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INTHODUCT 

In this country supplying an adequate quantity of protein 

in the diet is not a major nutritional problem. However, in 

one instances. such an the period of adolescence cert in 

groups of Individuals may ingest an inadequate supply of protein 

despite the high average figures for protein consumption for the 

population as a whole. Furthermore* individuals have been found 

to vary in their utilization of protein. Therefore, it is not 

only important to study the intake of protein, but also to 

measure the retention or loss of nitrogen by the body. 

The simplest and oldest chemical method used to evaluate 

the nutritional properti a of proteins in a biological organism 

is to determine the difference between nitrogen intake and nitro- 

gen excretion (Albanese, 1959, P. 312). Nitrogen equilibrium has 

been defined as the zone in which the difference between intake 

and excretion does not exceed t 5 percent (Leverton et al., 

1956). Nitrogen equilibrium is the usual condition in adults 

when body proteins are being main tined and replenished as 

needed and when protein is neither being stored in the tissues 

nor withdrawn from them (Leverton, 1959, p. 60). in on adoles- 

cent, however, part of the food material is utilized in the 

synthesis of body proteins that are necessary for the rapid rate 

of muscle growth during this period. Thus, nitrogen must be 

retained by the adolescent and the nitrogen intake must be 

greater than nitrogen excretion. 



Only a limited numb trogen balance studies of 

adolescent girls have been reported in the literature. Because 

of the apparent _mportanee of adequate protein in the diets of 

adolescent girls for tissue growth, additional studies should 

be of value in determinin nitrogen needed for good health and 

normal growth. The purpose of this study was to supplement 

present information and to provide nitrogen balance data on six 

13- to 14 ear-old girls. 

115VIBW OF LITMATURE 

Protein Metabolism 

It has been affirmed that proteins are the most complex 

organic compounds found in nature, and that they range in 

molecular weight from about 35,000 up to several million 

(Schoenheimer, 1949, P. 25) . Block (1956) stated that proteins 

are synthesized by the living organism from 19 or so amino acids. 

Dietzry protein is the main source of these amino acids. After 

ingestion, these proteins are broken down into their constituent 

amino acids by the enzymes of the gastrointestinal tract (Block, 

1956). In addition, it was pointed out that the hydrolytic 

enzymes and other tissue constituents involved in the digestion 

of food are proteins and are hydrolyzed also in the gastro- 

intestinal tract to their constituent amino acids. Amino acids 

thus liberated are absorbed by the body. 

Currently, the concept of Schoenheimer (1949, P. 25) 

regarding the dynamic state of body constituents is accepted. 



In a study using N15 he fouxxI that living tissues were not 

metabolically inert, but that the tissue proteins were being 

constantly broken down to their constituent amino acids. It 

is believed that these amino acids then enter the body "amino 

acid pool" where they are mixed with amino acids coming from 

the digestive tract (Block, 1956). From the findings in an 

isotopic investigation, the s4ze of the metabolic pool has been 

estimated as 0.514 g. nitrogen per kg. body weight (Sprinson 

and Rittenberg, 1949). According to Allison (1959, P. 98) the 

"pool" should not be considered as a disorganized fluid com- 

ponent of the body, but rather as a mechanism for transfer of 

amino acids from one tissue to another. He stated that data 

have demonstrated that some tissues are highly labile, entering 

into and drawing from the pool continually; others are less 

active in the dynamic state; whereas till others are "one-way 

streets," that for the most part are irreversibly formed, there 

by taking from but contributing little to the "pool". Data 

presented by Wainio et al. (1959) demonstrated that proteins of 

the braina-heart,:-and kidney were resistant to depletion in the 

order, braina-heartsrkidney, whereas a number of cellular 

proteins in the liver were easily depleted. 

Block (1956) cited that the rate of amino acid turnover is 

rapid in such tissues as the liver and intestinal wall and slow 

in tissues as muscle and brain. In a study using 1415 the 

average half-life of human tissue protein was calculated to be 

80 days (Sprinson and Rittenberg, 1949). The rate of turnover 



in the organs varied. Liver and blood plasma proteins an 

average half-life of 10 days. spleen, heart, kidneys, small 

intestines* pancreas, and endocrine glands had a half-life of 

20 days, whereas muscle tissue proteins had a half-life of 158 

days. 

It csenerally has bo.a accepted that no protein can be 

synthesized unless every amino acid of which it is composed is 

available in an adequate quantity at the site of synthesis. 

According to Simkin (199, p. ]45) there are three main ways 

in which amino acid residues may be joined together to form the 

polypeptide chain of a protein: (1) amino acid residues may be 

joined together to form peptides that are later linked together 

with other peptides or amino acids to form the complete poly- 

peptide chain, (2) all of the amino acid residues may be linked 

together simultaneously after adsorption on a preformed catalyt 

site, or (3) the amino acids may be linked together in a definite 

sequential manner, beginning at one end of the polypeptide chain 

and proceeding to the other. 

Indications from findings of various studies are that 

protein biosynthesis may occur in the microsomal part of the 

cytoplasm. A soluble ribonucleic acid (0-RNA) is thought to 

pick up activated amino acid molecules to put them in proper 

sequence upon nucleic acid templates in particulate matter as 

microsomes (ioaglund et al., 1958). The explanation was given 

that each type of cellular protein is characterized by the 

arrangements of amino acids along the peptide chains that emerge 
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or roll off the templates to be coiled and bound into specific 

structures. Allison (1960) supTested that there is a specific 

microsomal ribonucleic acid protein for each type of cellular 

protein synthesized. He farther indicated that it may be 

possible for one microsomal machine to "shift its gears' to 

produce a number of patterns of polypeptide chains. These 

shifts could be correlated with internal environmental chankws. 

Recent studies have shown that mitochondria also can synthesize 

protein (3imkinp 1959, P. 148). However, it was suggested that 

one must rsoopnlze the danger of artifacts inherent in such 

investigations. 

According to Hill and co-workers (1959. p 97) studies of 

the amino acid sequence of proteins have as their ultimate aim 

the correlation of these structural features with biologioal 

activity. They indicated that this field of investigation is 

expanding rapidly, partly because of the availability of methods 

that permit unequivocal determination of structure, and partly 

because knowledge of structure permits precise studies of the 

effects of chemical alterations upon biological activity of 

proteins. A word of caution was Issued by these workers re- 

garding the establishment of protein structure. They stated 

that the knowledge of protein structure thus far has been ob- 

tained only by degradative methods and as in the case of 

simpler molecules, proof of the structure must be demonstrated 

by unequivocal synthesis, a possibility, that they believe, is 

remote at the present time. In addition, it has been observed 
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from the study of enzymes that a "folded" structure is essential 

for the biological activity of these protein materials. There- 

fore, it is apparent that more than amino acid sequence 

involved in the active site of the molecule, and an understand- 

ing of the three-dimensional structure is neoessary before 

structure-activity relationships can he established. all and 

co-workers (1959, p. 97) emphasized that much effort still must 

be devoted to methodology at various levels of protein investi- 

gations. 

3iological Value 

Not only is the mixture of amino acids important in rela- 

tion to the total protein intake, but also the biological value 

of protein requires consideration (Heated, 1957). Biological 

value is the percentage of nitrogen absorbed that is retained 

by the body. Thus, a protein with a biological value of 100 

percent is able to replace gram for gram those body losses that 

occur from day to day. 

Protein equiremerits of Adol 

aeoomended Allowances. As a result of data obtained from 

previous nitrogen balance studies as reviewed by J. Johnston 

(1958), the 'i'ood and Nutrition board of the National Research 

Councill (1958) recommended a daily dietary protein allowance 

of 60 g. for 13- to 15-year-old adolescent girls. Eased on 

Hereafter abbreviated as NHC, 
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the 1958 NRC recommended 2600 calorie intake for these subjects 

this amount of protein accounts for 12.3 percent of the total 

calories. The allowance of 80 g. of protein provides less than 

15 percent of the total calories that J. Johnston (1958) be- 

lieved necessary for circumpubertal growth and special stresses 

such as tuberculosis infection. Fifteen percent of the total 

calories would be available in 97.5 g. protein. J. Johnston 

(1958) stated that negative nitrogen balances or uncompensated 

previous protein depletion from any cause were associated with 

spread of disease processes. In particular, Johnston, repeatedly 

found that sexual maturation in girls, which is not necessarily 

co-incidental with the onset of menstruation, carried with it a 

depression in nitrogen retention. Therefore, failure to increase 

the dietary protein as indicated by this fall in nitrogen 

storage favored the spread of tuberculosis in eirls with minimal 

reinfection type of lesion. The suggested percentage of 15 by 

J. Johnston (1958) is in agreement with the findings of Wang at 

al. (1936) and Holt and Fales (1921). 

In a review, }Jegsted (1957) suggested that becaus of the 

limit4d data available, the establishment of minimum or optimum 

protein allowances for children is on insecure ground. Platt 

and Miller (1958) in an Food and Agricultural Organization 

report emphasized that difficulti.s and uncertainties about the 

subject of protein allowance are evident, and therefore skill, 

caution, and more knowledge is necessary before defining protein 

requirements. They listed some of the Inherent dietary 



difficulties when human beings rather than laboratory- or 

commercially-produced animals are used in studies as (1) 

complexity of the mixtures eaten by man, (2) the nature and 

timing of snacks and meals, (3) the effeet on food values of 

a wide variety of methods of processing, including cooking, 

(4) the level in the diet, not only of protein, but also of 

other sources of energy fats and carbohydrates and of 

various vitamins and minerals, and (5) the balance between the 

proteins and several other dietary factors. 

Protein intake and Pregnan. Some workers have expressed 

concern about the protein intake of adolescent girls and its 

effect upon child-bearing. There appears to be a tendency 

toward frequent complications during pregnancy among teen-age 

mothers. In a study of subjeats on alternating self-selected 

diets (of which 60 percent reported an intake of 70 g. protein 

or less and 23 percent reported an intake of 55 g. of protein 

or less) and recommended 8 g. protein diets, Dieekmann et al. 

(1951) found that the incidence of abortion increased sienifi 

cantly in those patients with, a low protein intake. At the 

same time, the highest level of anemia was evident. The per- 

centage of excellent babies increased steadily with increased 

protein intake by the mother. These workers (Dieckmann et al., 
1951) reported that the analysis of their data on nitrogen 

balance as a function of gestation period indicated a maximum 

protein requirement per kg. of body weight for maintenance of 

positive balance early in pregnancy. They believed that this 
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requirement decreases as pregnancy approaches term. 

Distribution of Protein. In regard to the diets of teen- 

agers, Everson (1960) stated that adequate amino acid intake, 

may not be as much a matter of protein intake per 24 hours as 

it is irregular eating habits, omittina breakfast, and poor 

distribution of protein throughout the day. She pointed out 

that the teenager enjoys meat, but does not always do a good 

job of providing a regular mixture of amino acids for advan- 

tageous body use. 

Levels of Protein intake. It generally is accepted that 

the level of protein nutrition cannot be characterized merely 

by establishing that the subject is in nitrogen equilibrium. 

Nitrogen equilibrium may be achieved on a low protein intake 

in an undernourished subject and at the physiological minimum 

with a higher intake in the normal individual. In their review 

Platt and Miller (1958) raised the question of what constitutes 

the upper level of protein nutrition. They asked if the upper 

level is a state of eutrophy and if so, what is the nature and 

purpose of the protein stores or reserves. They also suggested 

the possibility that the pathology of protein malnutrition may 

be a part of the pathology of many diseases. 

Dietary Intake Surveys 

From 1947 to 1_958 over 200 nutritionists investigated the 

nutritional status, including the amount of nutrients in the 

food eaten, of population groups within the United States. The 
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state Agricultural Experiment Stations, the Institute of Home 

Economics of the U. S. Department of Agriculture, and several 

state departments of public health sponsored the studios. The 

country was divided into four regions; Northeast, North 

Central, South, and West. Eleven groups of 13- to 15-year-old 

girls were studied--seven in the West (Wilcox et al., undated), 

three in the Northeast (Tucker et al., 1952), and one in the 

North Central Region (Eppright et al 1954). The mean daily 

intakes of protein for 13- to 15-year-old giris by state are 

summarized in Table 1. The state mean intakes ranged from 61 

Table 1. Mean daily intakes of protein by girls 3 to 15 years 
old by state. 

Western Regton 
Colorado 
Idaho 
Montana 
New Mexico 

Anglo American 
Spanish American 

Utah 
Washington 

North Central Region 
Iowa 

13 yrs 
14 yrs 
15 yrs 

Northeast Regio 
Maine 
New York 
Rhode Island 

2 

63 
70 

13.1 

19 

65 

68 

61 

2.1 
2.0 
1.7 

6. 
33 69 3. 
25 76 4.5 

107 74 2.0 

44 74 3.0 20.0 
37 75 3.0 17.0 
39 75 2.0 14.0 

123 77 21.0 
113 65 24 2 
'45 7]. 12.9 

iWilcox et al. (undated) 
2Eppright et al. (1954) 
3Tucker et al. (1952) 
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to 85 g. per day. The mean daily protein intakes in the various 

states, with the exception of New York, were less than the Nac 

recommended allowance of 80 g. 

Western 8 gion. Wilcox et al. (undated) compiled data on 

428 adolescent girls in seven groups located in six western 

states. Seven-day food Intake records and dietary histories 

were evaluated. Although average intakes of most nutrients 

were adequate the cumulative frequency curves indicated many 

individuals were not well fed. All groups of adolescent girls 

(13-20 years of age) were lower in protein than the no recom 

mended allowance. 3owever, all of the groups of 13- to 15-yea 

old girls in this region had mean protein intakes of 67 to 100 

percent of the NRC recommended allowance. 

