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ABSTRACT
AMINO ACID STUDIES IN RUMINANTS

INVESTIGATION OF A METHOD FOR DETERMINING THE
LIMITING AMINO ACID

by
Emerson Lucine Potter

This dissertation is concerned with developing a procedure which
would identify the limiting amino acid of ruminants from plasma amino
acid (PAA) concentrations., The limiting amino acid in monogastrie
animals is defined as the essential amino acid in the dietary protein
which is least able to fulfill the animal's requirements, In compar-
ison, the limiting amino acid of ruminants is the essential amino acid
in the protein passing to the small intestine which is least able to
fulfill the animal's requirements, Dietary protein degradation and
protein synthesis by the microbes in the rumen account for this differ-
ence,

Glucose infusions into the carotid artery caused decreases in the
PAA levels which suggested that protein synthesis occured (Potter
ot al, 1968), If glucose stimulates protein synthesis then the amino
acid limiting protein synthesis should be the plasma essential amino
acid whose post-glucose concemtration is decreased the most, when
expressed as a percent of the pre-glucose PAA level, Potter et al,
(1968) expressed post-glucose PAA concentrations as a percent of pre-
glwucose PAA concentrations and termed these ratios plasma amino acid
indices (PAAI).
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PAAL = § x 100

When A = post-glucose PAA cencentration
B = pre-glucose PAA concentration

The lowest PAAI should correspond to the limiting amino acid since this
corresponds to the PAA which was utilized in protein synthesis to the
largest degree in respect to the pre-glucose level, Experiment one,

a 3 x 3 latin square replicated 4 times, was designed to investigate

PAA levels of sheep as they changed due to intravenous infusions of
saline and glucose (two levels of glucose, low and high), The ene

hour post-glucose infusion PAA concentrations were significantly (P < ,05)
decreased below the pre-glucose PAA levels, The pattern of decrease in
plasma essential amino acids was significantly correlated to the amino
acid composition of striated muscle of lamb (P < ,05), Iseleucine and
leucine had the lowest PAAI and, based on the assumptions ocutlined above,
were thms indicated as the limiting amino aeids,

Experiment twe, using 12 rats per dietary protein (egg albumin,
casein, soy and sein), was designed to determine the accuracy of the
PAAI procedure in predicting the limiting amino acid, The PAAI proced-
ure did not identify the limiting amino acid in 3 of the & preteins,

Expressing PAA concentrations from rats (16/diet) fed test diets in
experiment 3 as a percent of the average PAA concentration from rats fed
whole egg, whole egg plus amino acids and casein diets (high quality
proteins), correctly identified the limiting amino acid in 6 of the 8
diets (indicated by lowest percent value)., The percent values calcula-
ted in this way were defined as "plasma amino acid reference indices"
whereas the PAA concentrations in the rats fed whole egg, whele egg

plus amino acid and casein were termed "reference concentrations,"
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Flasma amino acid reference indices =3 x 100
When A = PAA concentration from rats fed a test diet
B = Reference concentration from rats fed high
quality proteins
Plasma amino acid concentrations were determined in sheep (surgi-
 eally prepared with duodenal re-entrant cannulas) duodenally infused
with proteins of "known" amino acid composition, PAAI did not identify
the limiting amino acid of the infused proteins. Reference indices,
calculated using the average PAA concentrations from sheep infused with
whole egg and casein as reference concentrations, identified the limit-
ing amino acid in 6 of the 8 infusions, When these reference concentra-
tions were compared to PAA concentrations of sheep in other studies,
methionine, phenylalanine, lysine and isoleucine were indicated as the
limiting amino acids,
The final experiment showed that amino acid levels in blood collect-
ed from the jugular vein and carotid artery of sheep did not differ,
This suggests that blood from either site can be used in PAA studies,
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INTRODUCTION

