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SUMMARY AND CONCLUSIONS 

Comparison of the essential amino acid and total nitrogen 

reqjuirements of children and adults, as reported in the scientific 

literature, with the concentration of essential amino acids found in milk 

ind other good protein sources of animal origin leads to the conclusion 

that for healthy. individuals beyond infancy the concentration is higher 

than the physiological requirement. Under these circumstances, it 

should be possible to replace part of the nitrogen of these protein sources 

with nitrogen from any utilizable source, including simple and relatively 

inexpensive nitrogen containing compounds such as glycine, glutamic 

6cid and ammonium citrate. 

Nitrogen balance studies with twenty-one young adults at M. I. 'T. fed milk 

as a sole nitrogen source indicated that at least 20%, and in some subjects 

greater than .S5, of the nitrogen of milk qould bc so placed without 

affecting nitrogen retention. In order to allow a margin of safety in the 

studies with children, a 20% dilution was employed with seven children 

aged four to nine years in studies at M. I. T. with similar results. While 

these resul.ts indicated that a 20 dilution is effective with children, the 

.number of subjects was too smatll to give much indicaticin of the extent of 

individual variation. For'this , ason a still conscrvative dilution, 10%0, we-s 

"recomil endecd for nitrogen balance studies during the repletion of malnourished 

and younger children in the Institute of Nutrition of Central America and 

Pananvi. Once again there were no differences in nitrogen retention between 

http:resul.ts


periods with twe mulk lormula dilutea or induluteia with non-Spcci2IC 

nitrogen. 

It'is probable th'at the children would have given the same 

results with a higher level of dilution, but this was not tested. These 

results give reasonable assurance that the nutritional contribution of 

milk as a sole source of protein can be extended to a significant degre4 

by the addition of simple and relatively inexpensive nitrogen sources. 



Background Statrnent: 

On the basis 'of a consideration of the, published values for the 

requirements for individual essential amino acids per g total dietary 

.nitrOgen for infants, children and adults (see Holt and Snyderman, 1967; 

'Chan and Waterlow, 1966; FAO, 1965; and shown in Table 1), it appears 

that the concentrations of the individual essential amino acids in cow's 
I 

.milk protein are in excess of requirements. Therefore, studies were. 

undertaken, with the assistance of Contract No. AID/csd-144-, to'determine 

the extent to which skim milk protein could be isonitrogenously replaced 

by a simple source of non-specific nitrogen without changing the protein 

quality of the milk protein. 

The studies conducted to date may be catagorizcd as follows: 

1. Studies with mentally retarded children at M. I. T. 

Z. Studies conducted in collaboration with the Institute of
 

Nutrition of Central America and Panama (NCAP) on children recovering
 

from kwashiorkor. 

3. Studies in young adult men at M. I. T. 

4.' Limited studies in rats conducted at M. I. T. to gain a further
 

understanding of the effects of,substituting cow's milk protein
 

with non-specific nitrogeh. 

For convenience, the results obtained from the above studies
 

are reported below in Sections 1, 2, 3, and 4, respectively.
 



Table 1 

Calculated essential afiino acid (g) to total nitrogen (g) ratio (E/TN) 
in infants, children, and adults from published values 

on amino acid and nitrogen requirements 

Age Group Total EAA Total N for Growth E/TN % EAAN of 
or Maintenance Total N 

mg/kg mg/kg 
Infants 
"(ca. 1 yr) 7601 2002 3.8 48 

Older Children 
(10-12 yrs) 2603 "I004 2.3 33 

Adults 645 	 466 1.4 16 

I. From Holt and Snyderman (Nutr. Abstr. Rcv. 35: 1, 1965). 
2. From Chan and Waterlow (Brit. J. Nutr. 20: 755, 1966). 
3. From Nakagaka et al (J. Nutr. 86: 833, 1965). 
4. From FAO (Nutrition Studies No. 37, FAO, Rome, 1965) notIallowing for growth. 
5. 	 Mean for mcn and women, from FAO (Nutrition Studies No. 16, FAO 

Rome, 1957). 
6. 	 From Young and Scrimshaw (Brit. J. Nutr. 22: 9, 1968) includes only 

urine and fecal N. 



SECTION I
 

STUDIES ON THE EFFECT OF MILK PROTEIN
 

DILUTION IN CHJLDREN AT M. I. T.
 

Studies on the effect of dilution of skim milk protein were
 

commenced 
on fourteen mentally retarded children. Of these fourteen 

children, 'seven were found to be unsatisfactory for study and returned,
I­

within two weeks of admission to the M. I. T. Clinical Center, to their 

respective State schools.
 

Details of'experimental design, 
 diet, and analytical procedures 

were previously described in the 1967 Annual Progress Report and are 

further described in Section 3 of this report. 

Details are given in Table 2 for the seven children who were
 

studied during the entire experimental period.
 

Table 2 

Age and weight of children and experimental design used for 
studies of milk protein dilution1 

Subject Age Initial Wt. Final \Wt. Days on Days on
(yrs.) (lb.) (lb.) Baseline Diet Dilution 

P.K. 9 61.5 58.5 18 20
W.M.. 6 33.0 36.0 26 83
C.R. 5 33.0 35.0 25 32 
R. O'C. 4 
 34.0 36.0 33 32
 
B.L. 5 41.6 43.0 29 

-

40
S.D. 9 35.0 37.0 25" 12
J.W. 5 22.0 23.5 40 30 

1. Dilution at 201 level. 



Results on urinary niti gen excretion for these subjects during 

the baseline and milk dilution periods arc summarized in Table 3. 

Table 3 

Effects of dilution of skim milk protein with glycine and 
diammonium citrate on urinary nitrogen excretion by children 

.Subject 1 

P.K. 

Dilution of Protein, 
0 

2.14 + 0.24 

76 
20 

2.09 + 0.59 

W.M. 	 0.77 + 0.14 0.70 + 0.12 

C.R. 	 0.81 0.81 

R. OC. 1.03 + 0.1 0. 92 1 0. 08 

B.Lb. 1.17 +0.04 1.08 + 0.2 

S.D. 	 0.86 .0.89 

J. W. 	 0.66 0.4Z 
1. 	 All subjects fed milk protein as the major protein source (90% total 

dietary N) at a level equivalent to 0. 45g protein/kg body wt. /day. 
Figures are mean + std. dcv. for daily urinary nitrogen excretion 
(g/day) for periods of four or more consecutive days. 

U~sing nitrogen excretion as the major parameter for assessing the 

effect of a 20% dilution of cow's milk protein with non-specific nitrogen 

(glycine and diamrnmonium citrate, see Section 3), it appears that this level 

of dilution does not alter the efficiercie3 of dietary nitrogen utilization. It 

appears, therefore, that cowls milkiprotein, when fed at 0.45g protein/kg 

body contains about 20% essent~al ;.mino acid N in excess of the essential 

amino acid requirements of these chi"dr'n. 

These results agree well with those described below (Section 3) for 

young adult men. As revealed by clinical examination and routine clinical 

chemistries, all children maintained good health throughout the experinental 

veriod 



SECTION Z
 

STUDIES ON77THE EFFECT OF MILK PROTEIN
 

DILUTION IN CHIIDREN AT INCAP
 

'his investigation began at INCAP on 1 January 1968, with the toi­

lowing aims:
 

.1. o stotdy," in.protein depleted children, the utilization of 

mill" protein diluted with non-essential nitrogen. The criteria used 

were nitrogen balance complemented by clinical evaluation ef the 

children. Theoretically, by the use of protein depleted child:en, 

differences could be detected between proteins of similar quality 

which, in fully replcted individuals would be unnotfced. The sensiti­

vity of the depleted child to the availability of essential nitrogen 

should be greater due to the acute and specific need of essential 

nitrogen for rapid protein synthesis 'of.young depleted organisms.
 

2. To test the supplementary value of milkt protein versus milk 

protein whose essential nitrogen has been diluted 10% (milk-diluted 10 

with non essential nitrogen, wheni added to a typical diet'consumed by 

pre-school children in Central America. The protein in this typical 

diet is kriowr to be of poor quality, mainly because of deficiencies 

in lysinle, tryptophan and mothiorin:n. 

'*ne present report is concerned with the first aim, since work designc 

to taeet objcctive nLubor 2 is not-; in progress. 

Four children during the early phase of recovery from severe protein­



have studied. Their ages in years
calorie malnutrition (PCM) been 

Initial recovery from
 
were: 5-11/12, 1-5/12, 2-11/12 and 2-0/12. 


PCM was satisfactorily obtained in these children 
by the routine care
 

established at INCAP's Clinical Center and a dietary 
intake of three
 

Twenty percent of the
 
grams of protein and 120 calories/Kg/day. 


calorie intake was supplied by vegetable fat. 
The protein source was
 

caseinate. A mineral-vitamin supple­
50% from milk and 50/ as calcium 

Ten days after the child had lost cli­ment was also administered. 


g. milk protein and 120 cal/Kg/day.
nical edema the dhild was placed on 	1 


supplied b, vegetable fat. Vita-

Twenty percent of the calories were 


amounts. After a period

minerals were supplied in adequatemins and 


adaptation
this diet, during which a four day
of thirteen days on 


period and two consecutive three days balance periods 
were carried
 

out, the protein source was changed from milk 
to milk whose nitrogen
 

The total ni­with glycine and diammonioum citrate. 
was diluted 10/ 

trogen, calories, vtamins and minerals 
supplied by the diet remained
 

unchanged .* 

Three consecutive nitrogen balances 	were 
performed on these children
 

upon the change
10%"' without an adaptation pcriod

on the "milk diluted 

in.diet. At the completion of the last balance, 
the children wore 

from this scheme in that the caloric 	 intake 
* 0nly child PC193 varied 

1 g proteIn * wsreduced to )00 Cd/Icj/daY.
during the p:riod of 

in ordor to reduce a tendency of this child to vomi t, 
This was done 

caloric inLakc is disproporLionatel)
occurs in sor.o children whenas it 

SnLake. This caloric intake is still 
high in relation to protein 

make caloricand did notfroi kwashiorkoradequate for recovery 



placed again on milk protein and three consecutive three days nitrog~n
 

balances were again performed, without an adaptation period. This
 

diet was identical to that used before "milk diluted 10%" was
 

introduced. (Fig. 1)
 

The children were clinically evaluated daily and continued on the
 

study only if'they did.not present evidence of concurrent diseases
 

or untoward effect of the diet. Total serum proteins, albumin and
 

urinary creatinine excretion were measured periodically.
 

RESULTS 

The results presented here are on four children who fulfilled all
 

the above criteria and on whom the study was carried to completion.
 

The children accepted the diet easily and it caused no clinical
 

alterations.
 

Nitrogen Ba lances 

Tables 1-4 show the results obtained in the four children studied.
 

Nitrogen absorption and retention are expressed as percent of intake.
 

Figures 2 and 3 show the percent nitrogen absorbed and retained in
 

the four chilcren respectively.
 

Table 5 shows the average nitbogen absorbed and retained by each
 

child with each diet.
 

Table 6 presents the average obtained from the four children together
 

with regard to nitrogen absorbed and retained during the three dietary 

periods.
 



-. 4 -

Figure 4 depicts the daily urinary nitrogen excreted by each child
 

during thle 24 days covering the three study periods.
 

by the nitrogen balance technique betweenNo differences were detected 

ilkh Pnd "inilk diluted 10%" in protein depleted children. Th- c6nstan­

cy of urinary nitrogen excretions in these children brings fx'rther 

cvidcnce to the similar-behaviour of the children during the three 

study periods. 