North Central Region. In Iowa, the nutrient intakes 

studied from seven-day dietary records (:qppright et a).., 1954). 

on the 120 13- to 15-year-old subjects the mean protein 

intakes conformed to the NRO allowance within about five g. 

Mean protein intakes tended to be slightly higher before 12 

years of age and lower after 12. Negative deviation of mean 

daily protein intake from allowances was most marked at 16 years 

of age. 

ast Assim. In the Northeast region, the dietary 

intakes of 281 adolescent girls were evaluated from seven-day 

dietary records, dietary histories, and four-day dietary 

records (Tucker et al., 1952). The mean protein intake of 

Rhode Island subjects tended to be low with 71 g., whereas 



New York reported ke of 3 g. which is five g. above 

the 1958 NRC reconnended allowance. It was found in this region 

that six percent of the subjects had a protein intake of 66 per- 

cent or less of the 1956 allowance; .9 percent had an intake 

between 67 and 100 percent of the NRO recornended allowance; and 

45 percent had a protein intake of 100 percent or above. 

All Regions. Morgan (1959) summarized the nutritional 

status surveys. Over-all nutrient intakes of adoioscerts 13 to 

20 years old were more variable and less favorable, especially 

those of the F;irls than were those of either the younwer 

children or the adults. The protein intakes, for boys and men 

of all ages, however, were greater than the 1956 NRC recommended 

allowance. This was true also for girls up to the age of 12 or 

13, but after that the average daily intake was significantly 

lower then recommended up to age 20. Pram 20 to 70 years of 

arze the women's intake of protein was adequate, but it dropped 

significantly after age 70. 

Balance Studi 

a.i a of T1ten Balance Data. It generally is bellevod 

the dietary and body nitrogen meet in a common metabolic 

pool of blood and tissue protoins---a pool that can be drawn on 

for exogenous and endogenous purposes (Allison, 1951). Holt 

and Fales (1921) stated that the proportion of amino acids in 

body protein are not the same as in some food protein. As a 

consequence, they suggested that not all amino acids of food 
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are utilized in building up or repair of body etructure. These 

workers theorized that the amino acids that are not utilized as 

building materials are used largely for energy, being broken 

down into urea and excreted in the urine. Also, they pointed 

out that animal proteins as compared to vegetable proteins 

approximate more nearly human body proteins, and therefore are 

preferable. Allison (1951) postulated that the depletion of 

body protein stores is reflected by decrease in excretion of 

urinary nitrogen. He indicated that an initial rapid loss of 

nitrogen represents the catabolism, in part, of labile protein 

stores. After the stores are depleted, the loss of nitrogen is 

less rapid with the urinary nitrogen excretion approaching, a low 

and constant value. Allison (1951) proposed that durinP, regener- 

ation (feeding protein), the stores depleted last probably are 

refilled first. He remarked that the alternate feeding of 

protein-free and protein diets results in a positive balance. 

Therefore, nitrogen balance is variable, changing with time as 

protein stores are increased or decreased. 

Johnston and Schiaphoff (1951) suggested that the amount of 

nitrogen that adolescent girls need to retain for good health 

and normal growth is not known. However, It was pointed out 

that these adolescent girls need to retain enough for tissue 

increase and enough to cover the nitrogen lost from the body, 

which is not measured in the usual balance experiments. According 

to these workers, the amount of nitrogen needed for tissue in- 

crease may be estimated from nitrogen content of the body and 
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rate. 

gaine by girls who are growing at a normal 

14 

Harper (1959) explained that there are limitations in 

methods used for determlning amino acid and protein require 

ments. When growth is an indicator, the minimum amount for 

maximum growth or in the case of adults, the minimum amounts 

for nitrogen equilibrium is sought. With nitrogen balance, 

previous nutritional status appears to be influential. As 

previously stated, given a sufficient time, an individual can 

come into balance even on a low protein intake. According to 

Harper (1959) this may require weeks if the previous protein 

consumption was in excessively large quantities. Frost (1959, 

p. 225) stated that for a nitrogen balance study to have a 

reasonable degree of accuracy it must extend over a period of 

at least three weeks. Because the body contains certain labile 

protein fractions that are lost daring periods of low protein 

intake, the significance of the minimum amount versus the opti- 

mum amount apparently is not realized. Individual variation 

appears to be an important factor in estimating optimum or ideal 

amino acid intakes (Harper, 1959). Harper (1959) has maintained 

that the physiological state of the organism influences the 

requirement. During the period of rapid growth, protein is 

being deposited and the requirement far exceeds the maintenance 

requirement. This worker believed that the requirement is con- 

stantly Chang ng during the growth stage. No single value can 

be given as the requirement unless it is based on some criterion, 
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as body weight, muscle mass, surface area, or caloric require- 

ment. Caloric requirement takes into account the factors 

responsible for change in protein and amino acid requirement 

of a subject. As a result of starvation or patholoejcal con- 

ditions, an additional allowance is necessary for repletion of 

stores. 

It generally is recognized that when carbohydrate and fat 

levels are low in the diet, protein is diverted from its 

normal use in protein synthesis to serve as a source of calories. 

Harper (1958; 1959) discussed amino acid b lance and imbalance 

and the effect upon protein requirement. The indispensable amino 

acids must be present in ideal proportions, because the further 

the proportions of amino acids in a protein deviate from the 

ideal, the more of the protein is required to satisfy amino acid 

requirements. Harper (1959) emphasized that amino acids of some 

proteins are not released readily in the gastrointestinal tract, 

so allowance must be made for differences In protein digestibility. 

Also, it was noted that proteins are not of equal biologic value. 

All of these factors have been found to influence the establish- 

ment of the protein requirement. 

It generally is accepted that the Milne of the protein 

reserves in an organ m must be described, in three dimensions 

(Allison, 1958). These dimensions are the nutritive value of 

dietary proteins, the nitrogen intake, and the calorie intake 

Protein ntake. in balance studies that have been pub- 

lished, protein intake by adolescent girls vried (Table 2). 



Table 2. Nitrogen intake and ri ntion exults of etudiea by other investiga ors. 

16 

Holt 
1921 

Wang at a 
1936 

08, 

Koehn and 
Morrell, 1934 

Johnston and 
Soblaphoff, 1951 

J1 ohnston 
958 

Patrick at al. 
1955 

Johnston and 
MeHillan4, 19,52 

Wharton at al., 
1953 

Self 
selected 

Self - 
selected 

Con.. 
trolled 

Self- 
selected 

Con. 
trolled 

COUw 
trolled 

Con. 
trolled 

6-day 
periods 

56 days 

9 -week 

able 

56 day 

12-w ek 

99 
7-day 
periods 

24 

5 

1 

g. g. 

1244 73-74 6-1.7 11.68- 
11.84 

12-15 2.5 15.2 
1.1-21.8) 

12-13 71i. 2.5 11.81. 

14 76.2 12.20 42 
07.3 13.97 2.17 

14.6 2.64 

8-9 9.98 1.93 

11 

20 -23 70.2 11.23 0.64 
31 

Col- 47.6 
lege 

0.85 136 mg 

2.6 
8.28.2) 

1.6 
5.5 

19.4 

5.7 

Kgni3.ibrium 

0.0299 0,97 
0.0437 145 

0.05 

0.060. 
0.089 
0.049 

0.012 
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Holt and Pales (1921) reported a daily intake of 1.6 tc 1.7 g. 

protein per kg. body weight (a total of 73 to 74 g. of protein) 

for three 12- to 14-year-old irls. In a protein metabolic 

study of ix-day periods on 24 12 15-year-old girls on 

self-selected diets (Wang et al., 6), the average protein 

intake was reported as 2.5 g. per kg. body weight or in terms 

of nitrogen, the intake ranged from .1 to 21.8 g. with an 

average of 15.2 g. per 24 hours, This was 15.2 to 23 percent 

of the total caloric intake. Koehne and Morrell (1934) in a 

56-day study of 28 girls on self-selected diets found that the 

intake for 12- to 13 y ar-old girls averaged 2.46 F of protein 

per kg. body weight These workers pointed out that there was 

a decreased calorie and protein intake per kg body weight 

with increased age from 10 to 18 years. 

5itrogen Retention. As reported in the literature, nitro 

gen retention has been found to vary among adolescent girls 

(Table 2) 

old girls, 

of nitrogen, or 12.6 percent of the total intake (15.2 g. of 

nitrogen)' was retained. 

Johnston and Sehlapho (1951) reported the findings of a 

study with six healthy girls between. 13 and 14 years of age on 

a nine-week study of which the first two weeks were considered 

as an adjustment period. The remaining seven weeks were 

divided into two periods--one three -week and one four-week. 

The controlled diet was made up of a wide variety of common 

f-selected diets consumed by 24 12- to 15-year- 

d co-workers (1936) found that a mean of 2.0 g. 
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foods. The results were stated as a mean retention of 1.42 g. 

or 11.6 percent on an intake of 12.20 g. and a retention of 

2.17 g. or 15.5 percent on an intake of 13.97 F;. nitrogen. 

When reduced to units of body size, the mean daily retention 

was 0.97 g. nitrogen per m2 body surface or 0.0299 g. nitrogen 

per kg. of body weight during the first period and 1.45 g. per 

m2 body surface or 0.0437 g. nitrogen per kg. of body weight 

during the second period. In terms of protein, during the 

first period, the mean retention was reported as 0.19 g. protein 

per ke. body weight whereas in the second period, there was a 

mean retention of 0.27 g. protein per kg. body weight. 

In a study of three 13-year-old girls having minimal rein- 

fection type tuberculosis, a mean retention of 2.64 g. nitrogen 

or 18 percent of the 14.6 g. intake of nitrogen was reported 

during the "year of maximum growth" (J. Johnston* 1956). Per 

kg. of body weight these girls had a mean retention of 0.05 g. 

nitrogen. The total mean protein retention was reported as 

16.5 g. or 0.31 re per kg. body weight. By the third post- 

menarcheal year the total mean retention declined to 1.4 g. of 

nitrogen. 

an a 56-day study with six healthy pr's-adolescents under 

normel conditions the mean nitrogen retention was 1.93 g. or 

19.4 percent of the 9.95 g. intake of nitrogen representing 

62.4 g. of protein (Patrick et al.* 1955). In this study the 

five 9 to 9-year old subjects had a nitrogen retention rang- 

ing from 0.060 g. to 0.059 g. per kg. body weight or in terms 
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of protein, 0.375 g. to 0.556 g. per kg. body weight. The one 

11-year-old subject had a nitrogen retention of 0.049 g. per 

kg. body weight or 0.306 g. protein per kg. These findings 

indicated a decreased nitrogen retention with increasing age 

during the pre-adolescent period. Johnston (1940) found that 

the amount of nitrogen retained before the menarche is greater 

than that retained after it. 

It was found i.n a 12-week study of x young eolleg 

women (five of whom were 20-23 years of age and the other 31 

years of age) on a diet of 70.2 g. of protein or 11.23 g. of 

nitrogen that a mean of 0.64 g. or 5.7 percent nitrogen was 

retained (Johnston and McMillan, 1952). The mean body weight 

of these subjects was 53.1 kg. with the mean retention reported 

as 0.075 60, protein or 0.012 g. nitrogen per kg. body weight. 

As a result of an investigation of 18 college women, 

Wharton et al., (1953) stated that nitrogen equilibrium was 

established on an intake of 136 mg. of nitrogen per kg. body 

weight which is equivalent to 0.85 g. protein per k. of body 

weight or 17.6 g* protein for a 56 kg. woman. Retention of 

nitrogen by these women increased in direct proportion to the 

intake within limits of the i ntake studied. 

Evidence from the studies reviewed suggests that the 

mean retention of nitrogen decreased with age from the pre - 

adolescent period through post adolescence until nitrogen 

equilibrium is attained in the normal adult. The highest re 

tention seemed to be in the year of maximum growth during the 
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adolescent pe od. Variations individuals in the utili- 

zation of protein are indicated. 

Fecal ictitrogen. There is a lag in ohange of nitrogen 

excretion with decrease in dietary nitrogen (Hegsted at al., 

1946) Therefore, short periods'on decreased dietary nitrogen 

intake will tend to show lowered retention values. eal nitro 

gen, however, has been found to be more or less constant 

adults fecal nitrogen has been reported as 1.28 g. per day 

(4 gsted at al., 1946 ) In a study on 24 12 to 15-year-old 
girls, fecal nitrogen was reported as 1.2 g. per day (Wang at 

al. 1936). Johnston and McMillan (1952) found an average 

fecal nitrogen content of 1.02 g. per day in the 12-week study 

with six young women on an intake of 70 g. protein. In a 

metabolic study girls the fecal nitrogen 

ranged from 0.79 to 0.81 g* per day (Patrick at al., 1955) 

Hegsted at al. (1946), believed that different samples of 

the same foodstuff may give rise to different values of fecal 

trogon. In their study variations were found to occur be- 

cause of the amount of indigestible carbohydrate. This was 

attributed not only to the bulk thus provided, but also becaus 

such constituents may protect in varying degrees against enzyme 

action in the gut. Hegsted et al. (1946 ) asserted that the 

degree of mastication is important In at least one of their 

adult subjects, the high fecal nitrogen figure was attributed 

to poor mastication because of malocclusion. They also observed 

that the shorter the expulsion time the higher the fecal 
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nitrogen values. In addition these workers suggested that the 

method of food preparation was an important factor in the fecal 

nitrogen value. Likewise, several investigators have demon- 

strated a decrease in the biological value of protein following 

treatment with severe heat. In 1934, Morgan and Kern reported 

a progressive decrease of five to 30 percent in the utilization 

by experimental animals of beef and horsemeat when boiled or 

autoclaved. In 1935, ,3cregers and Mattill reported similar 

effects from heating or hot alcohol extraction of beef liver, 

kidney, heart, or round. Poling, Schultz, and Robimon In 194 
found the nutritive value of proteins of cured pork shoulder 

slightly, but significantly, lowered by a commercial canning 

process. Wheeler and Viorgan (1953) have suggested that there 

was decreased absorption of =Inc) acids from the gut after heat- 

ing the proteins. These workers theorized that the digestive 

enzymes apparently are incapable of hydrolyzing properly the 

overheated pro teins so as to make available to the animal simul- 

taneously an assortment of Amino acids favorable to growth and 

maintenance. 

