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The estimation of the protein and individual amino acid requirements of man constitutes a recently opened field of biochemical inquiry.
Its advance is hampered by the incomplete understanding of the protein
needs of the human at various life periods. A survey of the literature
reveals that, despite many efforts (Albanese, 1950; Rose, 1949; Leverton,
1953), there still exists a startling insufficiency of data upon which
studies of specific amino acid requirements from infancy to old age
must be based, and points out the need for a further systematic filling
in of these gaps.
I. THE FIRST YEAR OF LIFE
A.

PROTEIN NEEDS

In attempting to assess the protein needs of the growing child, we
have to judge protein adequacy of the diet by the rate of nitrogen retention and weight change. Unfortunately, exact values for normal retention at different ages are not on hand. Wide variations of 100% or more
are encountered in the data recorded in the literature. These are due to
several factors, chief among which is the previous nutritional state of
the subject. During convalescence, an undernourished child will retain
extraordinarily large amounts of protein. Apart from preceding illness,
419
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diets vary in their ability to induce storage of reserve protein. If the
experimental diet is more conducive to this than the preceding diet, high
nitrogen retention will be observed, and vice versa. It is usually accepted that the increased nitrogen retention brought about by increasing
the nitrogen intake is a relatively temporary affair lasting a matter of
weeks only, after which the original retention level is resumed. Nevertheless, observations have been presented by Nelson (1930) that some
increase of nitrogen retention continues indefinitely. These serious limitations should always be borne in mind when evaluating the nutritional
characteristics of experimental diets from nitrogen retention data of
growing subjects.
Since the amino acid composition (Macy et at, 1953) and caloric
distribution of various milks are reasonably well established, the amino
acid needs of the premature and full-term infants through the first year
of life can be determined approximately from their milk intake.
1.

Prematures

The nitrogen requirements of premature infants younger than 3
weeks (1600 gm.) have not been studied. Several earlier investigations
(Smith, 1945; Gordon et al, 1937) have provided evidence that 1-2
months old prematures retain about 250 mg. of nitrogen per kilogram
per day on an intake of 360-500 mg. of milk protein nitrogen per kilogram
per day. Gordon also found that, at the comparable level of feeding for
premature infants, no difference could be detected between the nitrogen
retention of infants receiving modified cow's milk and that of infants
receiving human milk for periods as long as 2 weeks. The plotting of
Gordon's data as shown in Fig. 1 indicates that nitrogen intakes of less
than 450 mg. of nitrogen, and higher than 500 mg. of nitrogen per kilogram of body weight, result in retentions which are respectively below
or above the mean, thereby suggesting that 475 mg. of milk protein
nitrogen per kilogram of body weight per day adequately fulfills the
protein requirements of the premature infant. Inasmuch as the mixtures
of cow's milk were modified by the addition of Dextrimaltose, olive oil,
and water so that they approximated the human milk in protein, fat,
carbohydrate, and fluid content, the only remaining variable resided in
the amino acid composition of the protein moiety. Since human milk
used in these experiments contained an average 1.44 gm. protein per 100
ml., or 230 mg. of nitrogen per 100 ml., it would be necessary to feed
206 ml. of human milk to attain the apparent required intake of 475 mg.
of nitrogen per kilogram per day. Calculations from these figures, and
the data on amino acid content of human and cow's milk reported by
Williamson (1944), and by Soupart et al. (1954), make it possible to
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estimate the individual amino acid intake of the premature infant per
kilogram per day (Table I ) . These values, of course, do not represent
minimal quantities but give a safe estimate of the range of the needs of
the individual amino acids.
In 1947, Gordon et at reported studies on 122 premature infants
with weights varying from 1000 to 2000 gm., using three diets, each
giving 120 calories per kilogram per day plus vitamins A, D, and C.
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FIG. 1. Relation of nitrogen retention to milk protein nitrogen intake and
body weight of premature and full-term infants. The chart was constructed from
the data of Gordon et al. (1937) on prematures and the data given by Czerny and
Keller (1925) on the full-term infants. They represent feedings of modified cow's
milk and the feeding of human milk. The figures inscribed about these signs denote
milligrams of nitrogen intake per day per kilogram of body weight (Albanese, 1947).

Diet No. 1 consisted of breast milk in which 7% of the total calories
were derived from protein. Diet No. 2 was a modified evaporated milk
formula in which the protein furnished 16% of the total calories. Diet
No. 3 was a half-skimmed powdered cow's milk formula in which 20%
of the total calories were derived from protein. Their results indicate
that the infants fed cow's milk formulas showed a more rapid rate of
gain than those fed breast milk (Fig. 2).
Many clinical studies have been reported which amply support Gordon's observations at the practical level. Adams (1948) fed 56 pre-
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matures on evaporated milk and water, equal parts (3.5% protein), with
good results indicated by adequate weight gain. Smellie (1948) found
that marasmic

and premature

infants

gained

weight

normally

and

TABLE I
DAILY

AMINO

ACID

INTAKE

FOR THE FIRST YEAR

OF L I F E

CALCULATED

FROM

MILK PROTEIN REQUIREMENTS NECESSARY FOR OPTIMAL NITROGEN RETENTION 0

Amino acid

Prematures
(70-0 days premature)
Modified
cow's milk

Full-term infants
(0-90 days)
Human milk

(3-12 months)
Modified
cow's milk

(mg. amino acid/kg. body weight)
Alanine
Glycine
Proline
Glutamic acid
Aspartic acid
Serine
Threonine
Leucine
Isoleucine
Valine
Cystine
Methionine
Tyrosine
Phenylalanine
Histidine
Arginine
Lysine
Tryptophan

76
12
256
695
170
164
156
504
170
176
29
103
176
188
66
131
205
44

59
10
134
384
194
115
105
380
125
111
69
49
122
129
42
112
157
52

89
14
300
820
199
192
183
590
199
203
34
120
204
210
78
154
240
58

° These figures are undoubtedly above the minimum requirements for the
particular amino acid in question and it might be possible to reduce the given
values for nonessential amino acids to zero. It is obvious from the available data
that provided all the requirements for essential amino acids are met, the remainder
necessary to make up the total required quantity could be distributed among
different types of amino acids with wide possible variations, all of which might
be of equal nutritional value. Of course, we must always bear in mind the
possibility that the nonessential amino acids may become essential by virtue of a
specific nutritional need or by their sparing action of some essential amino acid;
e.g., the cystine-methionine or the tyrosine-phenylalanine relationship. (Albanese,
1947.)
showed consistently higher serum protein levels when either breast milk
or cow's milk formulas were supplemented with 2.2% amino acids in
the form of casein hydrolyzate. Powers (1948) reported that feeble premature infants did well clinically on cooked cow's milk formulas with
lower fat and higher protein and carbohydrate than breast milk, sug-
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gesting that the latter may not be the ideal food for these premature
infants.
During 1949, various workers continued to investigate the composition of an optimal diet for the premature. Gruber et al. (1949) studied
992 prematures of various weights between 1000 and 2500 gm. They
were all fed a routine formula of evaporated milk, Dextrimaltose, water,
gm./kg./doy
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FIG. 2. Comparison of mean gain in weight of premature infants
Gordon et al. (1947).

Data of

and vitamins; their weight increased at an average rate of 26.1 gm. per
day from the second through the fourth week. Bruce et al. (1949)
studied the effects of feeding four groups of prematures with four different dietary mixtures, and observed that a higher average daily weight
gain was achieved by infants fed a formula containing powdered modified cow's milk than by those fed breast milk plus 25% lactic acid milk.
Henckel (1949) reported studies on 45 prematures of 1000-2500 gm.
weight; 16 of these were given breast milk supplemented by 1% protein
hydrolyzate. He noted that the average daily weight gain for the protein
hydrolyzate group was 2.3 times the control group in the second half of

424

ANTHONY A. ALBANESE

the first month, and 1.7 times the control group in the second half of the
third month. Rothe-Meyer (1949a) compared prematures (14-42 days
old) fed either a half-skimmed citric acid milk formula or breast milk,
and found that the infants gained faster on the modified cow's milk mixture. He made the observation, however, that the blood urea nitrogen
was higher in this group, suggesting a possible increased functional strain.
Further studies by Rothe-Meyer (1949b) in prematures on breast milk,
showed serum protein and albumin levels to be less than those found in
prematures fed cow's milk formulas. Schreier (1949) observed that premature infants fed breast milk with a protein hydrolyzate supplement
showed a definite increase in nitrogen retention in spite of increased
excretion of fecal and urinary nitrogen.
In 1950, Young et al. studied 203 prematures, weighing over 1600
gm. each, from birth to 8 weeks of age. A routine evaporated milk formula was fortified by an enzymatic hydrolyzate of casein which supplied
55-60% of the protein intake. Weight gain in the first 8 weeks of life
was approximately the same for supplemented and control groups.
Satisfactory growth was obtained in those receiving 7 gm. of protein and
128 calories per kilogram per day. However, those receiving formulas of
lower caloric value, 90-126 calories per kilogram per day, did not gain
as rapidly; nor could the growth rate be increased by raising their protein intake from 3 gm. to 5 gm. per kilogram per day. It was suggested
that this poor response of the latter group might be due to the use of
proteins for energy production rather than for growth. Landucci (1950)
also reported that 20 healthy prematures, who were not gaining weight
satisfactorily on the usual routine, did better after adding 1.5-5.0 gm.
protein hydrolyzate.
Schneegans (1951) reported that, in premature or weak infants, supplementing the breast milk feeding with a mixture of 0.5-1.0% amino
acids improved the weight gain; and that amounts above 1% caused
gastrointestinal upsets. Feinstein and Smith (1951) published metabolic
studies in prematures on cow's milk formulas, using supplements of
whole protein against hydrolyzed protein. Their results disclosed no
appreciable difference in nitrogen absorption or weight gain; indicating
no impairment of protein digestion in the premature infant. Sisson and
co-workers (1951) carried out balance studies on premature infants involving variations in nitrogen, fat, calcium, phosphorus, and iron intake,
with observations on hemoglobin, blood proteins, growth, weight change,
and stools. Their results showed that meat protein is retained and
utilized as well as milk proteins, but needs supplementation with calcium, phosphorus, and minerals.
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In the following year, Andelman and associates (1952) reported their
investigations on premature infants fed a modified milk formula, modified milk formula plus meat, and breast milk. The infants were given the
same number of calories per day and all had comparable hemoglobin
levels at 12 weeks of age. The breast milk group showed a slightly increased rate of growth. Childs (1952) reported that the urinary excretion
of amino acid nitrogen in premature and young infants is 0.45 mg. per
kilogram per day, as contrasted to 1.8 mg. per kilogram per day in older
children. De La Villa and Rodriguez (1952) treated premature infants
with amino acid mixtures, both by oral and parenteral route. These
workers felt that, after the period of initial weight loss, the supplemented
group showed an improved weight gain, and that the initially smaller
babies gave better results. The parenteral route of administration was
preferred in order to avoid irritation of the gastrointestinal tract. Levine
and Dann (1952) restated their earlier view on the greater daily protein
needs of premature infants (Table I I ) . They emphasized again the greater
needs of the premature infant for calcium and phosphorus, which are
met better by the higher mineral content of cow's milk. Properly modified cow's milk, in his opinion, is superior to human milk in the feeding
of premature infants under controlled conditions of hospital care. In
this connection it is interesting to note that Ferreira and his associates
(1953) observed that premature infants, fed breast milk supplemented
by a 1% mixture of amino acids, showed an improved growth curve.
Chromatographie analyses showed a rise of the amino acid concentration
in the blood, LoBianco (1953) studied 48 infants and found, also by
means of paper chromatography, that the premature showed an increased
nitrogen retention when compared with the full-term infant. He also
noted that formula-fed infants excreted more amino acids than the
breast-fed infants.
Berfenstam and co-workers (1955) compared the digestive capacity
of premature infants, 6-44 days of age, with that of similar aged fullterm infants. They instilled into the stomach fat-free breast milk or
skimmed cow's milk, measured the degree of digestion in terms of the
per cent amino nitrogen in the total stomach nitrogen, and found indications of superior digestion of the cow's milk protein. Studies of kidney
function in the premature show a reduced inulin clearance and PAH
clearance with a relatively low serum bicarbonate and high serum chloride, thought to be due to an immature kidney. This led Kagan and associates (1955) to the contention that the increased ash content of the
high protein cow's milk formulas may produce water retention, thereby
giving an apparent weight gain, in prematures of 1000 to 2000 gm. for
the first month of life, which is not all due to an increase in body tissue.
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Levine (1945).
Column 1 gives the allowances recommended by the Food and Nutrition Board, columns 2 and 3 the suggested
modifications for infants. The figures in parentheses in these columns, beyond 1 year, represent the total allowances in
the original recommendations (column 1) per unit of body weight on the basis of average weights for age groups derived
from the tables of Baldwin and Wood.
c
Premature infants weighing less than 2,000 gm. ( 4 lb., 6 oz.).
d
Premature infants weighing 2,000 gm. and over.
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All infants
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Unfortunately, data on the mineral components of the ash content of
the formulas tested, critical to this concept, are lacking.
From an extensive review of the literature, Higgons and collaborators
(1957) found that there is considerable evidence in favor of the opinion
that premature infants show a superior pattern of growth and development when fed a high protein, relatively low fat, cow's milk formula
rather than breast milk. It has been shown that the premature utilizes
cow's milk protein in amounts up to 6 gm. per kilogram per day, as well
as it does protein in human milk. On the other hand, the evidence indicates that the premature handles fats with much less efficiency, and
that the fat intake should not exceed 2 gm. per kilogram per day. Carbohydrates are admittedly handled well by either the premature or the
full-term infant. The higher content of calcium and phosphorus in the
cow's milk formulas is beneficial to the premature's need for rapid
growth of bone.
2.