Apparent nitrogen absorption varies primarily due to fecal nitrogen 

excretion and this factor influences the apparen total nitrogen 

retention more than changes in urinary nitrogen. These variations 

-are due to Individual patterns of fecal nitrogen excretion during 

-the early recovery phase of malnutrition in each child and are not 

who are stilldue to variations in the diet. The use of children 

protein depleted for the evaluation of nitrogen sources has this
 

limitation, particularly when nitrogen intake is low. In this case,
 

changes in fecal endogenous nitrogen that are known to occur in
 

children with PCM can account for a large proportion of the fecal 

nitrogen. The variation in appar;it nitrogen absorption and retention 

in these children, therefore,' is rezter than that expected in fully 

recovered ones. 

Clinical Fvaluatio; 

The fou): children studied did not show any clinical alteration from 

of weight gain was slightlyeither of these diets. However, the rate 

* re11,rr c1 in the four children while they were receiving 1.0g.Prot/Kg/da) 



- 5.-

This slower weight gain was not accentuated during the period on
 

"milk diluted 10%". In a similar fashion, creatinine. excretion 

did not rise as rapidly as in children who are maintained on high 

protein intakes during this phas.e of recovery. Total serum proteins 

decreased in two of four children, particularly in child PC196 

who remained close to nitrogen equilibrium during the study. These ­

biochemical changes are no more accentuated during the period oh 

"milk diluted 10%". 

As.stated earlier, we are proceeding with the second aim.of.INCAP's
 

commitments in order to have this study completed before the middle 

of this year.
 



TABLE 1 

NI7ROGEN B LANCES 	 PC 193
 
Age 5 y. 1r 
m. 

Weight Source of Protein Intake X. Intake N. Absorption N. Retention
 
Protein g/Kg/d, mg/g//. % 	 % 

12.73 Milk 	 0.99 159 91.0 39.1
 

12.78 Milk 	 0.99 158 54.w 1.6 

12.82 Milk-Dil. 10% 0.95 152 87.2 	 33.7
 

12.89 Milk-Dil.-.10% 0.98 158 78.0 	 32.8
 

12.89 Milk-Dil. 10% 0.93 158 78.0 	 32.8
 

13.24 Milk 	 1.00- 159- 71.7 -37.3
 

13.21 Milk 	 0.91* 145* 76.9 30.3
 

13.23 Milk 	 0*.87* 139* .56.1 5.C
 

* Intake lower because of emesis 

http:Milk-Dil.-.10


.TABLE 2 

NITROGEN BALA'-,CES PC 194 

Agely. 5m. 

Weight 
Kg 

Source of 
Protein 

Protein Intake 
g/Xg/d. 

N. Intake 
mg/Kg/d. 

N. Absorption 
% 

N. Retention 
% 

7.43 Milk 1.00 160 .75.9 16.8 

7.98 Milk 0.99 170 78.9 30.2 

8.07 Milk Dil. 10% 1.03 164 81.9 30.6 

8.22 Milk Dil. 10% 1.00 159 79,8 22.4 

8.29 Milk Dil. 10% 0.99 158 61.7 3.8 

8.37 Milk 1.01 162 66.5 18.5 

8.52 Milk 1.00 156 76.2 25.8 

8.62 Milk 0.98 155 75.5 19.2 



TABLE 3 

NITROGEN BALANCES PC 196 
Age: 2 y..l m. 

Weight 
Kg 

Source of 
Protein 

Protein Intake 
g/xg/d 

N. Intake 
mg/Kg/d 

N.. Absorption 
% 

N. Retention 
% 

9.06 

9.16 

9.26 

9.33, 

9.44 

9.50 

9.60 

9.74 

Milk 

Milk 

Milk Dil.100/ 

Milk Dil.100/ 

Milk Dil.100% 

Milk 

Milk 

Milk 

1.01 

1.00 

0.98 

0.98 

0.97 

0.99 

1.01 

0.99 

161 

158 

155 

154 

150 

158 

.151. 

152 

73.9 

72.8 

68.6 

57.9 

75,;3 

72.0 

54.1 

57.8 

-1.1 

-9.2 

17.2 

-0.5 

17.2 

22.2 

-2 36 

3.1 



TABLE 4 

NITROGEN BAIANCES PC 197 
Age:"2 y. 

Weight. Source of -Protein Intake *N. Intake -N. Absorption - N. Retention 
Kg. Pro tein g/Kg/d mg/Kg/d % % 

8.12 Milk 0.98 153 87.3 24.7 

8.22 Milk 0.96 148 84.1 32.3 

8.33 Milk Dil. 100/ 0.99 156 :87.2 29.2 

8.48 Milk Dil.li0%/ 0.98 152 .85.6 22.4 

8.60 Milk Dil.10%/0 -0.96 146 83.1 23.5 

8.70 Milk 1.00. 157 85.9 34.1 

8.84 Milk .0.99 -153 83.7 33.0 

-8.95 Milk 0.97 148 89.7 44.2 



' TABLE 5 

•AVERAGE N=TROGEN INTAKE, ABSORPTION % AI RETENTION % OF EACH 

CHILD DURING THE TEREE' STUDY PERIODS 

Child Study Protein Nitrogen .Nitrogen Nitrogen 
No. Period Source Intake Absorbed Retained 

.rg/Kg/d. % % 

1 Milk 158 72.5 20.4 
PC 193 2 Milk Dil. 10% 154 81.1 33.1 

3 1ilk!48" 68.2 24.4 

! Milk 165 77.4 23.5 
PC 1.94 2 Milk Dii. 10% 160 74.5 18.9 

3 Milk 158 72.7 21.2 

1 Milk 160 73.4 -5.2 
PC.'.l96 2 Mlk Dill 10% 153 67.3 11.3 

3 Milk 154 59.2' 7.7 

1 Milk 151 85.7 28.5 
PC 197 2 Milk Dil. 10% 151 86.6 25.0 

3. Milk 153 86.4 37.1 



AVERAGE 

TABLE 6 

NITROGEN ABSORPTION AlD RE~NxEION 

FOR TE FOUR CHILDEN STUDIED, IN 

IN PERCENT 

EACH DIET 

OF INTAKE 

Protein 9purce 
Intake 

mg/Kg/d. 

NITROGEN 

% Absorption % Retention 

Milk 158.4 77.2 16.8 

Milk'Dil. 10% 155.2 77.1 22.1 

Milk 152.9 72.2 22.6 
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SECTION 3.
 

STUDIES IN YOUNG ADULT MEN.AT M. I. T.
 

The detailed report given below describes the results obtained 

with young adult men studied for the effects of milk protein dilution with 

non-specific nitrogen. 

The report has been accepted for publication: "Partial Dietary 

Replacement 6f Milk Protein by Non-Specific Nitrogen in Young Adult 

Men, " by Scrimshaw, Young, Huang, Thanangkul and Cholakos, in the 

Journal of Nutrition, May 1969. 



INTRODUCTION
 

Mos.t of thc wor1k done an htuman pro;-c .n , 

las clcat with the cssenta)"or ipdi sp-nsab).a amino i.c.ids. 

B)ut the other component of 

nonspec.fI. nitrogen ().-4) 
the protein requirement, 
which is furnished fxcnr eXcess 

osscnt-3.40 amino ic'ids.c ocld by the noncssent.ai, aiillo acids, 

A%review of the pub3ishcdmerits further invest.ijation. 

th. essential. amino acid requirements of adultvalues for 

map (21, 5, 6) suggces'ts that the :oncentrations of essent.al. 

tot.a n.trogen in high quai.ityamino acids per gram of 

iind milk" are higher than
protein foods 	 iuch as egjs, 'feat 

these foods are the' sole source of "Cietarrequired when 

prot 3.n. Moreover, a num'ber of investigators have shown 

that nones ,' alt3. aniuno nci es arce
in exper3menta). anima)s 

nitrogen requirecnonts•mtlore cffe6tivo in meeting nonspci fic 

than are the essen.-a) am.no acids (7, 8). In okder to 

i.nvosticate further the int:rc).ationship betweeil these. 

undertakel2 components of man's protein- needs, we have 

iln which various amounts o'f the "test a ser5.Zs o.f studies 

aclctary protc-in are replaced, isoni.trogenously, by 

The prceitt wor withs6urce of nonspecific nitrogen. 

1i1M. protein erktecn'S our previous observations made with 

'gg (9) arid beef protein. (.0). 

In establishing the amino acid requiremc its of mian, 

of s Lpp " inves tig.jaors hzavc used vYrious sources 

nitrogei including glycirte or urea (.1), glycine in 

http:essent.al
http:noncssent.ai
http:osscnt-3.40


and other none-ssentiajombination with diatmmoni.u ciitrate 

nonessentialok a mixture of several w ino acids (12, 13), 

nmino acids (14). Although these studies suggest that a 

can meetamino acids
number of i.ndividual none enti a l 

as a mixtureas effectivelythe nonspecif'ic nitrocn naeds 

far from settled
of n6nessential amino acids, 'the *issue S.s 

we .ave 
(15). Xl the present series of experiments, 

first by. a mixture 
isonitrogenous;lY replaced milk protein 

and then by a mixture 
of glycine and diammoniun citrate, 

amino acifds patt rned as in cow's milk
;of nonessential 


.pTroten, and compared the effects.
 

14. rV-RIALS AND METIODS
 

sjubjects. The 21 wale o)e3.ccjc students (table 1) 

who patticipated in these studies were in good health 

examinitioh, and 
as determincd by'medical history and 

their normal datily activities throughout the 
continued 

Three of the subjdcts (. K.E.,
experimental period. 

I experiment.in more than
.j.R.) participated 

Diet.* The composition of the diet, based 
principally
 

on a liquid formula, is shown in table 
2. Dried nonfat
 

total dietary protein;
kim milk protein supplied 90% of the 



I JJ 

.oatmeal supplied the remainder.. It was found, necessary 

to inblude a small amount Of oatmeaf to maintain a
 

stable formula of agreeable consist ncy. The diet 

furnished 0.38 g prothin/g/day. The net protein 

of skim milk protein by rat assayutilization (HPU) the 

(16) I.as determined to be 71 + 2 compared with 63 . 2 

for unLupplcincnted ca;c.in u!;cd as a standar'd. The daily 

diet was divided into 4 approiinat:ly equal portions. 

:'Dilution" of the dictary protc~n. As in our
 

previous.studic.,; (9, 1.0), the dictary nit):)gen was
 

.eplaced ("c i3.ut.d") by substitut cj part of the dietary
 

of glycine and diainmlioll)i
nitrocjcn with cither a mixture 


citrate (in which Qach compoun, supli])ed equal amounu;
 

of ni.t".ocn)0 or a mixture of nonessential L-amino acids
 
based upon the proportions of amino acids in whole dried
 

nlonfat sldm milk protein (17). The composition of this 

mixture Is shown in tabIe 3. 

:xpor.mental sequence. The subjects v.ere first fed 

"
the basal (0%dijution) diet which supplied 0.38 g prote5n/1g ' 

body :eicjhL. This rate w.s :alculated to supply nitrocen 

at the minimum daily N red.iii-ement as discussed previously 

1.9, 10). The duration ofth first basal period varied 

from 14 to "18 days, depending upon the time rcquired for 

the subjcct to reach a:n apparently steady state of N 

metabolism as rcvcalcC' by urinary N e:ci:etion. 

