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1
GENERAL INTRODUCTION

Approaches for Estimating Requirements
The amino acid requirements of the pig are represented by the mini
mal amounts of essential amino acids and the sum of nonessential amino
acids that are necessary for a given level of protein formation (as in
muscular growth or synthesis of milk proteins), as well as for other
metabolic purposes, including maintenance (Henry et al., 1979).

Analysis of proteins
This method was one of Che first used to estimate amino acid re
quirements.

It is based on amino acid analyses of diets which were found

to give satisfactory growth (Becker et al., 1954). The main disadvantage
of this approach is that there may be some amino acids present at levels
close to requirements and others in excess of requirements (Lucas and
Lodge, 1961).

Also, diets that support growth rates that are satisfac

tory may include a diversity of proteins that differ in amino acid make
up.

Comparisons between diets are complicated by differences in volun

tary intake and in composition of body weight gained.

This approach is

not the best and we cannot expect it to give precise estimates of amino
acid needs.

It should be used only when no other more direct method is

available (Lucas and Lodge, 1961).

Tissue analysis
This method is based in the observation that proteins of high nutri
tional value for the growing animal resemble, in their amino acid compo
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sition to the body proteins of the animal consuming them (Fisher and
Scott, 1954), This observation led to the concept that the amino acid
requirements of an animal are determined by the composition and amounts
of the proteins being synthesized (Mitchell, 1950).

The growth of pro

tein mass of the body is given by the accumulation of amino acids in
characteristic proportions.

These quantities obviously represent only

net requirements because this approach does not take into account the use
of amino acids for purposes other than for the synthesis of muscle and
connective tissue proteins (Lucas and Lodge, 1961). In addition to the
net requirements for growth, animals require proteins for maintenance.
This requirement Includes the synthesis of proteins which are
continuously lost from the body, such as those of skin, hair, and intes
tinal epithelium, as well as those amino acids used for purposes other
than protein synthesis; purposes that Include their conversion to hor
mones, neurotransmitters, vitamins, coenzymes, and other physiologically
active substances, such as histamine.
specific chemical groups.
methyl groups.

They are also used as sources of

Methionine, for example, acts as a donor of

Small quantities of amino acids are also lost in the

feces because of incomplete digestion and other minute quantities are
lost in the urine.

Dose-response assay
This has been the most widely used method.

In this method, animals

are fed protein or an amino acid mixture deficient in the amino acid
under study.

Graded levels of the amino acid are then added and the

requirement is estimated from measurements such as growth rate, feed
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efficiency, plasma urea N, and plasma amino acids.

Lucas and Lodge

(1961) recommended that when using this approach to estimate amino acid
requirements, it is necessary that all other essential amino acids are
supplied in the required amounts.

This qualification requires prior

knowledge of the requirements for the other amino acids.

Some workers

have tried to avoid a problem by supplying these other amino acids in
excess of the accepted requirements.

But, this practice can give rise to

amino acid imbalances (Jones, 1964).
Fuller (1980) suggested that this last approach is the one to use
because of the problem mentioned earlier.

As knowledge of amino acid

requirements accumulates, this difficulty can be avoided by repeating the
experiments until a perfect balance of amino acids is, in theory,
achieved.

Criteria to Estimate Amino Acid Requirements for Growth

Performance
In the growing animal, the daily live weight is the most applicable
measurement, because it is directly related to production objectives
(maximum weight gain and efficiency of conversion of feed into lean
tissue), and it has been widely used (Vipperman et al., 1963; Batterhan
and Murison, 1981). Also, it can be refined further by relating live
weight gain to the amount of feed or protein ingested (feed or protein
efficiency; Beeson et al., 1951; Sewell et al., 1953).

Live weight gain

is sometimes an inadequate measurement of amino acid requirements because
of variations in composition of gain with age or dietary balance (Hogberg
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and Zimmerman, 1979). Therefore, a more precise measurement is lean
tissue gain, which is closely related to the amount of deposited protein.
This measurement, however, requires the use of laborious and expensive
comparative slaughter techniques (Brown et al., 1951; Wyllie and Owen,
1978).

Brown et al. (1973) concluded that growth rate is a relatively

poor indicator of amino acid requirements for lean meat production and it
gives lower requirement estimates than feed conversion ratio or lean
tissue deposition.

Nitrogen balance
In this method, N retention is measured, and results are based on
the difference between N intake and N excreted in feces and urine.
Several authors have used N balance as a criterion for determining
requirements (Rose et al., 1950; Mitchell et al., 1968; Lewis and Speer,
1973).

Njaa (1961) pointed out that errors in determining the apparent

fecal recovery of ingested N may result from small losses of both food
and feces and the same would also apply for the urinary N.
also discussed various other objections to this method.

Njaa (1963)

His work

suggested fecal N excretion to be influenced by body weight independent
of the intakes of feed and N.

He also studied urinary N excretion in

relation to body weight and growth rate of rats and their intakes of feed
and N.

The results indicated that growth rate was of greater importance

than body weight for variation in excretion of urinary N.

Eggum (1970)

stated that estimation of N balance is inherently influenced by more
sources of error than is the estimation of body N gain.

McLaughlan and

Campbell (1969) concluded that both methods evaluate amino acid require
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ments essentially in the same way and there are usually no real
differences in the results obtained.

Plasma urea ^
An alternative method to indirect or direct measurement of N reten
tion is to determine plasma urea levels.

This criterion is highly depen

dent on both the quality and the quantity of protein supplied in the
diet.

In experiments with growing pigs, Munchow and Bergner (1968) found

a very high negative correlation between the biological value of the feed
and the blood urea level.

The correlation coefficient was .96. They

also found that the blood urea level increased with the protein content
of the diet.

Rose et al. (1950) observed large increases in urinary N

when humans were changed from a complete diet to a diet deficient in
valine or methionine.

By partitioning the urinary N, they demonstrated

that urea was the major N component of urine that responded to a dietary
deficiency of an amino acid.

Brown and Cline (1974) found that the

addition of the first-limiting amino acid to the pig's diet resulted in a
decrease of plasma urea levels. They suggested that plasma urea N can be
used as an indicator of protein quality and possibly to assess amino acid
requirements of swine and other nonruminant animais.

Kumta and Harper

(1961), working with rats, observed an increase in blood urea concentra
tion because of a dietary amino acid imbalance.

Eggum (1970) concluded

that urea content in plasma also increases as the protein concentration
in the diet increases, and he suggested that at least two factors
influence the urea content, namely the quality and quantity of protein in
the diet.
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Plasma «minm acids
Free amino acids in blood are the primary route of transportation of
dietary protein to the tissues.

Their concentrations at a given time are

the result of a balance between several mechanisms, including dietary
supply, amino acid availability, amino acid uptake from plasma for pro
tein synthesis, and turnover in tissues for restoration of protein catabolism (Henry et al., 1979). The concentration of a free amino acid in
blood seems to be closely related to the level of the same amino acid in
the diet (Morrison et al., 1961; Puchal et al., 1962; Zimmerman and
Scott, 1967), and its level can be used to predict the requirement.

In

growing animals, the concentration of an essential amino acid in blood
plasma remains low and relatively constant until the dietary requirement
for that amino acid is just met (McLaughlan, 1974).

Above this level of

intake, the plasma concentration begins to rise in response to further
increase in intake of the amino acid.

Mitchell et al. (1968) studied

plasma free amino acid levels in relation to dietary requirements of
amino acids.

They concluded that the plasma technique could be used to

determine the pig's requirement for essential amino acids.

Long (1966)

also concluded that amino acid levels in plasma of pigs can be used to
predict the limiting amino acid of a dietary protein.

Mitchell et al.

(1968) reported that amino acid requirements estimated from plasma free
amino acid concentrations were slightly lower than those estimated from N
balance trials.

A similar situation was found by Lewis and Speer (1975)

with threonine in the lactating sow.

They obtained a requirement of .42%

dietary threonine on the bases of plasma amino acids and N retention.
But, a further improvement in milk production and litter gain was
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observed with a level of .49% dietary threonine.

These examples show

some discrepancies in the determination of the amino acid requirement de
pending on the criterion used.

Therefore, simultaneous consideration of

a number of criteria give the best estimate of amino acid requirements.

