percent to 14.12
percent. ‘

Esh et al..(1960) working with Bengal gram of dEfferént protein levels

found the P.E.R. with the high protein gram was slightly higher than with




the low protein sample.,

Sure k1957) observed that order of the rations, based 6n”£heir_protein
efficiency ratios, variéd at differen; planes of prdteinrintake. For
example, at the 15 percent level of intake the P.E.R. of defatted soybean
flour and cottonseed meal are far superior to that of corﬂ gluten meal,
whereas at 25 and 30 percent planes o£ intake, the P.E.R. of the corn glu-
ten meal is appreciably higher than that of either the soybean flour or
cottonseed meal.

t-al. (1958) determined lysine requirements for rats at 4

Bressani
percent increments from 8 to 24 percent and at 32 and 40 percent crude
protein. The maximum lysine requirements expressed as a‘percentage\of_the_
diet remained essentially constant in the protein range of 16 to 40 pefcent.
Expresse& as a percentage of the total prétein, the lysine requirements
were 6.7, 5.6, 4.2, 3.6,.2.6 and 2.2 percent with 8,-12, 16, 20, 24, 32
@nd 40 percent of total protein (N X 6.25) respectively.

Graw (19485 found that, as the protein level was increased, the lysine
requirement for_maximum growth at a particﬁlar protein level increased.-

Ina somewhat different approaéh Brungger et al. (1950a) found that a
ration containing 10.6 percent protein, the lysimne requirement was 0.6 per;
cent of the ration. When rations were fed containing approximately 22 per-
cent prstein, the lysine requirement increased toAl.Z percent of fhe
ration. The difference in these requirements is largely eliminated if they

- are expressed in terms of their‘proportioﬁ to the proteinﬂin #he ration.
The lysine requirements of 0.6 percent and 1.2 percent. of the ration cor-

respond to 5.7 and 5.5 percent of the protein in the 10.6 and 22 percent
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protein rations respeqtively.

Almquist (1952) also indicated the amino acid requirements increase
as the protein 1e§e1:in the diet increases. However, amino acid‘fequire-
ments expressed as a percentage of-the dietary proteiﬁ appeared to
decrease as the protein level increased. However, Graw and Kamei (1950)
found th;t, as the protein level of the chickens' diet is incfeased, the
lysine and methionine plus cystine requirements also increase, but at a
slower rate. |
EFFECT OF AMINO ACID IMBALANCES IN RATS AND SWINE

Working with amino acid imbalances in rats Sauberlich (1952) found
that such imbalances resulted in dep?essed gréwth. It was found that this
condition could be corrected by the addition éf the defiéient amino acid or
acids to the diet. |

Harris et al. (1943) found that a deficiency bf lysine in a diet pro-
dﬁced cegsation of growth anﬂ hypoproteinaemia in yoﬁng rété. The changes
observed Qere assumed to be.due to general inhibition of protein'forma;ion.
This resulted in a reduced growth of some organs which devélopéd at the
egpensevof others and protein was transferr;d:aécérding to a fixed s;stem

A

of grgwth priorites.

Gillespie et al. (1945) found a loss of protein.from the liver and a
hypép;ofeiqaemia, while'the body protein content seémed to be qnchangéd,
fhe'iﬁportance.of tﬂé iiver for protein metaﬁolismaaﬁaiits possibleigole in
connecﬁion with the synthesis of serum proteins was posfulated.

éonducting expériﬁental work with baby pigS\Mertz et al. (1949) showed

' that lysine is indispensable for growth and development. Lack of lysine
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resulted in cessation of growth, decre;sgd feed consumption and decreased
feed efficiency} Lysine deficient pigs manifested a depraved appetite,
rough hair coat, emaciated look and inanition. |

The findings of Elvehjem (1956) show .that excess quantities pf amino
acids also affect growth. He found that the additién of 0.4 percent of
methionine to an 18 fercent casein diet caused growth depression. He also
found an amino acid-vitamin relationship in which pyridoxine will coﬁnteraet
the effect of moderate excess amounts of.methioﬁine.