Three cx$erirdcnLs *-.rQ conducLed. The first 2,
 

wlth'7 subjec.* cach, evaluatLed the effecLs of replacing 



20 and 25%, respectively, of 	dietary protein y a 

h mi>ture of cjl.ycine andn6nspccific nitrogen source, 

citrato. The third experiment, with 3.0diarwitonium 
of 25% isonitrogenoussub*,c~ts, explored the effects 

suje ts .	 .t 

mil]k protein by a mixture of 	nnessentialreplacement of 

amin.o acids (table 3). The dilution period lasted for 20 

the subjects %-,,ere returned to the or 21 days aft.ek which 

basal diet for a period of-7 to 10 days. After the 

the cxper.i.mcnt was terminated..second basal period 

;ampes. Urine was collecLedJlandli, and i)alyses of 

Total dietary nitrogen,Ifor complete 24-hour per:ocls. 

were analyzed as described1't'rinary nitrogen, and creatinine 

(.0) and total sulfurpreviously (9, 30). Urea' nitrocjen 

total
(38) 	 were measured on pooled urine samples and serum 

Ozf the final day of capch dietary
protein deterrianed (19) 

at 	 anperiod a blood sample was 	 taken, 8 a.m. after 

o'e:n.ght fast (9 to 30 hours)*, and plasma free amino
 

a
ion 	 chromatography using.cids measured by exchange 

prephredTechnicon Amiino Acii Analyzer. The -plasma was 


et al. (20).
for-analysis as describe by Mechanic 


the procedure of

Tryptophan was determriner ac cording to 

Results for urinary ilitrogenDuggan arid Udenfriend (21). 

by the "t"" test and by the paired "t" test
wVere evalu'ated 

for plasmi amino acids. 



(6)
 

RISUJITS 

T'otal urin.a:y nitrogen e)cretion c1ur'ing the
 

expCri.mental.pcriods of both the 20 and 25t replacement
 

of mil.k proteini by cjlyci ne and diaunoniu, citratc is
 

ejiv6n in table 4. For the 20% replacement (experi.ment 1)
 

no r;.gnificant increie' in N (->:creti.on was observed in
 

any of the 7 subjects at this dilution when compared with
 

the init.ial hasal pcriocd.' Ho.wcver, 3 subjects show,.cd a
 

significantly lower urinary N excretion (lurinig the final
 

- basal perio( than clu'incj the initial ba;al period; 

Durinj the 25% dilution, period (exporiment 2) , 3 of 

.the 7 subjects shoicd a si.gnificantly higher u.rinary N 

excretion compared with the fNrvs-, basal pecriod, and ijcst 

of the s'bject* showed a dec)eased iatc of urinary nitrocen 

excretion w.lhen they were "rcture:i to the basal diet. at the 

end of the experiment (table 4). The Jncreased N retention 

during this final period, as compared with the dilution 

period, wa. statListicaly Significant (P < 0.01) in 4 of 

the..7 subjects (table 4). The results sujgest that the 

N of the dict diluted 20% with glycine and diimnonium 

citrate was not as well utilizec as that of the 20f di]ut.C 

-and basal diets. The decreased urinary N excretion during 

the second basal period of the expcri:incnL comparced with 

the first peiod sug*st.s that di.utJon of the milk 

http:show,.cd
http:creti.on
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protein mity have resulted 3'*n a depletion of the body's 

pool *of an essential amino acid(s). during the period of 

replacemen t by nonspecific nitrogen. 

As summarized in table 5, iirea excretion followed 

the same trends 4s total urinary N excretion dur'ing the 

-exper.Imental periods -of experiments I and 2. -Subjects 

'fed a 25% dilution diet showed a higher ratd of urea N 

excretion during the dilution period, and most of them 

showed a lower urea N excretion upon return to the" 
I 

-Undiluted diet. The results for total-urinary--S excrction.­

and the total urinary N/S" ratio are also given in table 5. 

!votal sculfur excretion was decreased by about 10% during 

the 25% dilution period compared with the first basal. 

period, aild for some subjects sulfur excrhtion tended.. 

•to return to "initial lve) s ctring the final period on 

the basal diet. 

Subject D.K. showed a substantially higher total 

uri' ary S excretion during the 20% dilution period
 

(table 5) and a markedly decreased total S excretion
 

when returned to the.undi.uted diet despite opposite
 

trends in 'total B-ant"no acid intake. This subject also
 

chowed a significant increase in N retention when
 

returned t8 the basal diet during the final period
 

of the study. There mty have bect an interaction 

between the nonspecific N source and the utilization 

of 'S-amino acids in this individual. Moreover, 3 of 



the 4 in 	 2 (P.D. , F m.S.)subjects cxperiment 	 K.E. 

showing lower total urinary N output during the second 

basal period also showed a decrease in total urinary 

S ou.t'pt. These results .ugqost that above a certain 

level which varies with individual.s, the dilution of 

milk .protein with.glycinc and diammonium citrate as a 

nonspecific N source influences 'the uti.lization and 

metabolism of the sulfur amino acids which are limiting 

in this protein (1). 

Tihe results given in tables 4 and 5 'show that total 

:N and urea N output increasod °°.. adurijng 25% dilution with 

glycine and diammonium citrate and decreased to a variable 

degr'ee when subjc-cts were 'returned to"the basal diet. The 

question. remained as to whether the glycine and diaxiuh6ni.um 

citrate mixture was the most ef fec tivc source of*nonscci fic 

N. 	 *Accordirncjly, a mixture of nonessential amino ac5ds 

(table 3) was tested at the 25% level of dietary .prbtein 

dilution. In this third experiment (table 6) only 2 of 

the 10 subjects showed a statistically significant decrease 

in urinary N output following return to the basal diet 

after the 3-week.per4.od of 25% dilution with the NEAA 

sidiiLdr.e. Three subjects showed a lower urinary N excretion 

during the second basal period as compared with the initial
 

basal period.* Subject K.E. previously showed a similar
 

response following a 25% dilution of the dietary N with 

http:3-week.per4.od
http:diaxiuh6ni.um


glyciIe and cdi.ammonium citrate (tah).c 4) 

Urinary N output during -the dilution perod did 

of the initialnot increasC sicjnificantly above that 

in the case of 2 subjects. 11owever,basal period,'except 

in ). ease (..S.) a rclatively low rate of excretion 

the first barcil. period, and duringwas observed during 


was the -same­
•thesecond 1 sal.period urinary N output 

as 	 that durin the dilution period. 'The low initial
 

atypical. but

basal level of N excretion %,as probably 

the reason is unlnown. 

f'or urca Nand total. urinary S -excrotion'ho resuits 


for the 10 !ujctCLs cJiven n)Oin.sentiil. aminlo acid!; as
 

thec source of nonspccif.3c N arc sumninari.ed in tab.e 5.
 

exet-ton was

Durinc the dilution period, totaV'S 


initial basal. period. The mean

lower than du-ing" the 


total urinary S excretion was slightly
decrease in 


than in the corespondibn"g
greater dturing this period 


period of experiment 2 involving use of glycine and
 

liatmnionium citrate. 

obtained in cxpc.;:imrent 2 
.n"contrasL to resu:.ts 

total urinary I S o:xcretion did not appear to
(table. 5), 

dunj t he. second basal period for K .,
dccrcase further 


These 3 suibjects show:ed increased N

D.H., and J.R. 

period as cotpared with thefinal. basalretention in the 

initial basal period. In cxpCrieint 2 wiith glycine and 

http:resu:.ts
http:sumninari.ed
http:nonspccif.3c


!LuJ 

diammonu~um citrate, a lower S output was observed during 

the second basal period for the 3 subjects (P.D., K.E., 

M.S.) wh6 showed increased N retention after the 20-day 

period of dilution. These results suggest that the
 

of NFAA may be a slightly more effective sourcemixture 

of nonspecific N for the 3.sonittoogenous replacement of 

sk.m milk protein than glycine i-1Aa diaimionium citrate. 

-Serum total protein and the concentrations of free 

amino acids determined for subjects studied at: a 25% 

with the 2 Pources of nonspecificlevel.of replacement 

N are 'suimnarized in table 7. No significant differences 

•(P"> 	0.05) in the oncentration's of Chese blood const.itucnts 

During diution with nonessential aminowere detected. 

.acids .(experiment 3) only alapi.ne increased, but -because 

of high variability this change*wa6 not statistically. 

significant. 

ss oN 

The results of urina'y 'nitrogen excretion in the
 

present experiments indicate that for most human subjects, 

milk proLeln, when fed at approximately the mt*tnirmuv 

http:alapi.ne
http:level.of


rcquirement ).c'vcl (0. 38 g prot.cin/tc/*day) , can be replaced 

with 20% of nitrogen' from nonspeciiiC n.90.150 Li.(.es 

without affecting its nutiitive value. The extent of' 

the subjects from abputreplacement possible varied with 

20% to aL least 25%; this may reflect va.iability in the 

amino acids (5, 6).
requirement for individual essenUial 

to 'be pai. i.c.ff ectedappearedThe 'inf.luence of dilution 

for the replacementthe source of nitrogen utilizcd,by 
"of milk protein nitrogen, because glycine aind di.am'nonium 

in urinary Ncitrate resulted in a greater increase 

period than the6xcre'ti6n during the 25% .dilution 

amino acids.isonitrogenou., mixture of nonessentiael 

Xofranyi and Jekat (22) in their study with 

10 to 15% of milk.adult subjects'concl.uded that only 

be replaced with ammoniurm citratc i.thout1protein could 

a change in the value of te protein. The difference 

and may be due to their'between their results ours 

limited number of subjects and use of ammonium citrate 

alone as the nonspecific N source. Clark at al. (13) 

9.0 g rdtrogen/day (ofobserved in young adults g.iven 

half -I-.,as provided by the supp).ementarywhich approximately 

that N retention was depressed whennonspecific nitrogeoh 


but not when glycine alone
dirnrnoniu, citl"i " s fed, 


of the 7 young adults in the
 was given.. . none 

present study appeared t6 retain less nitroged' when 20% 

of milk protein was replaced with the glycine and 



diaimonium citrate mixLtre, 3 appeared to sh6 :idslitional 

.oten.ion when returned the basal diet. latterto This 

observation may mean that an amino acid depletion had 

occurred which was not appcarent from iaeasuring urinary N 

excreti.on alone during the dilution period. However, 

this possibility was reflected by reduction thenot a in 

concentration 'of essential amino acids in fasting plas a 

samples. The results suggest thaLt milk protein can'be 

replaced to a greater *extent in most young adults 

than indicated by the study tf Tfranyi and Jekat (22). 

Snyderinan at al, (2) studied infants from 3 V'eeks 

to S mlonths of age and found that weight gain and 

nitrc gen halance could be maintained despite a part.ial 

sbbstitution of evaporated cow's milk protein by glycine 

or urea.. Although their exp6riments were not'dasigned 

to "determine the extent to'whi~h milk protein nitrogen 

could be rep..aced by nonessential nitrogen, *it appears 

from their data that 20% of cow's milk protein could be 

isonitrogenously replaced by either glycino or urea
 

withotit reducing infant growth. However, this is probably 

an overestimate' since the level of protein intake in 

their study was above milnimum requirements for growth (23) 

In establishing amino acid requirements of man,
 

investigators have used different sources of supplemental
 

nitrogen (11-14). Swenclseid et al. (24) have reported 

http:excreti.on
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bhat g.ycinc a.6ne ir not %.Ic I utilized by man as it 

'bnspc g.f5c N source; however, they have obscrved that 

glycine citrat¢e was*a: combination of and diammnonium as 

.Cffective a source of*nonspecific N as a mixtu:-e of 

nones:;ential amino acids. Experilmcnts with weanling
 

.ats;"have showvn that different sources of nons;pccific
 

.nltrogcn can affect cjrowLh rate in the presence of 

T113 n imal amounts of e:sntial amino acids (25, 26) 

(27) have shown that the growth rate of•.1wend6,id ct al. 

kats 	may he d') ese)d by a low prot-din diet &upplemented 

with youngwiith 7.i, glycine. The results of our study 


inen suggest that there may bC some diffCreIcc in the
 

%ti)izat..on of gyc.ine and dia,, oniur citriate comut ared 

with a mixture of nones!;enti 1 amino acids w.when 3ncluded 

a dict su )p).y~ngas nonspc:ci.fic nitrogen supplemcntr in 


N at approximate)y the inimuu iequirement.
 