Ruminants are impertant to man because they produce meat, milk and
fiber from forages and non-protein nitrogen., Increased productive
efficiency may result from studies defining the amine acid which limits
the synthesis of milk or muscle proteins, Since the amino acid supply
to the ruminant consists of a mixture of undegraded dietary and rumin-
ally synthesized microbial proteins, the limiting amino acids ef these
protein mixtures will determine productive functions. The limiting amine
acid is that acid whose availability is such that it is least able to ful-
£i111 the animals requirements (Almquist, 1954), Since the amine acid
composition of the dietary protein differs from that supplied to the
small intestine, growth responses to changes in the dietary amino acid
supply will net define the limiting amino acid in ruminants, Plasma amine
acids (PAA) cencentrations should reflect the supply of amino acids to
tissues of ruminants and may be useful for identification of the limit-
ing amine acid,

Purser ot al. (1966) infused a starch-glucose mixture into the
rumen of sheep and reported subsequent decreases in PAA levels, When
compared to the pre-infusion PAA levels, lysine was decreased the most
by this starch-glucose infusion in defaunated sheep whereas no single
amino acid was decreased more than any of the others in faunated sheep
fed the same diet, Lysine was expected as the limiting amino acid
since these sheep were fed a corn diet which is limiting in lysine, It

appeared that the starch-glucose induced changes in PAA levels might
1






2

be useful in determining the limiting amino acid in rwuminants, The
infusions of glucose into the carotid artery of sheep decreased the
essential PAA levels (Potter et al.,, 1968), Decreases in the absolute
eoncentrations of each essential amino acid in the plasma were signi-
ficantly (P < ,05) correlated with the essential amino acid composition
of striated muscle of lamb, suggesting that glucose induced protein
synthesis, Theoretically, the limiting amino acid is that acid which
decreased the most in respect to the amount present in the plasma before
the glucose infusion; by this definition 1soleucine was the limiting
amino acid,

Research presented in this dissertation deals with the effect of
intravenous glucose infusions on PAA concentrations and the determina-
tion of the limiting amino acid in ruminants from PAA concentrationms,



LITERATURE REVIEW

Amino Acid Supply to the Ruminant

Nitrogen metabolism in the ruminant has been the subject of sev-
eral reviews (Blackburn, 1965; Hungate, 19663 Waldo, 1968; Chalupa, 1968;
Conrad and Hibbs, 1968; Smith, 1969; Kay, 1969; McDonald, 1968 and
Purser, 1970a,b). The ability of the ruminant to use non-protein ni-
trogen is related to its digestive tract whish includes large food
reservoirs known as the rumen and reticulum, Forage digestion and
non-protein nitrogen utilization ocour in the rumen as the result of
bacterial and protozoal metabolism,

Rumen bacteria and proto?oa influence the amino acid supply to the
animal by degrading dietary protein and by synthesiszing mierobial proteins
(Bryant and Robinson, 1961; Hungate, 1966 and Allison, 1969), Leosli
ot al, (1949) reported that the essential amino acids (EAA) could be
synthesised in the rumen of sheep fed only urea as a nitrogen source,
Black ot al, (1957) and Downes (1961) reported that threonine, valine,
methionine, isoleucine, leucine, ph?xwhhn:lm. lysine and histidine
were essential amino acids for ruminants since they were not synthe-
sised in the rwminant's tissue,

The quantity and quality of protein reaching the duodermun of the
ruminant depends upon the degradation of dietary protein and the quanti-
ty of microbial protein synthesiszed in the rumen (Smith, 1969), Clark
ot al, (1966) using sheep compared the dietary nitrogen (N) intake to
the quantity of N reaching the duodenum, When diets containing

3
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5¢1, 743, 16,4 and 24,8 gm N/day were fed, 9.0, 12.2, 17.6 and 19,2 gm
N/day, respectively reached the duodenum, The quantity of N reaching
the duoderum inereased on the two lowest N diets and decreased on the
highest N diet in respect to the dietary N level, The amino acid com-
positien of abomasal contents differs from the dietary amine acid com-
position (Clark et al.,, 1966; Bigwood, 1964 and Iittle et al., 1968),
Clark et al., (1966) and Bigwood (1964) reported that lysine, threonine
and isoleucine formed a larger fraction whereas proline, arginine and
leucine formed a smaller fraction of the total amino acids in duodenal
digesta than they did in the diet, Little et al. (1968) reported the
amino acid composition of abomasal digesta to be similar in sheep fed
soybean meal, gelatin and casein but different in zein-fed sheep,