Hanks et al. (1949) found the addition of 0.2 percent DL-methionine
in place of O,é percent L-cystine in a 9 percent casein ration for.rats
gave the same growth effect as 0.2 percent L-cystine in the presence of
either 0.678 percent DL=£hreonine or 2 percent acid hydrolyzed casein.
They postulated that the growth inhibitions obtained by adding the various
combinationshof amino acids appeared to be due to the increased require-
ments of the limiting amino acid when all others were supplied in adequate
or generous amounts.

By raising the 1eve}s of certain essential amino acids in diets con-
taining marginal levels of trypotophan Hendgrson et al. (1953) induced a
niacin deficienpy in rats. It was found that levels of lysine above ap-

proximately 0.5 percent and valine above 0.7 percent caused a growth sup-

’
~

pression which was corrected by an addition of niacin.
A relationship between methionine and vitamin B, was found By DeBey
et al. (1952). They found that levels of methionine only slightly above

those necesséry for growth depressed the growth of rats fed limited amounts

of vitamin B6° Vitamin B6 counteracted the effect of moderate by excess |
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amounts of methionine glthough, when the die; contained 3.5 percent of
methionine,'high levels of the vitamin faiied to restore growth. )

Rose (1937) emphasized that in determining amino acid imbaianggs many
factors such as proportion of fat and carbohydrates in the ration must be
taken into comsideration and that the age, weight and sex of the animals
may play important roles in determining the minimum level of a givéﬁ com~
ponent .

THE ESSENTIAL AMINO ACIDS

Classifying the essential amino acids for the pig Mertz et gl,.(IQSZ)
found that arginine,Ahistidine, isoleuciﬁe, leucine, lysine, methionine,
phenylalanine, threoﬁine, tryptophan and valine must be present.in tﬁe
diet.

Beeson (1951) states, "If any one of the esséntial amino.acids is
dropped out of tﬁe ration the grdwth of the pig will stop imme&iately."
SUPPLEMENTATION WITH NATURAL PROTEIN TO IMPROVE PROTEIN QUALITY

Hoagland and Snider (1927) condﬁ;ted expériménts to determine the
value of beef.protein as a supplemenf to the proteins in certain vegetable‘
products. These tests showe& thaﬁ the rations containing equal parts of
beef and cereal proteins were practically of the same value im promoting
gfowth in rats as ration§ containing only meat protein.

Animal proteins héve also been used effectively tq supplement chicken
rations, Almquist ég_gl. (1935).

Carpenter et al. (19575 used dehydrated fish products as supplement--_

ary proteins to cereals. They found that addition of lysine to a commer-

cial fish meal raised its value.




-13-

Morrison (1956) recommends that cereal grains be supplemented with
good quality protein such as fish meal, meat scrap, tankage or peanut oil
meal. . -

Gupta et al. (1958) found a considerable difference in values for

biological availability of the lysine in different purified protein.

SUPPLEMENTING WITH PURIFIED AMINO ACIDS A

Rama Rao et al. (1960) found that rats grew nérmally when fed a com;
plete L-amino acid diet containing all the amino acids at their minimgl‘
requirement levels in a 10 percent conventional protein (N X 6.25) ration.

Findings of Bressani _i al. (1960) showed that Qhen a cereal diet was
supplemented with all of the 1imiti;g amino ‘acids éccording to the pattern
of the F.A.0, reference érotein, a sustained nitrogen retention sometimes
similar to that obtained with milk feeding was observed.

Rosenberg and Rohdenberg (1952)‘obtained significant growth responses
in weanling rats with the addition of incfeasiﬁg amoﬁnts,of lysine to diets
of dried bread supplemented with fat, salt and vitamins. They found a,
supplement of 0.5 percent DL-lysine HCl, corresponding to a 0.2 percent L-
lysine, to a bread diet improved the average gain in weight gfter 5‘weeks
from 32 percemnt to about 75 percent of the average gain on the stock diet.
If sufficient lysine were added to bring the total L-lysine content of the
diet to about 0.8 percent, or more; a growth response similar to that ob-
tained with the stock diet was observed.

Brunegar et al. (1949) fed experimental’diets éontaining 0.34 percent;

0.42 percent, 0.50 percent, 0.58 percent and 0.74 percent pure L-lysine.