'In exper.imenta). animals glycine alleviatcs the
 

cro..'Lh-.dcprcss.ncj effect. of a high mnthionine intake
 

(20, 29) and conversely, icthioninc 'protects against
 

excess; glycine (30) . S;u:'u. amilno acids are lim.'ti.Lng
 

in cow's milk poI,-'cn ane tercforc, under conditions
 

of..a relatively lo%.: ntakr crf these amino acids in the 

.present studies, a comparison of the cffects of 

and a mixture of nonesscntLialglycinc-.a-.'.%Qonium citrate 

on urinary nitrogen excretion was consideredanino acids 



appro, rtc. A)lt1oujgh i close relittionhip bct.tcc-n 

notoeurinaiy nit):rogen and -;ulfur" excrction has been 

by a number of invcstigators (31., 32), a difference in 

these elements hasthe pattOrn of excretion between 

with n;ubjects %.who
also been reported (33). Our results 

a 20 or 25% dilution with glycine-diammoniumreacted to 

excretioncit'ate by :howingj chancs i.n urinary sulfur 

° 
"suggest that this nitrogen sourcc'may affect S-1nino 

at the level of protein intake used 3nacid ac-taboI.in 

this, st'udy. F~u:thor stud.iL arc -couircd to evaluate 

sd gnifcianc:c of these ob;e)rvaton5..more fuf.ly the 

http:ac-taboI.in
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•AB3STRACT 	 SH.kim milk protci.n was, replaced isonitrogenoously 

by glyc'ine and diarutoni6m citrcte, o" by a mixture of 

nonescntLial. amino a-iid!; in the test diet of 21. male 

co)lcg_- students; the effect of this replacement on 

uri ary nitrogen and sulfur e:cretion and on fasting 

plasma amino acid concentration \,as studied. The 

subject ; were fed a constant nitr"ogen. 5ntake equivalent 

to 0.38 g proteLin/.g body w.e.ight'. Skim milk protcin 

fur.ni)hcd 90% of the daily protein; Catlcal furnished the 

remain&!cr. in experiments* I and 2, glycine and diammonium 

citrate replaced 20 and 25% of toIal dietary nitrogjeoi, 

rcSpective.y. In the third e:pcriment, a m5.xi-ure.of 

raone,;c Lial amino acids re)laccd 25 of dietary ilitrogn. 

*The 20t rep)lacemnent with glycine aund diam,.on im citrate 

did not increase urinary i6.{tr"ogen excretion in any of 

the 7 i.ubject.s, but 3 of the.7 Mhoed lower urinary 

ri.trogcn 6xcretion after return to the ba!;al diet, A 25% 

repacemnnt with gcycine and diam onium citrate increased 

urinary ni trogen excretion Sn 3 of 7 subjects and 4 subjects 

showed lower nitrogn outuut during the final basal period. 

The 25% rep)ace. c.nt :3th noiesse:itial amino acids did 

not change urinary nitrogen excretion but 3 of 3.0 subjc.cts 

showcd a variable decrease in nitrogen excretion during 

the second basal period. As it replacemcnt for 25% 

of total dietary proLein, noncsse:tlal amino acids appearec 

http:diam,.on
http:m5.xi-ure.of
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sotircu i~tall cj3yciliC 
a mnore cffct~i.ve lionspccific nitrogen2 

.velsra&s tincJ plasm iniianno' acile 
andt ifilttuUOfl iuv c itr'ato. 
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TABILE 3.
 

._c,h.__.jL, w__qt, .and caloric intakes of yo!iLg me_!
 

studied for the effects of nonspecSfic nitroqcn 

repJacfent of mn5]k protein 

Exp. Subj.' Age .ileight 

Body weght 

l einma15 Eild Caloric intic ., 

On- ,)./kcj body v.-lch 

W.'.D. 

W.1. 

C.1. 

i.H. 

1).). 
|o5. 

21 

19 

.23 

23 

19 

23. 

20 

1F3 

3.65 

3.83 

1.70 

180 

173 
3."3 

69.4 

66.6 

67.1. 

60.0 

74.6 

77.7 
85.4 

68.8 

64.4 

67.' 

59.5 

70.5 

7"7. 1 
85.0 

47 

52 

471 

44 

42 

40 
34 

2 V.D. 

... 

N.). 

W,3. 

J.)". 

M.S. 

X.W. 

19 

24 

19 
27 

22 

18 

23 

181 

10O 

162 

175 

183 

177 

.X/9 

.72. 1 

76.4 

61.3 
Ge.0 

75.. 
71.4 

74.3. 

71.2 

76.9 

62.6 

69.4 

75.' 

72.6 

74.0 

51 

44 

42 

49 

45 

45. 

49 

3 K.E. 

D.11. 

3,1. 

S.i. 
3.R. 

1'. R. 

G.S. 

"I.S. 

L.D. 
'. . 

24 

20 

19 

22 

22 

19 

23 

20 

22 
19 

• 

180 

167 

181 

163 

183 

177 

185 

187 

173 
165 

82.4 

84,2 

70.5 

71.0 

77.', 

77.7 

88.3 

65.6 

77.1 
69.1 

83.5 

84.1 

78.9 

71.2 

78.4 

77.4 

88.8 

67.5 

75.9 
67.5 

42 

42 

42 

45 

44 

46 

50 

48 

42 
50 



TABE i(coiltinuedc) 

and A.L. 
food composition tables (Watt, B.K. 

fromCalculated 
of Foods. igr.cul.ture Bandbook

3.963. CompositionMerril.l. 
the manufactuirersdata iupplied by of 

c, Washington, D.C.) and 

some of the dictary components. 
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TABLEI 2
 

Compositioin of Diet Given + to Youtnc MenI Studied for the
 

E:ffectn of ]!eJ)acemetct of Milk Protein with Non' pcCIfic
 

Nitroqe,
 

Xngredient. , . .'. :. . . . . . . . . . •Amount/dayl,2..: . .. . . . . . ..
 . ... . . . . . . ... . . . . . . . . . .. . .
 

-9­

6.6Nonfat dried skim milk3 


Oatmeal 4 "C-I0.
 

Dexin5 3.30.0 

Oi 36 3.40.0 

Vanilla 10.0 

Lemon juice 5.0 

Nacl. 1.0 

5.0Av.cel7 


K211104 3.5 

1120 .500.0 

1Amount for a 70. kg e-ubject. + Intake for each subject 

adjuStCed according to body weight. 

In addition, corn starch cookics and Danish dessert 

(corn starch, sucrose, and artificial flavoring and 

coloring), and carbonated beverages were given according 



to individmil caloric nceds. Supple.Cijental iron t. tab.et 

kind.y" supplied by Smith, MAine and
suipplying 14 mg Fe, 

(Upjohn Co, ,']h-aInazoQ,
French, Philadelphia) and a Unicap 

ichian) mnu)tivitamnl capsule wcre given daily to all 

subjects. Fach cipsule is stated to contain (mg): A, 3.5; 

D3IICI, .2.5; B2 , 2.5; C, 50; Nicotinamido, 20;1), .03.2; 

-Ca~patothLhnatc, 5;" pyridoxine hydrochloride, 
0.5;
 

Subjects were aiso all.ow.ed Trident
cobalniin, 0.002. 

Co., New York). Fivc or 
-Gwun (donated by AnIcrican Chicle 

given to 
six salt tabletb, each supp)yIng cj NaCl, wcre 

-'i6Vidc adit3onal s;oditum reuired. 

Van Nuys, California.3 Carnation Co., 


Dricd, cooked )uckcyc looccnived Rolled 0aus, kind)y
 

Co., Barrington, 13lliols.
supplied by Qoaker Oats 


Co., Tuckahoc, Ncw York.
5 uouroughs Wc).lcome and 


Appro: mate composition: dlextrinn 75%; ma3tosc. 24%.
 

6 Corn 031, Mazola, 11-est Foods Division, Corn Products
 

Co., New York, Ncw York.
 

7F.M.C. Corpoi;atlon, M.irc:us llook, Pennsylvania.
 

Microc'y:;t.h line alpha C(.1lllose.
 

http:all.ow.ed


i o -n~ f ur of nonessenl ch. ..-. nO-4c 

AaminO 

L-rgnnoICC 
1to 

acidC 

b1t i3)kpt 

2\ni~lO ~5.d by e.gh 

-.33 

7,-lro33 2.Il 

L-aarine 

~rota,3.00. 

9.93 



_ _ _ 

TABLE 4 

.Effectof Dilution of MUC.k" Protein with G).cine 

and Diartnonium Citrate on Urinar Z Nitroqe_n. Excretion 

yby Youne1 Men (expel'iments I and 2). 

ubj. N Intake 	 % Dilution of Dietary Protein 

: o 	 20 .. 255 
cj/day 

,W.D. 4,22 3.92 -0.65 (6)I 4.09-0.86(13) 	 4".14 $1.08'(7) 

W.i. 4.08 4.61±0.38(5) 4 O:8 . 5 2 (l.)a* 	 . 3 .7 0:-0. 4 4 (7)a 

D.1.% 4.09 4.25±0.54 (9) .4.14 ±0.39(i)) ----	 3 . 5 9 0. 36 (1) 

C.K. .3.36 2.69.±0. 67 (6) 2.89.0.32(8) 	 2.98±0.42*(6)
 

j.R. 4.56 .3.760. 4 (7) 4.26.io0.60(9). .. 3.89.0.52(6) 

Y'. D. 4.80 5.36.10. 33 (8) 5.50.0.23(9) ---- 5.09 0.67 (9) 

R.B. 4.91 4.43.<0.44(7) 4.4 8.L-0.48 (8) . .3. 74.t0.38 (9)b ' 

I1.D. 4.39 4..11-0.16.(5) 4.67:L0.30 (9)1 4..02 0.32 (10) 
K.E. 4.65 4.42±0.33(8) ---	 • 4.5110. 2 (10) 3.9510.47(10)' 

N.1). 3.73 3.14±0.27(b) ----	 3.52±0.52 (10) 3.19.410.34(9) 

1.0. 	 4.14 3.49±0.22 (5) . " 3.67s±0.30(6) 3.37.0.24 (10) 

"O.I. 4.57 4.3 2-0.17 (5) . 4 .6 6 .!0.3 3 (9 )a 4 .16i 0.3 7 ( 9 )b.
 

mI.S. 4.35 3.44iO.'30(6) - . 2"7-0. 33 ( U')a3.*1
 

R.W'. 4.51 5.07i0.50(7) ' 4.88.0. 34 (11) 4.65. 0.60(10)
 
_ __ _ _ _ 	 I 

icean -Standard Deviation for nuiuber of observationas shown in parentheses. 

.otal 10n1th of dietary periods wore 14-16, 20, and 7-3.0 days for the 0%, 

70 or 25%., and 0%dilution periods, rcepccLive)y. 

S~ini.fican.Uy different from firs.t basal period. 

http:S~ini.fican.Uy
http:3.37.0.24
http:3.49�0.22
http:3.52�0.52
http:4.67:L0.30
http:4..11-0.16
http:74.t0.38
http:8.L-0.48
http:4.25�0.54
http:3.70:-0.44


TABLEA 4 (colitinucdi 

Significantly clifforant from dli3.ution period. 

