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Adibl and Mercer have shown that exogenous protein is the principal
source of {ncreased free amino acids in plasma (1). Thesa investlgators
reported increases {n plasma concentrations of lysine, alanine, leucine
and valine whenever fasted healthy young adult males were fed SO grams of
purified bovine serum albumin. In addition they observed that the digestion
of protein ingested as a meal component extends over a time, period In excess
of 4 hours.

The movement of amino acids from the gut {nto the peripheral circulation
ts complex, being dependent upon a number of transport and metabolic
processes. What effect {f any age plays in these homeostatic processes
has not been detsrmined.

We have lnvestlga;ed the ability of the infant to metabolize amino acids
relative to that of the adult by feeding an ldentical high protein meal to fasted
subjects, measuring changes in plasma free amlno‘cld concentrations with
time. We were particularly lnt.erested in the capacity of the lnfant to regulate
metabolism of the dlcarboxylic acids, glutamic and aspartic aclds and

phenylalanine.

METHODS

Sixteen healthy one-year-old and 8 healthy two-ysar-old infants and
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6 healthy young adults (3 male and 3 female) were given a chocolate-flavored
custard following an overnight fa;t. The custard, whose composition is
.shown in Table I, contained 14 percent by welght protein. Each subject was
fed an amount of custard to provide protein at one gram per kilogram body welgl';t.
A typical one-year-old infant was fed approximately 70 grams of custa.rd and ;
a typical 70 kilogra;n male irngested S00 grams. l’ -

The amino acid composition of the custard was calculated from the amlno; '
acid composition of milk gnd egg as published by Orr and Watt (2). Calculated
intake of amino aclds for each sﬁbject is glven in Tables IIA and IIB.

Heparinized blood samples for amino acld analysis were collected serlally
on both infants and adults. Each adult was studied over a period of 6 hours
with blood samples (7 ml) collected via an indwelling 20 gauge ‘needle at'
intervals of 0, 30, 60, 90, 120, 150, 180, 240, 300 and 360 minutes following
feeding. A dilute heparin solution was instilled into the neecile to matintain
patency between bleedings. Two venous blood samples (3 ml) were collected
from each (nfant. All infants provided a fasting specimen. Blood samples
were obtalﬁed on four one-year-old infants and four twb-year-old children one
hour after feeding and on four one~year-old infants and four ;wo-year-old
children two hours after feeding. Blood samples were obtained on four one-
year-old (nfants three hours after feeding and on four one-year-o'ld {nfants
four hours after feeding. |

The proposed study was explained to each subject or thelr parents ln

the case of the {nfants and children and (nformed written consent was obtained.

The project was reviewed and approved by the Human Subjects Commlttee of
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the University of Iowa prior to its inttiation.

Blood samples for amino acld analyses were centrifuged immedlately t.o
‘separate plasma and erythrocytes. The plasma was deprotetnized with sulfo~
salicylic acid according to the mothod of Efron (3) and analyzed immedtiately or
stored at -70° C to preventloss of glutamine and cystine (4,5). Amino acld
analyses were carried out on ; Beckman 121M analyzer.

Response to the protel,q load was determined by plotting the change in
plasma concentration of each amlno acld as a function of time. Such plots
enable one to determine peak responée and area under the curve as well as
provide a means for compa.rlson. of infant to adult response. )

RESULTS

Plasma free amino acid concentrations following ingestion of a protein load of
one gram per kilogram body welght ara given in Table III for adults and in
Table IV for infants. The response of {nfants and adults to an identical
protein load at one gram per kilogram body weight is shown in Figure 1 for
aspartic acid, glutamic acid, tyrosine and phenylalanine. It is evident that
lnfants‘have a sligntly higher fasting plasma coﬁcantratton of free aspa;ttc
and glutamic acids than adults,while fasting plasma concentrations of free
tyrosine and phenylalanine do not dlffel: with age. The milk-egg protein load

of one gram per kilogram body welght produced a similar rise in plasma

concentration of aspartic acld, glutamic acid, phenylalanine and tyrosine

{n both infants and adults.
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Fasting and postprandlial plasma concentrations for 10 indispensable
amino aclds in infants and these same amino aclds in adults are compared in
Table V. Concentrations of free amino acids in fasting and bostprandlal blood
.samplcs representing peak response to the feeding of custard are comparable
for both infants and adults. Changes in concentration of plasn;a free amino
acids in adult subjects given tha egg-milk proteln mixture are comparable
to those reported by. Aélbl and Mercer for adults fed bovine serum albumin.