Full-term

Infants

Mathematical analyses of nitrogen balance data (Czerny and Keller,
1925) for the first 90 days of life of the full-term infant of normal birth
weight (Fig. 1), indicates that an intake of 400 mg. of human milk
nitrogen is required for normal nitrogen retention which again appears
to be a function of weight rather than age. Comparison of the nitrogen
retention curves of the two groups reveals a greater gradient for the fullterm infant than for the premature infant, suggesting a more efficient
nitrogen utilization in the premature at the usual levels of protein intake.
Numerous determinations have been made of the protein nitrogen
needs of infants 3-12 months of age, employing human milk and a
variety of modifications of cow's milk. Some of the available data have
been recalculated to a uniform base and are listed in Table III. The
nitrogen retention values fail to indicate any nutritional advantages of
the different modifications. Although it is not evident from Table III,
examination of the original data reveals that the quantity of nitrogen
stored tends to increase with well tolerated increases in milk intake. This
phenomenon is not only apparent for short periods of time, but has also
been shown by Nelson (1930) to lead to the development of larger babies
if continued for long periods of time. No doubt the maximal retention
which can be effected in this fashion must be limited in magnitude and
duration. Jeans and Steams (1933) observed that the retentions of
nitrogen were larger below 20 weeks of age in the group fed fresh milk,
and between 20 and 35 weeks in the group fed evaporated milk. A
graphic comparison of some of these data with those obtained by Albanese (1953a) is shown in Fig. 3. The nitrogen retention and body

No. of
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1
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5
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8.07
8.28
8.64
9.65
9.86

Intake
(mg./
kg.)
640
599
589
579
593
604
530
495

Retention
(mg./
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5
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9
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8
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6
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5
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c
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RELATION OF M I L K PROTEIN NITROGEN INTAKE TO NITROGEN R E T E N T I O N OF THE I N F A N T
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weight effects of severe reductions in milk protein intake of infants observed by Kaye and associates (1954) are also to be noted.
With due consideration of the restrictions on the significance of
nitrogen retention values, it appears from the available data that 500-600
mg. of cow's milk protein nitrogen per kilogram of body weight should
be fed infants of this age group. This is somewhat higher than the
No. of Subjects
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FIG. 3. The effect of evaporated milk protein intake on nitrogen balance and
daily weight change of infants.

average 475 mg. of protein nitrogen fed the prematures and newborns
by Gordon et al. (1937). Unpublished studies from our laboratory show
that a protein intake of less than 5.0 gm. per kilogram per day is not
consistent with normal body weight gain in sick or convalescent infants
(Fig. 4 ) .
B.

I.

Species

PROTEIN QUALITY AND NEEDS

Differences

Numerous studies have been reported on the effect of protein quality
on the protein needs of the full-term infant. Many of these investigations
have concerned themselves with the nutritional efficacy of the protein
components of cow's milk and breast milk with and without various
nitrogenous supplements.
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Despite the quantitative differences in composition of the milk of
different species, man and most farm and laboratory animals generally
thrive on cow's milk. Some interchanges, however, have not proved completely satisfactory. While kids make the same growth per calorie on
cow's as on goat's milk (Gamble et al, 1939), calves are said to react
unfavorably to goat's milk; and while foals are said to react unfavorably
to undiluted cow's milk, they thrive on undiluted goat's milk, even
GM.
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FIG. 4. The effect of protein intake on weight change of convalescent infants.
This diagrammatic representation is based on weekly measurements made on 12
infants ( 2 - 1 5 months) for periods of 7 to 26 weeks.

though goat's and cow's milk appear to have the same quantitative composition. Fresh cow s milk is not satisfactory for feeding very young
puppies, partly at least because the concentration of protein, fat, and
minerals in cow's milk is so much lower, and the sugar so much higher
than it is in bitch's milk (Earle, 1939). Young kittens have been observed
to reject and thrive poorly on fresh milk, but accept and grow well on
evaporated milk which contains proteins in double the amount of fresh
milk (J. O. Albanese, 1950). Scott and Norris (1949) have shown that
human milk is entirely unsuitable as a food for the rat.
In addition to the limiting nutritional factors which may arise from
protein concentration and amino acid composition of the proteins, the
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poor biological value of various milks in diverse species may be associated with differences in permeability of the digestive tract lining to
proteins of heterologous milk and consequent allergic reactions (Ratner,
1935).
A most interesting discussion of some nutritional differences of various
adult mammals can be found in Williams' monograph, "Appraisal of
Human Dietaries by Animal Experiments" (1947). Some pertinent examples are worth mentioning here.
Dr. Jet C. Winters reported at this conference that the growth of
rats, maintained on the so-called Average American Diet, approached
normal; they mated at maturity, but the females were often sterile. Their
young frequently failed to survive and those that did so were usually
stunted at weaning. There were many stillbirths and many young were
eaten by the mothers. Lactation appeared poor. A companion experiment with chicks indicated serious defects of such human diets for the
growth of that species also.
Dr. H. E. Robinson reported at this conference that considerable
mammalian species variation in nutritional requirements for reproduction
prevails. After dozens, if not hundreds of experiments, he concluded that
the rat is not a satisfactory test animal for canned dog or cat food, nor
is the dog a satisfactory test animal for the cat food.
Obviously, the physiological bases for the nutritional differences of
mammals are multiple. Prime consideration must be given to variations
in the net dietary energy required for growth of the young and subsequent maintenance of the adult structure; variations in the rate of
growth of organs and ultimate relative size of these organs; and, finally,
the presence of special structures; e.g., hair, horns, mammary glands.
2.

Breast Milk

Although some subjective clinical investigations (Grulee et ah, 1935)
have supported the claim that human breast milk has nutritive advantages over other types of infant foods, the available objective observations fail to support this contention. Stevenson (1947; 1949) recorded
that infants fed cow's milk formula showed an increase in percentage of
nitrogen content of the body at a rate about equal to the fetal rate;
whereas breast-milk-fed infants held the percentage of body nitrogen at
about birth levels. This effect was attributed to the higher protein value
of cow's milk and it was concluded that the usual artificial feeding procedures are adequate. Jeans (1950) stated that a positive nitrogen retention must represent an increase in tissue mass as protein is not stored
elsewhere in the body. Most of the increase in tissue mass is in the form
of muscle. He observed that babies on cow's milk formulas of relatively
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high protein content developed 25% more muscle mass than did breastfed babies.
Ross (1951) published Chromatographie studies of the feces of 12
nursing infants and 14 infants on cow's milk formulas. He noted that the
breast-fed infants showed more total nitrogen and free amino acid in
the stool with alanine being predominant; whereas the cow's milk group
showed a predominance of valine and lysine. He also found that dilution
of cow's milk formulas gave an amino acid pattern similar to that of
breast milk. He further reported that, when the gastrointestinal tract is
sterilized by the use of antibiotics, more amino acids appear in the stool.
Reinlein and Geering (1950) observed that breast-fed babies showing
nutritional disturbances improved clinically after the addition of a supplement of beef serum which afforded 1.5-2.0% protein.
Evidence is also on hand which supports the view that, even on the
most liberal estimates, breast milk alone provides a very meager margin
of nutritional safety during the early months of life, and that it does not
provide an adequate quantity of some essential amino acids in the latter
part of the first year if fed as the principal source of protein (Albanese,
1950). The most impressive of this evidence is that provided by the
investigations of Su and Liang (1940) on the growth and development
of Chinese infants in different nutritional environments. A graphic analysis of 322 refugee infants on Wetzel Baby Grids shows that a soybean
supplement was very effective in preventing retrogradation of growth
which befell (Hou, 1939) those who received little if any dietary supplements to breast feeding during the latter part of infancy (Fig. 5).
In recent years teleological reasoning, with an incomprehensible neglect of the facts, has led some to propose that the protein allowances for
infants be reduced from 3.5 gm. per kilogram per day, currently recommended by the Food and Nutrition Board, to 1.5-2.0 gm. per kilogram
per day. These latter figures are based on estimated intakes of protein by
breast-fed infants. A little thought will reveal that as yet no accurate
means have been devised for determining the quantity or quality of the
nutrients derived by the infant directly from the breast. Holt (1957) has
pointed out that the evidence for this proposal is largely indirect: namely,
intakes of milk have been measured by weight gains after feeding, and
average analyses of breast milk have been used to calculate the intake.
This was done by a number of different observers back in the last century, the most extensive work being done by Emil Feer (1896) in Switzerland. Further, it is well known that the quantity of protein in breast milk
may vary from 0.7 to 2.0%. Changes in protein content also occur during
the course of a single feeding (Holt and Mclntosh, 1940). Data derived
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from infants fed breast milk from breast milk banks are obviously not
applicable to the problem.
In a new attempt to clarify this problem, May and associates (1958)
have fed infants human milk and a cow's milk formula containing 1.75%
protein. The resulting data are collected in Table IV. It appears that
TABLE IV
COMPARISON OF NITROGEN INTAKE AND RETENTION OF INFANTS F E D H U M A N MILK
AND A DILUTE COW'S MILK FORMULA«

Breast milk

Cow's milk
Week

Age in
days

1-6
19-30

1-45
137-182

Intake
mg./
kg534
398

Retention
mg·/
kg211
102

%
Absorbed
40
27

Intake
mg./
kg383
240

Retention
mg./
kg183
69

%
Absorbed
48
29

a May et al. (1958).