P <0.05' 

P <0.01 



)f 	 cct: of di),ution of nd.k p-ot.in wit.h1onsPecifIc 

and the 	total_j on urinar urea,_Sul.fur 


N/5 aio .t. y2 n'g _ 1
 

•
• 

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

D.lut.on 	of rotl Ycf._enc and d.3ammon~ urn cf tatc 

.	 ­.O20 


Urea N S 	 N/S Urea N S N/S Urea N S N/S
E•p. SubjI 

.99"- ' 	 0• 

, 

.255 3.5.4 2..9 .292 3.4.0 2.2
'1 W.D. 	 2.3 

3,3.. .351 13.. '24 .285 14.3 2.2 .35 :.1015 

.516 8.0 	 1.4. ,3.23 9.2
D.K. 	 2.7 .351' 12.1 2.3 

2.7" .33.9 13.5 2.5 .364. 12.1 1.0 .237 19.9
Moan 

40 25. 0 

2.2 .264 3.5.2
3.1' 3.4.4
2.8 .357 .1.5 	 .324 

2.3" 3.2.'8.348 .3.0 .318 14.2 	 .201

.,5. 	 2.9 12.7 

2.4 .198 17.8 1.9 .23.6 14.8 
N.D. 2.2, 	 .224 14.0 

2.0 .240 14.0
.246" 14.9
"T.J.. 	 2.7 .324. 30.8 2.8 

.
. 

2.5 .297 .3.4.0 
O.R, 2.9 	 .333 3.2.4. 3.5 .273 .17.3. 

3.5.92.4 .252 • 16.9 2.2 .221 
**' 9 .252 3.3.6 

o S 	 . .* 
S.I 	 | 

.3.!i 3,4.3 3.5 .363 3.2.,
R.W$ 3.0 .369, 3:3.7 .342 

.2.6 .315 12.7 3.0 .279 15.7 2.4 .260 14.,i4Mean,. 

'. i.•sta 	 , 
Dev 0.4 .055 :,i*:2 0.5 ,051 ,115 0.5 .050 1., 

4 and 6
urine samples 	 for periods shown in tables

Analsis on pooled 

http:D.lut.on


TABLE 5 (continued) 

*Exp. 3 % Dilution of protein by nonessential amino acids 

0 25 0
 

... Subj. Urea N S N/S Urca N S N/S Urea N S N/S 

K.E. 2.6 .327 13.1 3.0 .285 15.6 2.6 .321 11.9
 
c /.' . .

D*. i. 3.6 .423 12.3 2.9 .342 12.8 3.6 .384 11.5
 

J.L. 13.'0' .393 11.2 2.9 .202 15.2 2.7 .339 .11.8
 

S.M. *2.5 .282 13.9 2.6 .21.6 17.3 2.6 .276 13.9 

.J.R. "2,7 .303 14.0 3.0 .306 13.7 2.6 .297 12.8 

E.R. 2.5 .303 1.2.4 3.0 .261 15.9 
 3.1. .297 14.1 

G.S. *-2.4 
 .324 14.9 2.9 .273 16.3 2.3. .31C 11.6
 

T.S. •*1.5 .294 92.4 3.2 .336 12.r 3.5 .31 14.3 

*L.D. 3.2 .411 11.4 3.3 .363 12.6 3.3 .375 12.3 

11.1. 2.0 .341 11.8 2.3 .205 11.5 2.5 .341 11.3 

Mean ".6 .339 12.4 2.1 .295 14.4 2.99 -. 

Std
 
Dev 0.6 .050 1.6 
 0.3 .042 1.9 0.5 .033 1.1 

*Ratio of total. urinary nitrogen to total urinary sulfur. Values 

for total nitrogen taken from tables 4 and G.
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T'AMA,), 6 

%dith a mi:ture of none.sentilfffcct. of dilutoin of mi).Y. protc)5n 

u)nary rlltrogn excrc:-ionLt1ino acid!; oil 
by young men 0Exp. 3) 

t of diltion of clietiary protoin 

0 25 0
Sub1)ject N intakc 

K.E ; 5.01 4. 3 0.10.2 0(0) "3 4. 4G.i.0. 2X .I,.---.,1C) 3.0410.3210))" b 
-


4 3 ( 5 ) n 4 ( ' 
).I-5. 5. 22.L0.!)P. (S) 4.'.3N . 4 .40".10 ' 

2 

•J. 1 . 4.77 4.42.1-0.33(7) 4.2V-0.33(9) 4.0)..10.69(9) 

S. .. 4.32 3.93.10.36(10) 3. 74,0. 380 0) 3.85.10.60(9) 

0.11. 4.73 ?.25+0.20(6) 4.39.10.33(9) 3.C0-10.33(7) 

Y.R, 4.73 3.771 0.96(]0) .4.14:10.46(9) 9 5*.0'"(9) 

G.S. 
[.S. 

5.38 
3.99 

4.31:.10.67'(12)
2.70.10.)0( ) 

4.45I0.0(9)
4 . ?c"I0.,55 (9) P 

3.70.10.73 (9)
4. 55-10.45 (9) ift 

is.D '1 4.'77 4..'0-o . ., (6) 4.. ,6-10. 66 (P-) 6. -1.L° v"(s) 

3.270."47 (6) 3.C5.10.44(7)4.16 4.041-0.62(5) 

:.01n :1. s;tan'i.d cdviit.ion for ,umibc'.of ob;Crvit ios shc:.:n 

wcreand 0% cictary periods
Sn parentheses. Total Iciigth of 0, 25, 

20-21, aid 9 days, YC'p.ce.cLively.16-18, 

first basal period.atSigjjficctly different frou 

bs~gnj ficca::tly d ffc'c:it frcl dilution porlod. 

1p < 0.05. 

p < 0.0). 

http:umibc'.of
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''AB)LE 7 

Serr tot_. p'9-oe inand free in .no acids .AI fasting. plitnIa 

of"yOmic 

Amino acid 

ThreoninCa .. 

Valice 

,lcolcucinct 

Tyrosine 

" 


• 

. 

% 

Phony).al.anine. 

Lysine 

Trypt.ophan 

.No ie!;sc.n i i) 

AsparLic 

"Ser.ioe and 

¢)utuLljue 
4 

GIutJZmic 

Glycjric 

Alannc 

iI.stidinc 

ArgIIi le 

Scrui ProLcin 
(g/1001w) 

men st icidce for effects of dilution of rndS.k protein 

with noispecdfic 11itrogen 

% Dilution of protein 

0 00 25 0 25 


fNolnlec;:;lsti) 1aminco acids Glycine and W'7C
 

186 .424 166 174±33 204.31 2)3. 26 1812642 "•"• 

19825 219.64 23.0±26 205±29 174±32 182140, 

76.34 8827 7*.0. 86.12 65±6 63j 3.2 

124.4.5 ).46.A.4 134.3.0 134.25 1J.5-20 112,23 

"
62.9 

63.7 

3.87.36 

65.8 

67!13 

100i 52 

6 .?4 

6719 

222.75 

.M12 

65115 

232.. 3.1.9 . 

313± 30, 334!37 

3075 59 30U. 123 

666!136 809!.289 

I.20.10 122i 30 

99!32 130,24 

7.1!'.4 7.2!.0.2 

73...0 

624.5 

203-.i27 

49 

77 22 

64.14 

3.98!28 

6117 

57-411 

55i-8 

1.6 4 - 24 

57'00 

5!- .1 3 

5511 

379.!29 

63i12 

521.13 0.10 70.t 8 64. 7 

189±66 

312±73 

294.25 

643-188 

.11i7 26 

106±20 

7.3t0.4 

149-68 

341150 

335! 25 

557!115 

117 .21 

121. 47 

7.0!0.3 

18022 

30955 

401!51 

490-12 "] 

92!-12 

91!19 

6.9!0.3 

169!-20 

2W9-40 

312!16 

501±11? 

co!': 

".: "& 

7.0&0. " . 



TABLE 7 (continued) 

3-. 

linoles pc : liter. Mean 4 standard deviation for samples 

taken' (A- 8:00 a.m. after a 6-.0 hour fast at the end of 

each per3.od. 



APPkNDIX I
 

SUPPLEMENTARY 
 STUDIES IN RATS OF THE EFFECTS OF 

DILUTION OF MILK PROTEIN WITH NON-SPECIFIC NITROGEN SOURcCrw 

A limited number of experiments, described below, were 

conducted in rats to extend our observations made in children and young 

adult males on the effects of dilution of milk protein by non-specific
 

nitrogen sources.
 

The results suggest that both weanling and young adult rats 
are 

more sensitive to the dilution of milk protein than are children or young 

adult men. The differential response of human subjects and rats to 

dilution of milk protein N by non-specific nitrogen may be related to
 

differences in the requirements for the sulfur amino acids in these 
two 

species. This hypothesis require., further experimentation. 

The results of the experiments obtained with rats have been 

submitted for publication in the Journa1"of Food Science. Our results 

confirm and extend those of Daniel, Dcsai, Venkat Rao, Swaninathan 

and Parpia (J. Food Science 33: 43?., 1968) also obtained with rats given 

cowls milk and egg proteins. 



SUMMARY OF RAT STUDIES
 

S.numbor of ex:primcmt.r studcied growth of w.eanilng 

rats and uriniry nitrogen excret.on iii young adult rats 

wh on cow'S milk protein .:as partially replaced by varying 

3c:ve.s of non-spe6ific n~trogen. A mixture of nonessential 

L--amilno acids (NEAA) or a mi):ture of diammonium citrate 

an . 1cjcne (DAC-G).y) wa used as a source of non.spbcific 

nitrogaie. Substitution of the 15% mil. protein dict to 

the extent of ).O slightly"reduced gjro\.th; significant 

cjrowth reduction occurred with :;ub:;titutions of 20t and 

greater. Supplementation of the cliets contin3cjg ).5% 

.adix. pro t(C. and nom.-,;p¢ec.f ic nitrojn ,.t ul fur am.ino 

a('i.clri did not restore cjrovth to the maximum rate obtained 

with th(! 3.5t milk protein d.cC:t. AdditU onal 'i.upmlelenittior" 

with tryit.ophan further imnrovd, grow lV s3 ght:ly but not" 

to tia maxi mum rate. Severiil other cessent.ial. minno acids, 

alone or 3i*, c:omblnitt on, had no apparc-nt effect• IFsed 

on urinary llitrocen '(xc-('r.ion, :omiparab) e s ult; were 

obtainel ~:.ith younj adult rats by substiuting non.-:tpc-c.fic 

)litroc'on for mld)): I-rot in 3n jchcli c.t; . The reclucdccl 

pC):formance fo)lo.jlg sub!;titut.ion of ,ii). protcin with 

jiOji-spc'clfic: maJt0'9 n may be due part)y to cdecrcased 

1U.3.i'.itioll of szu fur amiro acids and p.si.bly t) decreased 

Utij.izatibIl of all essential amino acids. 

http:gjro\.th
http:excret.on


VqNT]iODUCT ION 

When essential amino ac-ids form the solo diet:ary
 

soiurce of protein for rats, a lower. growth rate is
 

observed than when the same level o-f 
 dietary N is supplied 

by a well-balancod amino acid mixture contaii i ng 

apprdximatcly equal amounts of asseritial and nonessential 

ainino acids (Rose 6t al., 1948; Stucki at al., 1962; 

Young et al.., 1968). Animal proteins of high biolofical 

value may contain some or all of the essenti4l amino acids, 

*expressed per unit of total protein nitrogen, in excess
 

of required 
 amounts for the rat; 1lender (1965) suggested 

'that ag prot.cxn contains a surplus of .0.-20% of all
 

Ossential amillo acie's. in th'is. cas.;e, esscnt5aill amino
 

acids are catabolived "tomeet calorie needs 
or are used 

for synthesis of nonessential aminno acids and other 

-N-conta. ning Compounds. Therefore, Isonitrogenous 

replacement of the cxcess essentia. amino acids with 

non-spedific nitrogen (from nonessential amino acids or 

other utI1 '.able N sources) shoul d not de:crease ci etary 

N utilization and animal performance. For man, studies 

in this laboratory (Sc:rimsh,; cL at., 1966; Muailcr et. , 

1966) and in oth¢rs (Snydcrman at al., 1962; Hotranyi 

ot a)., )964) sugcst *that hig.h quality protein N can be 

.palrt'. a) Jy re.p)]ac:ccd w:it. lon-.-pccjfjc nitrogen wihout 

rcducIng nit ogcj.n retcition. 