Using the method described by Swendseid and co-workers (6), the ratio ;
of essentlal to nonessential amino acids was calculated. In the fasting .
state these ratlos were 0,48 and. 0.56 for infants and adults respectively. In
the postprandial state these ratios were 0.61 for {nfants and 0.69 for adults.
Swendseld .and co-workers reported ratlos of essential to nonessentlal amino
acids of 0.5 for fasting young adults after 7 days on diets providing
approximately 90 grams of proteln per day.

The change in plasma concentration of free glutamic and aspartic acids,
phenylalanine and tyrosine following the feeding of one gram per kilogram body
welght of protein {s comparable {n infant and adult“ (Table VI). Postprandial
concentrations of glutamic and aspartic acids, phenylalanine and tyrosine of 9,
1, 9 and 11. uMoles/dl respectively, observed in these lnfan:‘.s are comparable
to postprandlal concentrations of these amino acids found in Infants fed either
human mtlk (7) or various commercial infant formula products (8) (Table VII).
With the latter feedings, the load of glutamic acid (s 25 to 40 percent of that

supplied by the custard. The loads of aspartic acid, phenylalanine and

tyrosine are 20 to 70 percent of that supplied by the custard.
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Marrs and co-workers have suggested a means for determining whether
there Is any relatlonship between the amino acid composition of a3 meal and
increments of plasma concentrations of individual amino aclds (9) . On the
basis of'plasma aminograms obtained on blood samples collected serially
following a test meal an absorption curve Is plotted for each amlno acid. The
area under the curve for each amino acld is determined and this value is plotted
as a function of the molar ;'atlo of each amtno acid in che test mixture relative
to histidine. When Marrs and co-workers studied a caseln hydrolysate and
an amino acld mixture resembling caseln according to this procedure, they
established that amino acids frém these mixtures were absorbed (n 8 comparable
manner, {.e. a plot of area versus relative composition was found to fit a
common regression line.

This method of analysis has bean applied to the aminogram data obtained
on the infant and adult subjects fed custard. The molar ratto'for 15 amino
aclids relative to histidine(indexed at one)was calculated from the amino acid
composition of the custard. Area under the curve in arbltrary units was
calculated for these amino aclds (Table VIII) and plotted as a function of relative
molar ratlo (Figure 2). Indlvidual amino acids in this figure are ldenttfl;d according
to the one-letter notation employed in the Atlas of Protein Sequence and .
Structure (10). If the infant and adult transport and metabollize the egg-milk load

in 3 similar manner, the data should fit a3 common regression line. As shown

in Figure 2, adults and infants have a similar regression line.. Ca.lculat.ed
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coefficients of correlation are: adults r=0.73; infants r=0.81.
'SUMMARY

Plasma aminograms of normal healthy infants fed a milk-egg custard meal
providing a proteln intake of .one gram per kilogram bodf weight were
comparabla to plasma aminograms obtained on healthy young adults
fed the same protein load.

When increments (n levels of individual plasma amino acids (area under
the curve) v;rere plotted relative to the amino acid composition of the cu.stard

- meal, the reéresslon line was simllar for both infants and adults.

Plasma 'concentratlons of glutamic acid, aspartic acid, phenylalanine and -

tyrosine in {nfants fed a meal p;-ovldlng one gram per kilogram body welight of
protain were nor alevated havond thase postpt:a ndial concentrations ahsarvad in
nomal term breastfed (nfants.

These data sup;:ort the conclusion that healthy one-year-old (nfants
have the capacity to transport and metabolize aspartic acid, glutamic acid,
phenylalanine and tyrosine td the same degree as normal healthy young

adults, Y
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COMPONENT

Egg .
NFDM
Pruct&sc

Water '

Total

Calculltcd'prot:c.in content - 13.96 gm prb:e:ln per 100 ga custaxd.

Actual protein content of each custard batch coufirzed by analysis.

Table I

COMPOSITION OF CUSTARD

WEIGHT WATER PROTEIN

.8 g 8
150 110 20
150 ° - 6 . 54
30 ' 0 -
200 200 . @ —
530 36 %

18

109

b
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