nitrogen retention levels comparable to those reported by Jeans and
others (Table III) were obtained only when the mean protein nitrogen
intake was 3.4 gm. per kilogram. When the mean protein intake of either
human or cow's milk was lower than the allowance recommended by
the Food and Nutrition Board, substandard nitrogen retention levels
resulted. Furthermore, the nitrogen retention values obtained with the
lower intakes of human milk approximate those reported by Albanese
et al. for infants maintained on diets poor in tryptophan (1947a), isoleucine (1948a), methionine (1949a), or lysine (1953b). This circumstance lends strong support to the contention of Su and Liang (1940)
that infants reared exclusively on breast milk require supplementary
foods after the fourth month, and certainly not later than the sixth
month of life.
Variations in the amino acid content of breast milk proteins have also
been noted. Miller and Ruttinger (1951) studied microbiological assays
of human milk from healthy, normal mothers, 15-362 days post-partum,
and found considerable biological variation in the content of amino
acids (Table V). Soupart and associates (1954) carried out Chromatographie studies of human milk and showed values for glycine, alanine,
proline, glutamic acid, and aspartic acid to be considerably higher than
previously reported in published data. Analysis accounted for 88% of the
total nitrogen in terms of amino acid and ammonia. A considerable portion of the ammonia arises from the urea in human milk, which may
account for 7-10% of the total nitrogen. The calculation, nitrogen X
6.25, popularized by Block and Boiling (1951), overestimates the protein level in human milk by more than 20%. The nutritional state of
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the mother has also been shown to influence the amino acid composition
of breast milk proteins (Close, 1955).
TABLE V
VARIATIONS IN AMINO ACID CONTENT OF H U M A N MILK PROTEIN

Amino acid
Arginine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Tryptophan

3.

mg./100 ml.
28-^64
16-34
46-102
72-159
53-104
9-21
3-58
4-76
13-26

Cows Milk

Many speculations and claims exist on the relative nutritional values
of the principal proteins of cow's milk—casein and lactalbumin. Most
of the nutritional advantages claimed for lactalbumin over casein are
based on the relative sulfur amino acid content data and experiments
with rats (Osborne and Mendel, 1919). Although lactalbumin and casein
differ in the content of cystine and methionine, no great difference occurs
in their content of total essential amino acid sulfur (Williamson, 1944).
Mueller and Cox (1947) have recalculated data purporting to demonstrate a superiority of lactalbumin in infants, and feel that no such superiority actually was established. As previously noted, extrapolations
of nutrient values from experimental animals to the human are not always
tenable.
In an extensive review of the literature, Stevenson (1947) found that
casein was utilized as well as lactalbumin by the human infant. Vignec
and associates (1948) studied 93 infants for the first nine months of life:
49 received a prepared evaporated milk mixture, with cereals; and 44
received the usually routine evaporated milk formulas and baby foods.
Both formulas contained 2.8% casein and 0.5% lactalbumin and no
demonstrable difference was found for the two groups in the growth
records, X-ray studies, hematology, and various biochemical measurements. Ujsaghy (1949) studied 42 infants under one year of age—some
healthy, and some convalescent from acute illness. He fed different casein,
albumin, and globulin mixtures and observed the level of the circulating
reserve protein in the blood. If the original total protein level was below
7 gm. %, the level could be increased by both albumin- and globulincontaining foods. In those children who showed a starting level above
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7 gm. %, however, the circulating protein content could be increased
only by casein; and usually was decreased following albumin or globulin
feeding. In this connection, it is interesting to note Chow's observations
(1950) that feeding of a diet containing casein hydrolyzate to proteindepleted dogs stimulates the production of both albumin and globulin;
whereas feeding of lactalbumin favors the regeneration of blood albumin.
Natelson et al. (1955) has reported that infants maintained on low protein diets showed a greater plasma protein formation on a formula high
in albumin, than on breast milk or a formula high in casein.
In our attempt to clarify the metabolic aspects of this problem,
plasma amino acid measurements were done on blood samples collected
just before, and 1 hour after test feedings with formulas containing milk
products commonly employed in the feeding of infants in this country.
A result typical of 6 studies with healthy, normal infants (2 to 8 months
of age) is shown in Chart 1.

Total plasma
amino nitrogen

-50
1

0

♦' 30

l

♦50

f52"

C)

+50

:
^

Lysine

3
1

Threonine
Methionine

-50

1

n

Per cent changes in blood amino acid levels one hour postprandial

Product

Whole
cow's milk

Protein content:
As is, gm.%
3.5
As fed, gm.%
3.5
Composition of test
formula:
Volume, oz.
5.5
Total
calories
116.0
Total
proteins, gm.
5.5

Evaporated
milk

Formula - S

7.0
2.8

3.5
1.7

5.5

5.5

105.0

110.0

4.8

2.5

CHART 1. Effect of amino acids in a healthy normal male subject (age, 7
months; weight, 14.5 pounds; height, 25 inches). Formula-S was prepared by
dilution of a proprietary product 1:1 with water as detailed by manufacturer.
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These preliminary findings suggest (a) that, in general, the absorption of amino acids from whole milk proceeds at a slower rate than from
evaporated milk; and (b) that low-protein infant formulas of the S
variety (Chart 1) have a low plasma amino acid repletion value, especially with respect to lysine.
In comparing the nutritive value of cow's milk proteins, it should be
mentioned that various preparative procedures have been shown to affect
the availability of some amino acids. Mauron and co-workers (1955)
have reported that, whereas no destruction of tryptophan, tyrosine, or
methionine occurred in any milk tested, considerable destruction of lysine
was incurred by some processes (Table VI). Evaporated milk, which is
TABLE VI
T H E AVAILABILITY OF LYSINE IN MILK®

%

1.
2.
3.
4.
5.
6.
7.
8.
9.

Destruction
Type
0
Fresh milk
0
Boiled milk
3.6
Spray-dried milk A
3.6
Spray-dried milk B
13.2
Roller-dried milk A
26.6
Roller-dried milk B
slightly scorched
Evaporated milk A
—
8.4
Evaporated milk B
4.8
Sweetened condensed milk
a

%

Inactivation

% Total
%
deterioration J Wailabili

0
5
—3.38
0
20.0
45.8

0
5
0.2
3.6
33.2
72.4

100.0
95.0
99,8
96.4
66.8
27.6

—

23.9
19.6
3.2

76.1
80.4
96.8

11.2
—1.62

Data of Mauron et al. ( 1 9 5 5 ) .

so widely employed in infant feeding, contains about 20% less lysine
than fresh cow's milk. McClure and Folk (1955) have observed that the
cariogenic properties of diets containing roller-dried milk could be
greatly reduced by additions of lysine.
4. Meat Proteins
The effects of meat base products as supplements or substitutes in
the milk regimens of infants has been studied extensively in recent years.
Leverton and Clark (1947), and later, Leverton et al. (1952), found
that young infants and toddlers receiving meat supplements showed an
increase in hemoglobin and red cells, and a decrease in upper respiratory
infections when compared with the controls. Jacobs and George (1952)
reported that infants under 2 months of age, receiving adequate normal
diet plus a lean meat supplement, exhibited an increased rate of growth
in height and weight, with a higher hemoglobin and total serum protein
(increase mostly in globulin fraction). The infants receiving meat also
showed a 40% lower morbidity in the first 2 years of life.
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Glaser and Johnstone (1952) observed that newborn and young infants, showing evidence of cow's milk allergy, responded better clinically
to a feeding containing meat protein than they did to a feeding with
soybean protein. Rowe and Rowe (1954) studied 16 children from 2 to
18 months of age with various manifestations of allergy involving the
skin, gastrointestinal tract, or respiratory tract. The infants were treated
with a meat base formula containing strained meat, soy oil, sugar, potato
starch, calcium carbonate, salt, and water—equivalent to cow's milk—for
periods varying from 2 to 27 months, with clinical improvement in most
of the cases. Ziegler (1953) reported that lean meat formulas properly
supplemented with calcium, phosphorus, and other minerals are adequate
as milk substitutes. In connection with the foregoing observations, it
should be noted that Lyman and Kuiken (1949) and Block and Boiling
(1951) have noted a relative deficiency of lysine and other amino acids
in cow's milk versus muscle proteins.
5. Vegetable

Proteins

The importance and need for studies on the nutritive value of vegetable proteins in the dietary of children can be readily appreciated when
it is recalled that seed proteins of legumes and grains constitute the
principal, and sometimes the only, dietary protein of the major segment
of the world's population. Although many survey and clinical reports
on this subject are available, relatively few controlled investigations
have been done.
Because of ready availability and widespread use, the nutritive value
of soybean proteins has been intensively studied. The efficacy of soybean
flour as an infant food supplement has been amply demonstrated by
Steams (1933) and others (Payne and Stuart, 1944) in this country and,
as previously mentioned, by Hou (1939) in China. The hypoallergenic
characteristics of soybean preparations have also led to their use in the
complete feeding of infants suffering from allergy to milk proteins.
Glaser and Johnstone (1953) have found these products clinically useful
in the management of infant allergies. However, adequate growth and
nitrogen balance data are lacking for an objective evaluation of the
nutritive characteristics of these commercial products. In our preliminary efforts, the high stool bulk and poor acceptance, encountered with
the feeding of the now commercially available soybean products, precluded completion of the metabolic balance studies necessary to provide
such data.
Corn meal is employed as a supplementary, and sometimes as the
only infant food in many parts of the world—especially in Latin America.
The lysine and tryptophan deficiencies of corn protein are well known
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from the early rat studies of Osborne and Mendel (1914). In the rat,
growth evidences of these deficiencies were remedied by additions of
calculated amounts of the 2 essential amino acids. Albanese and associates (1949b) reported their findings on the biological value of a corn
protein in normal male infants. By means of controlled studies they
found that nitrogen retention and weight gain of infants maintained on
a synthetic diet in which tryptophan- and lysine-supplemented commercial zein (Protein 3223) constituted the principal source of nitrogen
were inferior, by reason of the poor digestibility of this zein, to those
obtained on a casein diet fed at the same fluid, caloric distribution, and
nitrogen levels. Chemical examination disclosed that 50% of the zein
protein fed daily was to be found undigested in the stools. The poor digestibility of this commercial zein was attributed to processing, since
many animal experiments indicate that this is not a characteristic property of native zein (Rathmann, 1954).
In a series of studies, sponsored by the Bureau of Biological Research
of Rutgers University, in which 6 reference proteins were evaluated by
different methods of assay, paradoxical findings were obtained in regard
to the nutritional value of wheat gluten. Mitchell (1950) reported that,
by the nitrogen balance method, wheat gluten had a biological value of
40, as compared to 97 for egg albumin, in the immature rat. Frost (1950),
by the rat depletion method, found a value of 9 for wheat gluten as
compared to 38 for egg albumin. Chow (1950), on the other hand, by
repletion tests in dogs obtained a value of 135 for total circulating proteins with wheat gluten, as compared to 117 with egg albumin, after 2
weeks; and 135 and 132, respectively, after 4 weeks of repletion with
these proteins. It is at once clear from the findings of this group of investigators that there may exist a lack of correlation between the nitrogen
balance maintenance and plasma protein regenerative properties of protein foods. Albanese (1953b) studied the protein value of lysine-supplemented wheat gluten for human infants. He found that, with a wheat
gluten milk containing no added lysine, nitrogen retention fell precipitately and leveled off at about 50 mg. per kilogram per day. Lysine
supplementation was begun at the ninth week of the study and increased
stepwise over 5 weeks at the rate of 1% of lysine per week. Nitrogen
storage began to increase with supplementation and by the end of the
third week the lysine-reinforced wheat gluten milk was yielding nitrogen
retention levels similar to those found with the evaporated milk formula.
In general, mixtures of vegetable proteins, as they are customarily
employed, are claimed to support fairly normal growth. Dean (1949)
found that in infants under 3 months of age, a normal growth occurred
when 60^80% of the milk was replaced by a malted mixture of barley,
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wheat, maize flour, and soya meal. Diet surveys conducted in Mexico,
Jamaica, Central America, Chile, Ceylon, and several parts of Africa
show that the diets consumed by children in all of these places have a
striking similarity in the foodstuffs actually eaten: protein foods of animal origin are practically never ingested. The most prevalent combinations are beans and corn, rice and corn, and wheat and corn. Growth and
development of children in these areas are subnormal by American
standards. Recent studies by Gomez et al. (1958); Senecal (1958), and
Behar and co-workers (1958) on the nutritive merits of these mixtures
will be discussed later.
6.