It should be pointed out that the difference between nitro- 

gen intake and fecal nitrogen is considered to be absorbed 

nitrogen (Patrick et al., 1955). In a study by Patrick and 

workers (1955) with pro-adolescent girls, the moan protein 

absorbed was 92.3 percent. In a study by Wang et al., (1936) 

on 24. 12- to 15-year-old girls on self-selected diets, the mean 

absorption was found to he 92.2 percent of the intake. 
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Losses not 'Oeasared b1 tiacm12 3alarxces. Mitchell and 

Hamilton (1949) suggested that accurate balance experiments 

cannot be carried out unless dermal losses are measured. In 

their tour-week study with a five-day preliminary period on 

six male conscientious objectors, they found losses of nitrogen 

through the skin on a 90 E. protein intake to averse 152 mg. 

per hour in a hot, humid environment of 37-39°0. and 65..73 per- 

cent humidity. This constituted an average of 22.5 percent of 

the total output. Under more comfortable conditions of 27-23°C. 

and 43-45 percent humidity, the hourly dermal loss of nitrogen 

averaged 15 mg. or 2.7 percent of the total output. Under the 

latter conditions, the daily dermal loss was 360 me. It was 

observed that the nitrogen concentration in sweat showed no 

consistent downward trend with tine of sweating. The data in- 

dicated that there is an increase in nitroen catabolism with 

sweating. Therefore, it was believed that under such cenditions 

an increase in protein requirement Is necessary. 

Darke (1960) stated that unless cutaneous losses are 

measured, nitrogen balance is invalid. She attempted to measure 

total nitrogen loss occurring; in 24. hours from cutaneous struc- 

tures---the epithelial debris as well as cutaneous secretions. 

Fourteen determinations were made on 12 African adult males. 

Two determinatione were done on each of two individuals and 

were at intervals of five days. In this study the total nitro- 

gen cutaneous loss ranged. from 147 to 479.7 mg. with a mean of 

254 me. per 24 hours. Therefore, Darke (1960) asserted that the 



loss of nitrogenous coTnpoimds .Prom the skin resulting from 

the secretory activity of sweat and other cutaneous &lands 

and from the sheddinr:, of epithelial structures introduces 

hificant errors in nitrogen balance studios if not con- 

sidered. 

t. 4. Johnston (1953) detorlined the nitro,--eh loss from 

hair of the scalp. This study was done for four six-day 

weeks on 12 18- to -year-old women and for 12 six-lay weeks 

on a 5L-year-old woman. The mean annual loss of nitrogen was 

calculated as 11.1 ,. per year. It was postulated that each 

day 0.043 P. would be lost. In Johnston's laboratory, it had 

been shown previously that younc women retained approximately 

0.6 E. of nitrogen a day on intakes of 60 u. of protein. 

About 1 4o of this would be required to cover the loss of nitro- 

Fen in hair from the scalp. F. A. Johnston (1955) firnly 

believed that this stated atuount is a reasonable fIuro if the 

assumption is made that the adult women are in nitrwon equili- 

brium when all small llseos are included. The additional 

losses considered as small are lossoa in hair from other parts 

of the body as well as losses in na4.1s skin, perspiration, 

saliva, tears, nasal secretions, and menses. 

Variations in Dietary Analysis 

In balance ztudie s aliquot portions of dietary food are 

chem cally analyzed for nutrient content. It is recognized 

that there are wide variations in nutrients in the sane foods 



at different times and under varyin conditions (-,unscher and 

Macy, 1951). l'or fruits and veetablas these factors may be 

the dereo of ripeness, species, type of soil, mode of cultiva- 

tiori, amount of water, LaoEraphic oriFin, and marketing con- 

ditions. Accordinf., to inomas et al. (l90) the nutrient content 

of meat differs anonF animals and from the anterior to the 

posterior se tions in the animals. These workers suggested that 

contaminants from equipment, environment, and reagents also may 

influence the results in chemical analysis. They proposed that 

variables in tables of food composition are cauEsed by sampling 

end analytical errors. Thomas et al. (1950) am: eunscher and 

:ally (1951) a,zreed that ceoEraphic ortrin, species, maturity, 

storar:e, method of processing, and analytical techniques are 

partially responsible for the variable standard values in tab 

of food composition. 

In the fa 1, Thomas et al. (19)0) found no significant 

difference between analyzed and estimated values of protein in 

diets, but in the spri-tv the analyzed values were lower than 

those esti,TAai;ed from tables of food composition. This was 

attributed 0) the varyin, protein content of milk. It was 

1)ointed out that tables of food composition contain average 

values unscaer and Macy, 1951). 

Bransby and co-workers (1948) mentioned that differences 

between average nutrient values found by calcultion and anal 

are because of differences among methods adopted for chemical 

analysis of diets and those ul,od to obtain food valnt; of tables. 
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They ob. -erved that differences between values found by cnomical 

analysis and, by calculation from food. tables are found fre- 

quently. Re-I-lability of values calculated from A. tables was 

questioned seriously by these workers. 

NAT.RIAL At1 MF:-'3)D 

During a metabolic study in 1958 that was primarily con- 

cerned with iron utilization by six adolescent girls, samples 

of the diet and body excretions were collected and preserved. 

In th present investication, all samples of the diet and 

samples of the body excretions wore analyzed for nitrogen to 

deterFnine the nitrogen balance of the subjects. 

Subjects 

The subjects were six 11 14-year old girls who had 

reached puberty. They lived in a ho management house on the 

campus and continued their usual activities durins the 50 day 

experiment. They were supervised by a faculty momber of the 

Department of Foods and '4utrit1on. 

Age to the nog birthday, weight, height, body. surface 

area at the beginning of the study, and age of the menarche of 

the subjects aro shown in Table 3. A physician, who examined 

the eirls, found them healthy. 

D.iet 

A five-day adjustment period preceded the math study. 

The main study was divided into three parts, each part having 



three five-day periods. The three periods in each part had 

the same basal menus (Appendix, pp. 61 ). 

Table 3. ption of subjects in the present experiment. 

aat199 A e Weight J i 
ears kg. el. 

- 
Age o 

menarch 
s years 

26 

A 13 60.4 163.7 1.66 12 

8 14 53.2 152.0 1.48 12 

C 13 64.0 171.4 1.75 11 

D 13 61.3 1.64 12 

E 13 52.7 165.0 1.56 12 

F 13 54.1 161.5 1.56 11 

to nearest birthday. 
Surface area was calculated from height and weight using 
the DuBois Body Surface Chart, prepared by Boothby and 
Sandiford of the Mayo Clinic. 

Dietary food energy, protein, carbohydrate, fat, calcilvt, 

phosphorus, vitamin A, thiamin. e, riboflavin, niacin iron, and 

ascorbic acid were estimated from tablas of food composition. 

Food composition tables used were USDA Randbook No. 8 (Watt and 

Merrill, 1950) supplemented by Bowes and Church (1951). 

The basal diet was planned to contain two levels of iron, 

11 and 14 mg., and 1.0 g. calcium. Otherwise, the tin recom- 

mended dietary allowances (l953) for nutrients were met. The 

most recent NRC allowances (1958) differed from the 1953 

revision only in calories and niacin. The protein intake was 

planned to be 82 to 84 g. daily as compared to the recommended 
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allowance of BO adolescent girls. 

The original plan was to provide 11 mFT,. iron per day in 

Part I and 14 n. iron per day in Parts II and III. A pilot 

study revealed that analyzed values for iron were h c:her than 

calculated values from tables of food composition. Therefore, 

the diets actually were calculated for approximately nine and 

12 mg. Iron per day to obtain the desired amounts. 

In the three parts of the study the serving sizes of 

various foods were adjusted to MA ntain approximately the same 

level of nutrient intake with the exception. of iron. Adjust- 

ments also were made In the source of iron. Part III differed 

from Part II in that it contained a large quantity of milk 

chocolate candy. Unenriched flour products were used in Parts 

I and III, and enriched products in Part II. Additional moat 

WAS served in Part II . Skim milk replaced whole milk in Part 

III. 

Distilled, domineralized water was used for 000kin7 and 

drinkinF. Sodium chloride, C. P., served as a dentifrice. , 

At the beginning of the experiment, sufficient quantities 

of the non-Perishable and frozen foods were obtained for the 

duration of the study. All baked products were made in the 

laboratory. All subjects were served the basal diet, but wore 

allowed butter cookies ad libitum and a maximum of two soft 

drinks per dny for between-meal snacks. Edible portions of all 

foods were weighed to the nearest 0-.1 /7, 
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Collection, Preservation, and Analysis of Samples 

Methods used for collection and preservation of food and 

excretory products were ti scribed by Leichoriring et al. 

(1958). Aliquot portions (one-fifth) of the daily diet were 

collected and combined for each five-day period. The liquid 

food, solid food, butter cookies, chocolate, and soft drinks 

were placed each In separate containers. Urine and feces were 

collected separately in waxed paper cartons. Pads and tampons 

with the menstrual excretion were retained for each cycle of 

each subject. From each new lot, unused pads and tampons were 

processed for use in determlning the nitrogen available In the 

materials. Brown acid digests of all the foods, excretory 

products, and pads and tanpons were made and placed in paraffin- 

sealed glass bottles. FUrther details about sampling and pres- 

ervation are found in the Appendix, pp. 61. 

Triplicate samples of each brown acid digest of the foods 

and excretions of the six girls were chemically analyzed for 

nitroiYen using the macro-Wjeldahl method with boric acid modi 

fication (Scales and Harrison, 1920). Details of the analytical 

Pr cedures are given in the Appendix, pp. 61. 

Analysis of Data 

Nitrogen absorption was calculated as the difference 

between dietary intake and fecal loss. 

Absorbed Food. Fecal 
Food Nitrogen NitroRen Nitrogen 



detention of nitrogen was defined as the difference 

between dietary intake and fecal and urinary excretion. 

Retained Absorbed "..:;xcreted 

?clod Nitrogen Food Nitrogen Food A.trogen 

Data were tabulated by period and by individual girl. 

Retention of nitrogen was calculated for each girl for each 

period and for the entire study. Nitrogen retentions of each 

subject were compared with those of the other subjects and. 

with retentions reported in the literature. 

Correlation coefficients were determined for dietary nitro- 

gen intake and nitrogen excretion. of urinary and fecal products 

on each subject (Snedecor. 1956). 

RESULTS AND DISCUSSION 

Calculated nutrient Content of Basal Diet 

The moan nutrient content of the basal diet as estimated. 

from tables of toed composition for each part of the study is 

shown in. Table 4 Daily menus and the calculated mean nutrient 

content of the basal diet for each day are included in the 

Appendix, pp. 61. 

The calculated nutrient content of the basal diet varied 

somewhat among, the three parts of the study because of mani- 

pulation of the diet to increase the iron content from 11 m8.. 

in Part I to 14 mg. during Parts II and III and to include 

chocolate during Part III. Use of enriched flour products and 
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Table 4. tTean daily nutrient content of basal diet calculated 
from food composition tables.' 

Food : : Garbo- 
Part:ener= Protein : Fat : h drate : CalcumPho sn 

--77a7- g. g. g. mc. mg. 

I 2249 82.4 105.0 213.9 1011 1354 

II 2281 84.1 107.3 255.8 996 1376 

111 2328 54.3 109.5 261.7 1079 1412 

Ascorbic 
Iron Vitamin A Thiamine flavin iliacin acid 

............ 

rag IU rS m. mg. mg. 

I 9.6 6498 1.22 1.80 13.4 112 

II 12.5 6512 2.94 1.94 15.8 116 

12.4 5445 1.16 2.17 13.2 109 

1-pased on Watt and Morrill (1950) supplemented by Bowes 
and Church (1951). 

additional meat during Part II resulted in increases in dietary 

intake of thiamine, riboflavin and niacin. Chocolate was re- 

sponsible for increased riboflavin and phosphorus in Part III. 

Use of skim milk. and smaller amounts of butter reduced the 

vitamin A content in Part III. 

Analyzed and Calculated Values for Nitrogen 
Content of Laza]. Diet 

Chemical analysis showed that the basal diet contained 

derably lsss nitrogen than expected from the amounts of 

protein calculated from food composition tables (Table 5). 

Since tables of food composition list the protein content in- 

stead of the nitrogen content of a food., the values for protein 
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Table 5. Kean daily nitrogen content of the basal diet. 

Pe Anal zed r 

g g 

Part I 13.18 
1 7.63 -42.1 
2 7.54 -42.3 
3 10.41 -21.0 

Part Il 13.46 
4 6.08 .40.0 

5 7.79 -42.1 
6 10.70 -20.5 

Part III 13.49 
10.95 -13.8 
'3.33 
7.60 

intimated from USDA Handbook No. 8 (att and Vlerrill, 
1950) and ';,icrwes and Caurch (1951). 

A g.Protein 

2 Analyzed by method of Scales and Aar ison (1920). 

were divided by the factor 6..25 to estimate the amount of 

nitrogen in the diet. The calculated basal diet was planed 

to include 13.18 to 13.49 nitrogen (82 to 84 g. protein) 

daily during the entire study, but the analyzed values ranged 

from 7.54 to 10.95 g. nitrogen during tie nine periods (Table 5). 