The quantity of undegraded dietary protein which passes to the
duodenvm was 10 and 60%, respectively, when casein and sein were the
dietary preteins fed to sheep (McDonald and Hall, 1957; McDonald, 1954
and Ely et al., 1967). Selubility determines whether a protein will
be degraded by microbes in the rumen, Annisen (1956) investigated
ruminal degradation of casein, soy, ground-mut protein, sein, bovine
serum albumin and vheat gluten and found rapid hydrolysis ef the first
three proteins, This was substantiated by Hemdricks and Martim (1963)
whe reperted a correlation between protein solubility in a salt solution
and rate of degradation in the rumen, Treating protein with heat, tan-
nde acid and formalin will decrease the solubility and increase the
quantity of dietary protein passing to the rumen (Chalmers et al., 1964;
Driedger and Hatfield, 1970; Ferguson et al., 19673 Tagari et al,, 1962
and Whitelaw et al., 1967).

Hungate (1966) reviewed data for protein production in the rumen
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and estimated production as 15 gm of microblal cells for each 100 gm
of substrate fermented by a mixed microbial population, A cell yileld
of 21,7% was reported (Hungate, 1963) for Ruminococcus albus grown on

cellobiose media in contirmuous culture while, a 46,8% cell yield was
observed for Bacteroldes amylophylus when grown on maltose media

(Hobson and Somers, 1967), Walker and Nader (1968) measured microbial
growth rates using radioactive 353 sulfide and found a 14% cell yleld
for a mixed rumen population in vitro., Conrad et al, (1967) published
estimates of ruminal methionine synthesis based upon the incorporation
of labelled 7S into methionine, Between 31 and 59 mg of wethionine
were synthesized per kg of body weight per day by the dairy cow, This
corresponds to the synthesis of 1,4-2,6 gm of bacterial protein per
kg/day. El-Shasly and Hungate (1966) used the diaminopimelic acid
concentration of bacteria to estimate that 69-80% of the total N in the
rumen was of microbial origin,

The quality of both microbial and undegraded dietary protein which
reaches the small intestine will determine the amino acid supply to the
ruminant, Purser (1970b) and Waldo (1968) reviewed data regarding
quality of rumen microbial proteins, McNaught et al, (1954) and Bergen
ot al, (1968a) agree in their estimates of the quality of rumem proto-
soal and bacterial proteins fed to rats, McNaught et al, (1954) re-
ported the "true digestibility” (TD), biological value (BV) and net
protein utilisation (NPU) as 74, 81 and 60; respectively, for rumen
bacterial motein and 90, 80 and 73; respectively, for rumen protoscal
protein, Since the digestibility of protozoal protein is higher than
that of rumen bacterial protein the quality of protein passing to the

lower gut may increase as increased proportions of protoseal protein



pass to the lower digestive tract, Bergen et al, (1968b) reported no
differences in the TD, BV or NPU of microbial proteins taken from the
rumen of sheep fed different rations,

The amino acid composition of rumen microbial proteins has been
investigated; Purser and Buechler (1966) reported 22 strains of rumen
bacteria to have the same amino acid composition, The amino acid com-
position of different rumen protozoal preparations are similar (Weller,
1957 and Purser and Buechler, 1966), In comparison to rumen bacterial
protein, rumen protozoal protein contains a larger proportion of lysine,
leucine, phenylalanine and tyrosine (Purser and Buechler, 1966)., There-
fore the amino acid composition of microblial protein which passes out
of the rumen is quite constant,

The digestibility and release of amino acids from individual strains
of rumen bacteria were studied with a pepsin-pancreatin in vitro digest
system (Bergen et al., 1967). Since digestibility of the protein in
these strains of bacteria varied between 45 and 858, the supply of
amino acids available for absorption by the animal may depend upon the
population of rumen bacteria,

The quantity of microbial protein which passes to the abomasum is
dependent upon the quantities of bacterial and protozoal protein sym-
thesized in the rumen, The amount of bacterial protein in the rumen of

faunated sheep is only half of that in defauwnated sheep (Purser et al.,
1966), Since protozoa use bacteria as a protein source (Coleman, 1967a,b
and Wallis and Coleman, 1967), the decrease in bacterial counts of
faunated sheep may be the result of protoszcal feeding or competitiom for
energy substrates in the feed.