The first four levels of lysine were fed to 3 pigs each and the 0.74 level
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was ﬁed to 2 pigs. The pigs weighed 10 Kg. each. The averages of the
grams wgight‘gain per gram of protein consﬁmed were 2.60, 2.85, 3.12, 3.47
and 3.49 for each of the respective lysine levels. The average biological
values for the corresponding lysine levels were: 52, 51, 61, 73 and 72.
Another experiment was conducted By‘Brunegar et al. (1960) using a

basal diet of corn and barley. The diet, consisting of 21.1 percent pre-

.tein, contained 0.57 percent lysine, and was supplemented with histidine

and methionine. This diet was fed to weanling pigs for four weeks. Exper-
imental diets were made to contain 0.57, 0.75, 0.97, 1.07,.1.32 and 1.63
percent pure 1ysine; Each iﬁqreased lysine level up to 1.07 percent im-
proved the growth rate and feed efficiency. In another trial ratioms
containing 21.3 percent protein were supplemented with methibnine, histi-
dine and tryptophan. Lysine levels of 0.96, 1.003 1:20 and 1.40 percgnﬁ
were each fed to five pigs. Increases in.growth rate and feed éfficiency
were noted up to the 1.20_percgnt lysine level. The data of tﬁese two
experiments show that with diets containing approximately 22 percent pro-
tein weanling pigs require approximately 1.20 percent L-lysiﬁe in the
ration., Lyman et al. (1956) found the lysine requirements of the young
pig to be 3.45-3.65 percent of the crude protein by,microbiologiqal assay.
An experiment supplémenting Teff with 0.4 percent lysine monohydro-
chloride (LMH) ﬁas conducted by Jansen et al. (1957). Tﬁeir findings
indicated that ad&ing LMH to Teff raised the 4 week weight gain and P.E.R.
from 50.3 grams and 1,95 to 125 grams and 3.27 réspectively, Similarly,“
supplementagion of pear millet with 0.50 percent of LMH increased weiéht

gain and P.E.R. from 3.62 grams and 1.83 to 118 grams and 3.28,
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respec;ively.

Hale and Lyman (196}) added 0.62 percent lysine to sorghum graih-
_cottonseed meal ratioms f@r growing»f;ttening.pigs. . Their results showed
pigs in all groups receiving the ration containing,added lysiné made
significaﬁtly.greéter (P<§0.01)~d;ily gain. Thgir findings also showed
that lysine additiﬁns to the basal rations&éignificantly iﬁﬁroved feed
efficiency. -

Pond et al. (1953) supplemented cornm and milo rations with amino acids
for growing pigs. They obtained a significant improvement in growth rate
and feéd efficiency by adding lysine to the basal diet in one trial and the
‘improvement approaéhgd significance in another trial.

« Larson et al. (1960) ﬁsed 1ysine.supplementation of oat rations for
weanling pigs. Findings in the first trial showed the younger énd smaller
pigs (20 1b.) responded to 0.3 éercent supplemental lysiné whereas for the

~ heavier pigs (28 1b.) the 0.l percent level of lysine was most beneficial.
In both trials, the best raté of gain obtained on the iysine Supplémented
rations was similar to that obtained om the 10 pefcent soybean meal rations.
In the second trial,‘the lower level of lysine supplememtatiqn (0.1 percent)
seemed to be the most desirai:le°
&- Sure (1955) supplemented pearled barley with amino acids. Supplemeﬁt-
ing the protein in pearled;barley, fed at an 8 percent level of protein,
with 0.4 percent L-lysine, resulted in 57.2 pe?ce&t increased growth and
50.0 percént incféase in P.E,R.- The further addition of 0.5 fercent D-L
thfgdhine was folléwed by a 78.6 percent additiongl gain in body weight and

118.4 percent further increase in protein efficiency. The supplementation
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. . of pea;led barley with L-;ysing, D-L threonine and 0.5 pérqenf P-L methion-

ine resulted in 15.3 percenp'additional growth and 56.3.percent indréése in
protein utilization.