Protein Digests

Possible therapeutic usefulness of protein hydrolyzates in the management of malnutrition and allergenic states of infancy prompted the
author and his collaborators to undertake a systematic study of the
biological value of these products in the infant. Albanese et al. (1947b)
observed that the nitrogen retention and weight gain of 3 normal infants,
maintained on a synthetic diet in which a tryptophan- and cystine-reinforced acid digest of casein constituted the principal source of nitrogen,
were respectively about 30 and 50% lower than those obtained when
the same subjects were fed synthetic diets at the same fluid, caloric distribution, and nitrogen levels in which enzymatic digests of casein or
lactalbumin supplied the principal nitrogen component. The biological
value of these latter two products, as indicated by the criteria of weight
accretion and nitrogen storage, appears for short periods to be almost
equal to that of diluted evaporated milk formula and to that found by
previous investigators employing various modifications of cow's milk.
In a subsequent investigation, Albanese et al. (1948b) found that
children, fed synthetic formulas with enzymatic digest of beef muscle
as the principal source of nitrogen, showed a nitrogen retention and
weight gain somewhat greater than routine evaporated milk formulae of
equal nitrogen, calorie, and fluid content. Later, Albanese and co-workers
(1951) studied male infants on synthetic milk diets with the principal
source of nitrogen as enzymatic digest of bovine plasma, as compared
with infants fed routine evaporated milk formulas of equal caloric and
nitrogen levels. They found that the bovine plasma digest group showed
higher nitrogen retention and weight gain; and noted that the addition
of isoleucine and methionine was without benefit. The authors then felt
that nitrogen derived from a source which includes some peptides might
be of some increased nutritional value when compared with a mixture
of completely free amino acids. On the basis of these and other studies,
Cox and his associates (1947) reported that nitrogen retention in humans,
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when all the nitrogen was furnished by casein hydrolyzate, showed no
increase when supplemented by methionine (contrary to the experience
with rats). They suggested that the increased amount of hair in the rat
may be responsible for an increased need of the sulfur-containing amino
acids.
Clinical experience has indicated that protein digests are safe and
therapeutically useful in sick or convalescent children. Hartmann and
co-workers (1944) found that parenterally administered enzymatic digests of casein were nutritionally helpful to infants suffering from a wide
variety of diseases which prevented adequate intake of food. Subsequently, Langlois (1947) and Young et al. (1949) reported the use of
protein digests in sick infants and found them clinically beneficial and
without untoward effects.
In summary, it appears that the findings of the majority of observers
agree with the allowances recommended by the Food and Nutrition
Board of the National Research Council (1958) for an intake of protein
of 3.5 gm. per kilogram per day, in a diet containing 120 calories per
kilogram per day, during the first year of life. A search of the literature
reveals a lack of quantitative observations on sufficiently large groups of
breast-fed infants as to the average quantity and average composition
of the breast milk consumed by an infant during the whole 24 hours,
over a span of months, under natural conditions of breast feeding. This
circumstance and the numerous observations that growth and development of breast-fed infants is greatly improved by supplements of meat
or vegetable proteins, preclude the soundness of claims for the use of
estimated intakes of breast milk (1.6-2.2 gm., or less, of protein per kilogram per day) as a measure of the protein needs for the optimal growth
and development of infants.
C.

1.

REQUIREMENTS FOR SPECIFIC AMINO ACIDS

Procedures

The need of precise knowledge of nutritional requirements is an obvious one. Such knowledge is essential for the recognition and intelligent repair of defective dietary situations. It is of particular importance
in disturbances of the digestive tract where there are limitations in the
amount of food that can be given. Because the production of an experimental diet deficient in a single amino acid which can be supplemented by known amounts of the amino acid in question involves
particular difficulties, information in regard to human requirements for
amino acids has been slow in coming. In approaching this problem
several types of experimental diets have been employed:
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a. The use of natural proteins deficient in some particular amino
acid. This method has limited applicability since such proteins occur
primarily in vegetable and cereal foods. However, these foods comprise
the principal source of protein for the major populations of the world.
Consequently, determinations of the quantity of the test amino acid
required under such conditions are of considerable practical as well as
fundamental value.
b. The calculation of the intake of amino acids on known diets compatible with health. This method gives an approximate figure. One can
say only that the requirement must be less than the intake so calculated.
However, if criteria of good nutrition can be improved by the addition
of one or more amino acids, then an accurate measure of the test amino
acid need can be made under conditions of normal and natural dietaries.
c. The use of chemically degraded proteins or protein hydrolyzates.
A number of procedures are known which destroy one or more specific
amino acids. Diets constructed from such degraded preparations have
the advantage that the amino acids are for the most part present as
natural isomers and that the unessential, though physiologically important, amino acids are present; this avoids the necessity of their biosynthesis. The disadvantage that the nature and possible effects of the
degraded fragments are unknown can be readily overcome by Chromatographie and chemical analyses.
d. The use of synthetic amino acid mixtures. Such diets have the
advantage that all the components are known, but the disadvantage that
some of the amino acids have had to be supplied as racemic forms. The
extent to which the unnatural isomers were utilized, and the unknown
effects on nonutilizable amino acids, introduced uncertainties in these
experiments. Furthermore, the fact that most of the nonessential amino
acids are for the most part omitted, requiring their synthesis from essential amino acids or nonspecific nitrogen compounds, detracts somewhat
from the usefulness of the data.
e. The use of a diet in which the protein moiety is provided by a
mixture of pure amino acids—both nonessentials and essentials—all in the
form of the natural optical isomers. In recent years the L-forms of all the
common dietary amino acids have become available. This approach, in
common with methods c and d, suffers from the fact that all the dietary
nitrogen is provided as free amino acids—an unphysiological form. Known
differences in renal threshold of the free amino acids (Wright, 1948)
indicate that the pattern of amino acids available to the body for tissue
synthesis will be quite different from the mixture fed.
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2. Comparison of Avaihble Data
Examination of the literature indicates that on a body weight basis,
the nitrogen needs of the infant as provided by the usual cow's milk
formula, are four to five times higher than those of the adult (Albanese
et at, 1947a). The available data, however, do not reveal whether these
higher protein requirements of the infant arise from a proportionate
increased need for all the amino acids, or from a limiting effect created
by greater demands of the growing organism for one or several of the
amino acids. The lack of, and the need for, this information which is of
obvious importance to practical infant dietetics and the physiology of
growth in general, which includes proliferation of benign and malignant
neoplasms, prompted the author and his collaborators to undertake some
years ago a continuing program for the study of the amino acid needs
of the infant and the growing child. In all of these studies, the requirement of an essential amino acid was estimated from the additional amount
needed to restore to physiological levels the nitrogen retention and rate
of body weight gain of subjects previously maintained, for varying periods, on diets poor in the test amino acid. The diets contained approximately 100 calories per 100 gm.; the percentage caloric distribution being
as follows: protein, 14; fat, 36; and carbohydrate, 50. The protein moiety
consisted in all instances of proteins or protein preparations lacking in
one of the essential amino acids. The observations were all made on
normal male children who were given the diets in five feedings daily at
the rate of approximately 100 calories and 0.56 gm. nitrogen per kilogram
of body weight, and 50 mg. of ascorbic acid, together with 15 drops of
Oleum Percomorpheum daily. The diet periods were of 7 days duration
and consecutive. The infants were weighed daily during the course of
the experiment. The data on nitrogen retention were calculated from the
results of nitrogen determinations of the 24-hour urine collections; analysis of the pooled feces for each period; and from computations of the
daily nitrogen intake based on food consumption records and the known
nitrogen content of the diets. Measurements of the hemoglobin, total
plasma proteins, albumin, globulin, and NPN were done during each
period interval.
On the basis of changes in rate of weight gain and nitrogen retention
induced by fractional supplementation of the tryptophan-deficient diet,
it was estimated that the infant requires approximately 30 mg. of Ltryptophan per kilogram of body weight per day (Albanese et al, 1947a).
This value is approximately five times the adult tryptophan requirement
previously reported by Holt and associates (1944), and suggests that
the high milk protein need of the infant is predicated in part by the
tryptophan requirement.
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In experiments of similar design, using acid hydrolyzed beef hemoglobin as the isoleucine-poor moiety of the diet, it was found that the
normal infant requires approximately 90 mg. of L-isoleucine per kilogram
per day, which is approximately one-third the quantity provided by the
usual evaporated milk formulas (Albanese et al., 1948a).
The cystine and methionine requirements of infants were determined
by using a diet deficient in these 2 amino acids as the principal source
of nitrogen, which was supplemented with varying proportions of Lcystine and L-methionine. Thus it was found that infants who received
no cystine supplements required 85 mg. of L-methionine for the attainment of normal nitrogen retention and body weight gains. The infants,
who received diets containing 1% L-cystine, required only 65 mg. of Lmethionine for restoration of the growth criteria to physiological levels
(Albanese et al., 1949a). On the basis of results obtained with a fractionally L-lysine supplemented wheat gluten diet, it appears that the
infant requires some 170-200 mg. of L-lysine per kilogram per day for
the establishment of normal growth vectors (Albanese, 1949). (See Fig.
3, Chapter 11, this volume.)
Observations with the "saturation point test," wherein the amino acid
requirements are measured in subjects who are maintained in normal
nitrogen metabolism by natural foods fed ad libitum, rather than in
depleted subjects, we have found that 3-months-old children need 205
mg. per kilogram of L-phenylalanine per day for maintenance of normal
blood phenylalanine levels; 6- to 8-months-old children require 170 mg.
per kilogram of L-phenylalanine per day (Albanese et al., 1950).
From data available on the biological value of various proteins and
protein products in the infant, and analytical data on their composition,
it is possible to make some valid calculations of the minimal quantities
of each amino acid needed for good nutrition when all of the amino
acids are provided in the diet. Results of these calculations are collected
in Table VII (Albanese, 1951). The minimal quantities given in the last
column should be considered as useful approximations, pending more
exact determinations. Autret (1955) reported that analysis of foods
showed that these amino acid requirements for a 6-kg. infant are met
by 100 gm. of: whole wheat, plus 35 gm. skimmed milk powder; whole
wheat, plus 50 gm. pulses; whole wheat, plus 15 gm. fish meal.
Snyderman (1958) has recently reviewed some preliminary observations on the amino acid needs of infants. Her group employed mixtures
of crystalline amino acids purported to simulate the composition of breast
milk proteins. Lack of some experimental details precludes a critical
evaluation of these important studies. In general, however, it appears
that the minimal amino acid needs found in this manner are about one-

127
63
200
47
177
99
151
490
167
171
172
27
160
680
166
11
75
250
—

160
98
264
70
199
130
157
450
251
263
251
18
227
800
222
17
196
286
70

140
81
304
87
213
98
206
556
227
161
203
109
172
470
340
0
98
140
—
141
277
304
59
250
95
257
610
36(90)
298
160
18
182
200
283
—
280
185
—
206
134
320
93
169
117
234
425
102
227
126
38
201
650
380
210
140
210
—

245
112
342
49
182
86
245
356
126
266
49
19
—
588
370
—
—
—
—

Beef
plasma
protein
126
70
80(170)
30
246
201
87
889
195
182
234
46
—
860
350
315
175
350
—

Wheat
gluten

126 b
63 b
170 a
30 a
169 c
86 a
87 b
425 b
90 a
161b
126 b
18 b
160 b
200 b
166 b
0b
75 b
140 b
70 b

Minimal
quantity

GAINS' 1

These values were obtained by three procedures: ( a ) determinations from the amount of amino acid needed t o
restore nitrogen retention and body weight gain to physiological levels of subjects previously maintained for short periods
on diets poor in the test amino acid, ( b ) estimation from minimal amino acid content of proteins and protein products
found to have high biological value in terms of nitrogen retention and body weight in infants, and ( c ) calculations from
"saturation point" of a test amino acid which is added step wise to the diet of subjects maintained in normal nitrogen
metabolism by natural foods fed ad libitum. Values in parentheses indicate concentration of amino acid after supplementation.

a

Arginine
Histidine
Lysine
Tryptophan
Phenylalanine
Methionine
Threonine
Leucine
Isoleucine
Valine
Tyrosine
Cystine
Serine
Glutamic acid
Aspartic acid
Glycine
Alanine
Proline
Hydroxyproline