Amino acid oxidation
When an amino acid is present in the diet in suboptimal amount, a
large proportion of this amino acid is used for protein synthesis.

A.s

the dietary supply exceeds the animal needs for protein synthesis, in
creased use of the carbon skeleton occurs for alternative processes such
as lipogenesis, gluconeogenesis, excretion in the urine or increased
oxidation to carbon dioxide.

Based on these assumptions, Brookes et al.

(1972) developed a method for estimating the lysine requirement of the
growing rat fed graded levels of dietary lysine and injected with radioactively labeled lysine, by measuring the production of radioactive
carbon dioxide. The radioactivity was used as an index of the amount of
lysine oxidized.

They concluded that the oxidation technique provides a

means of estimating the dietary amino acid requirement for a specific
growth rate in the growing rat.

Chavez and Bayley (1976) used this

procedure to measure the lysine requirement of young pigs.

They esti

mated the requirement to be 13 and 15 g/lysine/kg of a diet that
contained 181 g/kg crude protein.

Kang-Lee and Harper (1977) adminis

tered tracer doses of radioactivity-labeled histidine to rats fed diets
containing graded levels of histidine and they measured the release of
radioactivity in the expired carbon dioxide.

They concluded that the

technique was useful for assessing amino acid requirements of rats.
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The recommended dietary requirements for growing pigs are based on
considerable experimental evidence, but that is not the situation for
young piglets because normal growth rates can only be obtained by feeding
diets based on milk, and such diets supply generous amounts of essential
amino acids leaving no opportunity to manipulate amino acid levels from
deficient to excess.

Kim et al. (1983) showed that oxidation of radio-

actively labeled phenylalanine could be used to indicate the adequacy of
the lysine requirement in short-term studies. The technique eliminated
the difficulties associated with developing deficient experimental diets
for piglets of less than 2 weeks of age.

Factors that Influence Dietary Amino Acid Requirements for Growth
It may seem strange that when so much is known about the metabolism
of the amino acids — the mechanism of their absorption, transport,
catabolism and incorporation with proteins — that there should still be
uncertainties about the proper quantities of these nutrients needed in
the diet of the weanling pig.

But, there are several factors that can

influence the requirement estimates.

These factors include age and sex

of the animal, availability of the dietary amino acids, and amino acid
interrelationships such as imbalances and antagonisms.

Genotype
Topel (1971) in a review of the protein levels required for heavily
muscled swine reported that, in some cases, higher levels of protein than
previously recommended produced faster and more efficient weight gain and
leaner carcasses.

Kornegay et al. (1973) suggested that lean, well-
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muscled pigs responded to higher protein levels than those normally
recommended.

They also concluded that good performance in lean-type pigs

could be obtained on lower protein level when the diet contained high
quality protein supplements such as soybean meal.
Henry et al. (1979) reported that there was a significant inter
action between protein level fed during the finishing phase of growth (60
to 100 kg live weight), and genotype when comparing two types of breed
crosses (Large White x French Landrace cross-bred sow sired by French
Landrace or Pietrain boars).

The lysine content of the diets (2.15

g/Mcal DE) was critical for Pietrain as compared with French Landrace
crossbred pigs.

This was an indication that the amino acid requirement

was higher in lean-type pigs, such as Pietrain compared with French
Landrace.

Age, sex, and castration
All the evidence shows that the protein requirement decreases with
increasing age and this change is thought to apply to each essential
amino acid.

Newborn pigs respond more dramatically to protein quality

than do older pigs and milk protein is, in most cases, superior to other
protein sources (Okai et al., 1976).
Several studies have indicated variations between boars, barrows and
females in rates of protein deposition and, therefore, in protein and
amino acid requirements.

In females, the amount of N retained is greater

than in castrated males (Wahlstrom and Libal, 1974).

Consequently, the

relative amino acid requirements are greater in females, especially
during the finishing phase of growth.

Entire males are known to deposit a greater amount of dietary N than
females (Bayley and Summers, 1968; Wong et al., 1968).

Also, Williams et

al. (1984) have indicated that developing boars require from .15% to .25%
more dietary lysine than barrows of similar weight.

Level and frequency of feeding and the use of free «minm acids
The effect of increasing the level of feeding of a complete diet on
the use of amino acids is highly complex.

As intake increases, there Is

a tendency for efficiency of N deposition to decrease, even though the
absolute amount deposited increases.

The effects are gradual and may

differ according to genotype and sex of the pig.

There is increasing

evidence that boars fed on an ad libitum basis use dietary amino acids
with similar efficiency to those fed on a restricted basis but they grow
faster, which indicates that the rate of amino acid use increases (Low,
1980).

But, most of the effects of varying the level of feeding on

responses of pigs to diets supplemented with amino acids remain to be
elucidated (ARC, 1981).
The effect of frequency of feeding has been studied by Batterham
(1974) and Batterham and O'Neill (1978). They reported that pigs fed
once daily diets, supplemented with 2 g or 4 g synthetic lysine/kg diet
utilized the lysine only 43% and 69% as efficiently, respectively as did
pigs fed frequently (6 times daily).

But, they also suggested that any

improvements in utilization of crystalline amino acids as a result of
frequent feeding are small.

Low (1980) indicated that full use of sup

plementary lysine should be achieved by pigs fed twice daily or on an ad
libitium basis.

It has been shown, however, that amino acids can be

absorbed more rapidly as short peptide than as free amino acids and,
therefore, free lysine may not be absorbed as rapidly as expected because
no digestion is required before absorption (Buraczewski, 1980). The
results of the studies by Batterham (1974) and Batterham and O'Neill
(1978) have been confirned in a later performance trial (Batterham and
Murison, 1981), in which they suggested that the current estimates of the
lysine requirement of pigs that are based on responses to supplements of
crystalline lysine under once daily feeding regimens may be 10 to 30%
overestimated, as a result of incomplete utilization.

Amino acid availability
Recent reports (Tanksley et al., 1981; Rudolph et al., 1983; Jorgensen et al., 1984) have indicated that the nutritive value of a protein is
not only determined by amino acid composition but also by the
availability of the individual amino acids in the protein.

Therefore,

for more accurate and economical formulation of dietary amino acid levels
in relation to requirements, available, instead of total amino acid level
in protein sources, should be considered.

One of the first methods used

to determine amino acid availability from feeds by pigs was the fecal
index method (Kuiken and Lyman, 1948). This method considers the amount
of specific amino acids consumed and voided in the feces, but it does not
take into account the modifying action of the microflora in the large
intestine.
In a more recent method used to determine amino acid availability,
the amount of amino acids consumed and amino acids collected at the end
of the terminal ileum are measured by means of a surgically fitted T-

cannula (Sauer et al., 1977).
Tanksley et al. (1981) reported the amino acid availability in
cottonseed meals and soybean meal in pigs.

They concluded that comparing

digestibilities at the end of the small intestine and over the total
digestive tract indicated a net loss of most amino acids in the large
intestine. Protein and amino acids that disappear from the large intes
tine provide essentially no value to the pig because the N absorbed as
ammonia or amines is largely excreted in urine (Zebrowska, 1973; Just et
al., 1981).

Amino acid Imbalances and antagonisms
The amino acid imbalance has been described by Harper et al. (1970)
to result in a depression of feed intake in rats that are fed diets
supplemented with the second limiting rather than the first limiting
amino acid.

Peng and Harper (1970) showed that mixtures containing large

amounts of essential amino acids depressed feed intake much more than
those containing large amounts of nonessential amino acids.

Southern and

Baker (1982) described an amino acid imbalance in weanling pigs fed a
diet supplemented with excess arginine. They observed a depressed weight
gain and feed intake but they did not observe any adverse effect on feed
efficiency.
Several studies have attempted to correlate competitive action of
the amino acids for transport into the brain with a food intake regula
ting system (Leung et al., 1968; Tews et al., 1980).

Tews et al. (1981)

reported that growth depression caused by excess arginine was consis
tently associated with large decreases in brain lysine concentrations.
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Growth depressions caused by supplements of branched-chain amino acids
and essential amino acids were frequently accompanied by small decreases
in brain lysine content.
Recognition of ami no acid antagonisms originated from observations
that structurally similar amino acids may compete with each other to
cause inhibition of protein synthesis or competition for transport sites
(Harper et al., 1970). There is an antagonism among leucine, isoleuine
and valine in young chicks that was described by D'Mello and Lewis
(1970).