When supplementing barley rations with lysine Dinnuson et al. (1958)

,K/found no difference in final feed conversion, however, lgrge differences
were noted befbré the pigs reached 100 pounds. The add?;ion of lysine, at
all 1eve1§ studied and in all trials,'gave beneficiél results in average
daily gain.

Reisen et al. (1946) fed rats diets containing 8, 18 and 50 percent
casein, They found the growth of rats receiving 8 percent casein was
increased with additional intake of meéhionine or cystine. Their resglts
further showed that an increased intake of both methionine and cyStine
resulted inlretarded growth when rats received 8 or 50 percent casein, but
not with those receiving 18 percent casein.

When studying the effect of methionine supplementation of a soybean
0il meal-purified ration for growing pigs, fed at the 10 pércent level of
protein, Bell et al. (1950) found that tﬁe protein from soybean oil meal
was less efficiently utilized by growing pigs and héd significantly Lower
biological value than whole egg protein. The addition of methionine to
the soybean o0il meal pfotein to equal the amount in the whole egg protein
‘'made the two proteins equal,

Kade et al. (1948) found that better growth was obtained wheﬁ using
aﬁ 8 percent casein diet supplemented with 1.5 percent D-L'methionine than
when using the basal diet without additional methionine. Methionine added

at levels of 2, 2.5 and 3 percent of the diet definitély inhibited growth
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and protein utilizatiom.

./~ Methionine or lysine was found to be the first limiting essential

amino acid in commercial mixed feeds for swine by Rosenberg (1957). He

further found that successful supplementation of a feed consisted of adding
the first limiting essential amino acidlté the feed in such a manner as to
achieve a balance with the second limiting essential amino acidAas anyl
amogn£ in excess of tha; needed for proper balance was lost.

Lewis (1962) coﬁducted a feeding trial with pigs using high nitrogen
barley as the sole major constituent of the diet. The'pigs were divided
into four groups: a cqntrol group receiving a typical standard ration,

a basal group givén 6n1y barley, a basal barley group ﬁith the additién of
two amino acids and a Hasal barley group with the addition of 5 amino acids.
A batch of bafley of'lowér.total nitrogen (équivalent to about 11 percent
pfotéin) was used for the fimisher phase. Whep the'pigs were given the
ration of barley onl&, suppleménted with amino acids and minér constitu-
ents,jfhe performance was equivalent to that with.a,good standard ration.
Assessment was made in terms of growth, feed conversion ratios, nitrogen
refention, and carcéss ;omposi;ion.

UTILIZATION OF D ANﬁ L FbRMS OF AMINO ACIDS

When supplemen;iﬁg with purified amino acids someafactors must bg'
take@ into cénsideraéion in relation to‘availability. ‘One of these‘faétors
is .the utilization of D and L forms of the amino acids. Jackson and Block
(1953) found that D methionine, as well as the naturally occurring L
mefhionine, stimulated growth in rats:ihgesting a cystinewmethiOniﬁe défi-

cient diet.
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Berg (1936) found D lysine unable to promote growth when fed to rats

as a supplement in a lysine deficient diet. Van Pulsum et al. (1950) found

rats fed the L forﬁs*of the ten essential amino acids as components of a
D=L mixture constituting 22.4 percent of the diet grew less well fhan
control rats fed only, the L isomers at a dietary level of 11.2 percent
protein. When allowance was made for the growth promoting capacities of
the D components of the D-L mixture, and only half as much D-L phenylalan-
ine, tryptophan, methionine, and arginine and an .intermediate level of D-L
histidine were included, the resulting 18.6 percent of D-L amino acids
promoted as good growth as that attained on the L mixture. The growth
?etardation was traced to excess methiomine. Comparative Eests showed
that the growth retardation produced by the natural L isomer of methionine
was greater than that produced by either the D-L or the D'modification;
TIME FACTOR '

