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ABSTRACT The concentration of either lysine, arginine or valine was varied over
a wide range, in a basal diet containing crystalline amino acids in order to study the
relationship between weight gain and the concentration of free amino acids in the
blood plasma of chicks. It was shown that the first-limiting amino acid in the diet
remains at a very low and constant level in the blood irrespective of the severity of
the deficiency. Increments in excess of the amount needed to maximize weight gain
resulted in a rapid and linear accumulation of that amino acid in the blood. Since the
point at which the amino acid starts to accumulate in the plasma coincides with the
break in the growth curve, it is concluded that the plasma technique can be used to
determine the chick's requirement for amino acids.

Although assay procedures used in
plasma amino acid studies have varied
considerably, the results obtained have
been quite consistent in demonstrating
that dietary amino acid deficiencies result
in reduced plasma concentration of that
amino acid ( 1-3 ),1J whereas dietary amino
acid excesses have resulted in accumula
tion of that amino acid in the plasma
(4-7).'

However, it has not been possible to
characterize the plasma amino acid re
sponse curve since in most instances only
2 dietary levels of an amino acid have been
fed. The data of Morrison et al. (8) sug
gest that lysine does not accumulate in the
plasma of growing rats when lysine is the
growth-limiting amino acid in the diet.
However, it has been demonstrated that
plasma lysine accumulates in a linear man
ner when the concentration of dietary ly
sine is moderately in excess of that required
to maximize growth in the turkey poult
(6) and the growing rat (8), respectively.

It appears that when the growth of a
young animal is restricted by an amino
acid deficiency, the need of the tissues for
that amino acid tends to maintain that
nutrient at a minimal level in the blood.
The present investigation was undertaken,
therefore, to examine the effect of vary
ing the dietary levels of single amino acids
(lysine, arginine and valine) on the con

centration of these amino acids in the
blood plasma of growing chicks and to
relate these observations to the growth-
promoting ability of the experimental diets.
Data were also obtained on the plasma
pattern of amino acids other than the one
varied in the diet.

EXPERIMENTAL
Male chicks, carefully selected from a

large population for uniformity in initial
weight after having been fed a pretest diet
for seven or more days, were used in all
experiments. Pertinent information con
cerning pretest diets, care and selection of
experimental chicks has been described
elsewhere (9).

The composition of the basal diet and
the amino acid mixtures used are shown
in tables 1 and 2, respectively. Except for
methionine (DL-) only the L-isomer was
used. Amino acid mixture A 4 was used in

Received for publication April 19, 1965.
1 Dean, W. F. 1963 The development of a crystal

line amino acid reference diet for chicks with special
reference to its use in studying the effect of sub-
optimal and superoptimal dietary concentrations of
amino acids on the free amino acid content of blood
plasma. Doctoral Thesis, University of Illinois,
Urbana.

2 Smith, R. E. 1963 The utilization of the amino
acids in intact proteins by the growing chick, with
special reference to the effect of heating upon amino
acid utilization, as measured by amino acid supple
mentation, biological (chick) assay of amino acids
and free-amino acid patterns of blood plasma. Doc
toral Thesis, University of Illinois, Urbana.

3 See footnote 1.
4 See footnote 1.
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TABLE 1
Composition of basal diet

Cornstarch
Amino acid mixtures
Corn oil, refined
Salt mixture *
Cellulose 3
NaHCOj
Choline chloride
Vitamins 4

Total

% of diet
variable
variable '

15.00
5.37
3.00
1.00
0.20
+

100.00

1 See experimental section and table 2.
Â«Mineral mixture, as per cent of the total diet:

CaCOa, 0.3; Ca3(PO4)i. 2.8; K2HPO4, 0.9; MgSO4-7H2O,
0.35; ferric citrate, 0.05; ZnCO3, 0.01; KI, 0.004;
CuSOcSHjO, 0.002; HjBOj, 0.0009; CoSO4-7H2O,
0.0001; MnSO4-H3O, 0.065; NaCl, 0.88; Na2MoO4-2HjO,
0.0009; total 5.37.

3 Solka Floe, Brown Company, Chicago 3, Illinois.
Â«G. J. Kl.iin, H. M. Scott and B. C. Johnson, Poultry

Sci., 39; 39, 1960.