They demonstrated an interrelationship between leucine and iso-

leucine in quantitative terms.

At concentrations of 1.40, 2.15, or 2.90%

leucine., the isoleucine requirement was .58, .62, and .65% of the diet,
respectively.

They also found a similar dependence of valine require

ments upon the dietary concentration of leucine.
Another antagonism that has been widely studied in chicks (Austic
and Nesheim, 1970; Austic and Calvert, 1981) and in rats (Jones et al.,
1966) is the one between arginine and lysine.

In these two species,

arginine supplementation reversed the growth retardation produced by
excess lysine.

Zimmerman and Scott (1965) found that there was a depres

sion in growth of chicks fed increasing levels of arginine and the de
pression was reversed by lysine supplementation.

Harmon (1980) suggested

that excess arginine present in corn-soybean meal diets antagonizes
lysine utilization in pigs but several studies that were conducted to
evaluate this antagonism in pigs (Southern and Baker, 1982; Hagemeier et
al., 1983; Anderson et al., 1984) pointed to the conclusion that the
excess arginine present in practical diets fed to weanling pigs does not
antagonize lysine, nor does it reduce rate or efficiency of weight gain.

Girard-Globa et al. (1972) suggested that excess methionine led to a
threonine deficiency in rats. Katz and Baker (1975), working with
chicks, concluded that both glycine and threonine are antagonized by
feeding an excess of methionine.

Sanchez and Swendseid (1969) also found

that rats fed excess added methionine showed decreased threonine levels
in tissues and they explained that the low threonine levels were caused
by an increase in the threonine dehydratase activity caused by excess
methionine.

D-amino acids
The precise estimations of the nutritional values of D-amino acids
are necessary in the study of the amino acid requirements, because in
many experiments crystalline amino acids have been used as mixtures of
the D- and L-isomers.

Suguhara et al. (1967) tested the nutritional

values of 16 D-amino acids in chicks.

They found equal nutritional value

to the corresponding L-isomer for methionine, phenylalanine, leucine, and
proline, one-half nutritional value compared with L-isomes for valine,
slight nutritional value for tryptophan, isoleucine, and histidine and no
nutritional value for lysine, threonine, and arginine.

Baker and Boebel

(1981) reevaluated the utilization of both D-arginine and D-histidine by
chicks.

They concluded that D-arginine had no growth-promoting activity

and D-histidine had minimal growth-promoting activity.

Baker et al.

(1971) determined the biological activity of D-tryptophan to be 60% for
young pigs and they stated that this was a very interesting observation
from a comparative standpoint, because chicks apparently cannot utilize
the D-isomer of tryptophan.

Berg (1959) concluded that D-amino acids
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differ in nutritive value, and there is a variation in utilization
associated with species.

These two factors have to be kept in mind when

using D-amino acids to establish amino acid requirements in pigs and
chicks.

Explanation of dissertation format
The experiments described in Section I and Section II have been
submitted for publication to the Journal of Animal Science.

Both papers

are under the authorship of Valentin L. Rosell and Dean R. Ziimnennan.
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SECTION I: THREONINE REQUIREMENT OF PIGS WEIGHING 5 TO 15 KG
AND THE EFFECT OF EXCESS METHIONINE IN DIETS
MARGINAL IN THREONINE
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SUMMARY

Experiments were conducted to estimate the threonine requirement of
pigs weighing 5 to 15 kg and to determine whether excess methionine
increased the threonine requirement.

Feeding .70% dietary threonine in

Exp. 1 maximized gain/feed (P<.01), and minimized plasma urea N (P<.01).
Plasma threonine was increased by threonine supplementation (P<.01), and
the rate of increase accelerated above .65% dietary threonine.

Threonine

supplementation did not affect plasma methionine, tryptophan and/or ly
sine, but it increased leucine (P<.01) and isoleucine (P<.05), In Exp.
2, addition of .40% methionine and/or .30% threonine to a 16% crude
protein diet, that had calculated concentrations of .57% sulfur amino
acids and .68% threonine, did not affect (P>.10) pig performance or
plasma urea N.

In Exp. 3, a 15% crude protein diet that had calculated

concentrations of .54% sulfur amino acids and .61% threonine was supple
mented with .40% methionine and/or .15% threonine.

Amino acid additions

did not affect performance of pigs, but pigs fed supplemental threonine
had the least plasma urea N, suggesting that .61% dietary threonine was
marginally deficient for pigs weighing 5 to 15 kg.
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INTRODUCTION

In the last two decades, there have been only a few studies designed
specifically to evaluate the threonine requirement of the weanling pig
(Beeson et al., 1953; Sewell et al., 1953; Mitchell et al., 1968).

The

threonine requirement recommended by NRC (1979) is based on those studies
and also on extrapolation from the requirement of pigs weighing 20 to 35
kg.

Some recent reports (Taylor et al., 1982; Russell et al., 1983)

indicate that the threonine requirement of the growing pig is more than
that recommended by the NRC (1979); consequently, it seems reasonable to
believe that the threonine requirement of pigs weighing 5 to 15 kg might
also have been underestimated.
Methionine is available as a feed additive.

Its addition to pig

diets might exacerbate a threonine deficiency, as indicated by reports
with other species.

Katz and Baker (1975) with chicks and Girard-Globa

et al. (1972) with rats found that excess methionine was antagonistic to
threonine.
The objectives of our experiments were to re-evaluate the threonine
requirement of pigs weighing 5 to 15 kg and to determine the effects of
excess methionine in diets marginally deficient in threonine.

MATERIALS AND METHODS

In Exp. 1, 70 crossbred pigs averaging 5 kg and 21 d of age were
individually penned and had continuous access to feed and water for 26 d.
Pigs were randomly allotted within replications from littermate groups to
five treatments.

The basal diet (table 1) contained 1.14% lysine, .55%

threonine and 16.2% crude protein by calculation.

The other four treat

ments contained added L-threonine (free base) to produce diets containing
•60, .65, .70 and .75% threonine.
In Exp. 2, 80 crossbred pigs averaging 5 kg and 21 d of age were
weaned and allotted to pens within replications from outcome groups based
on similar body weight, with the restriction that littermates could not
be in the same pen.

There were four pigs/pen and four pens/treatment.

The four dietary treatments were produced by combining 0 and .40% added
methionine and 0 and .30% added threonine to a basal diet (table 1) that
had calculated concentrations of .57% sulfur amino acid, .68% threonine
and 16% crude protein.

An 18% crude protein corn-soybean diet (table 1)

also was included as a reference treatment.

Pigs had continuous access

to diets and water for 21 d.
In Exp. 3, 64 crossbred pigs averaging 10 kg and 35 d of age were
allotted to pens in the same manner as in Exp. 2.

There were four

replications in a 2 x 2 factorial arrangement in which .40% methionine
and/or .15% threonine were added to a 15% crude protein diet (table 1)
that had calculated concentrations of .54% sulfur amino acids and .61%
threonine. Pigs had continuous access to the diets and water for 16 d.
In Exp. 1, blood was obtained on d 21.

In Exp. 2, it was obtained at the
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Table 1.