Another consideration is the infléence of time of ingestion of essen-
fial amino acids upon utilization in tissue synthesis., Cannon et al.
(1947) working on this problem found that for effective tissue synthesis
all essential amino acids must be available to the tissues practically
simultaneously; otherwise the first group absorbed is not stored long
enough to enable its essential amino acids to combine with ;ﬁose of the
second éroup for the synthesis of complete tissue proteins. This occurred
even when the two incomplete‘rations'were offered at alternate hours over
als ﬁour periéd follqwed by the non-protein basal ration for the remainder

of the 24 hour period. The two incomplete rations combined contained all

of the ten essential amino acids.
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A report b& Geiger (1947) supports the view thaf{"incopplgpe“tamino
acid mixtures are not stored in the body but are irreversibly further )
metabolized. It was.showﬁ that with delayed supplementagion of the lacking
amino acids the ﬁissing tryptophan, methionine or lysine, when fed severai
hours after feeding the "incomplete' mixture did not promote growth.

Elman (1947) foﬁnd the injection of tryptophan (and mefhioﬁine) 6
hours affer an injection of an incomplete mixture of amino acids, 1ackipg
only tryptophan, failgd tb induce_pdsitive nitrogen balance,“whéreas-the
injection of .tryptophan (and methionine) simultaneously succeeded in doing
80, He'conéluded that retention of nitrogeﬁ is facilitated when all of the
complete mixture of amino acids is éresent to the tissues at the same time.

Yang et al. (1961), however, found growth data and the biological
value obtained with the lysime supplement adminiétered apart from the diet,
eithe; immediately or 4, 8, 12 or 16 hours after the 4-hour feeding period,
were not different from those observea with the lysine supplement incorpor-
ated in the dief.

EFFECf'OF LYSINE SUPPLEMENTATIOﬁ ON CARCASS QUALITY

Vipperman et al. (1961) found an increase of_tdtal.muscle mass with

" lysine supplementation of swine ratioms. The carcass specific gravity

increased reaching a maximum at the 0;9 percent Iysine level. The yield
of s#inned ham, Boston butt, picnié, and trim loin increased, amd the total
leén yield increased (P<0.01).

Seerley (1962) supplemented milo rations: for weanling pigs with 0.1,

0.2, and 0.3 percent L-Iysing. Slaughter data collected were average

‘backfat thickness, carcass length, loin eye area and percent lean cuts.
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Results of slaughter data showed that carcasses may be.improyed by lysine
supplementation, Aé the level of 1y§ine increasgd backfat thickness‘de-
creased ana the lbin'eyé area and percent lean cuts increased. Comparison
of carcasses from pigs fed rations without lysine and 0.3 percent lysine
were 1.64 vs. 1.46 inches backfat, 3.35 vs. 3.78 square inches loin eye,

and 50.24 vs. 52.84 percent leam cuts, respectively,




RAT EXPERIMENTS
EXPERIMENTAL ENVIRONMENT

Experimental animals

Both male énd female rats were used in all studies and were approxi-
mately 21 dayé of age at the beginning of the trials. Rats were housed in
the Animal Industry small animal research room in Ehe Medical Science
Buildihg° This room was heated by a central heating system and, as a re-
sult;.the temﬁerature varied considerébly. Variations as great as 20° F
were observed during the trials. The room was also inadequdie in ventila-
tién, becoming very stuffy at times. No artificial light was provided at

"any time during the trials except when someone was working in'the room.,

General care of the animals

'Rats were weighed and earmarked at the initiation of the trial so
each rat could be identified. Rats were fed.and watered in‘individual
cages. Feed and water were supplied ad 1ibi£um; The feeders were refilled
twice weekly and fresh water was provided as needed. The feedeps were
placed in crocks to minimize the spilling of feed and facilitated a reason-
ably accurate-weiéh back of feed. The experimental period lasted 28 days.
The animals were weighed at weekly intepvals.

Basal ration

. The basal ratioen consiéted'of 80 percent corn starch, 10rpercené corn
oil, 5 percent non-nutritive céllulose, 4 percent U.S.P. #14 salt mix, and
1'percent vitamin diet fortification mixture from Nutritional Biochemical
Corporation. The'barley was substituted for the corn starch in the various
trials to obtain the‘desired protein content for the ration. The raFions

were not analyzed chemically. -
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Lotting

The rats were allotted to the various treatments maintaining an equal
litter distribution. A uniform sex ratio was also maintained throughout
the various treatments. |
Protein efficiency ratio gP.E.R,Q.