TABLE 2
Composition of crystalline amino acid mixtures

Amino acid Mixture A Mixture B

% contributed to thedietArginine
'Histidine
'Lysine
*TyrosineTryptophanPhenylalanineMethionineCystineThreonineLeucineIsoleucineValineGlycineProlineGlutamic

acid1.100.301.120.630.2250.680.550.350.651.200.800.821.601.0012.001.000.300.950.450.150.500.350.350.651.200.800.821.200.2010.00

Total 23.025 18.92
1Supplied as arginine-HCl, histidine-HCl-H2O and

lysine-HCl.

experiment 5, and mixture B in experi
ments 2, 3, and 4. In experiments 1 and
6, mixture B, slightly modified to provide
arginine, glycine and glutamic acid at the
concentration indicated in mixture A was
used. Access to feed and water was per
mitted at all times.

Blood samples were taken by heart punc
ture at the termination of the experiments
immediately after obtaining final chick
weights, using a syringe previously washed
with a heparinized (0.6 mg/ml) 0.93%
NaCl solution. The blood was then trans
ferred to a heparinized (0.2 mg/ml blood)
centrifuge tube and stored in an ice bath
until it was centrifuged. In experiments 1,

5, and 6, plasma from 8 chicks was pooled,
and plasma from 3 chicks was pooled in
experiments 2, 3, and 4. After centrifuging
the pooled plasma sample, a 10-ml aliquot
was taken for analysis. The protein was
precipitated with picric acid and further
prepared for analysis as described by
Stein and Moore (10). Two milliliters of
the resultant 10-ml protein-free plasma
were then added to the columns of a Beck-
man-Spinco Automatic Amino Acid Ana
lyzer for amino acid analysis.

Where possible, the data for weight gain
(gain/chick/day) and plasma amino acid
(ug/ml) were analyzed statistically by the
method of least squares.

RESULTS
The relationship of weight gain and

plasma lysine to dietary lysine for chicks
at different stages of growth 5 (exps. 1-4)
are presented in tables 3 and 4. In the
first experiment (table 3) the plasma ly
sine profile indicates that this amino acid
did not accumulate in the plasma so long
as the concentration of dietary lysine was
less than that needed (0.83% ) to maxi
mize weight gain. Not until lysine levels
in excess of 0.94% were fed did this amino
acid start to accumulate rapidly in the
plasma. This accumulation appears to
proceed in a linear manner once the die
tary requirement has been met.

In the older and larger chicks also, there
was no suggestion that lysine would ac
cumulate in the plasma when the concen
tration of dietary lysine was less than that
needed to maximize weight gain (table
4). In general, lysine started to accumu
late in the plasma at a rapid rate whenever
the level of dietary lysine was approxi
mately 10% in excess of that required to
maximize weight gain.

Tables 5 and 6 record the results noted
when the dietary concentration of valine
and arginine were varied in a manner com
parable to that described for lysine. In
these instances also, the plasma pattern

s The experimental diets were fed over the period
of 8 to 15 days (70), 15 to 21 days (157), 22 to 28
days (278) and 29 to 33 days (424) in experiments
1, 2, 3 and 4, respectively. The numbers in paren
theses represent the average chick weight (g) of all
experimental groups at the start of each assay. In
both experiments 5 (valine assay) and 6 (arginine
assay) the experimental diets were fed for 7 days ex
tending from the 8th to the 15th day. The initial
starting weights were 73 and 77 g for experiments
5 and 6, respectively.
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TABLE 3
Effect of feeding graded levels of lysine on plasma amino acids and weight gain (exp. 1)

Amino acid

Lysine

Dietary lysine

0.60 0.70 0.80 0.90 1.00 1.20

6.8 9.7 7.2 15.5 23.1 65.7

1.40

106.7

1.80

/ig of amino acid/mlpÃ­asThreonineProlineGlutamic

acidGlycineValineCystineMethionineIsoleucineLeucineTyrosinePhenylalanineHistidineArginine141.425.244.4108.031.921.217.217.121.323.915.521.266.0192.124.458.497.131.0â€”17.414.621.317.314.515.969.7108.822.044.373.829.332.715.513.517.213.912.410.459.582.822.466.284.120.425.614.29.214.69.79.15.061.847.625.873.5125.116.9â€”13.58.812.65.44.94.145.2ma37.022.232.360.415.230.410.68.210.7â€”â€”1.725.044.822.042.878.115.126.412.99.813.14.74.73.425.3126.119.527.764.822.733.212.412.014.611.28.410.26.1

233.7

Gain/chick/day,
glGain/feed8.20.5711.10.6412.20.6813.60.7412.80.7512.90.7713.20.7310.70.64

1Average of duplicate groups of 5 chicks/treatment. See footnote 5 in text for data concerning
initial starting weight and duration of assay.