Bergen et al, (1968) determined the limiting amino acid of rumen
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protozoal and bacterial proteins by feeding rats diets which contained
these proteins as the sole N source, Histidine and cystine were the
limiting amino acids in the rats fed protosoa and bacteria, respective-
ly; leucine, arginine and lysine were also in short supply. These con-
clusions were based upon determination of the limiting amino acid as
described in the PAA seore procedure (McLaughlan, 1964),

Since the dietary supply of amino acids is not the same as that
reaching the abomasum, the amino acid composition of abomasal digesta
has been measured, The sulfur amino acids were limiting when abomasal
amine acid levels were compared to the amino acid requirements of swine
(Poley et al,, 1963). Schelling et al. (1967) and Duncan et al, (1953)
reported the amino acid composition of rumen digesta after sheep were
fed a non-protein nitrogen diet., Upon expressing the amino acid com-
position of rumen ingesta as a ratio of the amino acid composition of
whole egg, histidine and methionine were suggested as being in short
supply (Schelling et al., 1967).

The N passing to the small intestine of the ruminant is meinly
protein and protein degradation products produced in the abomasum, The
N passing to the duodenum is composed of 65-75% amino acid nitrogen,
5-10% ammonia nitrogen (Clark et al., 1966 and Hogan et al,, 1969) and
154 nucleic acid nitrogen (Smith et al.,, 1969)., Based on differences
between the quantities of amino N appearing at the duodemum and iluem,
Clark ot al., (1966) found 4-10 gm/day of amino N abserbed in sheep.
Amino acid disappearance does not indicate net absorption since there
are endogenous secretions of protein in the gut (Kay, 1969).

Hogan (1957) reported abomasal N secretion of 1,2 gm/day and
small intestimal N secretion (8-12 gm/day) was found by Campbell et al,
(1961) using 1311 labelled albumin in sheep. Nasset (1964) concludes



8

from rat and dog studies, that endogenous gut secretions may dilute
the dietary protein 1-4# fold and serve as a homeostatic mechanisa to
prevent an amino acid deficiency after a single meal, However, this
will not prevent amino acid deficiencies when feeding an imbalanced diet
for a longer period (Rogers and Harper, 1965). Olmstead et al. (1966)
fed & different protein diets to mem and found the dietary protein had
some imfluence on the amino acid composition of duodemal digesta,

Whereas the major supply of amino acids to ruminant tissue is
from absorption through the small intestine, other absorption sites
have been investigated. Leibholts (1965 and 1969) reported rumen fluid
amino acid concentrations to be less than plasma levels, except in the
case of lysine, histidine, cystins and alanine which rose above the
plassa levels for short periods of time after high protein diets were
fed, Cook, Brown and Davis (1965) inserted a catheter into the right
ruminal vein of a goat and a steer before adding 15 gm of glycine to the
rumen, The ruminal glycine concentration in this study was higher than
the mermal glycine levels in rumen fluid reported by Wright and Hungate
(1968). There is passive amino acid absorption from the rumem, but
it is not a major contributor to the free amino acid pool (Kay, 1969),
Hogan and Phillipson (1960) reported the disappearance of 0,5-2.0 gm of
N/day from the large intestine of sheep, but amino acid absorption
from the large intestine has not been established., The N which dis-
appeared frem the large intestine was probably absorbed as ammenia,
transported te the liver, incorporated into urea and the urea excreted
in urine or recycled to the rumen via saliva or by diffusion across the
rumen wall (Somers, 1961; Weston and Hogan, 1967 and Houpt and Houpt,
1968)., Kay (1969) postulates back-flow of ingesta from the caecum
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to the ileum, however a significant contribution te the amino acid pool
in this manner is questionable and unsubstantiated,