Amino acids

Beef
muscle
protein

Beef
globin

Beef products

Mg./kg./day
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half those reported by Albanese (Table VII). It is the contention of
this group that their minimal requirement values have nutritional validity
because they approximate the amino acid intake of breast-fed infants.
The soundness of this contention must remain in serious doubt until such
time as the previously discussed vagaries of the quantity and quality of
protein ingested by breast-fed infants can be adequately resolved.
a. Lysine. Because of its practical importance it seems worth while
here to examine some probable procedural causes for the differences in
lysine needs of infants as found by Albanese and Snyderman. In the
studies of Albanese chemically defined wheat gluten, a lysine-poor protein, served as the basic source of nitrogen in a diet of specified caloric
distribution and vitamin and mineral content. These facts are not completely known regarding the diets employed by the present Bellevue
group. The lysine-poor (unsupplemented wheat gluten) periods in the
author's studies were from 6 to 10 weeks' duration as contrasted to only
7 days of lysine deficiency in the reported Snyderman experiment (Fig.
6). In these investigations the lysine requirement is defined as the
amount of the amino acid (89 mg. per kilogram per day) which induces
the first increase in nitrogen retention—not necessarily the optimal value.
In common with all studies of this design, one is confronted here with
the problem that a depleted organism utilizes a reincorporated nutrient
more efficiently than does a well-nourished organism. This biological
effect of the law of the minimum can be overcome, in part, by prolonging the supplement periods until nitrogen retention is stabilized,
and to determine the effect of positive increments in supplement before
attempting decrements. Unless this is done one measures minimal repletion needs of the test nutrient in depleted infants, rather than the nutrient
requirement of healthy infants for normal growth and development.
These matters were carefully considered in the interpretation of the
author's studies, but apparently not in those of Snyderman and her associates. Several evidences for the law of the minimum effects occur in
the Snyderman data. Thus, after the lysine-free regimen (Period 3 ) , the
addition of 88.4 mg. of lysine to the diet (Period 4) resulted in a nitrogen
retention of approximately 280 mg. per kilogram per day. In Period 6,
89 mg. of lysine-HCl induced a nitrogen retention of only 120-130 mg.
per kilogram per day. It is also to be noted that the rate of body weight
gain, at the 89 mg. of lysine-HCl per kilogram per day level, of the infant
shown in Period 4 (Fig. 6) was some 50% less than that attained on the
amino acid mixture providing 278 mg. of lysine-HCl per kilogram per
day. Finally, at the completion of the study, this infant should have
weighed approximately 8.0 kg.; as contrasted to the observed 7.3 kg.
(Naimark, 1957).
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AMINO ACID PATTERNS AND NITROGEN NEEDS FOR GROWTH

On the basis of available evidence (Beach et dl., 1943; Mitchell, 1950)
proposed that amino acid analyses of mammalian carcasses might prove
to be an effective method for estimating the requirements of some, if not
all, of the essential amino acids for growth. From data on the amino acid
requirements of infants found under uniform and controlled dietary con4I
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FIG. 6. Lysine intake, body weight gain, and nitrogen retention of 1.5-month-old
infant. Adapted from Snyderman (1957).

ditions (Albanese, 1950), a growth pattern of amino acid requirements
was obtained by assigning value of unity to the tryptophan need (Table
VIII). A similar calculation of the amino acid content of mammalian
tissues recorded by Mitchell showed that there exists good agreement of
growth needs and tissue amino acid patterns. This agreement is particularly good for the lysine/tryptophan ( L / T ) and methionine/tryptophan ( M / T ) ratios of muscle proteins which constitute approximately
75% of the infant body proteins.
In the light of these data and the lysine and tryptophan content of
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foods commonly employed in the feeding of infants (Albanese et al.9
1955a), it was felt worthwhile (a) to re-examine the nutritional value in
infants of various dietary proteins in terms of their lysine/tryptophan
( L / T ) ratios; and ( b ) to explore the nutritional effects of graded lysine
supplements to dietaries having L / T ratios below 6.3 (that of muscle
proteins).
TABLE VIII
PATTERN O F A M I N O ACID NEEDS O F INFANTS COMPARED TO THE COMPOSITION O F
M A M M A L I A N TISSUES 0

Male infant needs 0
Amino acids
Tryptophan
Lysine
Methionine
Isoleucine

Mg./kg./day
30
180-210
85
90

Mammalian tissue patterns^

Growth
pattern

Muscle
proteins

Viscera

Plasma
proteins

1.0
6.0-7.0
2.8
3.0

1.0
6.3
2.5
4.5

1.0
5.3
2.0
3.3

1.0
6.2
1.1
2.0

a

Growth and tissue pattern figures were obtained by assigning a value of unity
to tryptophan (Albanese 1956).
ö Albanese ( 1 9 5 0 ) .
o Mitchell ( 1 9 5 0 ) .

The relative content of the critical amino acids of the evaporated
milk and test formulas, as compared to the measured amino acid needs
of infants (2-9 months), is shown in Table IX. It will be noted that the
TABLE IX
A M I N O ACID PATTERN O F I N F A N T NEEDS COMPARED TO S O M E PROTEIN PRODUCTS»

Amino acids

Infant
needs

Tryptophan
Lysine
Methionine
Isoleucine

1.0
6.0-7.0
2.8
3.0

EvapoCasein
rated
milk (Amigen)
1.0
4.3
2.1
3.6

1.0
3.9
2.0
3.8

Lactalbumin

(Edamin)
1.0
3.5
1.1
2.6

Bovine
Beef
plasma
muscle (Travadigest
min)
1.0
5.9
2.6
3.6

1.0
6.9
1.7
2.7

Wheat
gluten
1.0
2.0
3.0
3.3

a
These relative values were calculated from the best amino acid analytical data
available for the products employed. In most instances these data were found to
check with triplicate analyses in our laboratory by methods published by the
author and his associates. Different ratios will obtain when other analytical data
are employed, but the differences will be relative rather than absolute. (Albanese,
1956.)

recorded L / T ratio for evaporated milk is slightly lower than that reported for whole cow's milk (Macy et ah, 1953). This difference may
be due in part to the destruction of lysine during processing of the milk
(Mauron et al., 1955). Since the proteins of all products tested con-
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tained approximately 1% tryptophan, and were fed at the uniform level
of 3.5 gm. of protein per kilogram per day, the diets in these studies all
provided approximately 35 mg. of tryptophan per kilogram per day.
This is an amount of tryptophan which we have found to cover the
measured infant need of 30 mg. per kilogram per day (Albanese et at,
1947a).
In order to arrive at a relative utilization value of the test protein
products, the following formula was applied to our results:
P = BW X N/1000
where P = protein utilization; BW — body weight change in grams per
day; and N = nitrogen retention in milligrams per kilogram per day.
The coefficient of utilization of the test products, Pr, is then expressed
as the numerical value of the ratio: P test protein formula/P evaporated
milk formula; or, Pr = Ptp/Pem· Expression of the bio-assay results in
this manner has several advantages. First, it equalizes disparities between body weight changes and nitrogen retention values which often
arise in infants from transpositions of body fluid compartments. Secondly, it directly relates increments in nitrogenous tissue to qualitative
amino acid differences of the test nitrogenous moiety of the diets. And
lastly, it provides a simple numerical comparison of the test substance
with a standard infant food—evaporated milk.
An example of such calculations for a male infant, W. M., weighing
3,327 gm. at 1.5 months of age, follows: consumption of a standard
evaporated milk formula at the average level of 3.11 gm. nitrogen per
day for 2 weeks resulted in an average body weight change of 23 gm.
per day, and a nitrogen retention of 138 mg. per kilogram per day. Thus,
Pem = 23 X 138/1000, or 3.17. During the subsequent 2 weeks this infant consumed an isocaloric bovine plasma digest formula at the average
rate of 3.12 gm. nitrogen per day. This dietary resulted in an average
body weight change of 40 gm. per day, and a nitrogen retention of 180
mg. per kilogram per day. Thus, Ptp = 40 X 180/1000, or 7.20. Hence,
the coefficient of utilization (Pr) of the bovine plasma digest formula in
this single assay is 7.20/3.17, or 2.3. The average Pr of ten of such bioassays in infants 1.5-9.0 months of age was 1.82.
The details and results of this comparison are collected in Table X.
These data clearly show that bovine plasma and beef muscle digest are
more effectively utilized for growth by the infant than are cow's milk
proteins or their products. Reference to the data contained in Tables
VIII and IX leads to the impression that greater biological availability
of the bovine products may be associated with the approaching coincidence of their lysine and tryptophan content with (a) the lysine/
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tryptophan ratio needs of the infant, and ( b ) the lysine/tryptophan ratio
of the predominant infant tissues. It is also clear from our studies that
the possible correlation of the L / T ratios of protein substances and their
utilization in infants prevails only for products which have over-all
amino acid patterns not too greatly different from tissue proteins, and
which provide 30 mg. or more of tryptophan per 3.5 gm. of protein, or
approximately 1.0% of tryptophan. A substance like gelatin, which has
an L / T of infinity, by virtue of its lack of tryptophan could not be expected to have exceptional nutritional values unless its primary amino
acid deficiencies and imbalances are corrected. As a matter of fact,
TABLE X
T H E LYSINE/TRYPTOPHAN ( L / T )

RATIO OF VARIOUS PROTEIN PRODUCTS AND THEIR

UTILIZATION IN INFANTS«

Protein source
Lactalbumin digest (Edamin)
Casein digest (Amigen)
Evaporated milk
Beef muscle digest
Bovine plasma digest (Travamin)
Wheat gluten
Wheat gluten plus 2.0-3.0% L-lysine
Evap. milk plus 2.0-4.0% L-lysine
Amigen plus 2.0-4.0% L-lysine

L/T of
product

äs

3.9
4.3
5.9
6.9
2.1
5.0-6.0
6.0-8.0
6.0-7.0

Subjects
Age
No.
(mo.)
6~
6
38
5
10
6
6
8
3

5.0-11
5.0-11
1.0-27
2.5-8.0
1.5-9.0
3.0-8.0
3.0-8.0
1.0-27
6.0-9.0

Average
coefficient
of protein
utilization
(Pr)
0.89
0.95
1.00
1.43
1.82
0.52
1.05
1.75
1.65

a

All diets were fed at the rate of 3.5 gm. of protein ( N X 6.25) and 100 calories
per kg. per day (Albanese, 1956).

unpublished studies in our laboratory have shown that the amino acid
imbalance of gelatin is such that its nutritive value cannot be greatly
improved by supplementation of its deficiencies by crystalline amino
acids.
The following observations also made during the course of these
studies seem particularly worthy of note in the development of our
thesis:
Supplementation of the casein digest (Amigen) with 1% of DLmethionine was found not to improve the utilization of this product
(Cox et al.} 1947). In view of the carcass method concepts, this result
could have been anticipated since the methionine/tryptophan ( M / T )
ratio of Amigen closely approximates the average for mammalian tissues
(Table IX). Also, in retrospect, our failure to improve the utilization of
the bovine plasma digest (Albanese et al., 1951) by the combined addi-
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tion of 1% DL-isoleucine and 0.6% DL-methionine can also be ascribed
to the fact that the isoleucine/tryptophan and methionine/tryptophan
ratios of the commercial product (Travamin) are in approximate agreement with those prevailing in mammalian tissues (Tables VIII and IX).
J.