Composition of diets — experiment 1,2 and 3

Exp. 1
Diet

Ingredients
Corn, grd (IFN 4-02-992)
Com, starch, grd (IFN 4-02-889)
Corn,sugar (IFN 4-02-891)
Soybean meal (IFN 3-04-612)
Soybean oil (IFN 4-07-983)
Whey, dried (IFN 4-07-182)
Corn gluten meal (IFN 5-28-242)
L-Lysine*HCl
DL-methionine (IFN 5-03-086)
L-Tryptophan
L-Isoleucine
L-Glutamic acid
CaHP.0,«2H„) (IFN 6-01-069)
CaCOu (IFN 6-01-069)
NaC, iodized (IFN 6-04-151)
NaHCOjdFN 6-04-273)
Vitamin premix^
Antibiotic premix
Trace mineral premix^
Calculated Analysis:
Metabolizable energy, kcal/g
Crude protein, %
Lysine, %
Methionine & cystine, %
Threonine, %
Tryptophan, Z

Exp. 2

Basal

Control

42..00
13,.15
14..00
10,.00
3,.00

57..90

Basal

Exp. 3
Basal

—%-—

—

10,.00
.80
.10
.05
.05
1.75
2.20
.70
.10
.75
1.00
.25
.10

3.44
16.20
1.14
.59
.55
.17

—-

22..70
1..00
15..00

27..90
25..00
30..00
3..00
10,.00

—

——

——

——-

—
——

.10
.10

—

—

—

——

—

1.10
.70
.25

70..00
—

4..05
18..00
3,.00
—
—

.40
—•

—
—
—

2.00
.30
.25

1.00
.25
.10

1.00
.25
.10

1.60
.75
.10
.75
1.00
.25
.10

3.26
18.00
.93
.68
.82
.21

3.46
16.00
1.01
.57
.68
.22

3.35
14.80
1.05
.54
.61
.17

—

^Contributed the following per kilogram of diet: vitamin A,
4,463 lU; vitamin D, 1,102 lU; riboflavin, 6.6 mg; pantothenic acid
17.7 mg; niacin, 33.3 mg; vitamin
22.1 jig.
^Contributed the following per kilogram of diet: chlortetra
cycline, 110 mg; sulfamethazine, 110 mg; penicillin, 55 mg.
^Contributed the following in mg/kg of diet:
Mn, 55; I, 1.5; Cu, 11.

Zn, 200; Fe, 100;

end of the experiment, and on d 14, blood was obtained after a fast of 22
h and again 4 h postfeeding.
day of the experiment.

In Exp. 3, blood was obtained on the last

Blood was collected from an orbital sinus into

heparinized tubes.
Plasma was analyzed for urea N as described by Marsh et al. (1965).
In Exp. 1, plasma amino acids were analyzed by gas liquid chromatography
with the procedure of Frank et al. (1980) and after being "cleaned up" by
the method described by Adams (1974). Feed samples were hydrolyzed for
amino acid analysis according to methods described by Kaiser et al.
(1974).

In Exp. 1, plasma tryptophan was measured in 30 pigs by the

method described by Gaitonde et al. (1979).

In Exp. 2, 10 representative

pigs from two replicates were killed, livers were removed, and arginase
activity was determined by the methods of Schimke (1962) and Geyer and
Dabich (1971). The urea produced was determined by the method of Marsh
et al. (1965).

Results were treated statistically by analysis of

variance using the randomized complete—block model as described by
Cochran and Cox (1957).
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RESULTS

In Exp. 1, addition of graded levels of threonine did not affect
daily gain (table 2) but resulted in a linear decrease of feed intake
(P<.05).

Gain/feed increased (linear, P<.01; quadratic, P<.01) as

dietary threonine increased up to .70% and plateaued thereafter.

Plasma

urea N concentrations (figure 1) decreased linearly (P<.01) as threonine
levels in the diet increased, reflecting maximum efficiency of N utiliza
tion and minimum urea synthesis by the pigs that received the .70 and
.75% dietary threonine levels.

Plasma threonine concentrations (figure 2)

increased linearly (P<.01) and quadratically (P<.05). The increase was
relatively slow to .65% dietary threonine, after which there was an
accelerated response.

Plasma lysine, methionine and tryptophan levels

(table 3) were not affected by threonine supplementation, but plasma
leucine (P<.01) and isoleucine (P<.05) increased linearly in response to
threonine additions.

The basal diet analyzed .57% instead of .55% die

tary threonine as we had calculated.

This difference was because of a

greater threonine concentration in corn gluten meal than expected.
Performance of pigs in Exp. 2 is shown in table 4.

Neither methi

onine nor threonine additions to the basal diet had any effect (P>.10) on
daily gain, daily feed intake or gain/feed, but there was a trend toward
improvement from supplementing threonine, and an opposite trend was
observed in pigs fed supplemental methionine. Pigs fed the positive
control (corn-soybean) diet gained weight more slowly (?<.01) and ate
less feed (P<.0I) than those fed the other four treatments, but there was
no difference in feed efficiency.

24
Table 2.

Performance of weanling pigs fed increasing levels
of threonine

Dietary threonine, %
Item

.55

.60

.65

.70

.75

CV,
%

Avg daily gain, g

312

331

322

297

300

22.7

Avg daily feed
intake, g^

551

549

510

461

489

20.7

Gain/feed, g/kg^'^

562

605

628

641

618

7.9

linear effect of threonine (P<.05).
^Linear effect of threonine (P<.01).
*^Quadratic effect of threonine (P<.01).
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DIETARY THREONINE. %

Figure 1. Plasma urea N concentrations of weanling pigs fed
graded levels of threonine. Each value represents •
the mean of 14 samples. Linear effect of threonine
(P < .01). Coefficient of variation, 31.3%
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.55
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DIETflRT THREONINE. %

Figure 2. Plasma threonine concentrations of weanling pigs fed
graded levels of threonine. Each value represents the
mean of 13 samples. Linear effect of threonine (P < .01),
quadratic effect of threonine (P < .01). Coefficient of
variation, 29.8%
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Table 3. Plasma essential amino acids of pigs fed increasing
levels of threonine (mg/dl)

Dietary threonine, %
Item

.55

.60

.65

.70

.75

^V,
%

Isoleucine^'^

2.1

2.5

3.1

2.6

3.1

37.4

Leucine^

6.9

8.5

8.2

8.2

8.8

18.2

Lysine^

4.5

5.1

4.4

4.8

4.6

40.9

Methionine^

1.4

1.1

1.2

1.1

1.1

33.3

Tryptophan^

1.3

1.1

1.2

1.2

1.4

23.5

^ach value represents the mean of 13 samples.
^Linear effect of threonine (P<.05).
^Linear effect of threonine (P<.01).
"^Each value represents the mean of 6 samples.
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Table 4. Summary of performance of weanling pigs fed diets
with and without methionine and/or threonine
supplementation

Gain/
feed
(g/kg)

Daily
gain
(2)t

Daily
feed
(g)

Basal (B)

390

591

660

B + met

374

616

607

B + thr

419

568

737

B + met + thr

410

621

661

Corn-SBM

303

466

652

CV, %

10.4

Diets^

• 10.1

10.2

^Methionine and threonine added at .40 and/or .30% to the basal
diet, respectively.
^Corn-SBM vs others, (P<.01).

Plasma urea N after a 22-h fasting period (table 5) was not affected
by the dietary treatments.

At 4-h postfeeding, it increased in pigs fed

the positive control diet (P<.01), but there were no differences in
plasma urea N concentrations among pigs fed the other four treatments.

A.

similar response was observed for the difference in plasma urea N after
vs before feeding (plasma urea N 4 h postfeeding minus plasma urea N at
22h fast). Pigs fed the positive control diet had a greater (P<.01)
plasma urea N difference than those fed the other treatments. Pigs fed
the positive control diet showed an elevated arginase activity (P<.05)
when compared with those fed the other four treatments, among which there
were no differences (table 5).
Performance and plasma urea N of pigs in Exp. 3 are shown in table
6. Daily rate of gain, daily feed intake and gain/feed were not affected
by dietary treatments, but plasma urea N concentration decreased (P<.05)
in pigs fed supplemental threonine.
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Table 5.

Summary of plasma urea nitrogen (mg/dl) of weanling
pigs fed diets with and without methionine and/or
threonine supplementation

Plasma Urea N
Diets^

24-h 4-h post- Difference^'^Final^
fasting feedigg
(21 d)
(14 d)

d A
Arginase '
activity

Basal (B)

11.8

14.5

2.7

7.6

52.8

B + met

10.2

13.1

2.9

11.9

51.7

B + thr

12.8

14.4

1.6

10.8

46.3

B + met + thr

11.0

13.0

2.0

10.3

41.9

9.8

17.5

7.7

12.6

63.1

15.8

9.8

52.8

23.0

11.7

Corn-SBM
CV, %

Methionine and threonine added at .40 and/or .30% to
the basal diet, respectively.
^Corn-SBM vs others, (P<.01).
^(4 h postfeeding - 24 h fasting).
'^Com-SBM vs others, (P<.05).
Ô
"~1 ~L
Urea formed in p, mol*min »g
of liver weight.