TABLE 4
Effect of feeding graded levels of lysine on plasma lysine and weight gain

Experiment2Dietary

lysine%0.40.50.60.70.80.91.0Plasma
lysineflg/ml7.59.87.86.29.427.8â€”Gain/chick/

day196.310.514.519.819.819.2â€”Experiment

3Plasma

lysinelig/ml5.44.84.49.918.244.4â€”Gain/chick/
dayie10.815.823.026.827.227.0â€”Experiment

4Plasma

lysinelig/ml5.74.76.220.415.926.562.4Gain/chick/
dayi015.520.529.329.029.528.032.5

' Average of triplicate groups of 3 chicks/treatment. See footnote 5 in text for data concerning
initial starting weight and duration of assay.

for valine and arginine reflect the same
basic characteristics as observed for lysine.

DISCUSSION

From this series of experiments, it has
been shown that there is a definite rela
tionship between plasma amino acid levels
and the amino acid adequacy of the diet.
The first-limiting amino acid remains at a
very low level in the blood irrespective of
the severity of the amino acid deficiency("imbalance"). This observation helps to
explain why in some instances, supple
menting diets with the first-limiting amino
acid has failed to increase the concentra

tion of this amino acid in the plasma (4,
11). According to observations noted here
in, no increase would be anticipated until
the dietary level exceeded that needed to
maximize growth.

The presence of an amino acid in the
diet, in excess of that required to maxi
mize weight gain, consistently resulted in
a rapid accumulation of that amino acid
in the plasma. This accumulation appears
to proceed in a linear manner, even though,
as was the case for lysine (table 3) and
valine (table 5), the greatest dietary con
centration used was more than twice that
required to maximize weight gain. More-
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TABLE 5
Effect of feeding graded levels of valine on plasma amino acids and weight gain (exp. 5)

% dietary valine
. V III 1 1 li r ,n lu0.570.670.720.770.820.871.071.82fÂ¿g

of amino acid/mlplasmaThreonineProlineGlutamic

acidGlycineCystineMethionineIsoleucineLeucineTyrosinePhenylalanineLysineHistidineArginineValineGain

/chick/day, g*Gain/feed78.240.535.688.025.315.314.221.730.616.639.93.8â€”6.36.60.5765.046.236.493.927.018.013.917.325.812.660.75.638.99.111.10.7246.036.536.275.833.016.610.813.524.410.346.42.223.86.312.40.7635.238.443.473.832.213.910.313.725.911.040.52.421.210.713.70.7836.034.139.756.734.513.47.410.621.19.134.30.416.510.614.10.7940.644.744.794.829.718.910.712.927.110.624.50.6â€”19.213.30.7627.330.322.044.444.614.78.09.818.78.919.0nd119.135.713.90.7849.548.742.676.229.618.79.510.721.08.265.04.326.8127.713.60.76

1None detectable.
2Average of duplicate groups of 5 chicks/treatment,

initial starting weight and duration of assay.
See footnote 5 in text for data concerning

TABLE 6
Effect of feeding graded levels of arginine on plasma amino acids and weight gain (exp. 6)

Amino acid
dietary arginine

0.60 0.70 0.80 0.90 1.00 1.10
/ig of amino acid/mlplasmaThreonineProlineGlutamic

acidGlycineValineCystineMethionineIsoleucineLeucineTyrosinePhenylalanineLysineHistidine217.730.855.198.139.838.516.623.331.9â€”â€”109.221.7164.732.0102.486.335.722.113.422.928.720.815.597.020.0123.124.0103.1134.328.621.517.619.121.814.212.065.414.179.526.5117.5128.324.119.914.214.719.39.710.739.35.781.423.787.6125.328.715.417.018.023.010.312.137.56.365.625.6117.486.922.620.513.313.918.58.09.230.85.8

Arginine 4.8 7.9 23.1 11.4 39.5 46.0

Gain/chick/day, g '
Gain/feed

9.9
0.54

11.3
0.59

12.4
0.65

13.6
0.69

13.8
0.72

13.8
0.72

1Average of triplicate groups of 5 chicks/treatment. See footnote 5 in text for data concerning
initial starting weight and duration of assay.

over, in the case of lysine, this amino acid
continued to accumulate linearly in the
plasma, even though growth was depressed
20% by the highest (1.8% ) level fed. Ex
ceedingly high plasma amino acid levels
have been reported by others (5) 6 under
similar conditions.