These analyzed values were from 13.8 to 43.7 (mean 34.4) percent 

se than the calculated values. No explanation can be offered 

count for the low analyzed values for nitroFen found in the 

diet. The method and caemicals used in the analysis were 

checked by analyzing a soluble calcium casemate material of a 
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known composition. Also, saAplos of ground beef wore chemically 

analyzed and the analytical values for samples of ground b of 
analyzed in the nutrition laboratory compared favorably with 

those obtained for the same ground beef by the Chemical Services 

Laboratory. 

Although the came menus were used throughout the three 

Periods of each part, there were great variations in the ana 

lyzed nitrogen values (Table 5). Therefore, each period is 

reported separately. It was noted that two of the periods in 

each part showed lower values for the analyzed nitro en than 

the third (Table 5). The low values ranged from 7.5L E. in 

Period 2 to 3.33 g. in Period 8. One period in each part had a 

much hiEher analyzed value for the same diet. The higher ana- 

lyzed values raned from 10.41 g. in Period 3 to 10.95 g. in 

Period 7. None of the analyzed nitrogen values approximated the 

calculated values (13.18 F., 13.)46., 13.49 for Parts I, I 

and III, respectively) durin any period of the study. 

In contrast to the present findings of low analyzed values, 

Patrick ot al. (1955) found that the analyzed nitrogen content 

of diets they studiad was 16.7 percent hiOler than the calculated 

values. They believed that this difference was reasonable be- 

cause of normal variations in meats and other foods. Forsyth 

et al. (l954) found that the analyzed nitrogen content of solid 

diets averaged 8.7 percent more than the values calculated from 

standard food tables. Thomas and co-workers (1950) stated that 

wide variations in analyzed and calculated values may be 
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attributed to mothodolor7, ccogrc,phic origin, species, maturity, 

stora:7e, method of processing, and analytical techniques. In 

addition, they swq,7ested that variables in results of analyses 

may be attributed to sampling techniques, preservation, measur- 

ing, errors in analytical mIthods, variation in nutrient content 

within and nmong food products, and contaminant from equipment, 

environment, or reagents. 

Nitroge n I 

Mean daily nitrogen intakes of the six adolescent girls 

averaed 10.02 g, with a. range of 9.45 g. for subject h; to 

10.92 g. for subject C during the 45-day study (Table 6). In- 

takes of the subjects varied because butter cookies and soft 

drinks were allowed .. in addition to the basal diet. In terms 

of protein the total mean intake fell below the aC allowance 
of 30 g, (12.8 g. nitrogen) for all six subjects. 

When considering the intakes of the individual subjects 

during the nine. periods (Table 7), it was found that the lowest 

daily nitrogen intake was 7.60 (47,50 F, protein) by subjects 

5, Es and F. in Period. 9. Only in two instances (subject i3 in 

Period 3 and subject C in Period 6) did. the period intake equal 

or exceed the recommended allowance of 12.8 .F;. nitrogen. The 

intakes for subject A in Period 7, subject C in Period. 3, and 

subject F in Period 1 were below the recommended 

allowance. During Period 9, five of the six subjects had an 

intake below two-thirds of the URG recommendations. This also 

was true for subject A in Period 2 and subject F in Period 5. 



Table 6. Vicars daily intake and excretion with standard deviations, absorption, 
retention of nitrogen by six adolescent girls during 45 do ys. 

Sub ect: Total : Per sat: Per k .1: Inc Ur 
g. g. g- 

A 9.68 

±1.63 

10.77 
+1.84 

10.92 
+1.44 

9.62 
±1.29 

9.43 
±1.29 

F 9.65 
±1.68 

10.02 

5.83 0.160 10.43 
±0.35 

7.23 0.202 3.52 
+1.05 

6.24 0.171 10.33 
+1.71 

5. 0.157 11.3 
±0.52 

6.08 0.180 11.13 
+0.56 

6.18 0.178 11.15 
t0.76 

6.24 0.175 10.49 

1.54 
+0.22 

1.02 
+0.56 

1.23 
+0.20 

0.85 
2.0.16 

1.18 

±0.14 

1.09 
±0.38 

1.16 

8.14 83.8 -2.23 -23.6 -1.37 -0.038 

9.75 90.2 1.23 11.4 0 3 0.023 

9.64 88.0 -0.75 .9 -0.43 -0.012 

8.77 90.9 -2.59 -26.9 -1.58 -0.042 

8.30 37.2 -2.33 -29.3 . .054 

3.56 83.2 -2.59 -26.3 -1.66 -0.048 

38.1 -17.1 -0.0' 



Table 7. Mean daily intake, excretion, absorption and retention of nitrogen per period. 

etcr 
Period 'Zeta' ; Per kg.; Urine Fe Total Total : Per ra 

g.... a . g . g fl', .., 

SUN° t A 

.,:-.,. 
,., 
p, E g 

Part I 
1 8.83 5.32 0.146 10.83 1.28 7.55 85.5 -3.28 -37.1 -1.98 -0.054 
2 7.84 4-.72 0.130 10.35 1.37 6.47 82.5 -3.38 -49.5 -2.34 -0.064 
3 10.71 6.45 0.177 10.69 1.33 9.33 87.6 -1.31 -12.2 -0.79 -0.022 Part 11 
4 9.58 5.77 0.159 10.57 1.56 8.02 83.7 -2.55 -26.6 -1.54 -0.042 
5 9.29 581 0.154 10.36 1.50 7.79 83.9 -2.57 -27.7 -1.55 -0.042 
6 11.30 6.81 0.187 9.73 1.36 9.92 87.8 0.19 1.7 0.11 0.003 Part III 
7 12.75 7.68 0.211 10.28 1.78 10.97 86.0 0.69 5.4 0./42 0.011 
3 8.93 5.18 0.148 10.21 1.95 6.98 78.2 -3.23 -36.2 -1.91 -0.054 
9 7.90 4.76 0.131 10.84 1.67 6.23 78.9 -4.61 -56.3 -2.7 -0.076 

Subject B 
Part I 

1 11.53 7.79 0.217 8.145 0.36 11.16 96.8 2.71 23.5 1.83 0.051 
2 11.64 7.86 0.219 9.82 0.37 11.28 96.9 1.146 12.5 0.99 0.027 
3 14.01 9.4.7 0.263 10.05 0.99 13.02 92.9 2.97 21.2 2.01 0.056 Pert 11 
14. 9058 6.1t7 0.180 7.149 0.5b 9.00 93.9 1.51 15.3 1.02 0.028 
5 9.89 6.68 0.186 7.95 0.58 9..31 94.1 1.36 13.7 0.92 0.026 
6 11.30 7.63 0.212 7.80 1.61 9.69 85.8 1.89 16.7 1.23 0.036 Part In 
7 11.85 8.01 0.223 9.71 1.57 10.28 86.8 0.57 .8 0.38 0.011 
8 9.53 6.44 0.179 8.01 1.3b 8.17 85.7 0.16 1.7 u.11 0.003 
9 7.60 5.14, 0.143 7.42 1.75 5.85 77.0 -1.57 - 20.6 -1.06 -0.030 



Table 7. ( riued) 

Priod : Total : Per Tri . Per kF.: Urine : 

Part 

2 

3 
Part II 

4 
5 
6 

Part III 
7 
8 

9 

Part 
1 
2 

3 
Part 11 
4 
5 
6 

Part III 
7 
B 
9 

1 : Total Total :Per m2: Per kg. . 

9.73 
10.24 
12.51 

1043 
11.o9 
13.10 

11.85 
9.83 
8.30 

8.23 
9.34 

11.31 

9.58 
9.89 

11.00 

10.95 
8.33 
7.90 

g. 

5.56 
5.65 
7.15 

5.99 
6.68 
7.48 

6.77 
5.62 
5.03 

5.02 
5.69 
6.90 

5.84 
6.03 
6.71 

6.57 
5.08 
1±.82 

go 

0.152 
0.160 
0.195 

0.164 
0.183 
0.205 

0.185 
0.154 
0.138 

0.134 
0.152 
0.184 

0.156 
0.161 
0.179 

0.179 
0.136 
0.129 

11.53 
10.82 
11.41 

12.14 
9.64 
11.54 

10.26 
9.63 
6.47 

11.34 
12.07 
11.19 

11.67 
11.00 
10.99 

11.36 
11.01 
10.56 

t5 

Subject C 

1.23 50 
1.09 9.15 
1.06 11.45 

1.16 9.32 
1.40 10.29 
1.18 11.92 

1.b4 1041 
1.25 3.58 
1.69 7.11 

Subject D 

0.84 7.39 
0.69 8.65 
0.65 10.66 

0.79 8.79 
0.87 9.02 
0.81 1.0.19 

0.82 10.13 
1.20 (.13 
0.97 6.93 

57.4 
89.4 
91.5 

88.9 
8.0 
91.0 

87.8 
87.3 
30.8 

89.3 
92.6 
94.3 

91.8 
91.2 
92.6 

92.5 
85.6 
87.7 

4-, 0 

-3.03 
-1.67 
0.04 

-2.32 
0.65 
0.38 

0.15 
-1.05 
0.64 

-4.45 
-3.42 
-0.53 

-2.68 
-1.98 
-0.80 

-1.7, 
-3.33 
-3.63 

-31.1 
-16.3 

0.3 

-26.9 
5.6 
2.9 

1.3 
-10.7 

7.3 

-54.1 
-36.6 
- 4.7 

-30.1 
-20.0 
- (.3 

-15.8 
-46.6 
-45.9 

0. 

-1.73 
-0.95 
0.02 

-1.51 
0.37 
0.22 

0.08 
-0.60 
0.37 

-2.71 
-2.06 
-0.32 

-1.76 
-1.21 
-0.49 

-1.05 
-2.36 
-2.21 

g. 

-0.047 
-0.026 
0.001 

-0.044 
0.010 
0.006 

0.002 
-0.016 
-0.010 

-0.073 
-0.056 
-0.009 

-0.047 
-0.032 
-0.013 

-0.028 
-0.063 
-0.059 



Table 7. (concluded) 

Pcrt I 
1 
2 
3 

Part II 
4 
5 
6 

Part III 
7 
3 
9 

?art I 
1 
2 

3 
Part II 

Sub et 2 

9.73 6.24 0.135 10.24 1.20 8.53 37.7 -1.71 -17.6 -1.10 -0.032 9.34 5.99 0.177 11.53 1.09 3.25 88. -3.28 -35.1 -2.10 -0.062 11.01 7.06 0.209 11.31 1.10 9.91 90.0 -1.40 -12.7 -0.90 -0.027 
3.33 5.37 0.159 10.99 1.04 7.34 37.6 -3.65 -43.6 -0.069 3.99 5.76 0.1.71 11.32 1.04 7.95 36.4 -3.37 -43.0 -$.4 -0.073 10.70 6.86 0.203 11.18 1.17 9.53 89.1 -1.65 -15.4 -1.06 -0.031 

11.25 7.21 0.21 10.37 1.16 10.09 39.7 -0.28 -0.18 -0.005 3.33 5.34 0.1, 10.98 1.141 6.92 3.l -4.06 -43.7 -2.60 -0.077 7.60 4.87 0.144 11.75 1.41 6.19 81.4 -5.56 -73.2 -3.56 -0.106 
Subjoat .1+) 

9.43 6.04 0.174 10.32 1.03 8.40 8(4.1 -1.92 -20..4 -1.23 -0.036 9.04 5.79 0.112 11.14 0.79 3.25 91.3 -2.39 -32.0 -1.35 -0.053 12.51 3.02 0.231 12.66 1.06 11.45 91.5 -1.21 - 9.7 -0.77 -0.022 
4 9.88 6.33 0.133 11.14 0.61 9.27 93.8 -1.37 -18.9 -1.20 -0.035 7.79 4.99 0.144 10.27 0.36 6.93 89.0 -3. -112.9 -2.14 0.062 11.30 7.24 0.209 10.80 1.34 9.96 88.1 -0., - 7.4 -O. -0.016 Part III 
7 

9 

10.95 7.02 0.202 10.714 
8.33 5.34 0.154 11.42 
7.60 4.87 0.140 11.84 

0.83 10.12 92.4 -0.62 - 5.7 -0.33 -0.012 
1.75 6.58 79.0 -4.84 -53.1 -2.46 -0.090 
1.55 6.05 79.6 -5.79 -76.2 -3.71 -0.107 

Five-day sap collated; one-fifth used as mean valuo per day for the period. 
-4 



In other studies that were reviewed (Table 2) analyzed 

values for dietary nitrogen Intake we..e found to be higher than 

analy zed values for intake in the present study with the excep- 

tion, of Patrick and co-workers (1955) who reported an average 

intake of 9.98 for six pro-adolescents. In the studies on 

adolescent firls, some of the mean group intakes were below the 

recommended allowance (12.6 g. nitrogen), whereas others were 

above the recommended amount. one of the lower mean intakes 

reported were below 11.1 g. nitrocen, however. Rolt and sales 

(1921) reported an average intake of 11.68 to 11.64 g. nitrogen 

in a study with three girls 12 to 14. years of age. The 56-day 

study by Koehne and Morrell (1934) of 28 1 to 13-year-old 

Ftrls on solf elected diets established similar nitrogen intake 

of 11.84 g. Wang et al. (1936) found the dietary nitrogen in- 

takes to range from 11.1 to 21.8 c. (moan 15.2 g.) in their in- 

vestigation with 24 12- to 15-year-old girls on self-selected 

diets. In a nine-week controlled investigation with six 13 to 

14-year-old adolescent girls, the dietary intake was 12.20 g. 

during the first period and 13.97 nitrogen in the second 

period (Johnston and 3chlaphoff, 1951). J. Jo'Inston (1958) 

reported an intake of lh.6 g. nitrogen by three 13-year-old 

tuberculosis patients. In the 12-week study by Johnston and 

Negillan (1952) on six college-age women, the nitrogen intake 

was stated as 11.23 g. 