Although protein digestion and amino acid absorption in the small
intestine of the ruminant is not known to differ from that in the mono-
gastric there are several physiological differences, While flow through
the small intestine of the monogastric subsides as the stomach empties,
flow through the small intestine of the ruminant is continuous through-
out the day as ingesta continually passes from the rumen (Balch and
Campling, 1965). Therefore there should always be some protein avail-
able for digestion in the small intestine of the ruminant., The volume
of ingesta which passes into the duodenum of sheep is about 10 liters/day.,
The major contributors to this large flow are 6-16 liters of salivary
and 4-6 liters of abomasal secretions (Phillipson, 1964), Monogastrics
absorb most of their metabolizable energy from the small intestine as
carbohydrate, and ruminants acquire theirs from the rumen in the form
of acetic, propionic and butyriec acids, These acids are end products of
the rumen fermentation and serve along with small quantities of intes-
tinally abserbed carbohydrate to fulfill the energy requirements of the
ruminant, The amino acids absorbed from the small intestine may be
more efficiently used for productive purposes by the ruminant if meta-
bolizable energy substrates are absorbed at the same time (Purser 1970a),

Dietary protein utilisation in monogastrics depends upon several
integrated factors: amino acid composition of the protein, rate of
movement through the intestinal tract, intestinal digestion, amino aecid
absorption and availability of energy sources (Munro, 1964), The amine
acid composition of infusions into the small intestine of man influences
amino acid absorption (Ortom, 1963 and Abibi et al., 1967). The pattern
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of amino acids released from protein during enzymatic digestion in the
abomasum and small intestine may influence subsequent amino acid
absorption, Bergen et al., (1967) reported that arginine was not re-
leased from either protezoal or bacterial proteins during a 2 hour
pepsin digest in vitro, The consequence of this upon amino acid
absorption is unknown,

Methods of Determining the Limiting Amino Acid

Determination of the limiting amino acid is an integral part of
protein quality evaluation because this identifies the amino acid which
limits the utilization of the other amino acids for protein synthesis,
The limiting amino acid is defined as that which, by quantity, is least
able to meet the animal requirements, It is the acid that will give the
greatest growth response when supplemented into the diet, The limiting
amino acids of dietary proteins were first determined by measuring growth
response when different amino acids were supplemented into the diet
(Mitchell and Smmts, 1932),

Knowledge about both the dietary amino acid composition and the
amino acid requirement of the animal should allow determinatien of the
limiting amino acid by direct comparison (Black and Mitchell, 1946-M7),
The limiting amino acid should give the smallest value when expressing
the dietary amino acid levels as a percent of their requirements, The
studies of Pecors and Hundley (1951) and Sauberlich et al, (1953) showed
that the limiting amino acid was not always so identified, Carrol et al.
(1953) used the amino acids available from digestion in the intestins,
as determined from chromic oxide-amino acid ratio in feed and small
intestinal ingesta, in conjunction with the amino acid requirements to
predict the limiting amino acid. This procedure is lengthy and has not

been accepted,
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Mierobiological assays used to access protein quality (Ford, 1962;
Miller et al., 1964, 1965b and 1965c) are dependent upon the use of
specific micro-organisms which require the presence of one specific
amino acid for growth, The amount of that amino acid in the protein is
directly proportiemal to the growth of the micro-organisam, This
measures the utilization of an amino acid in a protein by the micro-
organism, which may differ from utilization in mammalian systems, These
investigators concluded that this method was not sensitive enocugh to
determine the limiting amino acids of dietary proteins,

Plasma amino acid concentrations may (McLaughlan and Morrison, 1968;
Richardson et al.,, 19533 Charkey et al., 1950 and Guggenheim et al.,,
1960) or may not (Denton and Elvehjem, 1954; Goldberg and Guggenheim, 1962;
Mclaughlan, 1963 and Frame, 1968) reflect the dietary amino acid levels,
Differences in PAA patterns after feeding protein diets can be attribu-
ted to the digestibility of the protein fed (Denton and Elvehjem, 1954
and Goldberg and Guggenheim, 1962), PAA concentrations can reflect the
amino acid composition of dietary proteins, but a direct relationship
is not always observed,

The metabolic state of the animal will influence the PAA levels
independently of dietary protein, Charkey et al. (1953) reported ele-
vated levels of lysine and threonine during periods of catabolism and
postulated that these amino acids are resistant to deamimation, Munro
(196#) reviewed data showing increases in PAA levels during fasting
periods, The presence of readily metabolisable energy, fed to rats
(Bergen and Purser, 1968 and Knipfel et al., 1969), chickens (Hill and
Olsen, 1963) and humans (Harris and Harris, 1947; Munro and Thompson,
19533 Swendseid et al., 1967 and Crofford et al,, 1964) or infused into
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the rumen (Purser et al., 1966) or carotid artery of sheep (Potter et al,,
1968), resulted in decreases in the PAA concentrations,