That the shape of the plasma amino acid
curve can be used to determine the amino

acid requirement of the chick has been
demonstrated in these studies. More re
cently, Mitchell7 has reported good agree
ment between data acquired by the plasma
technique and nitrogen balance in deter-

6See footnote 1.
' Mitchell, J. R., Jr. 1965 Effect of level of amino

acid intake on the nitrogen metabolism and plasma
free amino acids of the young pig. Doctoral Thesis,
University of Illinois, Urbana.
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mining the young pig's requirement for

several amino acids.
From the data obtained in this series of

experiments, it was possible to calculatethe chick's requirement for lysine at suc
cessive stages of development. Analysis of
the data by the method of least squares
indicates that the lysine requirement, ex
pressed as a percentage of the diet, was
0.83, 0.70, 0.67 and 0.59% for the second,
third, fourth and fifth week of life, respec
tively.

In experiments 1, 5 and 6, plasma sam
ples were analyzed for both essential and
non-essential amino acids (tryptophan ex-
cepted) but only data concerning the amino
acids provided in the experimental diets
are presented in the tabulations. In ex
periments 2, 3 and 4 the plasma was
analyzed for lysine only. Severe deficien
cies of either lysine or arginine markedly
increased plasma threonine. Plasma threo-
nine varied from a high of approximately
190 to a low of 40 ug/ml in the lysine assay
(table 3) and from 217 to 65 ug/ml in the
arginine experiment (table 6). Each in
crement of the first-limiting amino acid
(lysine or arginine) resulted in a progres
sive decline in plasma threonine. How
ever, the point where plasma threonine
reaches its lowest concentration does not
coincide with the dietary concentration of
the first-limiting amino acid that maxi
mizes weight gain, but rather at a level
somewhat in excess of that needed for most
rapid weight gain. However, this does not
appear to be unique for threonine since
many of the other amino acids also behave
in this manner although obviously to a
lesser degree. It follows also that the rapid
decline in plasma threonine concentration
should not be interpreted as indicating
that it is the next limiting amino acid.
Large excesses of dietary lysine or valine
also increased the concentration of plasma
threonine. Others (2, 3, 7) 8 have shown
that amino acid imbalances will influence
the concentration of threonine in the
plasma. Lysine also appears to accumulate
in the plasma to a marked degree when
the diet is deficient in arginine (table 6).
There is a suggestion that plasma arginine
tends to accumulate in the plasma when
the diet contains suboptimal amounts of
either lysine or valine. As for the other

amino acids, it appears that histidine, tyro-
sine, phenylalanine, leucine and isoleucine
tend to accumulate in the plasma to a
slight degree irrespective of whether lysine,
arginine or valine were deficient whereas
proline, glutamic acid, glycine, methionine
and cystine were, for the most part, either
unaffected by the treatments imposed, or
were so variable as to preclude the estab
lishment of a definite plasma pattern.
Dean,9 however, has reported that all amino
acids (except lysine) tend to accumulate
in the plasma when chicks are fed diets
grossly deficient in lysine. In general, the
observations noted herein support the view
that diets containing well balanced protein
would tend to minimize the accumulation
of free amino acid nitrogen in blood
plasma.

In experiment 1 where the greatest
amount of lysine fed (1.8% ) exceeded the
requirement level approximately twofold,
several amino acids tended to accumulate
in the plasma. A notable exception was
arginine, whose concentration continued
to decrease (table 3), and the possibility
should be considered whether this observa
tion is in some way related to the demon
strated ability of arginine to reverse the
growth-depressing effect of excess dietary
lysine (12). Furthermore, the data pre
sented herein appear to indicate that vari
ations in the concentration of dietary lysine
or arginine exert a more pronounced effect
on the plasma concentration of other
amino acids than does valine which mayreflect the difference in "relative toxicity"

among amino acids for the chick (13).
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