On the basis of surface area, the c.rend mean daily nitrogen 

intake per square meter for all six subjects ta the present 
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investigation was 6.24 f:.;. and ranged from 5.63 to 7,23 G. 

(Table 6). The variation was caused by differuncea in body 

size of the individual subjects as well as protein intake. 

The mean nitrogen intakes per day ranged from 4.76 g. per 

square meter for subject A in Period 9 to 9.47 g. per square 

meter for subject 3 in Period 3 (Table 7). 

when considering body weight, the mean nitrogon intake 

ranged from 0.160 g. per kg. for subject A to 0.202 g. per kg. 

for subject 13 with a grand man nitrogen intake of 0.175 g. 
per kg. for all six girls (Table 6). The range for the indivi 

dual subjects during the nine periods was from 0.112 g. for sub- 

ject F in Period 2 to 0.263 g. for subject B in Period 3 (Table 

7). In a controlled study on six 13- to 14-year-old girls 

Johnston and Schlaphoff (1951) reported that on a total nitrogen 

intake of 12.20 the mean daily intake of nitrogen was 8.24 g. 

per square meter body surface of 0.26 g. per kg. body weight. 

On a total nitrogen intake of 13.97 E. tha moan intake was 9.34 

g. per square meter or 0.28 g. per kg. body weight. These values 

were somewhat higher than those found in the present study. The 

analyzed food values of Johnston and Schlaphoff (1951) also were 

hiFhor than those of the present investiation. Wang and co- 

workers (1936) reported an average nitrogen intake of 0.401 g. 

per kg. with a range of 0.235 to 0.561 g. for 24 12- to 15-year- 

old girls. 'These values also are higher than those found in the 

present study. qowever, it may be pointed out that the average 

body weight of the girls in the study of Wang et al. was 35.39 kg. 



as. coTpared to the average body weight of 57.62 kg. for the 

euhecte In the present investigation. 

Nitrogen. Excretion 

Urinmy. The grand mean daily urinary nitrogen loss for 
all six girls for the entire study.. was 10449 g. (Table 4). The 

moan values for each subject during the entire investigation 

ranged from 8,52 71- 1.05 (subject B) to 11.35 0.52 g. (subject 

D). When considering urinary losses on the per period basis, a 

low value of 6.47 g. in Period 9 for subject C to a high. value. 

of 12466 g. in Period 3 -c'oj: subloct F as found (Table 7). 

Throughout all periods urinary nitrogen losses were found to be 

lover for subject 3 than for the other subjects. The greatest 

variability in urinary nitrogen losses was found among the 

periods for subjects. 5 and 0. They ranged from a low of 7.42 ,P;. 

in Period 9 to a high of 10.05 g. in Period 3 for subject 3 and 

from 6.47 64 in Period. 9 to 12.14 g. in Period, L. for subject C. 

The urinary nitrogen values for the remainins four girls were 

quite consistent from one period to the next. 

In other investigations that have been reported in the 

literature, similar total urinary nitrogen. losses wore noted, 

Johnston and Schlaphoff (1951) reported a mean urinary nitrogen 

excretion. of 9.70 ,. and 10459 g. on 12.20 g, and 13.97 E. 

dietary nitrogen intakes, respectively. From the results of 

their study, Wang et al. (1936) noted. that the mean urinary 

nitrogen excretion was 12 g. on an average dietary intake of 
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15.2 nitrogen. At the same time the dietary mt ogen intake 
did not compare favorably with the intakes of the studies of 

Johnston. and Schlaphoff (1951) and Wang ot al. (1936). 

Wang and co-workers (1936) reported a urinary nitrogen 

excretion of 0.32 g. per kc.. body weight. In the present study, 

however, the mean urinary excretion for all subjects during the 
entire investigation was 0.183 g. nitrogen with a mean range of 

0.160 g, for subject 13 to 0.211 g. for subject E. Interns of 
body weight urinary nitrogen excretion is lower In the present 

study than it was in the investigation of 'an; et al. However, 

the 24 12- to 15-year-old girls studied by Wang et al. had a 

mean body weight of 3B.39 kg., whereas the six 13- to 14 year- 
old LIrls In the present study had a mean body weight of 57.62 g. 

According to Allison (1951), urinary nitrogen has been found 
to vary depending upon the body protein stores and the amount of 

dietary nitrogen ingested. At the beginning of the present In- 

vestigation, the six O. lo wore examined by a physician and 

termed healthy. The diets in the study were planned to be similar 
in content and source of food to the diets ingested by the teen- 

agers previous to nerving as subjects on the balance experiment. 
In this study the urinary nitrogen excretion was consistent with 
findins reported. in the literature, w'neres the dietary nitrogen 

intake varied a 'reat deal. 

"Fecal. For the entire study tie mean fecal loss for all 
six girls was 1.16 g. nitrogen (Table 6). The range for the 

individuals was from 0.85 ± 0.16 (subject D) to 1.54 t 0.22 g. 
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(sub A). During the nine periods, the avera;y1 fecal losses 

rans:ed from 0.36 g. for subject B in period 2 to 1.95 g. for 

subject - in Period 3 (Table 7). Tho stools for subject who 

had hirh fecal nitroen values, were of a soft and liquid con- 

sistency. Fecal nitrogen for subject P was low, especially 

during the first half of the ztudy. in an investigation by 

Hegsted et al. (1946) it was observed that the shorter the ex- 

pulsion tim e, the hiher the fecal nitrogen values. It was 

observed that the stools of subject were few in number Where- 

as the number of stools for subject A ranged from six to nine 

during any five-day period throughout the study. These findings, 

therefore, are in agreement with those of Hegsted et al. (1.946) 

in that the shorter the expulsion time, the higher the fecal 

nitrogen values. For subject P there was a tendency for the 

stools to be large, hard, and few in number. The focal nitrogen 

values for this individual also were low as compared to the 

values of some of the other subjects. 

The fecal nitrogen Imlues of the present study are approxi- 

mately the same as those reported by other investigators. The 

mean fecal nitrogen content of six young college women was 

1.02 g. on an intake of 11.20 g. nitrogen (Johnston and MeXillan, 

1952). Ina metabolic study with pre-adolescent girls, Patrick 

et al. (1955) found the fecal nitrogen to range from 0.79 to 

0.81 E. per day on a. 9.98 g. nitrogen dietary intake. an et 

al. (1936) reported a mean. of 1.2 g. per day from the study on 

24 12-'to 15-year-old girls. Johnston and Schiaphoff (1951) 
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reported fecal nitrogen losses of 1.07 g. and 1.21 g. on 

12.20 g. and 13.97 v.. nitrogen intakes. 

ffegsted et al. (1946) suggested that fecal nitroFen is 

more or less constant. For adults he estimated the mean fecal 

nitrogen to be 1.28 g. per day. In the present investigation 

It was observed that there was a tendency for the fecal nitro- 

gen to vary among the periods for the same subject (Table 7). 

Therefore, the findings in this study do not comply with the 

statement of 'deported. 

Correlation of Intake and Excretion 

To determine whether or not excretion of nitrogen was 

dependent on intake, correlation coefficients were determined. 

In this study excretion was not dependent upon intake. The r 

values for the subjects were as follows: A, -0.36; 3, 0.49; 

C, 0.52; D, -0.06; T-3, -0.53; P, 0.15. 

Menstrual Losses 

The mean nitrogen content of the menses for all menstrual 

periods during the study were determined for each subject 

(Table 8). Two cycles of each subject were observed except 

subject E where three cycles were observed. The total mean 

nitrogen loss for all six subjects was 1.59 g. nitrogen per 

menstrual period. The range was from 0.93 s. for subject A 

to 2.62 g. nitrogen for subject D. It was noted that subject D 

had an excessive flow of menstrual blood during, her periods. 



Table 3. Retention of nitrogen required by six adolescent gir 
for replacement of menstrual losses. 

Sub :Cycles 
ject:observe 

AV. 

:Av. nitrogen: Dail 
e :loss per :nitrogen needed 

eriod :for replacement 
aa 

2 38 22.68 

2 29 28-30 

34. 33-35 

2 30 29-30 

3 18 17-19 

2 26 25-27 

0.93 

0.99 

1.10 

2.62 

1.84 

2.07 

1.59 

.024 

.034 

.032 

.037 

.102 

.080 

.060 

Other workers reported a mean loss of 0.79 g. nitrogen per 

menstrual period for collece-ape women (Johnston and NoMillan, 

1952). Aowever, these workers believed that the loss in their 

study was below the average for all women because the loss of 

iron (which is associated with protein) in the study was below 

the averaFe. Barer and Fowler (1936) found the mean loss of 

blood per menstrual period was 50.5 ml. This Amount would 

contain 1.7 g. nitroen if the blood is considered as containing 

the same percentaFe as venous blood (3.4 Percent). However, it 

was stated by Johnston and McMillan (1952) that Rona and 

Waldbauer, 1923, believed that the amount of nitro8en in menstrual 

blood probably would be somewhat higher than 1.7 g. because they 

found that most nitrogenous fractions of menstrual blood contained 

slightly more nitrogen than venous blood. Thus, the Average 



menstrua3. 1ossez per menstrual period In the present study are 

similar to the findings of other investiatars. 

The mean. 'Ally retention of nitrogen needed for replacement 

of those lasses was calculated. to be 0.O g. daily with a range 

of 0.024 to 0.102 g, (Table 6). because the menstrual losses 

of nitrogen were small as compared. to urinary and, focal losses 

they. were not used when calculatlnr retention values in the 

study. 

Nitrogen Absorption 

Nitrogen absorption is calculated as the difference between 

nitroRen 'Intake and fecal nitrogen. In the present study the 

over-all mean absorption was 88.1 percent for all six subjects 

with a range of 33.8 percent for subject A to 90.9 percent for 

subject D (Table 6). Subject B had the greatest variability in 

absorntlon among the girls in the study (Table 7). In Period 

9 77 percent of her intake was absorbed, whereas in Period 1 

the absorption was 96.3 percent. Hegsted et al. (1946) have 

suggested that the shorter the expulsion tine of feces, the 

higher the fecal nitrogen values found. The results of the 

analysis on subject indicated that this was truo in her case. 

Her stools were few in number throughout each period, particu- 

larly during the first half of the study where absorption 

values were greatest. The absorption values for subjects D 

and B tended to be in the highest part of the range and values 

for subject A were in the lowest (Table 7). Stools were frequent 
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for subject A who was found to have the greatest fecal nitrogen 

values. 

It was stated by Patrick et al. (1955) that in children the 

average absorption is 90 percent of the intake. In their study 

on pre-adolescents, the moan percentage absorbed was reported 

as 92.3 percent for five eight- to nine-year-olds and 95.3 

percent for the II-year-old subject. Wang et al. (1936) 

reported an absorption of 92.2 percent of the intake with a 

range of 35.9 to 95.0 percent by the 24 adolescent girls in 

their study. In the present investigation, the mean absorption 

of the six subjects was s1Iht1y lower than that of the ado- 

lescents and children reported by other workers. 

Nitrogen Retention 

The nitrogen rtntIon values were found to be negative in 

five of the six subjects (Table 6). Pour of the six girls 

showed ailar total losses ranging from 2.28 to 2.83 0. nitro- 
gen. One of the subjects (C) had only a slight loss (0.75 5,) 

of nitrogen. Tha individual with a positive retention had a 

value of 1.23 g. nitrogen for the entire investigation. In 

terms of percentages, four of the six girls had negative losses 

of -23.6 to -29.6 percent whereas an subject (C) showed a 

smellier loss (-6.9 percent). Subject B had a positive reten- 

tion of 11.L. percent. The grand mean was a loss of -17.1 

percent for all six subjects. Except for the results of one 

Individual these findings are not in direct agreement with 



other similar investiations reported in the literature. 

Wang et al. (1936) reported nitrogen retention to be from 

28.2 to 2.3 (Mean 12.6) percent of dietary intake. Johnston 

and Schlaphoff (191) stated that the mean retention was 11.6 

percent on the 12.20 g. nitrogen diet and 15.5 percent on the 

13.97 g. nitrogen diet. On the 14.6 F. nitrogen intake the 

mean retention was 13 percent (J. Johnston, 1953). In a study 

with pre-adolescents the mean nitrocen retention was reported 

as l9.t percent (Patrick et al., 1955), whereas in an Investi- 

gation with collage women the mean nitroEon retention was 
5.7 percent of the dietary intake (Johnston and McMillan, 

1952). 

There IS a difference of opinion among workers as to the 

unit of body size to be used when determining nitrogen reten- 

tion. HeEsted et al. (1946) sugeested that surface area is 

better than body weight. On the other hand, Patrick et al. 

(1955) demonstrated that surface area was not a better unit of 

body size than body welit for evaluating nitrogen retention 

and absorption. In the present Investigation, nitrogen reten- 

tion values are reported in three units. These are total g. 

of nitrogen, g. per kg. body weight, and g. per m2 of body 

surface. 