Effects of Lysine Supplementation

on Protein

Utilization

A careful consideration of the foregoing, and in particular the data
contained in Table X, eventually led to the thought that infant utilization
of milk proteins could be improved by additions of lysine. Calculations
indicated that L-lysine supplements of 50-100 mg. per kilogram per day
might prove effective with infants receiving 3.5-4.0 gm. of evaporated
milk proteins per kilogram per day. Lysine supplements of this order of
magnitude would increase the L / T ratio of the evaporated milk formulas
from 4.3 to 6.0-8.0.
Preliminary studies on 15 infants showed that supplementation of the
diet of infants with poor appetites with 100 mg. per kilogram per day of
L-lysine was associated in most instances with a marked increase in daily
nitrogen retention and body weight, as well as significant increases in
blood protein levels (Albanese et al., 1955a).
Examination of these and subsequently published data (a total of 27
infants) indicates that improved nutrition in terms of body weight
change (a commonly accepted criterion of nutritional state) occurred
when L / T ratios of 6.0-7.0 were maintained by lysine additions to diets
offered at a minimum of 100 calories and 3.5 gm. of protein per kilogram
per day. Increased milk protein utilization as previously defined under
these conditions is shown in Table X. It will be noted that lysine-reinforced milk proteins attain a degree of utilization comparable to that of
bovine muscle and plasma digests. Our data further indicate that the
nutritive value of a casein digest (Amigen), a product often employed
in the feeding of milk-allergic infants, may also be improved by additions
of lysine (Table X).
Vargas-Rubiano and associates (1958) and Vignec (1958) have reported studies which provide confirmatory evidence of the efficacy of
lysine fortification of evaporated milk dietary of nutritionally substandard
infants.
The sum total of these observations clearly suggests that the carcass
method for the estimation of the amino acid needs has some applications
in human nutrition. One of the most promising of these applications may
be based on the apparent relationship of the L / T ratios of proteins and
their utilization. Accordingly, it was of some interest to find on algebraic
analysis that the utilization coefficient of dietary proteins ( P r ) , as pre-
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viously defined, is linearly related to the lysine/tryptophan ( L / T ) ratio
of six protein products by the equation,
Pr = 0.28 ( L / T ) - 0.15.
A graphic representation of the fit of the experimental data to the line
of this equation is shown in Fig. 7. As previously noted these considerations apply only to proteins which contain a minimum of 1.0% tryptophan, and present an amino acid contour which approximates that of
the tissue proteins. Further support for this relationship is derived

Lysine -Tryptophan

Ratios

(L/T)

FIG. 7. Algebraic relationship of the L / T ratios of some protein products and
their coefficient of utilization in infants. The products tested are designated as follows:
WG, wheat gluten; E D , Edamin; AM, Amigen; EM, evaporated milk; W G L , wheat
gluten with lysine; MD, meat digest; AML, Amigen with lysine; EML, evaporated
milk with lysine; BPD, bovine plasma digest (Travamin) (Albanese, 1956).

from the findings that the increase in the value of Pr for L-lysine reinforced evaporated milk or casein digest formulas is in good accord with
that expected from the augmented L / T values of 6.5-7.0. Calculations
show that the nutritional value of lactalbumin, which has a low L / T
value by virtue of its high tryptophan content, might be greatly extended
by small additions of lysine.
Modification of the L / T ratio of a wheat gluten diet from 2.0 to 5.5
by additions of lysine was found to improve its nutritional value (Table
X) to that of the milk protein diets ( L / T 3.5-4.3) (Albanese et al, 1949b;
Hoffman and McNeil, 1949). However, this improvement fell short of
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that expected from the equation (Fig. 6). At first sight, this anomaly
seemed to point to the existence of a limiting level of some other essential
amino acid or acids in wheat gluten. Reference to Table IX shows that
methionine and isoleucine are probably not implicated in this nutritional
shortcoming of lysine-reinforced wheat gluten. However, consideration
of the investigations of Williams and co-workers (1954), which lend
considerable support to the carcass theory of amino acid requirements
for growth in rats, also suggests that the observed nutritional limitation
of wheat gluten probably arises from an amino acid imbalance created
by the presence of excessive amounts of glutamic acid (Blish, 1945).
The importance of these possible relationships in attempts to improve
the nutrition of populations of underdeveloped world areas, whose dietaries are comprised largely of wheat and other cereal products, is
obvious.
These evidences support the conclusion that the carcass analysis procedure proposed by Mitchell may be a valid method for evaluating the
human growth needs for some "essential" amino acids. In particular, the
available evidence indicates that the utilization of dietary proteins increases as their lysine and tryptophan content approaches that of muscle
tissues. This concept gains further validity from the fact that the nutritional value of some protein products with low lysine/tryptophan values
can be enhanced by small additions of lysine. In milk protein products
this increased utilization approaches that of bovine muscle and plasma
digests and appears to be a linear function of the augmented lysine/
tryptophan values. Lysine supplementation of wheat gluten increases its
nutritive value to that of milk protein products.
E.

CALORIES AND PROTEIN NEEDS

The incorporation of a series of individual amino acids into a protein
molecule requires energy, and this energy is derived largely from carbohydrates and fats. The actual transference of the energy to the synthesizing mechanisms is presumably accomplished by the intermediation
of energy-rich phosphate bonds. It is probable, therefore, that tissue
protein synthesis can proceed efficiently only when there is a readily
available source of energy, derived either from dietary carbohydrate or
fat or from tissue stores, particularly of fat. But because a less than
optimal caloric intake is often associated with an impaired utilization of
amino acids, it can be reasonably assumed that, for amino acid utilization in general, an optimal daily caloric intake is also necessary.
Also, it has long been known that nitrogen balance can be achieved
without carbon equilibrium (Lusk, 1928). The carbon and nitrogen contents of the urine give significant information on the physiological fuel
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value of protein, carbohydrate, and fat. Normally, every gram of urinary
nitrogen is accompanied by the elimination of 0.6-0.9 gm. of carbon.
Shifts in the urinary C/N ratio have been found useful in the diagnosis
of abnormal metabolic states (Macy, 1942).
1. Effect of Carbohydrate Calories
In 1856, Hoppe reported that carbohydrate ingestion lowered the
nitrogen excretion of dogs. This finding was later corroborated by Lusk
(1928) by a reverse experiment on himself which demonstrated that the
withdrawal of 350 gm. of carbohydrate from the diet at two levels of
nitrogen intake (20.55 and 9.23 gm. per day) increased his urinary nitrogen output by 4 gm. above the usual values in both instances. This
protein-sparing action of the carbohydrates was also found to occur in
the fasting dog (Rubner, 1883) and man (Landergren, 1903). These observations bear evidence that the carbohydrates can spare the nitrogen
needs of the mammalian organism at nearly all levels of protein intake.
The practical implications of this phenomenon were demonstrated by the
experiments of Keller (1899); Orgler (1908), and Rosenstern (1918),
which demonstrated that the nitrogen retention of infants from a given
amount of protein could be greatly augmented by increasing the carbohydrate content of the diet.
2. Nitrogen-Sparing Value of Various Carbohydrates
Teleological reasoning has led many investigators to the conclusion
that because lactose is the naturally occurring sugar of the milk of all
mammals, this sugar should possess nutritive characteristics for nurslings
which are lacking in other carbohydrates. These qualities have been associated by conjecture with the need for galactose in the formation of
nerve tissues, or the rate of absorption of galactose which is more rapid
than that of glucose, or the influence of galactose upon calcium metabolism. Speculations on unique effects of lactose on the nitrogen metabolism have also been entertained. Measurements by the author and his
associates of nitrogen retention of normal infants fed cow's milk formulas,
supplemented isocalorically with lactose and Dextrimaltose, do not support these speculations (Table XI). On the other hand, no untoward
effects such as diarrhea or poor assimilation were noted in these studies.
The fear that lactose supplementation of infant diets may induce cataract
formation is unfounded in fact, since (a) the incidence of galactosemia
is no greater in breast-fed children than in those artificially fed where
other sugars are commonly used; and (b) the cataractogenic effects of
lactose in rats are noted only with diets containing 30% or more of the
carbohydrate (Mitchell and Dodge, 1935; Brück and Rapaport, 1945;
Riggs and Beaty, 1947).
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In recent years, the nutritional advantages of sucrose and dextrose
have been studied intensively in this laboratory. It may be expected
because of the lability of the fructose molecule, that sucrose would bear
biochemical qualities not available with diets containing dextrose alone.
Early experiments reported by Albanese and associates (1947c) on the
effect of carbohydrate feeding on the output of urinary amino acids disclosed that single feedings of 25 gm. of sucrose had a greater sparing
effect on the nitrogen and tryptophan output of young male and female
adults than did 25 gm. of glucose.
TABLE XI
EFFECT OF DEXTRIMALTOSE AND LACTOSE ON NITROGEN RETENTION AND

FECAL

NITROGEN OF NORMAL MALE INFANTS 0

Subjects

Diets

DS, 3 mo.
4.0 kg.

N-retention, gm./day
Fecal N, gm./day

RJ, 4 mo.
3.5 kg.

DMM* DMM
c

DMM

LM

LM

0.89
0.50

0.79
0.39

0.87
0.35

0.68
0.61

0.89
0.34

N-retention, gm./day
Fecal N, gm./day

0.82
0.44

0.52
0.40

0.69
0.49

0.75
0.44

0.38
0.40

WM, 8 mo.
7.3 kg.

N-retention, gm./day
Fecal N, gm./day

1.32
0.60

1.00
0.56

0.84
0.64

1.14
0.49

0.71
0.37

FS, 2 mo.
3.3 kg.

N-retention, gm./day
Fecal N, gm./day

1.13
0.46

1.09
0.32

0.95
0.34

0.86
0.32

0.95
0.29

<* Albanese ( 1 9 5 0 ) .
b
Diet composition: Evaporated milk, 1100 ml.; Dextrimaltose No. 2, 154 gm. in
DMM; or lactose U.S.P., 150 gm. in LM; water to 2640 ml. Both formulas were
given at the rate of 3.5 gm. of protein and 110 cal. per kilogram per day.
c
All results given as averages of 5-day periods.

Subsequent investigations (Albanese et al., 1955b) revealed that diets
high in fructose induced a greater nitrogen retention in children than
diets high in dextrose or galactose. The magnitude of this difference is
shown graphically in Fig. 8. It will be observed that isonitrogenous diets
containing 7 1 % of the total carbohydrates as fructose, induced nitrogen
retentions of 30-50 mg. per kilogram per day greater than those high in
glucose or galactose.
These findings led the author and his co-workers to inquire further
into the biochemical mechanism through which this end result was
achieved. After some unsuccessful experiences, they found that changes
induced within one hour by different sugars in the blood amino nitrogen
levels of fasting subjects could serve as a dynamic index of proteinsparing activity of various carbohydrates (Albanese et al., 1955c). The
data resulting from this investigation are summarized graphically in
Fig. 9. Examination of the data discloses that within 60 minutes of ad-
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FIG. 8. Effect of carbohydrate distribution on nitrogen retention of children.
The percentile caloric distribution of the diets was protein, 10; fat, 35; and carbohydrates, 55. Depending on age, the diets supplied 1.3-3.0 grams of protein per
kilogram of body weight per day (Albanese et al., 1955b).
+ 50r
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FIG. 9. Effect of test doses of glucose and fructose ( 1 gm. per kilogram of
body weight) on total blood sugar and plasma amino acids (Albanese et al., 1955b).
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ministration, fructose causes an appreciable increase in blood amino
nitrogen. In the same interval of time, glucose causes an increase in
blood amino nitrogen no greater than that found on continued fasting
of the subjects. Indeed, the rise produced in blood amino nitrogen by
the fructose was equivalent to that produced by the similar administration of 0.3 gm. of milk protein per kilogram. Although at first glance
these findings would seem to require a revision of the accepted mechanism for the mammalian metabolism of sugars, a more careful consideration reveals that there is no need for such a revision. In point of
fact, the measurements simply suggest that fructose is a readier source
of carbon radicals for the transamination cycle than dextrose. In the light
of our nitrogen balance data, this rate of difference may be interpreted
to signify that fructose induces a greater salvaging of circulating nonprotein metabolites than dextrose.
F.