31
Table 6, Summary of performance and plasma urea nitrogen of
weanling pigs fed diets with supplemental methionine
and/or threonine

Daily
pain
(6)

Daily
feed
(g)

(g/kg)

Basal (B)

448

835

530

7.8

B + met

466

873

532

5.7

B + thr

489

926

526

5.3

B + met + thr

497

878

565

5.3

CV, %

10.8

Diets^

6.5

Gain/
feed

5.1

Plasma
Urea N
(TDg/dl)

18.7

Methionine and threonine added at ,40 and/or .15% to the basal
diet, respectively.
^Threonine effect, (P<.05).
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DISCUSSION

The response obtained in gain/feed and plasma urea N concentration
to increasing levels of threonine suggests that .70% dietary threonine
maximized performance.

The plasma threonine response is quite typical of

those observed in experiments designed to determine amino acid require
ments (Mitchell et al., 1968; Lewis et al., 1981).

It supports the

estimate of .70% dietary threonine level as the requirement for the
weanling pig.

This estimate is less than the value of .92% reported by

Sewell et al. (1953), but it is greater than that estimated by Beeson et
al. (1953), and by Mitchell et al. (1968).

They reported requirements of

.40% and .60%, respectively. The requirement found in our study is also
substantially greater than the .56% recommended by NRC (1979), and lower
than the .84% recommended by ARC (1981). If, however, the requirement
for threonine is expressed as a fraction of the lysine requirement, our
estimate (.61%) agrees very well with those by NRC (.60%) and ARC (.60%).
The concentrations of plasma lysine, methionine and tryptophan suggest
that these amino acids were not marginally deficient in our basal diet.
If some amino acid had been marginally deficient, the plasma
concentration of these amino acids would have decreased linearly as the
dietary threonine level was increased.
The results of Exp. 2 and 3 indicated that .40% excess methionine
added to the basal diets had no effect on the performance and/or plasma
urea concentration of the weanling pig.

This response is in contrast Co

the results of Katz and Baker (1975), who reported an antagonism between
methionine and threonine in chicks, and those of Girard-Globa et al.
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(1972), who observed the same type of response in rats.
There was, however, a trend toward gain depression in pigs fed
excess methionine in Exp. 2, but this response was not observed in Exp.
3.

This discrepancy might be because pigs in Exp. 3 were older and

heavier and therefore less susceptible to amino acid excesses (Harper et
al., 1970).
In Exp. 2, pigs fed the positive control diet (corn-soybean) ate
less and gained more slowly, but had feed efficiencies similar to those
of pigs fed the other diets.

The corn starch and com sugar or the

higher lysine content of the latter diets may have been responsible for
the differences in responses.

Urea N concentrations in plasma collected

4 h postfeeding and the after vs before feeding difference in plasma urea
N were larger in pigs fed the positive control diet than in those fed the
other diets.

These responses probably are because of the difference in

protein concentration between the positive control diet (18%) and the
other diets (16%).

Liver arginase activity was elevated in pigs fed the

positive control diet, which had a higher protein level.

This response

was expected, and it is in agreement with the work of Schimke (1962) and
Kiriyama and Iwao (1969), who reported that the total liver content of
all urea cycle enzymes was directly proportional to the daily consumption
of protein.

In Exp. 3, the reduction of plasma urea concentration

observed in pigs fed supplemental threonine may be because .61% dietary
threonine in the basal diet is marginally deficient for pigs weighing 15
kg.
We conclude that the threonine requirement of the weanling pig is
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about .70% of a diet containing 1.15% lysine.

And total sulfur amino

acid concentrations as high as .97% do not measurably depress performance
of young pigs fed diets marginally adequate in threonine.
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SUMMARY

Two experiments were conducted to evaluate the threonine-lysine
interrelationship in poultry and swine. In Exp. 1, there was an inter
action of lysine and threonine on growth (P<.01) and on efficiency of
feed utilization (P<.05) of chicks.

Increasing dietary lysine depressed

growth and gain/feed of chicks fed the lowest dietary threonine level,
but improved growth and efficiency of those fed the two higher dietary
threonine levels.

Feed intake was increased in chicks fed increasing

dietary threonine concentrations (quadratic, P<.01).

Increasing dietary

lysine concentrations increased plasma lysine levels (linear, P<.01) and
decreased plasma threonine (linear, P<.01).

Plasma threonine levels were

increased by dietary threonine supplementation (linear, P<.01; quadratic,
P<.05).

In Exp. 2, performance and plasma urea N of weanling pigs was

not affected by either lysine and/or threonine supplementation, but
dietary lysine supplementation increased plasma lysine (P<.OI) and
decreased plasma threonine (P<.01).

There was an interaction between

lysine and threonine on plasma threonine (P<.05). Dietary lysine
supplementation decreased plasma threonine levels (P<.01) but this effect
was greater in pigs fed the diet supplemented with threonine than in
those fed the unsupplemented diet. Increasing dietary threonine level
increased plasma threonine concentrations and decreased plasma lysine
concentrations (P<.05).

These observations indicate a reciprocal

relationship between plasma lysine and threonine in weanling pigs.
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INTRODUCTION

Amino acid imbalances and deficiencies depress growth in pigs
(Becker et al., 1955; Baker et al., 1969; Sharda et al., 1976) and chicks
(Grau and Kamei, 1950; Fisher et al., 1960; Okumura and Mori, 1979; Davis
and Austic, 1982).
Some recent studies (Lewis et al., 1981; Aheme and Nielsen, 1983;
Resell and Zimmerman, 1984) have shown a depression on feed intake and
growth rate in weanling pigs when fed lysine levels higher than 1.15% of
the diet.

High dietary lysine levels result in high plasma lysine

concentrations in swine (Mitchell et al., 1968) and poultry (Dean and
Scott, 1966). These elevated plasma lysine levels may serve as a satiety
signal for the food regulating mechanism (Peng and Harper, 1970)
resulting in the feed intake depression observed when high dietary lysine
levels are fed. Therefore, dietary factors that decrease high levels of
plasma lysine might correct the depression in feed intake.

One dietary

factor that decreases plasma lysine levels in pigs is excess dietary
threonine (Fau, 1975; Chavez and Bayley, 1976; Rosell and Zimmerman,
1984).
The objective of our study was to determine if threonine supplemen
tation would prevent the feed intake depression observed when excess
lysine is fed.
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MATERIALS AND METHODS

Exp. 1 used 450 Hubbard broiler chicks from a commercial source.
Chicks were fed a practical diet for the first week after hatching.

At 7

d of age, chicks were separated according to weight; those with extreme
weights were discarded and those remaining were assigned to the dietary
treatments to obtain similar weight distribution in each pen.

There were

five replications of treatments with 10 chicks/pen. The nine dietary
treatments were the 3x3 factorial arrangement of three threonine con
centrations (.65, .75, .85%) and three lysine concentrations (1.00, 1.20,
1.40%).

The basal diet (table 1) contained.amino acids from soybean

meal, corn gluten meal and a mixture of five crystalline amino acids.
had calculated concentrations of .65% threonine and 1.00% lysine.
mic acid was used to make all diets isonitrogeneous.
continuous access to feed and water for 13 d.

It

Gluta

Chicks had

Body weights and feed

intake were measured at the end of the experiment. Blood was obtained at
the end of the experiment from two chicks in each pen.
In Exp. 2, 64 crossbred pigs averaging 5 kg and 21 d of age were
allotted to pens within replications from outcome groups based on similar
body weight with the restriction that littermates could not be in the
same pen.

There were four pigs/pen and four pens/treatment.

The four

dietary treatments were achieved by combining 0 and .12% added threonine
and 0 and .20% added lysine to a basal diet (table 1) that had calculated
concentrations of .72% threonine, 1.15% lysine and 16.5% crude protein.
Pigs had continuous access to feed and water for 28 d.