P.E.R. values were calculated according to the method of Chapman et

. (1959) by dividing the weight gained in grams by the grams of protein
consumed. A correction factor was obtained by using the formula

2.5 .o The figure 2.5 is a determined constant P.E.R. of

P.E.R. for casein
reference standard casein. 1/ The denominator is the P.E.R. actually re--

ceived from reference standard casein diet for the trial being considered.
The P.E.R. values of all except the casein diet were multiplied by
the correction factor to convert each to a common basis for comparison

with the standard casein diet.

1/ A.N.R.C. Reference Casein. Sheffield Chemical. Norwich, N. Y.
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METHODS AND PROCEDURES

Rat Trial I

Trial I was conducte@ to &etermine the effect of supplementiﬂg ratiops
containing high and low protein barley (13.3 and 17.0 percent respectively),
with lysine and/or methionine. The composition of the rations is shown in
Table I.‘ |

In this trial 6 r#ts'(B males and 3 females) were allotted to each
treatment. The lots with their respective treatment are shown in Tgble 1I.

Table I. Rat Trial I. Composition of the Rations.l/

e < e
——— ]

Rations 1 2/ 11 3/ | 111 &/

Ingredigpts k
Casein ~—- : - 11.13%
Barley 58.80% . 75.20 -—--
Corn 911 10.00 10.00 10.00
Cellulose 5.00 5.00 ) 5.00
Salt Mix #14 4.00 4.00 4.00
Vitamins 1.00 1.00° 1.00
Corn starch 21.20 4.80 68.87

i? All rations corrected to 10 percent protein before the addition of

amino acids. .

17.0 percent protein barley.
13.3 percent protein barley.
Reference casein.

IS
<~
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Table IX.  Rat Trial 1. .Experimental Treatments. 1/

Lot 1 Ration I 2/

Lot 2 Ration II 3/

Lot 3 Ration I plus Lysine 4/

Lot & Ration IT plus Lysine &/

Lot 5 Ration I piué Methionine %/

Lot 6 Ration II plus Methioniné 4/

Lot 7 Ration I plus Lysine and Methionine &/
Lot 8 ' Ration II plus Lysine and Methionine 4/
Lot 9 | Ration IIL

1/ All rations corrected to 10 percent protein before addition of. amino
acids.

2/ 17.0 percent protein barley.
3/ 13.3 percent protein barley.
4/ L-lysine HCl and/or D-L Methionine.
Rat Trial II

| In Trial II the procedures outlined by Chapman et al. (1959) were
altered so the protein of the various rations were corrected to a 15.9 per-
cent level. As a_result, the composition of the barley ration, with re-
spect to corn oil and cellulose, was altered somewhat to facilitate the
15.9 percent protein level. Methionine, 1ysine or the combination of-the
two were added to the basal rations. The composition of the rations is
shown in Table III.

Six rats (3 males and 3 females) were used per treatment. The lots

with their respective treatments are shown in Table IV,
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Table III. Rat Trigl II. Composition of the Ratioms.

Ration I 1r Y/

Ingredients
Casein 17.4% R
Barley ' e ‘ 93.0%
Corn oil 2.0 2.0
Cellulose - 5.0 oo
Salt mix #14 4.0 4.0
Vitamins 1.0 1.0
Corn stgrch , 70.6 o

T Y T Ty

1/ 17.0 percent protein barley used in the ratienm. T

Table IV. Rat Trial II. Experimental Treatments.

Lot 1 Ration I

Lot 2 Ration II 1/

Lot 3 Ration II plus 0.44 percent D-L Methiomine

Lot &4 Ration II plus 0.52 percent L-lysime HClL

Lot 5 Ration II plus 0.44 percent D-L Methionine and 0.52

percent L-lysine HCL

1/ 17.0 percent protein barley used im the rationm.