MALIGNANT MALNUTRITION OF INFANTS

(KWASHIORKOR)

Despite the great amount of effort which has been expended on the
so-called daily amino acid "requirements," it is difficult to interpret the
results in their relationship to varying nutritional needs (Waterlow and
Stephen, 1957). In short, the maintenance requirements of a healthy subject for remedying the consequences of ordinary metabolic tissue erosions
cannot be applied to undernourished subjects in differing states of nutritional depletion such as occur in kwashiorkor. This syndrome, variously
known as Shibi Gachaki (Japan), Mehlnahrschaden (Germany), Kwashiorkor (Ghana), Male de Farina (Italy), Sindrome Pluricarencial Infantil
(Central America), and Protein Malnutrition (Gomez et al.9 1954), is
the inheritance of children living chiefly in technically underdeveloped
countries. A number of factors—social, economic, sanitary, and educational—contribute to its high incidence. The cumulative effect of the
negative action of each of these factors bears on millions of individuals
throughout the world, and the prevention and treatment of the disease
have thus become of late a world responsibility.
Some of the problems raised in the management of this nutritional
syndrome were pointed up by the report of Cannon and associates (1953)
on comparative studies demonstrating the varying daily utilization rates
for each of the essential amino acids, in healthy adult rats and in adult
rats which had been subjected to marked protein depletion. Whereas it
was evident that there was a definite maintenance requirement for each
essential amino acid, in the depleted animal this requirement was augmented in many instances from two to almost five times. It would seem
from these experiments that under the conditions of depletion the tissue
avidity for each essential amino acid is elevated, more so for some than
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for others. For example, the utilization rates for lysine and leucine were
especially high in comparison with the others. The only explanation
which these investigators could offer was that in the reconstitution of
depleted tissues, where the greatest over-all loss was of muscle mass,
muscle tissue presumably required the greatest amounts, relatively, of
the amino acids normally responsible for its characteristic chemical structure. In support of this idea is the evidence from amino acid analyses of
normal beef muscle that the ratio of lysine and leucine to tryptophan is
approximately 8 to 1 (Greenwood et ah, 1951).
1.

Amino Acid

Supplements

While the use of milk continues to be an ideal basis for therapy and
prevention of kwashiorkor, properly constituted vegetable protein mixtures are almost equally effective for treatment and are the most promising practical means of prevention for many areas of the world. Amino
acid supplementation of vegetable foods would seem to provide a practical solution in areas in which animal protein is in short supply. Indeed
Gomez et ah (1958), encouraged by the good results obtained by the
addition of limiting amino acids in the dietary of experimental animals,
fed a diet of corn meal and beans fortified with lysine and tryptophan
to four cases of infantile malnutrition. This supplementation was followed in all instances by an increased percentage of nitrogen absorption
and retention. The beneficial effects of amino acid supplementation have
been confirmed by Bressani and co-workers (1958) in hospitalized children afflicted with Kwashiorkor, who were fed lysine- and tryptophanfortified corn masa. Gomez et ah (1937) have also reported that graded
lysine reinforcement (100, 250, 500 mg. per day) of a cow's milk diet of
5 severely malnourished children resulted in improved retention of the
intake in 2, and possibly 3, of the children.
Brock and associates (1955) have treated successfully 9 cases of
kwashiorkor with an amino acid formula containing a known mixture of
synthetic vitamins. Apparently, contrary to the claims of Gyorgy (1953)
and Schwartz (1952), no unidentified dietary factors are required for
the initiation of cure as defined by these investigators.
From these observations we may conclude that, after maintenance
requirements are finally established for each essential amino acid, the
problem remains in the planning of a rehabilitation diet, of allowing for
from two to five times the maintenance needs of each essential amino
acid in order to furnish to the repleting tissues a rich assortment of these
amino acids in proper proportions for their best utilization by the synthesizing mechanisms. Even more difficult, however, is the further problem of determining the associated needs of these mechanisms for energy,
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vitamins, salts, and nonessential amino acids as essential interacting
contributors to the tissue syntheses.
II.
A.

PREADOLESCENCE
IOWA STATE STUDIES

Steams and associates (1958) have recently reported on the thorough
long-range observations of her group on the protein requirements of
children from 1 to 10 years of age. They noted that the period from 18
months to 3 years and, perhaps, to 4 years of age is the period wherein
growth of the skeletal musculature is most rapid in relation to total body
growth.
If the period of slow body growth is the period of most rapid growth
of muscle tissue, it seems obvious that protein requirement will be high
during this age range—probably as high as during infancy. It will be
relatively high throughout the entire period wherein muscle growth is
more rapid than total growth. The actual requirement at any age will
vary with the rate of growth of muscle and with the child's efficiency of
utilization of his intake.
In these investigations, nitrogen was well absorbed at every age
studied. The mean fecal nitrogen remained almost constant at about 1 1 %
of the intake throughout the entire age range reported here. The nitrogen
absorbed, but not retained, is excreted in the urine. The various levels
of protein intake were obtained largely through adjustment of the milk
intake, substituting nonprotein calories for milk, as is commonly done
in families.
The retention of nitrogen with increasing intake is shown on a perkilogram basis for children 1-4 years of age, in Fig. 10. For comparison,
mean retention values are shown for infants given a similar range of
intake. No significant difference in retention for any given intake can
be noted among the children of these three ages. These data (Fig. 10)
show that the retention of nitrogen by young children is somewhat
smaller and less steady than that of the infants given comparable intakes.
They also show that small children retain very little of a low nitrogen
intake, but the retention rises rather sharply between 400 and 500 mg.
nitrogen intake (2.5-3 gm. of protein) per kilogram; then apparently
reaches a plateau, only to show a second rise when the intake is increased
above 650 mg. (4.0 gm. of protein). It is emphasized that these data
refer to intakes attained voluntarily by children given dietary regimens
consisting of common foods normally eaten by these age groups. The
intake of protein foods was not forced, nor was the diet "stuffed" by the
addition of special proteins. Few of the children consumed amounts of
protein over 4.5 gm. per kilogram per day.
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Nearly 80% of the data lie between intakes of 450 and 650 mg. of
nitrogen (2.75-4 gm. of protein) per kilogram of body weight. The mean
retention for this entire group approximates 110 mg. per kilogram, with
a range of (approximately) 70-150 mg. per kilogram. From the data,
an intake of 3 gm. of protein per kilogram can be considered the· minimum permitting a satisfactory retention of nitrogen for children 1-4
years of age. An intake over 3.5 gm. per kilogram is no longer economical.
An intake between 3.0 and 3.5 gm. per kilogram, or approximately 1.5
gm. per pound, seems a safe allowance for children 1-4 years of age.
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FIG. 10. The retention of nitrogen per kilogram daily in relation to increasing
per kilogram intake. Data for infants are shown as broken lines; those for children
from 1 to 4 years are shown as solid lines. The symbols diifer for each year of
age. The mean retention values were obtained by averaging the retention data
for all 3 age groups for each 25 mg. of increase in intake (Steams et al., 1958).

The curve of mean per-kilogram nitrogen retention of 4-year-olds given
increasing amounts of protein diflEered significantly from that of children
under that age.
Children 4 through 10 years of age showed no significant differences
in mean quantity of retention for a given nitrogen intake. Therefore, the
data for all children 4 through 10 years have been combined and the
mean retention per kilogram daily is shown in relation to increasing perkilogram nitrogen intake in Fig. 11. All showed some evidence of resisting loss of nitrogen at low intakes, though the data are insufficient to
be conclusive in either group. The retention of the older group leveled
off at 46 mg. of nitrogen per kilogram of body weight between intake of
300 and 400 mg. of nitrogen per kilogram of body weight (about 2-2.5
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gm. of protein). With increasing intake of nitrogen, retention rose
steadily, but at a slower rate than that observed in the young children.
The second retention plateau at 100 mg. of nitrogen per kilogram was
achieved at intakes above 525 mg. per kilogram (3.5 gm. of protein per
kilogram), or about the same intake level as was necessary to provide
100-mg. retention for the young children.
When the retention curves for the two groups are compared, the
chief differences observed are the increased retention of the older group
as compared with the younger, at intakes below 400 mg. of nitrogen per
kilogram of body weight, and their relatively slower rate of rise as intake
increased over 400 mg. per kilogram; this made establishment of a precise requirement more difficult.
I50i

CHILDREN 4-11 YEARS

Nitrogen Intake mg/kg-/Day
NO. STUDIES 4

4 12

39 22

17 53

700mg.N.
4 gm. protein

30 47 29 54 37 29 37 29 29

FIG. 11. Retention of nitrogen per kilogram daily in relation to increasing perkilogram intake; data for children 4 - 1 1 years of age. The mean retention is determined by averaging all retention data for each 25 mg. of increase in intake of nitrogen (Steams et ah, 1958).

The relative rate of growth of musculature for children 4-10 years
old still is greater than rate of growth of the body as a whole, although
the difference in rates diminishes as the child approaches 9 years. On
the other hand, annual rate of body growth is somewhat more rapid after
5 years, so that total growth of musculature is still rapid. In addition,
these are the kindergarten and early school years, during which the
common contagions are prevalent and the child develops his immunities.
Bed rest alone lowers the retention of nitrogen and loss may be heavy
during a febrile illness. Such loss of protein tissue is regained far more
slowly than it is lost. Return to prior weight may not be synonymous
with return to previous quantity of protein tissue. Again, it appears wise
to keep the requirement generous.
Each 100-mg. rise in intake from 300 to 600 mg. per kilogram includes about one-third of the total data. The mean retention of those
given 300-400 mg. was 46 mg. per kilogram. One-half of the children
retained less, and one-sixth retained less than 16 mg. per kilogram. These
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less efficient children in this age range may suffer nutritionally if the
intake is limited to 2-2.5 gm. per kilogram.
An intake above 3.25 gm. per kilogram per day appears uneconomical
for this age range. An intake of 3 gm. of protein per kilogram for the
4- to 7-year-olds, decreasing gradually as the child grows older but
keeping well above 2.5 gm. per kilogram per day, will permit maintenance of growth of muscle and allow sufficient protein for recovery
from such exigencies as febrile and other illnesses common to children.
The children studied have shown no evidence that protein intake levels
of 3 gm. per kilogram or more have any untoward effect. There is no
reasonable objection to maintenance of 3 gm. of protein per kilogram
per day for the active school child. It is insurance against deleterious
influences, and permits him to endure the stress of rapid circumpuberal
growth without any added stress of nutritional deficiency. As protein
foods are carriers of so many of the other nutrients essential for good
health, generous use of protein is the cheapest nutritional insurance we
can buy for children. This evidence indicates overwhelmingly that such
a diet is highly beneficial.
B.

OTHER STUDIES

Good accord is found in a comparison of these latest findings with
those of earlier investigators in Table XII. The large standard deviations
of the average nitrogen retentions for each age and body weight group
leads Macy (1942) to doubt the usefulness of adjusting protein intake to
either of these two parameters. This investigator feels that the relationship of nitrogen retention to nitrogen intake is a more significant index
of nitrogen metabolism of the child and adequacy of the diet than any
other mathematical correlation of nitrogen balance data. Macy concludes
from her investigations that an average daily consumption of 473 mg. of
nitrogen per kilogram of body weight per day is adequate for all children
of this age group. Although it is obviously difficult to determine the
amino acid composition of a heterogeneous diet composed of animal and
vegetable proteins, a tentative estimate of the amino acid content of the
diet of a 12-year-old child has been made by this worker and is compared in Table XIII with the amino acid content of an equivalent amount
of cow's milk nitrogen. It appears from this tabulation that the proteins
of natural food diet in these studies provided a greater intake of cystine,
methionine, and lysine than do two liters of cow's milk.
As might be expected, the nitrogen retention of the growing child is
seriously affected by dietary factors other than the quantity and quality
of the protein component. Chaney and Blunt (1925) found that nitrogen
assimilation of two growing girls, 10 and 11 years old, on diets of com-
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TABLE XII
T H E PROTEIN NITROGEN INTAKE AND RETENTION OF THE PREADOLESCENTS**

Authors
Porter (1939)
Daniels (1941)
Daniels et al (1935)
Wang et al. (1928a)
Wang et al. (1928b)
Macy (1942)

a

No. of
subjects

Age in
years

1
1
1
1
1
8
17
15
13
10
7
7
5
5
6
6
2
3
1
1

2J5
4.7
5.5
3.0
4.0
4.4
4.4
4.7
7.2
9.9
8.9
8.9
4
5
6
8
9
10
11
12

Average
weight
(kg.)
15
18
23
19.5
19.5
15.4
16.2
16.9

—
—

25.8
24.9
18.4
18.7
21.8
26.2
28.4
33.3
35.8
42.0

N-intake
(mg./kg.)