Blood was col

lected from an orbital sinus into heparinized tubes on day 25.
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Table 1. Composition of diets

Ingredients

Exp. 1

Exp. 2

Corn, grd (IFN 4-02-992)
Corn, starch, grd (IFN 4-02-889)
Soybean meal (IFN 5-04-612)
Soybean oil'(IFN 4-07—983)
Whey, dried (IFN 4-07-182)
Corn gluten meal (IFN 5-28-242)
L-Lysine»HCl
DL-methionine (IFN 5-03-086)
L-Tryptophan
L-Isoleucine
L-Arginine
L-Glutamic acid
CaHP0,«,0 (IFN 6-01-080)
CaCO- (IFN 6-01-069)
NaCl, iodized (IFN 6-04-151)
NaHCOj (IFN .6-04-273)
Vitamin premix
Antibiotic premix
Trace mineral premix
Calculated Analysis:
Metabolizable energy, kcal/g
Crude protein, %
Lysine, %
Methionine & cystine, %
Threonine, %
Tryptophan, %

42.00
19.94
15.00
5.00

62.62
21.50
2.00
10.00

10.00
.40
.27
.09
.10
.48
2.16
2.50
.76

.28

1.24
.76
.25

.50
.50^

H
1.00°

.25=
.10®

H

.30

3.25
19.42
1.00
.93
.65
.25

3.32
16.50
1.15
.57
.72
.20

^Contributed the following per kilogram of diet: vitamin A, 7,500
lU; vitamin D, 1,500 lU; vitamin E, 6 lU; vitamin ^12'
US: vitamin
K, 1 rag; riboflavin, 6 mg; pantothenic acid, 14 rag; niacin, 75 mg;
choline chloride, 400 mg.
^Contributed the following per kilogram of diet: vitamin A, 4,463
lU; vitamin D, 1,102 lU; riboflavin, 6.6 mg; pantothenic acid, 17.7 mg;
niacin, 33.3 mg; vitamin 3^2» 22.1 {ig.
^Contributed the following per kilogram of diet:
110 mg; sulfamethazine, 110 mg; penicillin, 55 mg.

chlortetracycline,

'^Contributed the following in rag/kg of diet:
Cu, 6; NaCl, 2,610.

Mn 70; Zn, 40; Fe, 37;

^Contributed the following in mg/kg of diet:
55; I, 1.5; Cu, 11.

Zn, 200; Fe, 100; Mn,
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In Exp. 1, plasma was analyzed for urea N as described by Marsh et
al. (1965). Plasma amino acids were analyzed by gas liquid chromato
graphy with the procedure of Frank et al. (1980) and after being isolated
by the method described by Adams (1974). Feed samples were hydrolyzed
for amino acid analysis according to methods described by Kaiser et al.
(1974).

Results were treated statistically by analysis of variance using

a completely randomized design in Exp. 1 and a randomized complete block
design in Exp. 2 as described by Cochran and Cox (1957).
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RESULTS AND DISCUSSION

Performance of chicks in Exp. 1 is shown in table 2. There was an
interaction of lysine and threonine on growth (P<.01) and on efficiency
of feed utilization (P<.05).

Increasing dietary lysine concentrations

depressed growth and gain/feed of chicks fed the lowest dietary threonine
level, but improved growth and efficiency of those fed the two higher
dietary threonine levels.

Feed intake was not affected by lysine

supplementation but there was an increase of feed intake by chicks fed
increasing levels of threonine (quadratic, P<.01).

Optimum performance

of chicks was obtained with .75% threonine and 1.20% lysine. These
levels are similar to those recommended by NRC (1977). The depression in
growth and feed efficiency observed in chicks fed high levels of dietary
lysine in diets marginally deficient in threonine, is similar to results
reported by Tews et al. (1979) in which threonine imbalance in growing
rats was produced by the addition of several amino acids and amino acid
mixture to a low protein, threonine limiting diet.

Davis and Austic

(1982) also produced a threonine imbalance in chicks by adding mixtures
of amino acids to a diet that was marginal in threonine and adequate in
protein. Tews et al. (1980) suggested that neutral amino acids, which
compete with threonine for transport, produce threonine imbalances.

But,

in our study a basic amino acid (lysine) caused threonine-responsive
growth depression, and our study further agrees with that conducted by
Davis and Austic (1982) who stated that a threonine imbalance cannot be
attributed solely to an interaction of amino acids at common transport
sites.
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Table 2. Summary of performance of chicks fed diets supplemented with
levels of Lysine'HCl and L-threonine

Dietary amino acid, %
Threonine

Lysine

.65
.65
.65
.75
.75
.75
.85
.85
.85

.00
1,
1..20
1..40
1..00
1..20
1..40
1..00
1..20
1..40
CV, :z

Weight ^
gain, g
(13 d)

Feed
^
consumed, g '^
(13 d)

456
422
415
412
451
463
448
427
448
5.2

686
628
636
689
667
693
658
645
659
3.8

lysine x threonine interaction (P<.01).
^Lysine effect quadratic (P<.01).
"^Threonine effect quadratic (P<.OI).
^Lysine x threonine interaction (P<.05).

Gain/
feed
(g/kg)
664
671
652
597
676
668
680
662
679
6.2
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Table 3.

Summary of plasma lysine and threonine of chicks fed
diets supplemented with different levels of L—lysine*HCl
and L-threonine

Treatment
Threonine , %

Lysine, %

.65
.65
.65
.75
.75
.75
.85
.85
.85

1.00
1.20
1.40
1.00
1.20
1.40
1.00
1.20
1.40
CV, %

Plasma
threonine
(mg/dl)*'t,c

3.34
2.94
3.12
11.30
7.58
5.76
12.10
6.98
7.72
45.65

lysine effect linear (P<.01).
^Threonine effect linear (P<.01).
"^Threonine effect quadratic (P<.05).

Plasma
lysine
(mg/dl)*'C

5.86
6.00
7.82
5.34
9.32
9.64
5.12
5.40
6.74
34.51
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The increase in feed intake observed in chicks fed increasing con
centrations of threonine is similar to observations reported by Okumura
and Mori (1979). They suggested that equal deficiencies of amino acids
result in disproportionate effects on chick growth and feed intake.
Lowering lysine concentration had a small effect, whereas lowering thre
onine had a large effect.
Plasma lysine and threonine levels of chicks in Exp. 1 are shown in
figure 1 and 2.

Increasing dietary lysine levels increased plasma lysine

levels (linear, P<.Ol).

This response was expected and it has been

demonstrated in several studies (Dean and Scott, 1966; Zimmerman and
Scott, 1967). Dietary threonine increased plasma lysine (quadratic,
P<.05).

This response is correlated with the increase in feed intake

observed in chicks fed increasing dietary threonine levels.

It reflects

more intake of lysine by those chicks fed the higher threonine levels.
Plasma threonine was increased by increasing the dietary threonine
level (linear, P<.01; quadratic, P<.05). This response, as in the case
of plasma lysine was expected and, together with the performance data,
suggests a requirement of .75% dietary threonine.

Increasing dietary

lysine levels decreased plasma threonine (linear, P<.01).

This response

reflects an increase of threonine utilization for protein synthesis as a
result of a more adequate lysine concentrations in the diet.
Performance of pigs in Exp. 2 is presented in table 4.

Increasing

dietary lysine and/or threonine levels did not affect (P>.10) performance
of pigs.

These results are in contrast to those reported by Aherne and

Nielsen (1983) and Rose11 and Zimmerman (1984).
was not affected by dietary treatments.

Plasma urea N (table 5)

Plasma lysine (table 5) was
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PLASMA LYSINE
10. OH
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DIETARY THREONINE. %
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1

-o-

o 1. 2

•A—A—A 1. 4

Figure 1. Plasma lysine concentrations of chicks fed diets supplemented
with levels of L-lysine • HCl and L-threonine. Each value
represents the mean of 10 samples. Linear effect of lysine
(P < .01), quadratic effect of threonine (P < .05).
Coefficient of variation, 34.5%
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PLASMA THREONINE
20-1

G 10-

0-

0. 65

0. 70

0. 75

0, 80

0. 85

DIETARY THREONINE. %
LTS, X

Figure 2.