Rat Trial IIX

In Trial III a regimen was devised to approach the problem of finding
the optimum levels of lysine and methiomime which should be added to a
17.0 percént protein barley rationm. Two supplemental levels of lysime

were used with 4 different levels of methionine added teo. each lysine level.
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The rations in this trial wére also corrected to 15.9 percent protein

rather than the 10 percent protein correction used by Chépman° The rations
_are'shown in Table V. |

Six rats (3 males and 3 females) were allotted to each treatment. The

lots with their respective treatments are shown in Table VI.

Table V. Rat Trial III. Composition of Ratioms. S
Ration _ I : 1x L/
Ing;edients '

Bariey ' --- 93.0%

Casein 17.4% _———

Corn oil 2.0 " 2.0

Cellulose 5.0 -

Salt mix #14 4.0 4.0

Vitamins 1.0 1.0

Corn starch 70.6 ===

f—— —
1/ 17.0 percent protein barley

Table VI. Rat Trial ITI. Experimental Treatments. i/ _
Levéls of Methionine _ 0.4% Lysine ) 0.6%.Lysine

0.3% Lot II Lot VI

0.4 Lot III Lot VII

0.5 Lot IV , Lot VIII

0.6 Lot V Lot IX

1/ All rations contain 17.0 percent protéin barley.
Lot I fed the casein ration. B
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RESULTS AND DISCUSSION
Rat Trial I
The average daily gain, feed per gram gained, P.E.R. and corrggted

P.E.R. are shown iﬂ Table VII. The P.E.R. values were the only result
analyzed statistically. The casein ratiqn was fed to obtain a correction
factor for the P.E.R. This was calculated by using the formula

2.5 . The correction factor obtained for this experiment

P.E.R. for casein
was 0.86. All rations were corrected to 10 percent protein before the

addition of the amino acids..

Table VII. Results of Rat Experiment I.

Feed/ ‘ Corrected
Lot : A.D.G, Gm. Gain P.E.R. P.E.R.
Grams Grams
I Ration I L/ - 1,75 6.12 1.64 1.41
II Ration II + Methionine 2/ 1.86 5.83 1.74 1.50
III Ration I + Lysine 3/ 2.56 4.58 2.24 1.91
~ IV Ration II + Lysine - 2.56 4.55 2.21 1.90
V Ration I 4+ Methionine 1.58 6.32 1.59 . 1.37
VI Ration II + Methionine . 1.70 5.70 1.78 1.53
VII Ration I + Lysine and
) Methionine 2.68 4,55 2.23 1,92
VIII Ration II + Lysine and
Methionine 2.68 4.57 2.20 1.89
IX Reference Casein 3.32 3.49 2.92 -
17' 17 percent E;bteiH_Barley. R
2/ 13.3 percent protein barley.
3/ L-lysine HCl and D-L Methionine both added at 0.2 percent of the

ration.
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There was a variation of approximately 8 grams between lots in average
initial weigﬁts when the rats wére placed on experiment. All animals were
within 3 days of the same age.

The rats in lots receiﬁing lysine supplementation definitely hgd
improved P.E.R.’s. The addition of methionine had no appreciable effect.
The two sources of barley, containing 13.3 and 17.0 percent protein,
respecﬁively, responded equally well with lysine and gave about equal P.E.R.
values when supplemented. This is not in égreement with Mitchell (1924)
and Unpublished Data (Montana State College) where findings showed that
biological values were lower at higher protein contents of the feed.

The amalysis of variance showed a highly significant difference
(P<<0,01) due to rations.: When Duncan's New Multiple Range Test‘(Duncaﬁ,
1955) was applied to the results of this trial, a highly significant dif-
ference (P<<0.01) was found between the rations containing lysine (Lot III,
v, VII, VIII):and those not receiving supplemental lysine (Lot I, III, V,
and VI). |

Rat Trial II

The average daily gaims,.feed per gram gain, P.E.R, and corrected P.E,
R. are shown in Table VIIL. Only the Protein Efficiency Ratios were used
'for statistical amalysis. The correctior factor used in this trial was
1.26. | i

The rations in this trial contained 15.9 percent protein before the
addition of the purified amino acids.

There was a variation of 2 grams in average lot weights when the rats

were placed on experiment. The rats were approximately the same age

















































































































































































































