•-in thq present series of e:periments, wean).incl rats 

were fed dried skim mi.lk as the source of dietary protein. 

I mixturc of nonesscntial L-amino acids (NEAA), patterned 

as in cow's milk, or a mixturCe oi diaiiMUion.Ium citrate anIld 

glycine (JAC-Gly) was used as non-specific nitrogen to 

replace, part of the protein nitrogen. The influence of 

the protein nitrogen rep] iccment on growth rate was studied. 

Some cxpr mnts evaluated the effects of using several 

essential amino acids to supplement the diets containing 

the non-spccific N sources. 

We also cvaluated the influcnce of acjc bccuuse 

avaiab~lc data indicate that for both man (lRose, 3.957; 

)jolt et itI., 1965) a'nd rat.s (Raimm Rito ct al., 1964; 

•Smith et a).. , 1967) the requ'la*mc-nt:; for e;s;enti-'). amino 

acids per g total nitrogen cdi ffe. in young and adults. 

EXPIi ] M ' TAL AND RESULT:; 

M1ethods. A prel5:miniary experinmcn't (Table 1) confirIned 

gene.al experience that maxmum, growth rates are achieved 

ilith a diet containing )St protein from unsupplemented 

skim milk. ''his concentration of dietary protein was 

11sed, therefore, as a control lol in the g)o-,.:1h studies. 

'01h. net p1ot-.in utilizei-tow (NLPU) of s)kim mi)-k protein 

by rat assay (Yonier o .al., 195"7) w._as 714-2 coipared with 

63-12 for utmsupplc;..enLcd casein as a standard. 

http:p1ot-.in


* Tabl. J.­

1a).0 v.eanlip g rats (Charl).s River L,tboratorics, 

North ilminfgton,'Mass., CD strai..) were fed the 

for 14 day's. The basal 
oxperimental diets ad libitun 

, 20.1 to 50.5% (10-18%
dicts contdned: dried skim milk

1
 

corn oil, 10%;. salt mixture, 5% (Rogers -at -al..
protein); 
, 

et ai_., 1965);1965); vitamin mixture, 0.5% (Rogers 

(2:1 weight
and (.-xtrin:suC:)'O;C
choline c:hloride, 0.2%; 


In a.. diets lactose
a tota. of ).00q.ratio) to mahe 

was partially sub:;tituted for the dextrin:sucrose mixture 

lactose level piresent in the 'control diet 
to achieie the 

ht. 9.c3ga.n and dai'ly
(.5% skim JI.D1 protein). Wceekly 

recorded..food intake \.:ere 

of the basal d.et,S *)Theessential amino acid content 

'ca3culated. from thel data of Orr et al. and the(1957), 

ess.ntia amino acid r-,uiremcnt. for rat cjr.ith as 

reported by Ramna Rao _tal. J3.964) are gi.ven 'inTabl 2. 

-Table 2--

The .diet appears to inect all requircinents a though it is 

bordbrline for the sulfur amino acids, methionine and 

nuts weth 5onin(! and cystLine" Wc~re
cytime. In some expore 

added in a ratio by we.ight of 3 to 3. in order to reach a 

calculaLed sul fur aiwino acid'content of 0.65% in the diet.
 

K c.r'ilwret I and 2. ):xpcrivient 3 was delsIgncd to 

deteri nc thc c.xtont to which a mixture of NEAA could 



isonitr0ono'usly rcepjace a .15% milk prot:inl.diet, without 

affocti.g.cj.rowth in wc0lincj ratfi. 'ody woight,gains 

are summarized in Taibl.e 3. A highly significant (P<0.01.) 

docrease in growth, PER, and food efficiency w.as obscrvod 

only 'for the 30%.substLitution 3n this experimont. 

-Tal)le 3-

Therofore, a second experiment was condu~tcd with larger 

groups of rats to evaluato the effect of 20t and 30% 

replacemcnts of milk protein Nby two nources of non­

specific pitrogen; the results are siunnmari'/dl in the lower 

half of 'Tabic 3. Significant (P<0.OJ.) dcCreases in gro.,th 

rate, FE, anl PR1, occurred for both1, sourc¢.g of nit).obgCn 

at the two m1I)St)tu.Li o" l'Vel.i 

xeriment.3. 1ecau.sc th1e ,S.fu: amino acim :, me th.ion.3nC 

and cy.tS ne, arc limit ncj 3n co%",'. min)k zprolin for wcan. ing 

.rat'r, a thircl cxperiment war; condlucitcd to lot(.)ci'35ne the 

influence of DAC-Gly .;ubf;t t.iuton of milk protein N Jn 

•cliots 	 suppl emented with iulfutr mnino acid.; . Table 4 

summari.cs thee; results. Comparhion of groups 5 and 9 

-'TObAe 4-­

reveals that incluslon of DAC--Gly In the diet resulted 

in a :cr zth than v.hen the lelot coitit ned3ow .:c ga i 1 ()1<0.0!,) 

10.5t. mi]} proLciii ao:,e. Thi-s effccL ippoared'co be 

relatecd to 0C. rCCdIce food JIjntake, par.icularly hbcaue(, 

ffo. c,"vc-rkla 	 for both g0c'cups. 

http:summari.cs
http:1ecau.sc
http:m1I)St)tu.Li


Growth rates wo.rc similar for diets conta.nincj 3.0.5% 

.ilk krotaln, with or without added DAC•-Gly, Sltpplemonted 

ilith 0.15-.0.28%.sulfur amino'acids (compare. group 6 vs 3.0, 

7 vs 11). The h3ghest level of S-amino acid supplementation 

reduced body wed ght, gain signif.icantly when the diet 

contained'DAC-Gly .(group 0) but not when the only other 

cliotary'N was mi.l.k protein .(groups 4 and 12). These 

findings suggest that the DAC.-Gly mixture affected utilization 

of sulfur amino acids at the high and possibly at the' low 

'dietary sulfur amino acid levels. Although addition of 

0.15-0.28t S:'amino acjds to')0.5%mi~k, protein Noets 

coptaining DAC.-G.y a3 3.o.ed weight. gains which were similar 

to the 10.5%milk prote5n diets 'without the added non­

vpcc.i.fic nitrogen,. growt:h rate ferca ned lower than that 

on the 15% milh protein diet which supplied the same lOvel 

of •total N vni was supplelentod with sulfur amino acids. 

EIxe)1m nts; 4 and 5. A study was condcucted with additi'on 

of var'ous csSc'ntial luni no acids to diets containing 30% 

of total dictary N from the NAA m.xture. The added amino 

acids achieved'the concentrations calc{llated to be present 

in the mih protcin Arginine, 3ys3ne, or135% diet. 

thrconino additi o, to the diet.s (Expt. 4, Table 5) 

.failed to improve wuight gain sicjnif~cantly. 

-Table 5--

Tho effects of AdIC1 9 .trypC'pohaz, tryptophan and 

'threonino, or it com ttico n of several essential aimino 



-3-fO,ierb 'also studied (Expt. 5, Table 5) . Tryptoplan
 

h rate, miainly
S~.gnlfity (P<0*.OS) iinprovc j)owit 

•(group 13).as a onsequence of h.igher food intake 

l'dd3Xi6n of tryptophan and threonine together or in 

did riot result in a*6mb3.nation iith arg.nine and lysine 

higier 'growth rate than that achieved with tryptophan 

alone. 

6. DAC-G)y replaced from 10-50% of skimnmilk 
x.)2riment 

aciidsprotein N while concentrations of 0.65% sulfur amino 

and *0.21% tryptophan were mantained as in the control 

dict. The results, surnraryIed in Table 6, show that a 

3.0% replacement. of i.k protein proIucC)d a sia3. but 

*-.rab).e 6-. 

rato of ,ean) lcj
nonsignificant (p> 0.05) crc-h:ei1n in growth 


in. growth rate
rats. A significant reduct3on (p<0.0).) 


did occur when 20% of the protein-. as replaced by DAC-Gly;
 

prcqpor tUonately groeater reduct.ions were observedI with
 

higher rates of replacement by DAC--GIy despito the

6til. 


tryptophan
unchanged amounts of sul.fu: amino acicds and 


in the *diet.
 

rent_7. In young adul.t rats isonitrocjcnousF2xpe!-r 

rep.lacment of milk protein.\:ith the VAC.-Gly mi;tiu'c whs 

urinary nitrogen excretion..studied by :.onitoring changes Jn 


Thce basal. diet contained 4% mil.k proten, while the
 

reviai iing .5c-itatry co.-.poticn t s were simi.litr to those in
 



4 

provious e,:por05.ionts. 
I 

actose .as, ainancd .at t]e j"am~a' 

(4% milk p:oten) level in 113. diets. rixcopt for' sulfur 

ofconcentratiololSamlno acids, the baral diet containned 

in excess of those suggested byessential amnj.no acids 

rats.Smath at 1l. (3.96,I) for mai.ntenance in young aclult 

total' sulfur amilnoThese authors suggested 0.29% for the 

o3.ds, whereas th6 present 4% miliprotein diet supplid 

with a 30% DAC--Gly substituton, isolcucinc
0.3.3%. However, 

def icient.and throonine also %c0e3-p6obib.y 

The rats, housed inclivicdua)y iln metabolic cages, 

were givn ).g of the basal diet daily tor a' initial 

by a 10.-day control'i0-day adaptation period followed 

clays (Period 2) after theinterval (Period 1). For 10 

the ba.a3. diet,I was taintaicnd oncontrol phase,. group 

dlets in wh.ich thewhile groups 2, 3, and 4 were given
! 

)0, 35, and 20% of the millD)AC.-Gl-y mixture replaced 

days (claysprotein, re.spcctively. During the filial 10 

31-40, Period 3) a11. groups w.ere returned to the b.isal 

milk protein dieL. On day 11 of the experiment, dulal 

samples ofurine colltections began. Two 5--day 	poolcd 

al uina.Vyc'Cl forurine wcre rcparc-d for c'ch period 

nitron'c by the Kje3dah) itjc-t1;od. Rats wcx.e-c! jled "at 

of'the study (iican wc-iclht 2009) and 	at the
the bccjinning 

6nd of each dietary period. They showed little change in 

the entire 40.-day span.weight. Curing 



Table 7 shows that 15 or 20% substitution of milk 

'protein with DAC-Gly resulted in a significmlIt increase 

.(P<0.01) in levels of uri:nary nitrogen 'excretion during 

the first five days of Period 2 (days 21-25). During the 

last five days of this period, urinary nitrogen excretion­

decdeasecl for. groups 2 and 3 (10 ancl 15% substItution) 

but was still high for. group 4 (20% substitution) . When 

the. rats were returned to the basal diet (Period 3) a 

sharp reduction in urinary N. o tput occurred in. groups 

2-4,. indicating improved retention of dietary nitrogen 

on the basl diet as compared, with partial replacement 

of "s)"m milk protein N by non-specific nitrogen.. Urinary 

nit'ogen excretion cdurIng the last five dayi; of P.eriod 2 

was significant.y greater (P<0.01) for rats fed the diet 

containing 20% of N from DAC-Gly compared with other' 

gyroups. 16ever, tIhe level of urinary nitrogen e>xcretion 

was not sicjnifican-ly higher (P>0.05) for rats fed diets 

with the 10 and .5%substitution than for rats. given thoe 

basal diet throughout .(group 1). In. contrast to these 

results, the reduced urinary N excretion following rettirn 

to the basal diet was hifh.y sigii. ficmit (1<0.03.) for a.). 

groups given DAC-Gly.' Thcj c6ntrol. group .{group 3), 

riintained throughout the ,c>: .riment on the basal diet, 

did not show a significantch.ange in urinary N excretion 

(P>0.1) between Periods 2 and 3. 