AAA

1

-0--0 O 1.2

A A A 1.4

Plasma threonine concentrations of chicks fed diets
supplemented with levels of L-lysine • HCl and L-threonine.
Each value represents the mean of 10 samples. Linear
effect of lysine (P < .01), linear effect of threonine
(P < .01), quadratic effect of threonine (P < .05).
Coefficient of variation, 45.6%
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Table 4. Effects of dietary threonine and/or lysine
supplementation on performance of weanling pigs
fed diets adequate in lysine and threonine

Diets^

Daily
gain
(g)

Daily
feed
(g)

Basal (B)
B + thr
B + lys
B + thr + lys
CV, X

221
263
239
206
15.9

413
473
439
390
13.1

Gain/
feed
(g/kg)
535
556
544
536
7.4

^Threonine and lysine added at .12 and/or .20% to
the basal diet, respectively.
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Table 5. Effects of dietary threonine and/or lysine supplementation
on plasma urea N and amino acids of weanling pigs fed diets
adequate in lysine and threonine

Diets^

Lysine^'^

Threonine^Plasma urea N

mg/dl'
Basal (B)
B + thr
B + lys
B + thr + lys
CV, %

4.42
3.52
9.50
6.05
27.9

1.98
6.15
1.78
3.45
24.7

6.47
6.52
7.65
6.60
28.4

^Threonine and lysine added at .12 and/or .20% to the basal
diet, respectively.
^Lysine effect, (p<.01).
^Threonine effect, (P<.05).
^Threonine effect, (P<.01).
^Lysine x threonine interaction, (P<.05),
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increased by lysine supplementation (P<.01). Threonine supplementation
(P<.05) decreased plasma lysine.

This response has been demonstrated by

several authors (Fau, 1975; Chavez and Bayley, 1976; Resell and Zimmer
man, 1984). There was an interaction between lysine and threonine on
plasma threonine (P<.05). Dietary lysine supplementation decreased plas
ma threonine level (P<.01), but this response was greater in pigs fed
the diet supplemented with threonine than in those fed the unsupplemented
diet. Plasma threonine was increased by threonine supplementation
(P<.01). These observations reflect a reciprocal relationship between
plasma lysine and threonine as suggested by Morrison et al. (1961).

The

results suggest that high plasma lysine levels ar.e not involved in medi
ating the reduction in feed intake observed in other studies (Aheme and
Nielsen, 1982; Rosell and Zimmerman, 1984), at least not at the plasma
concentration obtained in our experiment (7.7 mg/dl lysine).

These

results are in contrast with conclusions by Peng and Harper (1970) but
they used higher dietary levels and, therefore, had much higher plasma
amino acid concentrations than those obtained in our study.
We conclude that a threonine imbalance can be induced in chicks fed
diets adequate in protein and marginally deficient in threonine by
increasing the dietary lysine and this imbalance can be alleviated by
further threonine supplementation.
High plasma lysine concentrations seem not to be involved in medi
ating feed intake depression in pigs fed an excess dietary lysine concen
tration (1.4%), but dietary threonine levels are effective in reducing
plasma lysine levels.
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GENERAL SUMMARY

Experiments were conducted to estimate the threonine requirement of
pigs weighing 5 to 15 kg and to determine the effects of dietary excesses
of methionine, threonine and lysine in weanling pigs and chicks.
In experiment 1, feeding .70% dietary threonine maximized gain/feed
(P < .01), and minimized plasma urea N (P < .01). Plasma threonine was
increased by threonine supplementation (P < .01) and the rate of increase
accelerated above .65% dietary threonine.

Threonine supplementation did

not affect plasma methionine, tryptophan and/or lysine, but it increased
leucine (P < .01) and isoleucine (P < .05).

In experiment 2, additions

of .40% methionine and/or .30% threonine to a 16% crude protein diet,
which had calculated concentrations of .57% sulfur amino acids and .68%
threonine, did not affect (P > .10) pig performance or plasma urea N.

In

experiment 3, a 15% crude protein diet, which had calculated
concentrations of .45% sulfur amino acids and .61% threonine, was
supplemented with .40% methionine and/or .15% threonine.

Araino acid

additions did not affect performance of pigs, but pigs fed supplemental
threonine had the lowest plasma urea N concentration.

In experiment 4,

performance and plasma urea N of weanling pigs was not affected by either
lysine and/or threonine supplementation.

Dietary lysine supplementation

increased plasma lysine (P < .01) and decreased plasma threonine levels
(P < .01) but this latter effect was greater in pigs fed the diet
supplemented with threonine than in those fed the unsupplemented diet
(interaction P < .05). Increasing dietary threonine levels increased
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plasma threonine concentrations and decreased plasma lysine
concentrations (P < .05).
In experiment 5, there was an interaction of lysine and threonine on
growth (P < .01) and on efficiency of feed utilization (P < .05) of
chicks.

Increasing dietary lysine depressed growth and gain/feed of

chicks fed the lowest dietary threonine level, but improved growth and
efficiency of those fed the two higher dietary threonine levels.

Feed

intake was increased in chicks fed increasing dietary threonine
concentrations (quadratic, P < .01).

Increasing dietary lysine

concentrations increased plasma lysine levels (linear, P < .01) and
decreased plasma threonine (linear, P < .01).

Plasma threonine levels

were increased by dietary threonine supplementation (linear, P < .01;
quadratic, P < .05).
The results of these experiments suggest;

1) the threonine

requirement of the weanling pig is about .70% of a diet containing 1.15%
lysine, 2) total sulfur amino acid concentrations as high as .97% do not
measurably depress performance of young pigs fed diets marginally
adequate in threonine, 3) high plasma lysine concentrations seem not to
be involved in mediating feed intake depression in pigs fed an excess
dietary lysine levels and 5) threonine imbalance can be induced in chicks
fed diets adequate in protein and marginally deficient in threonine by
increasing the dietary lysine concentration, and this imbalance can be
alleviated by further threonine supplementation.
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APPENDIX A;

STATISTICAL ANALYSIS OF VARIABLES IN SECTION I

Table Al.

70
Analysis of variance of performance and plasma urea N of
weanling pigs fed graded levels of dietary threonine

Source

Replicate
Treatment
Linear
Quadratic
Cubic
Lack of fit

DI"

13
4
1
1
1
1

Remainder

52

Total

69

** (P < .01).
* (P < .05).

Daily
gain
(kg)

Daily
feed
(kg)

Gain/
Feed

Plasma urea
N
(mg/dl)

.0139**

.0363**

.0494**

13.00**

.0028
.0047
.0022
.0042
.0002

.0210
.0629*
.0024
.0178
.0010

.0127**
.0201**
.0201**
.0003
.0004

39.62**
139.08**
17.76
.69
.99

.0050

.0113

.0023

6.89

Table A2.

Analysis of variance of plasma amino acids of wealing pigs fed graded levels of
dietary threonine (mg/dl)

Mean squares
Source

Replicate
Treatment
Linear
Quadratic
Cubic
Lack of fit

DF

12
4
1
1
1
1

Remainder

48

Total

64

** (P < .01).
* (P < .05).

Iscleucine

Leucine

Methionine

46.96**

173.09**

2.50

9.54*
6.11*
.92
.53
1.98

27.58*
16.82**
2.47
7.58
.71

1.03

2.24

Threonine

Lysine

Tryptophan

1.40

85.00

.60

.76
.37
.09
.17
.13

157.74**
138.72**
17.60**
1.41

4.30
.00
.20
.69
3.40

.34
.12
.14
.03
.04

.16

.86

3.75

0.09
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Table A3.

Analysis of variance of performance of weanling pig fed diets
with and without methionine and/or threonine supplementation

Mean squares
Source

DF
Daily
gain, g

Replicate

3

Treatment
Diet 5 vs 1+2+3+4
Methionine
Threonine
Interaction

4
1
1
1
1

Remainder

12

Total

19

** (P < .01).
* (P < .05).

Daily
gain, g

Gain/Feed
(g/kg)

6.399*

5.238

2.446

8,417
28.918**
.588
4.128
33

15.962
56.659**
6.123
.298
.770

8.729
.622
16.835
16.965
.495

1.572

3.334

4.619

Table A4.

Analysis of variance of plasma urea N of wealing pigs fed diets with and
without methionine and/or threonine supplementation (mg/dl)

Mean square
Source

DF
a. 24-fa8ttng

(14 d)

Replicate

3

Treatment
Diet 5 vs 1+2+3+4
Methionine
Threonine
Interaction

4
I
1
1
1

Remainder

12

Total

19

** (P < .01).

2.58

b. 4-h postfeedlng
(14 d)

0.91

6.06
9.43
11.56
3.42
0.02

13.07**
44.54**
3.75
0.01
0.01

3.12

2.05

c. Difference
(a-b)

d. Final
(21 d)

5.84

14.67

24.72**
94.39**
0.39
4.10
0.01

14.45
18.24
14.44
2.56
22.56

3.19

6.05
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Table A5. Analysis of variance of arginase activity of weanling pigs fed
diets with and without methionine and/or threonine
supplementation

Mean square
Arginase activity
-1

(J. mol. rain
liver wt

Replicate

1

Treatment
Diet 5 vs 1+2+3+4
Methionine
Threonine
Interaction

4

Remainder

4

Total

9

* (P < .05).