N-retention
(mg./kg.)

428
374
339
454
500
550-590
500^540
450-490
516
448
537
264
522
520
466
442
457
393
371
317

87
64
54
50
56
121
101
83
89
42
76
1
37
32
20
24
37
31
22
19

Albanese ( 1 9 4 7 ) .
TABLE XIII

COMPARISON OF THE ESTIMATED DAILY AMINO ACID INTAKE OF A 12-YEAR-OLD BOY
ON A MIXED D I E T AND THE AMINO ACID CONTENT OF A N EQUIVALENT AMOUNT OF
COW'S MILK

Amino acid

Natural
food diet a
(gm·)

Cow's milk 0
(gm·)

Cystine
Methionine
Arginine
Histidine
Lysine
Tyrosine
Tryptophan
Phenylalanine
Threonine
Valine
Leucine
Isoleucine
Total amino acids
Total known N-intake

0.94
2.35
4.26
1.41
4.16
3.46
0.83
3.78
2.87
2.83
8.65
2.77
38.31
11.63

0.58
1.74
2.48
1.60
1.11
3.80
1.00
3.46
3.04
4.56
7.12
4.24
34.73
11.63

<* Data from Macy ( 1 9 4 2 ) .
0
Approximately 2.0 liters. Calculated from Macy et al. ( 1 9 5 3 ) .
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parable protein content was augmented threefold by the daily administration of 600-700 ml. of orange juice. In view of the observed metabolic relationship of vitamins and amino acids in man and experimental
animals (Goldsmith, 1958; Wetzel et al, 1952; Chow, 1951; Krehl et al,
1945), these noteworthy experiments should be repeated and supplemented with data on urinary metabolites. Wang and associates (1928a)
reported that the per cent nitrogen retention of children 6-13 years of
age was greater for those underweight than those of normal body weight.
These workers also observed (1928b) that the nitrogen retention of 9
undernourished children was greater than that of 8 normal children of
similar age, 4-12 years, on a low but not on a high protein intake. Hubbell and Koehne (1934), in a study of 17 children from 7 to 11 years of
age, found that the average retention of 26 mg. of nitrogen per kilogram
per day was not appreciably altered by the inclusion of carbohydrates to
give a 6% increase in caloric value of the diet. Davis (1935) found that
the nitrogen retention of children 8-11 years of age was higher on a
base-forming diet than on an acid-forming diet, even though the protein
intake was slightly greater with the latter diet. Administration of viosterol
to girls of premenarchial age has been shown by Johnston (1944) to
significantly increase the nitrogen retention. The nitrogen retention of
children 6-8 years of age has been reported by Nothass and Schadow
(1930) to be increased under the influence of sea climate with no increase in body weight. Ultraviolet irradiation has an irregular effect.
Thyroid administration was found by Johnston and Maroney (1939) to
increase nitrogen retention in this age group. There appears to be no
marked sex differences in nitrogen retention or protein requirement for
this age group (Macy, 1942; Holt and Fales, 1921).
The problems involved in estimating the long-term protein intakes
of individual children and the possible relationship of these to the children's pattern of growth and development and to their specific needs,
have long been studied by Stuart et al. (1958). Studies on 2 boys from
the age of 2-18 years, have been presented in detail to illustrate these
problems. One boy was able to consume levels of calories and of protein
far above recommended allowances, while remaining relatively inactive
and maintaining low weight for height, excellent health, and a steadily
high level of progress in growth. This boy became obese only for a short
period late in adolescence, during which his formerly high levels of
intake were greatly increased. In contrast, the second boy was always
small and he continually consumed small intakes of both calories and
protein. The protein intake was particularly low in respect to National
Research Council (NRC) allowances during the ages of 6-12 years.
Progress in skeletal development became slowed during this period,
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health was only fair, and he manifested generally lowered resistance to
infections. Recognizable reationships appear in these cases between
overall pattern of growth and characteristics of calorie and protein
intake.
Beal (1957) reported on her findings on a longitudinal study of food
patterns of 63 children from birth to 7 years of age, whose patterns of
growth are thought to be satisfactory. The intake level of specific nutrients are based on nearly 1,400 nutrition histories. Typical variations

FIG. 12. Intake of protein in the first 7 years of life, showing patterns of 2
individual children contrasted with the 25th, 50th, and 75th percentiles of the
group from Beal (1957). The dots show the data obtained with children in our
hospital. The circled dots show the data of children given lysine supplements.

of protein intake with age found by this investigator are shown in Fig.
12. Attention was called to the fact that only one child in this series has
not had a decrease in milk intake during the preschool period. The factors
operating in this decrease in milk intake are at the present time subject
to speculation. The rate of growth is less rapid during late infancy and
the preschool period than during early infancy. Lynch and Snively (1951)
have pointed out that it is almost impossible for the toddler and preschool
child to have a satisfactory feeding program when milk intake exceeds
one pint daily.
Dietary measurements on 12 children, 2.2-5.5 years of age, were
done in our Institution for periods of 12-67 days. The observed average
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protein intake of these children has been compared graphically with
Beal's data (Fig. 12). Very good agreement occurs between our findings
and those of Beal, at the 50th percentile, throughout this age range. It
is significant that the NRC allowances are lower than Beal's 25th per-

lOOr

Pre-Lysine Period (25 Days)
Lysine Period (25 Days)

16.6 kg.
FIG. 13.
children.

114.0 kg I

12.5 kg.

I

I

114.3 kg.I

113.5 kg

The effect of lysine fortification on caloric and protein intake of young

centile group. The effect of lysine supplementation (1 gm. per day for
25 days) on the calorie and protein intake of 5 of our young subjects
who fell within the 25th, 50th, and 75th percentile groups, was studied.
The findings are recorded in Fig. 13. The period of lysine supplementation was associated with an increased average daily intake of calories
and proteins in all 5 children.
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III. ADOLESCENCE
A.

HEALTHY CHILDREN

The subject of the protein intakes of adolescent boys and girls was
reviewed by Holt and Fales in 1921. The data from their own investigations of healthy children, 10-17 years of age, from intelligent, well-to-do
families are shown in Fig. 14. It is to be noted that the protein intakes,
consisting of two-thirds animal protein and one-third vegetable protein,
are generally higher for the boys and especially so in the tenth, thirteenth, and fourteenth years. Since the protein intake of these studies
was regulated by appetite alone, the values do not represent minimum
figures. However, the accord of these protein values for adolescent girls

J 10 I II I 12 I 13 I 14 I 15 I 16 I 17 I

YEARS
FIG. 14. Comparison of protein intake of adolescent boys and girls. This chart
was constructed from the data reported by Holt and Fales (1921). No suitable
values are available for boys in the seventeenth year and for girls in the sixteenth
year. Solid areas represent data for girls (Albanese, 1947).

with those of Wait and Roberts (1933), which are based on nitrogen
balance data, indicate that appetite constitutes a good criterion of this
dietary need. The report of Wait and Roberts which reviews the earlier
literature and presents their own data on 52 healthy girls from 10 to 16
years of age, shows that of the 13 balances on normal children of 10 to
11 years, all intakes below 2 gm. of protein per kilogram resulted in a
loss of nitrogen from the body; while storage was achieved on protein
intakes of 2.57-3.08 gm. per kilogram. These investigators found no
close relation between the required total protein and any of the single
variants, age, weight, and height. When combinations of three rather
than merely two of these bases are used, the correlations are higher,
with the exception of height referred to age, and the calculated figure
closely approximates the observed results.
Investigations of Hsu and Adolph (1940) with two groups of boys

National Research Council (1953)
Boys
Girls

Boys
Girls

Eppright, Sidwell, and Swanson
(Iowa, 1954)

Boys
Girls

Warnick, Brung, and Woods
(Idaho, 1955)

Boys
Girls

Young and Pilcher (N.Y., 1950)

Boys
Girls

Canada (1954)

TABLE XIV

2381

2557
2275

2333
2510

2500
2300

Diet
calories

12.5

13.3
12.3

10.1
10.0

11.2
12.1

% Protein
calories

10-12 Years

2553
2514

2088
3145

3654
1945

2940
2500

3200
2500

Diet
calories

11.3
11.9

14.0
13.5

12.0
12.7

12.2
11.8

10.6
12.8

% Protein
calories

13-15 Years

3419
2552

3375
1976

3480
2385

3800
2400

11.9
11.7

11.6
13.0

6.9
8.8

10.1
12.5

% Protein
calories

16-18 Years
Diet
calories

COMPILATION OF PROTEIN AND CALORIE N E E D S OF C H I L D R E N ( 1 0 - 1 8 YEARS OF A G E )

s

>

>

>

Boys
Girls

Averages:

Girls

Wang, Hodgen, and Wing
(1936)

Boys
Girls

Wait and Roberts (1933)

Girls

Boys

Holt and Fales (1921)

Boys
Girls

Ödland, Page, and Guild
(Montana, 1955)

2479
2398

—

—

2525
(14 children)
2523
(8 children)

—

12.3
12.0

—

12.4

12.8

14.5

—

10-12 Years
Diet
% Protein
calories
calories

3003
2649

2279

—

3432
(3 children)
3258
(4 children)

3150
3050

12.6
13.4

16.6

12.8

8.2

14.4

13.9
8.7

13-15 Years
Diet
% Protein
calories
calories

TABLE XIV (Continued)

3599
2474

—

—

3922
(3 children)
3057
(2 children)

—

10.6
12.6

—

—

14.3

12.8

—

16-18 Years
Diet
% Protein
calories
calories
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g
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14-16 years of age, one fed on a white bread diet supplemented with
dried cow's or soybean milk, and the other group maintained on a mixed
cereal diet, disclosed that the nitrogen retention could be raised from 50
mg. of nitrogen per kilogram to 80 mg. of nitrogen per kilogram by increasing the protein intake from 1.68 to 1.90 gm. per kilogram. This indicates that lower protein intake was suboptimal.
B.

PROTEIN NEEDS IN DISEASE

Johnston (1958) has recently reviewed his extensive studies on the
problem of "optimal" intake of protein for adolescents. In following for
more than twenty years a group of 932 tuberculin reactors removed from
contact, it was possible to demonstrate good correlation between the
development of these lesions; their course when once developed; and
the nitrogen metabolism. Negative nitrogen balances, or uncompensated
previous protein depletion from any cause were associated with spread
of the disease process. In particular, Johnston repeatedly found that
sexual maturation in girls, which is not necessarily coincidental with
the onset of menstruation, carries with it a depression in nitrogen retention. Failure to increase the dietary protein intake indicated by this fall
in nitrogen storage favors the spread of tuberculosis in girls with minimal reinfection type of lesion.
Findings on the adolescent needs for calories and protein are collected in Table XIV. It is to be noted that the percentage of calories
from protein found in recent dietary surveys, as well as those recommended by the NRC, are lower than the percentage reported by Johnston and Maroney (1939), Wang and associates (1936), Holt and Fales
(1921), and Wait and Roberts (1933). Johnston's metabolic balance
data (1958) suggest that optimal intake of protein for the adolescent
should constitute at least 15% of an adequate caloric intake (basal calories X 1.65) and that the NRC recommendations for this age group be
revised upward. Johnston urges that one criterion of "optimal" should
be the relation of a nutrient to infection. Support for this view is afforded
by the findings of Coburn and Moore (1943) that the ultimate prognosis
of rheumatic fever in children can be correlated with nutritional state
with particular reference to protein reserves.
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