Experient00. Plecause the main'tolnce requirmclit, of 

younc adult rats for S-namino acids (mthionine and cyst..nc) 

may be hi.9hr than the amount suppliced by the basal diet 

(Smith ot al., 3967), the effect of partial replacement 

".of nih protein nitroc enby DAC.-:G.y was studied while 

a constant dietary level. of .S-amirjo acids and trypto'han 

was maintained. In 'this study, the hasal diet and 20% 

and 30% levels of substitution were utilized. The 

Oxporimental dosign was sim'.lar to that of ).-lxper3.ment 7, 

Oxcept that si>: rats were 1"sed per dietary, group. 'Table 8 

-Tab).e 8.­

shows values of urinary nitrogen excretion for the last 

:five days (15-.20) of Period 1 durinS feeding of the basaO 

.4% protein Mlet, for days 25.-30 of Pcriod 2, and for the 

.first five days (days 31-35) of Period 3. The results 

show that 'even with the :oficentrat-ion of S-imino acids 

.and tryptophan maintained at-the. 3evc). present S.r the 

cbasal diet, ur.inary nitrogen excretion incre'dsecl f)- both 

:levels of subsLitution with DAC.-Gly. Hiowever, maintenance 

of the dietary S.-amino acid and tryptopa levels appeared 

to rc'sult in a smaller urillar:, nitrocjen incrcease fo).])owniri 

20% roplacement. than was o01,erjved in the arlier 'expariment 

vi.thout supp) crileait a) dieta .. S -amino acids (Table 7)c 



DISCUSSION
 

Growth depres ,ion resul.ted from ison.itrocjonous 

substituion of cow's milk protein by non-specific nitrogen, 

either a mixture of nonossent3ial L-amino acids, patterned 

as in cow's m.i{k, or DAC-Gly. 

. Variouts 3nvestigators have examined the interrelationship 

between cj"ycine and Tncthi3honilne. Glyc.)nC is knoVwn t.o 

allevate the Cjrowth ccpressincg cffcets of high 3evcls 

of dictary mothionine (flardin et .hl. , 195.; 'Roth et al.', 

3950; Bencvenga . al., 1967; Wertz et al., 1968) andot 

Methioniric protects aganst exces. glyc. ne (Wertz et al., 

i9661). in the pre:sent. studies, DAC.-Gy was uti) ized a. 

di titrya source of non...pOC.fic niilrooell. 'J'li add.Sii on, 

gljcinc may have l imited the u i)Sivia1i(il of tle ;ullfur 

amino ac.ids and re.sult'd Jn the lower cro zth rate; achieved 

added to the 10.'5%i prot ci) l diet..vhcn I)AC-.GJy was 

Growt.L] rate was reduced to th same e:tc,nt fo)].owi n the 

ridk prole-n" nitrogen by bo h20% or 310! substitutoS ns of 

DAC-Gly and the NI:AA mixture. Also, in rats given the 

I111toln" I)'- S11 1) oiacc'ntec(. ic "s cont ai nI Ng 10.5r la i ) 1 'oke 

pUs non.-SpeCINC,' ()tr"ovcln rates rpoiatined )over' cj.'owth 

the rc of ).at ; 3onm i ,! "'Y mlilk pr)t ci ditci s withthanl 


suppe cntary wcthlioninc a,.l cyst in. 'T'hereforc, in
 

in .mfuraddition to po5 ) alterat.i olu il amino acid 

(crC)Ce iilirwelabo) rj, t5;. ,a Ln of a) c,c:ia) :t.uio 



aoich ' may hanvo bee.n j:es.pons~ibl for the r:Od1uOcd cjrowth 

rates foilowincj repl.acemnit of the r~ilk protain by the 

non- spacif'ic Iiirpgcl. 

T'he ~oi:5 amino aicicd pattern of the test protein 

probably is arn important *factor nioclfyinc respons~e to 

Substitution of thatt protes)n by flmnf pcicfic nitrogen; 

biraham et ail. (IM6I) observocl that adic ti on of- nonessecnti.al 

nn~o acids or IJAC to eggj protoin (lid not infliucnco wclcjht 

gain of rats. Addition of either or both of thcso nitrogeon 

sourbes, to cas;dn, SOYbeanM, or0o)-c ;OAMKC~CIpr)otCei1 CICM.-W:Ca'c 

vip eht, gain. Trhoce auth0orsc sces t that tho response to 

jey Oil thenloneFsentixal amino il~d rDC d1C.-wilds; 3I(f .

efniza) imil o acid patioc'rn of the p-Ot C!i 11 e:;c oed. M'oran 

Ot ill. (39C7) Co)-;C rV('l al ClkPYO'AOn in C'.cj p~rO',I'.Cd iol 1arid 

wv iht gyiin of )rnns %.1hc~y 1)7,C ilIIC Jde lot ) oteinto 10' 

Cli ct. of wh *h 11113 ti1o p,:otcinl vill- suppliedi by corn mill 

and 11,1 r by s~oybeanIj 111C.0. 3Rec"C"1it.y PNie)C1 pt ill. (19~08) 

haivu. reportooc that fidditionl of b'.0O itt"15 c ac.i ci to dciet s 

contaiuii n1j ..0 to S. Y; 111i 3), p-o (15 11 WWC)~~..C. y ff~ec e 

gjrowth 3-at c's. of ralts. 0O1 the othe~r hand)(, VCen11at Rao at al. 

0 ( ,)Iow(CI t I t 11 u %':'iC, I PY OfC)() Yt 3C(1111-1I)Ih~~c~ Wilf1 

to tOe C11iant 3ty of c.Cjcj proteil illii the dict, iiciciti on of 

3..- cjOt iL!'" C i1c'S to 0iC. 'Vj prcot c3i dieCt.s di3d not advc'scy 

'affct grTowthI 3itte'i Sniithits CilfjL0 

~T he prvfsnt findS1)95, FIC-.owcd that tryptophan supplemncntiit.5 

or 01C . l k,1cdeit C CClIlt z'ittin!icj ded PAC-C) y 

http:p~rO',I'.Cd
http:nonessecnti.al


anc1 sufur 11iino acialn resulted -1 n~ almnimSprovemo"Int 

ogrWowth rate. Adl tion or scivoral other u;ontial 

Malflo acids6 suspected asi being j'lmi ting ill the I'lothS oin-10 

supplomon tea 10.5t milk protein diets, with or without 

adckcainnspocilfic nitrogeon, failedcc to i.mprove. growith 

rates. Nowever, Swenclsc!5cl ot 0) . (3.962) , u,,ngj an 8% 

Caaoi n diet SUPP) eailtc(A with Int~chionline, found that the 

cjrovth ccoprc.r;sion res~ultinc.1 from~ aCidit.tion Cof reVer)0 

6OurcCs of non-spec3fic nitrogen disa ppcired after addition 

of trypt-ophan andl threoni.ne, except whon cj~ycino wzan. the 

siource of non'-spocifiSc ni troclon. Xn the proenii study 

the h~ghor cjrovwt i ratc; of control. ratE; fkd the 35% il tS) 

pr.ot(!etn lie( , compa(recl w.ith Olhe Controls m;~;c~~i Iby wrd;S 

ct ill . () 9GM) , wiUy e>:p) aSi tlh' fi;.i 1111-0 of i ry] t op)lln CInd 

thlconAin.CaEippi citt on of d13ets nci ailnincj the( nCon'­

Spec-3 f j c1nitr-oen t 0os e1 ore. grov/ h to the TmiIX3 I.wm rt t 

iichic'vccI With the 1!;t Wml 3k ro1ndet. 

A7~.301; 1~)E- t tIH OIJ Cf 1InS 1k prcd ei 1) N, with or withoutt 

SuppIC'mcItary milu).ur auino cid; pn.y ;) Pjt y iand( 

ronE~ienS ifSittiy1 rclcuccd. ilhe grcw1 rOwS h ir~e 

VCr)C! Cobse.CVC' itt hi-cjhc-i: Jec ;A3; of stilm.tjiuLicn. These; 

mcpa) U; diffe'r f)r- :I tho.eC "I Hviidrcnl ($?yio Vnt Plot 

3!062) andc ivdu)t mlcnr (Kofra/i vt at)., 3964,; ScriihAl~ 

at it) . muptb) I !;hcd appayrent 3y are~ itle tow~)tE),~ho 

http:thlconAin.Ca
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tolraa 	lus. a1020t rpc~p.1emumt: C)1 iidi1h protoclnn 

with 	 )1Cof-spcirCI.L nltro~cC11 

i1hen urS ntry n),tr-ccJon cxcration, vafs the piajor 

iaralmcr~~ us;ed for cterrillincj the offacts Of railk protcill 

smtbst5 tution by non-specific nitrogen in young aicult ritts, 

the rcmitE; a) so inclh catcdc 3os,.;ncch N utilization (Tablecs 

,~and 8) T)jha increase in uri nary nit-rojen excretion 

Willi cjrater with hi jhcr )(-Vol,; of sub)sti tutio~n. Th. s 

itdVerse effect. on i troclon balunce %.itsnot prevanteel by 

irI naimnco of the S-arnio acid And tryptoplian cont-ont of 

the dc t - ,At the 3eve!l presclnt 31n thoe contro) 41. inM). 

SEubstituti on of thc mnil); prot.HSn i t)-otjon by' non.­

tspociSc ?it rocjon !Ou)cc-'s lit 01he 30 or IM"; 3eve)s!1-withvut 

idtclti.ona). sulifur 1111111no ucics, rcs-11tedtcc inl Snc)O,.cncd 

uri nar)y i15 t ocjon coxcrct on . Iloweyci-, at part ial ildiat.-tion 

to prote-in rcoplacc,11c,111 vd.Ith JAC*-Gy Jppoarklc to occair, 

as Sndi c~dtCc by I lie dew~i:.c-1 rato of ur.i nctry Ilitrop"C'n 

c>:crc'ti'Ouring( the 311Lter pmrt of the 3rep)ace,,cnt 

peri3od.. 'jII(,.C; e)-lti; withi young( ichult rilts utrv, therefore, 

cjenci) ly t-5 iiI) dto obt)1t v.h0-r1 I n.111cjrcmiu1 Is JC.C1 	 rats. 
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FOOTNOTES
 

.. Dried nonfat kin milk., Carnatloi Company, Vai Nuys, 

I Califor-nia. 

2.' All L-amino acids used in these studies ware purchased 

from General Biochemicals, Inc., Chugrin Falls, Ohio. 
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Table 1. Effect of clictry level of iil;iin milk protein 

"'n(:i&"four-tccn.-ay growth rate. of vzcaninc j ra(ts." 