Values found for nitrogen, retention nor square ,,tieter of 

body surface varied among the nine periods and among the six 

individual girls (Tnbles 6 and 7). There does not appear to be 

any consistent pattern of retention for the individual subjects 



throughout the entire study. The greatest loss of nitrogen 

per square meter of body surface was 3.71 g. by subject F 

during Period 9 (Table 7). Durinc the same period subject Et 

who had the same body surface area as subject e, had lost 

1.56 g. nitrogen per m2. During Period 9 the dietary nitrooen 

intake by these two girls was lowest of any period throughout 

all parts of the study. Subjects D., '1, and F were in negative 

nitrogen balance in all periods. This was true also for 

subject A except during Periods 6 and 7 where sha retained 

amounts of 0.11 and 0.42 g. per m respectively. The losses 

In the remaining periods for subject A wore greater and more 

severe. Subject C was in positive retention for five of the 

nine periods. The positive values ranged from 0.02 to 0.37 g. 

per m2 (Table 7). There was a tendency for the negative values 

of subject C that ranged from -0.60 to -1.73 g, nitrogen per m2 

to be less than those of the other subjects. Most of the posi- 

tive nitrogen retention values were found for subject B. This 

Individual had a loss durins Period 9 only (Table 7). Her 

rz,reatest retentions were found to be 1.33 g. nitrogen per 

in Period 1 and 2.01 nitrogen per m in Period 3. in teryas 

of the total dietary nitrogen for subject LI this corresponded 

to 23.4 percent retention In Periof, 1 and 21.2 percent in 

Period 3. The negative retention values ranged from -2.5 per- 

cent for subject F in Period 7 to -7b.2 percent for subject F 

in Period 9. As in the total retentions reported in g., 

there appears to be no definite trend in the percentaffes of 

negative or positive retention s for each individual girl. 



49 

The percentage retentions were found to vary greatly among 

the periods. 

It the present study in terrls of body weight, the moan 

nitrogen retentions were negative or five of the six subjects 

(Table 6). Subject had a mean nitrogen retention of 0.023 g. 

per k. whereas the greatest average loss for subject E was 

-0.054. g. per kg. The average for subject F was close with a 

mean of -0.048 co per kg. The grand mean for all six subjects 

was -.0.028 17. per kg. body woight4 

When consIdering each period (Table 7), it was noted that 
subject B, who had a positive nitrogen retention, had the 

greatest mean retention during Period 3 of 0.056 g4 per kg4 body 

weight. This gradually decreased throughout the study to -0.03 

g. per kg. except for the rise in Period 6. For the other 

subjects dun the entire study, the mean nitrogen retentions 

ranged from 0.011 g. per k8. for subject A, in Period 7 to 

-0.107 g. par kg. body weight for subject F in Period 9. The 

greatest nitrogen losses were found during Period 9 with values 

of -0.106 g. and -0.107 g. per kg. body weight for subjects 

and F, respectively. 

The nitrogen retention values per kg. body weight do not 

approximate the values found by other investigators. The 

mean values given in the studies reviewed were positive, whereas 

the g and mean nitrogen retentions in the present investigation 

were negative. Patrick and co-workers (1955) reported a reten- 

tion of 0.060 to 0.089 g. per kz. body weight for the five 
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oiFht- to nine-year-old subjects. A mean retention value of 

0.049 g, nitrogen per kg. body weight WAS reported for an 

11-year-old subject. Johnston and Schlaphoff (1951) reported 

an averae of 0.0299 g. per kg. retention on a 12.20 nitrogen 

diet and a retention of 0.0437 g. nitrogen per kg. body weight: 

on a 13.97 g. nitrogen diet for 13- to 14-year-old girls. 

J. Johnston (195?.)) reported a mean retention of 0.050 g. per 

1.7. body weight for the three l'_,-year-old tuberculosis patients. 

With college-ape women the mean nitrogen retention was found. to 

be 0.012 g. per kg. body welht (Johnston and McMillan, 1952.). 

The amount of nitrogen that girls of this age need to 

retain for good health and normal growth is not known. They 

need. to retain enough for tissue increase and also enough to 

cover the nitrogen lost from the body that is not measured in 

the usual balance expertment. After reviewing studies by other 

investigators, positive retentions during the adolescent age 

were expected. At least, such great deviations as were found 

in the present investigation were not foreseen or anticipated. 

The negative retention values are believed to be the result of 

the low nitrogen intakes of the diet and not because of the 

Increased catabolism by the individual girls who appeared to be 

healthy. During the entire study, the weight variability of 

each individual subject was 2.1 pounds or less (approximately 

1 kg.). Subjects B and E each lost about 2 pounds, whereas 

subjects C, 12, A, and D gained 1.3, 1.2, 1.0 and 0.8 pounds, 

respectively, during the course of the study. 
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Nitroon metabolism was studied in six healthy 13- to 

14-year-old girls. The daily basal diet was calculated to 

include 32 to 84. g. protein (13.18 to 1 3.L9 g. nitrogen) and 

adequate amounts of all other nutrients. To provide additional 

food enarTy for the sub jects whose requirements exceeded the 

amount included in the basal diet, oertain other foods were 

allowed and a record kept of the consumption. These additional 

foods brought about some. variation In the total dietary nitro- 

gen intake of the various subjects. 

The study was comprised of a five-day adjustment period 

and nine five-day experimental periods. One set of five daily 

diet plans was used during Periods 1, 2, and 3, another set 

during Periods 4, 5, and 64 and a third set during Veriods 7, 

4 and 9. 
Composites of the basal diet and focal and urinary excre- 

tions for each five-day period were analyzed for nitrogen using 

the macro-Kjeldahl method with the boric, acid. modification. 

The menstrual excretions and samples of the ad libitum foods 

were analyzed using the same, method. 

For all nine periods, the analyzed dietary nitrogen values 

were lower than those calculated for tho basal diet. Difference 

ranging from 15.8 to 42.8 percent between the analyzed and 

calculated values for dietary nitrogen, occurred. Also, great 

variations in nitrogen wore found among the periods when the 

same, dietary plan was used. Analyzed values for the basal 
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diet ranged from 7.54 to 10.95 g. nitrogen. 

As a result of the analysis of the basal diet plus the 

additional foods, each of the six subjects had a lower mean 

daily nitrogen intake for the entire study than the 12.8 c. 
nitrogen (60 g. protein) recommended by the liW for adolescent 

girls. The range was 9.48 t 1.29 to 10.92 + 1.44 g4 nitrogen 

daily. The mean intake per m 2 body surface area ranged from 

5.83 to 7.28 g. nitrogen for the six subjects. The mean 

intake per kg. body weight ranged from 0.157 to 0.202 g. 

nitrogen. 

Mean urinary excretion varied from 8.52 1.05 to 11.35 

0.52 g. nitrogen with an average of 10.49 g. for the six 

girls. Daily fecal nitrogen losses ranged from 0.85 + 0.16 

to 1.54 + 0.22 g. during the entire study. It was observed 

that the shorter the fecal expulsion time, the higher the fecal 

nitrogen. Menstrual nitrogen leases were determined, but values 

obtained were not used in calculating, total nitrogen retention. 

In the present study nitrogen excretion was not dependent 

upon nitrogen intake when data were analyzed statistically. 

The mean nitrogen absorption was 83.1 percent (83.6 to 

90.9 percent) for the six subjects. Five of the subjects were 

in negative nitrogen balance. Four of the subjeets had similar 

total mean negative retentions ranging from -2.28 to -2.83 g. 

(-23.6 to -29.8 percent) nitrogen, whereas the fifth subject 

lost -0.75 g. (-6.9 percent) nitrogen. The sixth subject had 

a mean positive retention of 1.23 g. (11.h percent) nitrogen. 
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Nitrogen retentions also were computed for the subjects 

both on the basis of body surface area and body weieht. Four 

subjects had losses ranging, from -1.37 to -1.31 g. nitrogen 

per m2 body surface, whereas the subject in sliOt negative 

retention had a loss or -0.43 g. per m . The sixth subject 

had a positive retention of 0.33 g. nitrogen per m2. By body 

weight, four subjects had nitrogen losses of -0.033 to -0.054 g. 

per kg. A slight loss of -0.012 F. nitrogen per kg. was found 

for the fifth subject and a positive moan retention of 0.023 g. 

per kg. for the sixth subject. 

Five of the six subjects were in negative nitrogen balance. 

The negative retentions are believed to be the result of the low 

nitrogen intakes, and not because of increased catabolism by the 

individual girls who appeared to be healthy and had a wei8ht 

variability within 2.1 pounds during the entire investigation. 
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Collection and Preservation of Samples 

Unless otherwise stated, all reagents conformed in purity 

to Recommended Specifications for Analytical Neagent Chemicals 

of the American Chemical Society, and acids were concentrated. 

Water was distilled and further purified in a demineralizor 

(Crystalab Deeminizer Model G1-5, Crystal Research Laboratories, 

Inc., Hartford., Connecticut). Samples were stored in narrow 

mouth, 300 cc. glass bottles with plastic screw lids and sealed 

with paraffin. A paraffin coating prevented gummed labels 

from drying, and being released from the bottles. 

Food. Food was weighed in the form in which it was served, 

e.g., boiled, baked, broiled, steamed, or raw. Inedible parts 

(bones, rinds, or egg shells) were removed before weig ng. 

Five-day composites of several foods with similar physical and 

chemical properties wore prepared and converted into digests. 

Food samples were divided into liquid, fatty, and se Id com- 

posites. A brown (acid) digest was used to preserve the 

composites for ans1ysis. A Harvard trip balance (Ohaus Scale 

Corp., Union, New Jersey) with a sensitivity of 0.1 g. was used 

for weighing. 

Preparation of Liquid Food Composite. Aliquot portions 

(one-fifth) of all milk, fruit and vegetable juices, ice cream, 

sherbets, and soft custard consumed In one day were weighed. 

Water and tea were omitted. Soft d.1nks were analyzed separately. 

A record. was kept of the weight of each food added to the 

composite. 
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Preparation of Patty Food Composite. Aliquots (one-fifth) 

of all butter, cream, mayonnai e and French dressing were 

weighed and wits recorded. Butter cookies and chocolate 

each formed a separate digest. Since fat Is difficult to handle 

in a di7est, it was separated from the fatty foods. The foods 

were heated. with 50 to 100 ml. water until the fat melted. 

Upon coolinsl.. the solidified layer of fat was removed. The 

liquid was added quantitatively to the liquid food composite. 

Solid particles that appeared in this compos.,..-e were separated 

by straining and then added to the solid food composite. 

Preparation of Solid :food Composite, This composite 

included all foods not covered in the other composites. The 

composites were stored in beakers at rofrigerator telverature 

until A five.day period was completed. 

reparation, of Brown (Acid) Dioste rown digests of each 

food composite were made with iCl. The food composite was trans- 

ferred quantitatively to an elect. blender (Waring). If the 

composite as too thick to permit thorough blending, water was 

added.. A known weight of the total composite was transferred 

to an Erlenmeyer flask. From 100. to 150 ml. .dCI per one liter 

of blended solid food was added. The flask was heated on a hot 

plate set at low heat. To prevent charring and to mix the 

contents, the flask was swirled occasionally. The heat treat- 

ment continued until the mixture was uniform In consistency, 

brown in color, and evaporated to an amount that could be dIlute 
to the desired volume. The contents and water rinsings from the 



Erlenmeyer flask were added to a weighed voluetrie flask 

before diluting to volume with water. The volumetric flask 

plus Its content were weighed. Contents of the flask were 

mixed by inverting and rotating 50 times. Two 300 cc. glass 

bottles were filled, The flask was inverted and rotated 2 

times before filling, the second bottle. The digests were 

stored at room temperature in paraffin-sealed glass bottles. 

Feces. On the first day and on the morning following the 

day of the balance period, a carmine capsule was taken before 

breakfast. To allow for any fecal lag at the end of the experi 

ment, the subjects continued on the weiEhed diet until the 

carmine was obtained. This additional time was not considered 

part of the balance period but was used to avoid drastic diet 

changes that might alter gastrointestinal 

Preparation of ecal Composite. The composite contained, 

all feces from the first appearance of the carmine, up to, but 

not including, those colored by the next capsule. From the 

first fecal collection, that part which preceded the carmine 

was discarded. During the collection period, the feces were 

rinsed with water from the cartons into a two liter wide- 

mouth Erlenmeyer flask containing. enough HC1 so the final con- 

centration of acid in the brown digest was approximately ten 

percent. The covered flask was kept in a refrigerator until the 

collection was complete. 

Preservation for Analysis. The fecal composite was pre- 

served for analysis by preparing a brown digest. Directions 
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previously given for food were followed omitting the steps 

using an electric blender. 

Urine. On the first day of the collection period, the 

bladder was emptied immediately after arisin. The urine 

collected upon rising was considered a part of the urine for 

the precedir day. 

Preparation of Urine Co: posite. The 24-hour sample was 

mixed by inverting and rotating the bottle 20 times. A graduated 

cylinder was used to measure volume and to obtain an aliquot 

(one-fifth) of each day's sample. VoluAe was recorded. The 

daily aliquot* were combined in a stoppered container and stored 

at refrigerator temperature. A composite covered, a five-day 

period. 

Preservation for Analysis. The urine composite was trans 

ferred to an Erlenmeyer flask and 100 ml. iC1 added. The 

composite was preserved for analysis by preparing a brown digest. 

Directions previously given for food were followed omitting the 

steps using an electric blender. 

Procedure for Nitrogen Determination by the 
Macro-Kjeldahl Method 

D4cestion 

Food and metabolic digests in sample bottles were inverted 

50 times before removal of first sample. Thereafter, each 

sample bottle was inverted an additional 2) times for removal 

of each succeeding sample. The samples were pipetted into 
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ass beakers and weighed. Ten mi. of urine, ten ml. 

of feces, 2 ml. of menses, and 15 mi, of food slurry con- 

stituted an aliquot portion of each material. 