The plasme concentration of the limiting dietary amino acid remained
low until the total dietary level of that amino acid was increased above
the animals requirement after which the plasma concentration increased
linearly with supplementation levels (Zimmerman and Seott, 1965), Si-
milar responses were reported for pigs fed a test diet for one week but
not for pigs fed the diet for only one day (Mitchell et al,, 1968b).
These data suggest that a period of metabolic adjustment is necessary
before PAA level will reflect the dietary amino acid composition,

Interrelationships between the blood levels ef different amino
acids have been observed (Kumta and Harper, 1962), Removal of one amino
acid from the diet, causing a severe amino acid deficiency, will result
in a low plasma level of that amino acid whereas the blood levels of
the other acids will increase., The increase in the blood levels of the
other amino acids is the result of a lower utilization rate when pretein
synthesis is impeded by an amino acid defieciency. Thus, high bloed
amino acid concentrations do not always indicate that the animal is
absorbing large quantities of amino acids, The relative distribution
between PAA levels or changes in levels resulting from the diet may be
useful in determining the limiting amino acid from blood.

Plasma amino acid concentrations are the measured parameter in
several procedures which determine the limiting dietary amino aeid,
Longenecker and Hause (1959) used "plasma amino acid ratios” to predict
the limiting amine acid of several dietary proteins., The plasma amino
acid ratio precedure predicted the same amino acid to be limiting
as had been previcusly determined in rat growth response trials,
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These plasma amino acid ratios were calculated according to the follow-
ing formmla,

Plasma amino acid ratio = %ﬁ

Where A = PAA concentration after consumption of a meal
B = PAA concentration during fast
C = amino acid requirement of the animal

Theoretically the difference between "fasting® and “after feed-
ing" PAA concentrations should reflect the amino acid composition of
the dietary protein, When these differences are expressed as a percent
of the amino acid requirements, the lowest value should correspond to
the limiting amino acid or the amino acid least able to fulfill the
requirement, Hill and Olsen (1963) used a similar method for predieting
the limiting amino acid of protein fed to chickens, FPAA concentratiemns
after feeding a non-protein-calorically adequate diet were used in
Place of the fasting PAA concentrations, This procedure predicted the
same amino acids as limiting in szein, gelatin and casein diets as did
growth trials,

The “plasma amino acid score" procedure has identified the limiting
amino acid of many proteins (MecLaughlan, 1964; Mclaughlan, 19673 and
Rao et al.,, 1968), Plasma amino acid scores are defined ass

Plasma amino acid score = A, 100

B

Where A = PAA concentration of fed animal
B = PAA concentration of fasted animal

Smith and Scott (1965) compared PAA concentrations from chickens fed a

reference orystalline amino acid diet, shown teo support optimal growth,
to PAA concentrations frem chicks fed test protein diets, The limiting
amino acids in sesame meal and soybean meal were identified by:



14

A-B
B
When A = PAA concentration for animals fed test diet
B = PAA concentration for animals fed crystalline
amino acid diet
While three of these procedures have never been extended beyond
the developmental stage, the plasma amino acid score procedure
(McLaughlan, 1964) has been easy and extensively used in determination
of the limiting amino acid of preteins fed to rats, While its use
has not been extended te other animals, it has been very accurate in

identifying the limiting amino acid as determined in growth trials.

Plasma Amino Acids in Ruminants

The PAA methods (Longenecker and Hause, 19593 Hill and Olsen, 1963;
McLaughlan, 1964; and Zimmerman and Scott, 1965) used to determine the
limiting dietary amino acids in monogastrics cannot be used in rumin-
ants, The methods of Longenecker and Hause (1959) and Hill and Olsen
(1963) require both knowledge of the amino acid requirements of the
anime]l and, either fasting PAA concentrations or PAA concentrations
after a non-protein meal, The PAA score me<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>