166.5

1
1
1
1

508.3
353.4*
14.9
134.6
5.4
35.9

—1

g
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Table A6.

Analysis of variance of performance and plastna urea N weanling
pigs fed diets with supplementation methionine and/or
threonine

Mean squares

Replicate

3

3
Treatment
Methionine
Threonine
Interaction
Remainder
Total

9
15

* (P < .05)

1
1
1

Daily gain
(g)

Daily feed
(g)

Gain/Feed
(g/kg)

25,768

84,861

104

2,015
637
5,292
115

5,574
115
9,168
7,439

1,256
1,560
841
1,369

2,680

3,327

760

Plasma urea
(mg/dl)

4.4
5.7
4.5
8.5*
4.1
1.2
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APPENDIX B:

STATISTICAL ANALYSIS OF VARIABLES IN SECTION II
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Table Bl. Analysis of variance of performance of chicks fed diets
supplemented with different levels of lysine-Hcl and threonine

Mean squares
Source

DF
Weight gain (g)
(13 d)

Treatment

8

Lysine
Lysine linear
Lysine quadratic

2

Threonine
2
Threonine linear
Threonine quadratic

1,788

.022

3,542**
1,702
5,382**

.016
.021
.011

1
1

545
730
360

5,015**
108
9,922**

.019
.005
.033*

1,291

.027*

Remainder

36

524

Total

44

* (P < .05).

2,785

306
80
532

3,152**

** (P < .01).

Gain/Feed

1
1

4

Interaction

Feed consumed (g)
(13 d)

650

.008
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Table B2. Analysis of variance of plasma lysine and threonine of chicks
fed diets supplemented with different levels of lysisne - HCl
and threonine

Mean squares
Source

DF
Plasma threonine
(mg/dl)

Plasma lysine
(mg/dl)

Treatment

8

57**

14**

Lysine
Lysine linear
Lysine quadratic

2

52**
85**
19

25*
51*
04

149**
252**
47*

21*

4
37*

4

12

6

Remainder

36

9

5

Total

44

Threonine
Threonine linear
Threonine quadratic
Interaction

** (P < .01).
* (P < .05).
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Table B3.

Analysis of variance of performance of weanling pigs fed diets
with and without threonine and/or lysine supplementation

Mean squares
Source

DF

Replicate

3

Treatment
Lysine
Threonine
Interaction

3

Remainder

9

Total

** (P < .01).

Daily gain
(kg)

1
1
1

15

Daily feed
(kg)

Gain/Feed

.0023

.0063

.03371**

.0073
.0015
.0000
.0057

.0152
.0032
.0001
.0119

.00117
.00015
.00015
.00085

.0013

.0031

.00162
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Table BA.

Analysis of variance of plasma urea N and amino acids of
weanling pigs fed diets with and without threonine and/or
lysine supplementation, (mg/dl)

Mean squares
Source

DF

Replicate

3

Treatment
Lysine
Threonine
Interaction

3

Remainder

9

Total

1
1
1

15

** (P < .01).
* (P < .05).

Lysine

Threonine

7.43

3.23

Plasma urea N

7.52

83.38**
57.95**
18.94*
6.48

48.81**
8.43**
34.10**
6.27*

3.77
1.56
1.00
1.21

2.69

.68

3.74
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APPENDIX C; PLASMA AMINO ACID ANALYSIS

The following was a modification of that described by Harmut et al.
(1978), (see Rocha-Hernandez, 1984, Appendix A).

Principle
The procedure used involves the separation of free amino acids from
plasma by passing the plasma through an ion exchange resin.

The amino

acids are converted to N-pentafluoropropyl n-propyl esters according to
the following scheme:

OH
/
(1) NH,-CH-COOH + CH--CH-CHR
amino acid

HCl
> C1NH--CH-C00CH-H
Heat
A

isopropanol

(2) ClNH^-CH-COOCHgHg + CF^-CHCO

N-pentafluoropropionic
acid anhydride (PFPA)

> CF^-CHCO-NH-CH-COOCH^Hg

N-pentafluoropropionic
acid-amino acid ester

The N-pentafluoropropyl a-propyl-anino acid esters are injected into
a column of a gas-liquid chromatograph (Perkin Elmer Model 900).
Volatilization of the esters occurs instantly and the vapors are swept
through the column by a carrier gas.

The column fused was packed with an

inert solid glass support coated with a thin film of stationary adsorbing
liquid.

Volatilized molecules pass through the column.

The different

amino acids separate because of differences in their vapor pressures
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(volatility) and their solubilities in the liquid film.

The most

volatile compounds will move through the column the fastest and the least
volatile ones the slowest.

As a consequence, the various amino acids

reach the flame ionization detector of the chromatograph at different
times.

The detector measures the minute current generated when a

combustible material in the carrier gas enters a hydrogen-air flame.
electrometer amplifies the resulting current.

An

The signal from the

detector is transmitted to the recorder, where a permanent record of the
analysis is made. The size (peak height or area) or the recorded
response is related to the quantities of amino acid and noting the time
required for each amino acid to move through the column is a means of
identifying the components of an unknown mixture.

Reagents
a.

Dowex Ag 50 WX8 resin.

b.

Acetic acid, 50%.

c. Pentafluoropropionic anhydride (PFPA).
d.

Isopropanol-4N HCl prepared each 48 hours. (Add dropwise 2.48 ml
acetyl chloride to 6 ml ice-chilled anhydrous isopropanol.
Bring to 10 ml with isopropanol.

I4ix.

Note:

Mix.

Extremely reactive.

Make up under a fume hood.)

Preparation of the Sample (Serum Cleanup)
1.

Prepare disposable solumne in Pasteur pipettes. Place a small glass
wool plug in neck of pipette.
depth).

Add suspended resin (1-1/2 inch in
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2.

Combine 1.0 ml plasma, 1.4 ml of 50% acetic acid and 100 p,l of Damino acid standard.

3.

Place on column. Follow with 5 ml of water.

Discard effluent.

4.

Elute with 2 ml of 2N NH,OH into reaction vials.
4

5.

At all times prevent the top of the liquid layer from going below the
surface resin.

Derivatization
1.

Dry 2N NH^OH elute in

stream at 1I0°C until a few drops remain.

Cool to 60 C and finish drying.

Cool.

2.

Add about 200 p,l of methylene chloride, dry and cool.

3.

Add 200 pi of isopropanol-4 N HCl.

Cap with teflon laminated septum

and wrap threads of vial with teflon tape.

Close firmly.

Note:

Make sure threads of vial are not broken and that the top edge is
smooth so that no evaporation can occur.
Cool.

Dry in

stream at 60°C.

Cool.

Heat at 100°C for 1 hour.
*If any evaporation has

occurred when heating at llO^C, discard sample.
4.

Add 100 |il methylene chloride and 50 (il Pentafluoropropionic acid
anhydride (PFPA).
ped.

Heat at 100°C for 10 minutes while tightly cap

Cool. *If any evaporation has occurred when heating at 100°C,

discard sample. Dry in Ng stream without supplemental heat.

Be

sure no PFPA remains.
5.

Dissolve in 10 jjl methylene chloride.

6.

Inject .3 to .4 (il into a Perkin Elmer Model 900 gas liquid
chromatograph equipped with a Chirasil—Val Capillary Column.

7.

Program the gas-liquid chromatograph to increase one degree of
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temperature every four minutes.

Use a starting temperature of 70

degrees and final temperature of 180°C.
8.

Store derivatized sample in freezer. Warm the sample to room
temperature before injecting into column.

Calculations
To calculate the concentration of an amino acid in the plasma,
divide the height of the curve of the L amino acid by the height of the
curve of the D amino acid, multiply by the concentration of the D amino
acid in the standard (B). Then, divide by the molecular weight of the
amino acid.
Example:
height of curve of amino acid
L = 46 mm
D = 45 mm
concentration of the amino acid in the standard = 2.58
molecular weight of the amino acid (lysine) = 146
46

^ X 2.58 = 2.63

~

of lysine per deciliter of plasma.