The weiahed samples were placed into 800 ml. Kjoldahl 

flasks. Beakers and necks of flasks were washed down with warm 

distilled water usini7. approximately 25 ml. water. A small por 

tion of salt mixture composed of 100 anhydrous sodium sulfate 

and 10 F. copper sulfate was added to each flask. From 25 to 

.50 ml. o concentrated U2S0 was added gradually. The flasks 

were heated slowly on digestion racks until the mixture turned 

a clear, liRht green. Then heating was continued for at least 

one hour more. If, in the process, specks of organic material 

became lodged in the neck of the flask, the flask was cooled 

and rinsed down with distilled water. 

When the digestion was complete, the flasks were stoppered 

and cooled. Approximately 175 ml. of distilled water was added 

to each sample. 

Distillation 

zpo ..1(2AETLIIE. Mixed. Indicator. In 100 mi.. of 95 Per- 

cent alchol 0.125 g. of methyl red and 0.063. g. Methylene blue 

were dissolved. 

Concentrated Sodium Hydroxide. 1090 g. of commercial NaOH 

flasks were used with 1525 ml. distilled water. This was a 

solution of approximately- 1.36 in specific gravity. Preparation 

was in an earthenware crock. Solution was allowed to cool 



before decanting off into bottles with ground 'la- toppers. 

Several, days lapsed prior to use. 

Four percent Boric Acid Solution. A our percent luti n 

of boric acid was prepared. 

Procedure. Three drops of mixed indicator was added to 

50 ni. of 4 percent boric acid in a 500 ml. Erlenmeyer flask 

and placed as a receivinE flask in the distillation rack so 

that the tip of the glass tube was just below the surface of 

the acid. To the Kjeldahl flask about 12 mi. of concentrated 

sodium hydroxide was layered. Several pieces of mousy zinc were 

added and the flask was connected immediately to the distillation 

rack. The distillation tubes were equipped with jackets to hold 

water to cool the distillate and so prevent loss of anmonia. 

,rlenmeyer flasks were removed when distillate reached the 22 ml. 

mark and then stoppered. 

Titration 

Contents of reøoivin f,_: flasks were titrated with 0.1 N. 

U01. The end point was observed with a reference solution pre- 

pared by placing 50 ma. of 4 percent boric acid, 17$ ml. distilled 

water, and three drops mixed indicator in a 500 m1. E;r1enmoyer 



Menus for Part 

Breakfast F. Lunch C. Dinner C. Snack C. 

Day 1 Peaches, frozen 100 Frankfurter 60 Ham 100 Coca Cola 199 
Egg 54 Bun, unenriched 14.0 Potatoes, boiled 34 
Biscuits, 
unenriched 

Catsup 17 
40 Celery, raw 20 

Beets, canned 
Bread, unenriched 25 

Butter 7 Carrots, raw 50 Butter 5 
Strawberry Jelly 10 Potato Chips 25 AnCel Cake 45 
Milk, whole 183 Orange Sections 97 

Coconut 3.9 
Raspberries, 
frozen ao 

Milk, whole 2144 Sugar 10 
Milk, whole 244 

Day 2 Apricots, canned, 
sirup 

Tuna 60 
125 Noodles, cooked 100 

Roast reef, 
rolled rib 75 

Coca Cola 
Popcorn 

199 
28 

Oatmeal, cooked 177 Green Pepper, Green Beans, Butter 10 
Cream, 20% 60 raw 10 frozen 85 Iced Tea 
Sugar 4 Ritz Cracker 93 Butter 10 
Toast, anenricaed 
Butter 

25 Milk, whole 30 
7 French Bread, 

Unted Pear, 
canned 75 

Milk, whole 244 unenriched 40 Lettuce 25 
Rutter 7 Bread, unenriched 25 
Orange Slices 150 Butter 7 
Coconut 3.9 Blanc Mange 125 
Milk, whole 244 

Day 3 OranFe Juice, 
frozen 

Ground Pork 
Shoulder 

Toast, unenriched 
Raspberry Jelly 
Milk, whole 

Ground Hound 
308 Steak 

Bun, unenriched 
40 Catsup 
25 Potato Chips 
10 Carrots, raw 
244 Celery, raw 

Apple, A P 

Milk, whole 

70 
24.0 
17 
20 

25 
40 

150 
244 

Tenderloin Steak 60 
Corn, frozen 100 
Lettuce 50 
French Dressing 10 
Bread, unenriched 25 
Butter 7 
Orange Sherbet 192 
Milk, whole 100 

Coca Cola 199 
TJetato Chips 20 
Butter 5 
SuLar 10 
Iced Tea 



Breakfast 

Day 4 Applesauce, 
sweetened 

Biscuits, 
unenriched 
Butter 
Grape Jelly 
Milk, whole 

g 

canned 
100 

40 
10 
20 

100 

Day 5 Grapefruit 
Sections, raw 

47-g, 

Toast, unenriched 
Butter 
Honey 
Milk, whole 

Menus for Part I (concluded) 

Lunch 

Salmon, red, 
drained 
Cheddar Cheese 
Sweet Pickle 
Bread, unenriched 
Butter 
Mayonnaise 
Cabbarze, Slaw 
Dress in 
Pears, canned 
Sugar Cookies 
Milk, whole 

E. Dinner 

Bologna 
100 Bread, unenriched 
5L. Butter 
25 Lettuce, 
5 French Dressing, 
20 Cherries, water 

2L packed 
whole 

around ao d 
50 Steak, raw 125 
33 Oyster Crackers 10 
5 Tomato Juice, 

50 canned 25 
5 Peas, frozen 100 

10 Potato, boiled 75 
50 Carrots, raw 25 
18 Raisins 3.3 

100 Broad, unenriched 25 
26 Suttor 10 

244 Jello, dry 21.7 
Sugar 20 

80 Tomato Juice, 
50 canned 
7 Pork Chop 

50 Rice 
15 Broccoli, 

Cranberry 
100 Lettuce 
229 French ivead, 

unenriched 40 
Butter 
Vanilla leo Croam124 

frozen 
Jelly 30 

25 

125 
90 
84 
70 

Snack 

Coca Cola 199 
Brazil Nuts 36 
Iced Tea 

Coca Cola 199 
Hershey Coodbar 13 
0 
ougar 10 



Menus for Part II 

Breakfast g. Lunch g* Dinner g Snack i3 

Da Peaches, frozen 100 Frankfurter 60 Ham 125 Coca Cola 199 
54 nun, enriched 40 Potatoes, boiled 84 

Biscuit, enriched t0 Cat sup 17 Beets, canned 42 
Butter 2 Celery, raw 20 Greet Olives 39 
Strawberry Jolly 10 Carrots, raw 50 Bread, enriched 25 
Milk, whole 83 Potato Chips 25 Angel Cake 4 5 

Orange Sections 97 Strawb6r.ies3, 
Coconut 11.7 frozen 100 
Mk, whole 244 Sugar 10 

Milk, whole 244 

Day 2 Apricots, dried 75 Tuna 70 Roast :3eef, Coca Cola 199 
Oatmeal, cooked 115 Noodles, cooked 100 rolled rib 75 Popcorn 25 
Cream, 20% 60 Sreen Pepper, Green i-eans, Butter 10 
Susar 4 raw 30 frozen 85 Iced Tea 
Toast, enriched 25 Ritz Crackers 13.6 Butter 10 
Butter 7 Milk, whole 30 Nintod Pear, 
Milk, whole 244 ?ranch 3read, canned 75 

enriched 40 Lettuce 25 
Butter isisine 13 
Orange Slices 150 -3read, enriched 25 
Coconut 7.8 Butter 7 
Milk, whole 244 Blanc Mange 100 

Day 3 Orange Juice, Ground ornd Apple Juice, Coca Cola 199 
frozen 308 Steak 70 carted 187 Potato Chips 20 

Ground Pork Bun, enriched 40 Tenderloin Steak 70 Butter 5 
Shoulder 40 Catsup 17 corn, frozen 100 Iced Tea 

Toast, enriched 25 Potato Chips 25 Lettuce 50 
10 Carrots, raw 25 ?ranch Dressing 10 Raspberry Jelly 

Milk, whole 2144 Celery, raw 40 Sweet Pickle 30 
Apple, A P 150 Bread, enriched 25 

whole 244 Butter 
Orange Sherbet 

7 
96 

Mk, whole 100 



Eirekfast g. 

Menus for rt N (concluded) 
Lunch Dinner [6. Snack a. 

Day 4 Applesauce, 
unsweetened 

canned 
100 

Salmon, red, 
drained 

Ground Round 
50 Steak, raw 125 

Coca Cola 
Srazil Nuts 

199 
36 

Biscuits, Cheddar Cheese 33 Oyster Crackers 10 Iced Tea 
enriched 40 Sweat Pickle 5 Tomato Juice, 

Grape Jelly 10 Bread, enriched 50 canned 25 
Milks whole 100 Butter 5 ',:gg Yolk 17 

Mayonnaise 10 Peas, frozen 100 
Cabbage Slaw 50 Potato, boiled 75 
Dressing 13 Carrots, raw 25 
Pears, canned 100 .(a_isins 13.3 
Sugar Cookies 26 Bread, enriched 25 
Hilk, whole 244 Natter 10 

Jell°, dry 21.7 
Sugar 20 

Day 5 Grapefruit 
Sections, raw 

Egp 
Toast, enriched 
Butter 
Honey 
Milk, whole 

Bologna 
100 Bread, enriched 
54 Butter 
25 Lettuce 
5 "!;rench Dressing 

20 Cherries, 
water packed 

Milk, whole 

30 Tomato Juice, 
50 canned 
7 Pork Chop 

50 Rice 
15 Broccoli, frozen 

Cranberry Jelly 
100 Lettuce 
229 irench Bread, 

enriched 
Vanilla lee Cream 
Butterscote 
Sauce 

Sugar 

125 
90 
84 
70 
30 
c2 

4 
124 

37 
5 

Hershey 
Goodbar 13 



Menus for Part III 

Dreakfast F. Lunch C. Dinner C. Snack C. 

Day 1 Peaches 80 Frankfurter 60 Ham 85 dershsy Bar 56.7 
Egg 54. Bun, unenriched 40 Potatoes, boiled 34 aershey Kisses 60 
Biscuits, Catsup 17 Beets, canned 42 
unenriched 40 Celery, raw 40 Bread, unenriched 25 
Butter 5 carrots, raw 50 Butter 2 
Milk, skim 256 Ch*seen Olives 39 Angel Cake 45 

Potato Chips 20 Strawberries, 
Coconut 11.7 frozen 50 
Orange Sections 97 Milk, skim 244 

Day 2 Apricots, canned Tuna 70 Roast Beef, Popcorn 14 
sirup 75 Noodles, cooked 100 rolled rib 75 Hershey iar 56.7 

Oatmeal, cooked 34 Green Pepper, raw 10 Green Beans, Hershey Kisses 60 
Cream, 20 60 Ritz Crackers 13.6 frozen 85 
Sugar 
Toast, unenriched 
Butter 

Milk, whole 
25 French P,,read, 
7 unenriched 

30 

40 

Minted Pear, 
canned 75 

Lettuce 25 
Milk, skim 200 Butter 7 Tiread, unenriched 25 

OranEe Slices 150 Butter 7 
Coconut 3.9 Blanc Mange 50 
Milk, skim 200 

Day 3 Orange Juice, Ground Round Tenderloin Steak 70 Hershey Bar 56.7 
frozen 308 Steak 70 Corn, frozen 100 Hershey Kisses 60 

Ground Pork Bun, unenriched 40 Lettuce 50 Iced Tea 
Shoulder 40 Catsup 17 French Dressing 10 

Toast, unenriched 25 Carrots, raw 25 Bread, unenriched 25 
711k, skim 244 Celery, raw 

Potato Chips 
40 
25 

Butter 10 
Oraive Sherbet 96 

Apple, A P 150 Sugar 5 
Milk, skim 244 



Breakfast 

Menus for Part III (concluded) 

* Lunch 3. Dinner Snack E; 

Day 4 Applesauce, 
unsweetened 

canned, Salmon, red, 
100 drained 

Ground Round 
50 Steak, raw 125 

Rershey 
Goodbar 

'Biscuits, 
unenriched 

Milk, skim 

Cheddar Cheese 
10 Sweet Pickle 

100 Bread, unenriched 

16 Oyster Crackers 
5 Tomato Juice, 

50 canned 

10 

25 

Hershey aar 
Hershey 
Kisses 

56.7 

60 
Uayonnaise 10 Egg Yolk 17 
Cabbage Slaw 50 rotato, boiled 75 
Dressing 18 Peas, frozen 80 
Pears, canned 100 Carrots, raw 25 
Milk, skim 2I4. Raisins 13.3 

Butter 15 
5read, unenrlched 25 
Jsllo, dry 21.7 
5uger 20 

Day 5 Gripefruit Bologna 80 Tomato Juice, Hershey 
Sections, canned 80 Bread, unenr_ched 50 canned 125 2.4)odbar 9 
Suar 5 Butter 2 Pork Chop 90 Hershey Bar 56.7 
EFg 54 Lettuce 50 nice 34 Hershey 
Tonst, unenr ched 25 French Dressing 5 Broccoli, frozen 70 Kisses 60 

skim 100 Cherries, Granberry Jelly 6.5 
water packed 100 Lettuce 25 

Milky skim 200 French Bread, 
umnriched 40 
Butter 5 
Vanilla ice Cream 
Butterscotch 
Sauce 

124 

19 



Table 9. Calculated nutrient intake of daily menus. 
1 

. 
:Foo' : Pro- : :Carbo- 

: teiri : Pat :h d ate: 
g. g. g. 

: a-: Th1a4 i t Ascorbic 

mg. Mg. 76 C. tr. ip. r. 
Part I 

1 2256 79.8 106.9 250.6 1023 1226 9.6 9211 1.27 2.03 10.8 94 
2 2257 82.6 104.5 256.5 102 1437 9.4 5532 1.01 1.37 15.9 112 
3 
4 
5 

2224 
2259 
2250 

87.8 
82.0 
80.0 

95.9 
111.4 
106.3 

269.3 
242.0 
250.9 

1022 
1017 
966 

1370 
1467 
1272 

9.4 
10.0 
9.7 

5623 
6077 
6046 

1.25 
1.13 
1.146 

1.90 
1.36 
1.84 

14.1 
14.1 
12.2 

158 
66 

128 

Mean 22149 82.4 105.0 213.9 1011 1354 9.6 6498 1.22 1.80 13.4 112 

Part 11 
1 2337 33.0 111.6 258.3 942 1196 12.5 8817 2.26 2.04 13.3 124 
2 2275 34.9 107.7 251.5 1017 1456 12.1 5634 2.52 1.91 19.2 109 
3 2255 87.2 100.6 266.7 962 1362 12.2 5678 2.79 2.04 16.1 160 
4 
5 

2250 
2283 

85.0 
00.4 

108.6 
108.2 

242.8 
259.6 

1057 
1000 

1577 
1290 

13.0 
12.6 

6298 
6131 

3.40 
3.74 

1.56 
2.17 

16.2 
14.3 

66 
129 

Mean 2281 814.1 107.3 255.3 996 1376 12.5 6512 2.914, 1.94 15.8 118 

Part III 
1 2392 80.0 117.2 2614.1 1110 1308 12.6 8133 1.23 2.32 9.9 102 
2 2291 85.4 106.8 256.7 1079 1475 11.5 3503 0.91 2.13 16.2 107 
3 
4 
5 

2313 
2275 
2365 

91.2 
82.9 
8149 

107.4 
101.3 
114.7 

261.3 
265.4 
260.3 

1082 
1111 
1011 

1471 
1466 
1339 

12.1 
13.0 
13.0 

4750 
5566 
5267 

1.25 
0.91 
1.48 

2.30 
1.96 
2.14 

14.2 
114.2 
11.3 

154 
63 
118 

Mean 2328 8/1.3 109.5 261.7 1079 1)412 12.4 5445 1.16 2.17 11.2 109 

ed on 4att and Merrill (195 supplemented b- Bo churea (1951). 



Table 10. 

75 

Nitrogen conten t of solid and m duid food coposites. 
1 

Solid 'Oood Composite 

?4.)6 4.32 7.32 5.30 5.13 9.42 8.74 14.66 4.04 
4.27 4,45 7.37 50.6 5.11 9.42 8.34 14.60 4.02 
4.30 4.49 7.33 5.23 5.17 9.30 8.69 4.63 4.13 

can 4.42 7.34 5.23 5.14 9.38 8.59 4.63 L.06 

Liquid Food Composite 

2.98 3.07 3.20 2.35 2.66 1.36 1.12 2.33 2.17 
2.98 3.22 2.99 2.87 2.63 1.31 1.17 2.30 2.11 
3.01. 3.08 3.02 2.82 2.66 1.30 1.19 2.30 2.18 

Moan 2.99 3.12 3.07 2.85 2.65 1.32 1.16 2.31 2.15 

'Macro-Kjeldahl Boric Acid Method (Scales and Harrison, 
1920). 

Table 11. Nitrogen. content of chocolate candy and butter 
cookies. 

Chocolate 
2 

Mean 

.53 

.55 

.53 

.54 

.72 

.73 

.73 

.73 

C..ocola ef putter cookies 
R. U. 

.68 

.64 

.65 

.66 

.294 

.318 

.286 

.299 

1 
Macro-Kje1dahl Doric Acid Method (Scales and Harrison, 
1920). 
Caoco1ate 14issos, period 7 (60 zrams). 

?Chocolate kisses, periods 8 and 9 (60 grams). 
4Chocolate bars, periods 7, 3, and 9 (56.7 grams). 
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4]ab1e 12. Nitroc;en1excreted in the urine by subjects and by 
periods. 

10.71 10.64 10.69 
10.70 10.64 10.79 
11.09 9.78 10.59 

Mean 10.83 10.35 10.69 

Mean 

8.43 9.89 10.06 
8.58 9.71 9.91 
3.33 9.87 10.18 

8.45 9.82 10.05 

11.35 11.92 11.31 
11.71 11.75 11.56 
11.52 11.30 11.35 

Mean 11.53 11.82 11.41 

Mean 

11.86 11.87 11.13 
11.73 12.13 11.15 
11.94 12.20 11.29 

11.84.12.07 11.19 

Subject A 

10.67 10.39 9.89 
10.67 10.39 9.49 
10.37 10.30 9.80 

10.57 10.36 9.73 

Subject B 

7.34 8.06 7.75 
7.61 8.05 7.96 
7.51 7.74 7.70 

7.149 7.95 7.80 

10.28 10.25 10.84 
10.32 10.29 11.09 
10.24 10.10 10.58 

10.28 10.21 10.84 

9.78 8.05 7.26 
9.65 7.97 7.56 
9.69 8.02 7.45 

9.71 8.01 7.42 

Subject C 

12.25 9.73 11.57 10.17 9.71 6.42 
12.21 9.74 11.54 3.0.46 9.64 6.51 
11.97 9.45 11.50 10.16 9.54 6.48 

12.14 9.64 11.54 10.26 9.63 6.47 

Subje t D 

11.64 11.19 11.04 
11.79 10.86 11.06 
11.58 10.96 10.88 

11.67 11.00 10.99 

11.77 11.04 10.40 
12.03 11.05 10.77 
11.78 10.94 10.50 

11.86 11.01 10.56 



Table 12. (concluded) 

10.24 10.97 11.36 
10.24 n.77 n.25 
10.2h. 11.85 11.31 

Mean 10.24 11.53 1131 

10.38 11.15 12.76 
10.4.0 11.38 12.90 
10.18 10.88 12.31 

Mean 10.32 11.14 12.66 

Subject I& 

11.06 12.03 11.19 
11.38 11.37 11.41 
10.54 12.06 10.95 

10.99 11.82 11.18 

Subj,ct F 

11.15 10.25 10.83 
11.13 10.26 10.86 
11.13 10.29 10.71 

11.14 10.27 10.80 

10.34 10.98 11.71 
10.63 10.96 11.77 
10.14 10.99 11.76 

10.37 10.98 11.75 

10.95 11.45 12.11 
10.49 11.45 11.56 
10.77 11.36 1.1.86 

10.74 11.42 11.814 

Macro-Kjeldahl Boric Acid Method (Scales and Harrison, 
1920). 



Table 13. Nitrogen excreted in the feces by subjects and by 
periods.4- 

Part 
Period 

78 

Subject A 

1.28 1.36 1.32 1.55 1.50 1.38 1.77 1.92 1.66 
1.28 1.36 1.34 1.54 1.47 1.38 1.77 1.92 1.67 
1.27 1.38 1.32 1.56 1.52 1.37 1.79 240 1.67 

Mean 1.28 1.37 1.33 1.56 1.50 1.38 1.78 1.95 1.67 

0.37 0.36 0.99 
0.37 0.36 1.00 
0.36 0.35 0.99 

Mean 0.37 0.36 0.99 

Subject B 

1.15 1.61 
1.14 1.63 
1.19 1.59 

1.16 1.61 

1.58 1.54 1.74 
1.57 1.52 1.77 
1.56 1.01 1.74 

1.57 1.36 1.75 

Subject C 

1.24 1.11 1.05 1.16 1.41 1.22 1.51 1.28 1.70 
1.22 1.09 1.05 1.17 1.40 1.16 1.40 1.26 1.68 
1.22 1.07 1.09 1.15 1.38 1.16 1.40 1.22 1.68 

Mean 1.23 1.09 1.06 1.16 1.40 1.18 1.104 1.25 1.69 

0.83 0.69 0.64 
0.87 0.70 0.66 
0.83 0.68 0.66 

Subject D 

0.80 0.88 0.80 
0.80 0.87 0.82 
0.78 0.87 0.81 

0.83 1.22 0.97 
0.82 1.21 0.96 
0.82 1.17 0.98 

Mean 0.84 0.69 0.65 0.79 0.87 0.81 0.82 1.20 0.97 



Table 13. (concluded) 
011.4....,fr 

79 

ar art I/ 
Period : . Period . Period 

:."-T-75777-:*---77-Tr:1,== 
g2. g. !: ej. g :1-72773- P. e. c. 

1.20 1.10 1.13 
1.22 1.11 1.10 
1.13 1.07 1.08 

Mean 1.20 1.09 1.10 

1.02 0.81 1.06 
1.03 0.77 1.05 
1.05 0.78 1.06 

Me n 1.03 0.79 1.06 

Subject E 

1.04 1.03 1.16 1.18 1.41 1.140 
1.06 1.04 1.17 1.15 1.42 1.41 
1.01 1.014. 1.18 1.14 1.40 1.43. 

1.04 1.04 1.17 1.16 1.41 1.41 

Subject F 

0.62 0.36 1.35 0.33 1.73 1.55 
0.61 0.35 1.33 0.33 1.72 1.53 
0.60 0.86 1.35 0.84 1.80 1.56 

0.61 o.36 1.34 0.83 l.75 1.55 

1Macro-Yje1dahl boric Acid Method (Scales and Harrison, 
1920). 
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Table 14. Nitrogen excreted in the menses by subjects and by 
cycles. 

en,rt. o 
menstruation : Nitro...en loss er period : Mean nitrcKen loss 

days g g. 

Subject A 

8/4 - 8/7 0.42 0.44 0.40 0.42 
8/26 - 3/29 0.35 0.35 0.35 0.35 
8/26 - 8/29 1.09 1.06 1.11 1.09 

Sub joct B 

6/10 - 6/16 1.07 1.06 1.11 1.08 
7/9 - 7/14 0.90 0.89 0.92 0.90 

Subject C 

6/9 - 6/15 1.21 1.20 1.20 1.20 
7/13 - 7/17 1.02 1.01 1.00 1.01 

Subject D 

6/8 - 6/13 0.82 0.81 0.83 0.82 
6/8 - 6/13 1.18 1.21 1.22 1.20 
6/8 - 6/13 0.93 0.88 0.91 0.91 
6/8 - 6/13 1.02 1.02 1.02 1.02 
6/8 - 6/13 0.81 0.81 0.81 0.81 
7/17 - 7/22 0.09 0.07 0.08 0.08 
7/17 - 7/22 0.41 0.40 0.42 0.41 

Subject E 

6/11 - 6/15 1.43 1.40 1.36 1.40 
6/28 - 7/2 
6/28 - 7/2 

0.33 
0.54 

0.34 
0.59 

0.44 
0.48 

0.37 
0.54 

6/28 - 7/2 1.07 1.09 1.03 1.0 
7/16 - 7/20 2.09 2.19 2.13 2.14 

Subject F 

6/13 - 6/15 0.34. 0.32 0.33 0.33 
6/13 - 6V15 1.57 1.62 1.57 1.59 
7/8 - 7/12 0.15 0.16 0.15 0.16 
7/8 - 7/12 0.67 0.71 0.70 0.69 
7/8 - 7/12 1.00 1.05 1.02 1.02 
7/8 - 7/12 0.34 0.37 0.34 0.35 
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Nitrogen metabolism as studied in six healthy 13- to 

14- ear-old girls. The daily basal diet was calculated to 

include 82 to 84 g. protein (13.18 to 13.49 g. nitrogen). 

Certain other foods were allowed ad libitum. 

The investigation was comprised of a five-day adjustment 

period and nine five-day experimental periods. One set of 

five daily diet plans was used during Periods 1, 2, and 3, 

another set during Periods 4, 5, and 6, and a third set 

during Periods 7, 8, and 9. 

The macro -K jeldahl method with a boric acid modif ioati o 

was used in the analysis of the food and excretory produc 

Analyzed values for basal dietary nitrogen were from 

to 42.8 percent lower than the calculated values. Also, great 

variations in nitrogen occurred among the periods when the 

same dietary plan was used. Analyzed values for the basal diet 

ranged from 7.54 g. to 10.95 g. nitrogen. 

For the entire investigation the six subjects had total 

mean nitrogen intakes of 9.4e g., 9.62 g., 9.65 g., 9.68 g., 

10.77 g., and 10.92 g. Considering body surface area the mean 

intakes ranged from 5.83 g. to 7.28 g. nitrogen per re with an 

average of 6.24 g. nitrogen. By body weight, the intakes 

anged from 0.157 g. to 0.202 g. nitrogen per kg. 
Mean daily urinary excretion of nitrogen varied from 8.52 

to 11.35 g. nitrogen for the individual subjects with an average 

of 10.49 g. for six girls. Mean daily fecal excretion of 

nitrogen varied from 0.85 to 1.54 g. with an average of 1.1.6 g. 
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Nitrogen excretion was not dependent upon intake when the 

data were analyzed statistically. 

A mean nitrogen absorption of 88.1 (83.8 to 90.9) percent 

was calculated for the six subjects. Four of the subjects had 

negative retentions ranging from -2.28 g. to -2.83 g. (-23.6 to 

-29.8 percent) nitrogen, whereas one lost -0.75 g. (-6.9 percent) 

nitrogen. The sixth subject had a total man positive retention 

of 1.23 g. (11.4 percent) nitrogen. The nitrogen retentions on 

the basis of body surface area were -1.81 g., -1.66 g., -1.58 g., 

-1.37 g., -0.43 g., and +0.83 g. By body weight the retentions 

were -0.054 g., -0.048 g., -0.042 g., -0.038 g., -0.012 g., and 

+0.023 g. 