Group DiSctary" lkJ.ih V6od Wcight' FE ........... : .. . &r ("f '- i .......... .. .
 

nO. " mDr); protein -intac gain
 
/1 CIA
 

' .g/y cj/. . 14Y;: 

* . • . . 

10""10 0 "5.5 +I 3.3 36.9 3.69 
2 12 .. / " 4 + 1.5 46.2 3.06 

.3 15 . .9.-:9 .6.4 4:4.0 54.8 3.67 

4 18 9.6 77'.9 + 2. 1 .0 3.22 

"€ . .• -. 

lbcginnincj %-.,eight.of rats w. 45 J. 2gj. 'cight. gain Is 

rican "1 ,taln ar( err6r for 0, rats.'pcr '(1011p, 
. o .. .. .o ° .°. ..7 . - ­

?Food1 (ffi:ienc:y (iE) gain y intak.e). 100.if; '(g C:" fOOd x 

3 PrOtc.j.n ef fi(.Jc'lcy ratl (P ) iv cJ. gja 1 per g protein 

constumcd. 



L'Ltbl.o 2. Ca3cuilatodI% of. Cissena). andno acids ill oxpa:rirclntit1 
* 4 * . . 

cditts compared with r uireuonts for Young.g)rC)wxn)J rats. 

Exp crime 1ntal diets 

: % of 1lUk prot-ein N repcI_ccd Amino acids 

3.0 15 20 30 required"r~nho neic ' " . " "•. ... . . . . 
. •o of. 1c, 

e.[inc "03.0.96 0.86 0.02 0.17 0.67 0.55
 

0.70
aucino 1.47 1.32 1.25 1.10. 1.03 
4C 

ys.i n..17. . , 1.05 0.99 0.94 0.82 0.90 
"..
 

-Iill no acids, 0.50 0.45 0.43 0.40 0 .35 0.50 
Fjct],o11 i c))111C .1 cyst nc:)
 

ro!nat.c: amino acids 1.49 3..34 3.27 1.19 1.04 0.72
 

]rcConOn 0.69 0.62 0.59 0.55 0.,0 0.50 

z.p.,op',,,,, 0.20 0.)9 0.18 0.17 0.35. 0.11 

. 1.03 0.93 0.83 0.72 0.55.0.-8 

,rcjnhc ,..55 0.50 0.47 0.44 0.39 
.'. I r: ,"~ 

1eID.'39 S(I " 0.35 0.33 0.31 0.27 0.25 

".a.Icu atc cl va Ilues from dita of On. C . (3957) 

', Rao at. a3. (39.64) 



0;: s cd 

"of sk"." .mi. by nenessentia1" amino acids or ;1jcine'd -. i 
*9' ..... 

-Level of M.k titrogen totalA diet-ary ood Weight 

protein "n diet source W from added in*ake gain 

X so,-ce g/day S/ 4 days % 

Ex - 1500 -- 0 9.4 73.8 -4 4 0 56. .74
 
50 10 9.3 69.1 2.2 53.1
 354- . .
.I. .. 

12.75 AA5 " 9.4 -S6 9 :50' P 3.33 

3 _1. so 30 9.3 56. 0 2. 43.0 2.7 

s.o 0 -.9.2 68.0 2. -49 3.0 
, 


. 1,, . 9.4 5 ,- .4.. Z-.73_2.0 

. 12.0 .C-G 20 • 9.9 5".8 .2;1--41.0 2;73 

-... 10.5 NZ - 30 .--8.9 48.3 - 2-0 -37.8 2.5S 

10.5 DAC-Gly 30 . -9.3 49A5 2.5- 37.2 2:48: 

Sweight o. .ats was 36--2 g. weight cain is mean - standarderror for S 

rats per group.
 
Amino acid (g) per 100; mixture: L-alanine, 6.5; L-aspartic, 13.72; L-glutamic, 44.03;
 

qlycine, 3.72; L-proline, 20.90; L-serine, i1.09.
 
3Beinning weight of rats was 48 3 g. weight gain is mean + standard error for 14
 

rats per group.
 

D iion.... and ---achn supplied equal of N
citrate glvcine xt-__e. com-ao-a amounts 


per -nitweight of mix"re
 



s4-m. rnz. prote-.n
Table 4. Fou±teen-day. grourt of weanl-Ig rats on diets contai- -ng 


out added g2lycine and d- oni"-n citrat
su_,2e.emented by S-amino acids, "ith and w 


•(.-n.....e..t 3) . 

FE PER
 
rou_ Level of .ilk %total dieta-y .ethionine & 	 Z; dietar-y Food Weight 


.eionne. tae gai­
no. protein in diet N from added cysti.e added1 2
 

- & c -ystieg/day g/l4 .days

-DAC-Glycine 


0.50 10.3 73.3 - 4.5. 50.8 3.49
 
1 15.0 


3.2 53.8 3 "55
0.15 	 0.65 10.6 79.8 

2 	 15.0 


0.28 0.77 !0.r! 4..! 54.6 	 3.58 
15.0 


0.7. 3. 34.3 3.52
0.43 	 0.92 " 
15.0
4 	 8.9 49.0.+ 4.1 39.3 2.62
.0.35
5 10.5 	 30 


. 9.8 62.7 + 5-1 45.7 .3.02
0 .!5 	 0.50
30
6 .10.5 


73.3 3.2 47.2 3.09,

-0.5 0.28 	 0.65 .- 1
30
7 


30 0.43 0.77 10.7:.64-6 -	21 43.3-. 2.798 10.5 

2 	 3.7
0.35: -.s. 61.0 + 4.2 38.9 


10.-

67.1 +'3.5 44-0 4.-130.15 	 0.50 '0.9 

!0 10.5 	 11.3 73.7"+ 4.3 46.6 4.32

11 10.5 	 0.28 0.65 


46.2 4.22
0.77 - 12.2 78.9 - 5.10.43
12 	 10.5 


added in a weigh.t ratio of 3:1.7,ethion"ne 'and cystine were 
2C
 
Calculated values. _asws :3.0
3Eeinn 
 for- 7 rats pe_ gr-ouj

was 45 -3g. "Weight cain is =ean + standard rror
3eginng weight of rats 



- -

-s.k m mi1 protel-­_ebie 5. _ourtee..-day. growth of wevanling ats on diets containig 
s"pp2..ented with sulfr amino..acids, N A, and v -ious.,essem.,t-.al amino acids. 

-- _.dietary zssenzia! amino 	 "'F6od "/w~ichtGrou'z Level of mi1< .% total 

from added acid added inta-ke gain'no. protein in diet-	 N 


% "NEAA g/day g/14 days
mixture 2 

Ex-periment 4 

I " 15.0 - ---- 1. 012.1 85.6 + 3.0 50.5 3.34 

12.1 68.4 +-2.3 40.4 2.64.
302 	 10.5 

0.32 12.3 71.0 -- 3.1 41.2 2.67
30 "--g.3 10.5 

41.- 2.63
30 -.;-ys. 0.13 11.9, 69.0 -- 2.2 

4 2.0.5 

0.10 12.3 .75.4 - 2.7 .43.8 2.84
-30" L-T1reo.5 	 10.5 

41.2 3s'12.2 70.4 -3.1 
6 	 10.5 - 3.3 39.9 3.66 

.. .. L-Ag. 0.12 13.4 7.4.9
70.5 

2.5 36.9 3.37 
-- .L-Lys.- 0.13 13.6 70.2 + 

10.5 
42.0 3.85.12.2 -721.8 +-2.3. 
--. L-Threo. 0.10
9 10.5 


(continued) 
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.able 6 Fourteen-day. gr th of weant ng rats fed diets with different levels of 

DAC-Gl~cine rapace.-.ment of ski ::ik protein s-_p1e-ented with sflfur amino cods 

and trvatoThCn (>rr- .e t 6) 

Group Level of .2 Amino acid t totaC dictary Food eiaht­

no. protei in diet added N fr.o added tnak g ai 
%.DAC-Glycine g/day .g/l!4 days 

""A. -10 g i 

a 15.0 Xet-Cys 3.15 6 11.2 84.8 2:4 54.1 3.57 
2 -_3.S' Xetv-Cys 0.20. 10 11.- ._> .- 2.3 32.3" 3.43 

+ Try 0.02 

3 12.0 Xet-Cvs 0.25 20 10.3 68.4 + 4.4 47.4 3.10 

42.0.5 Met-Cys 0.30 30 9.7 61.0 + 2.3 44.9 2.92 

*r 0.06 

7.5 Set-Cys 0.40 50 '8.3 35.0_ 2.8 •30: 1.94 

Thegi _noLg weight of rats was 35 e 3g) Weight gain is ean standard eror for 7 rat 

per grotp. 



t. of days' c .melt .JI.| )u-mn'.jI) .o . )'/ff:c 40 03p],a0.. pro Ily 

IjACCc3yc:ine onl uni'.nary nt0rogn exc:rtion in young nclu.t
 

rat (E.::crS-. mc~nt. 7),
 

"
 
'.% 6f 'lilk prptein N roplacd 

-(Days of ".0 6(21 1()(3) 20 (4)
15S: 
e3
 

P- .in N jer clay 

1.5
4.3-20 1.2 42.8 + 2.0 42.4 I 1.6 40.4 + 

3.0 2.0. + 45.9 .+. 

..26-30 38.0 + 1.4 39.7 -I1.9 41.3... + 1.2 44.5 + 1.3I 

.-..31.-35 37.0 +.- : "35.6 .+.1.0 36.0 + I.1 36.0 + 1.3 

c2..-25 40.0 1 43.7. 46.7 1.6 1.3 

":!36-40 38.7 . 0.8' 35.6 1.8 36.6 3.31 37.3 +I1.0 

1 Group nurnbcr is in •iiMonthcscs 

Durin1g days 36-20 and 3i-'40 al I rats were.givcn the basal 

it%milk protcin dliet. urinjg clays 21.-30 (joap :*rt 

wore fed the basal diet or a cl{ct contanin~ng 30, 15, or 

"0%'of milk protcln N replaced with DAC-Glycino. 

31c.an + standard error for 10 rats per.group. 



Tablo 8. Urinairy n.ttr:o:oqi c>'c'rc:i.on in youlcj n11ult rats
 

fec rniM1 protin dciot.s, .';,inc1. withlu~p ;ulfur amidno
 

1acids ad1 yj)tOplAl), fo 3o;.Win9 pt)l'dal 3%, CIICColt with
 

diaillimol.Jlum ci~trait'e aCId ci.CyC c for: 40 da'; (x'XpOe':-imenlt 8).
 

% of nmi ): iwotci i 1, )ep)acod 

.pays of 0 20 30 

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

1.6-'20 .44.0 + 1. 12.3 + 1.6 "42,5 "I 1.7 

25-30 40.9 I 2.1 45.5 + 2.3 47.9 .I 1.2 

31.-'35 39.5 11.6 38.9 + 2".7 35.5 .1 1.8 
* S 

* . . 

vull~u' dd ; 36-20 and 31-35 a. *xats wore g1von the b.;a! 

€liCt ait du) p1);dny: 25-- 30, rats werc. fed the basual diet 

or diets; c:onta iiIi 1ig 20 and 30V of total dic f.ry N from 

DAC-Glycic. All. dicts contined 0.135; methlionin, aind 

cy'stne and 0.06t t.ryptophan. 

2kle*n .1 standard error for 6 rats per group.oen- .. jr jop 

http:c>'c'rc:i.on


ZUECOMME'NDATIONS 

Tho results Justify continuation of this study atlong two lines: 

a. Demonstration that the contribution of milk to the protein 

value of t mixcd diet is not diminished by !sonitrogenoun substitution 

by glycine aid diammonium citrate it the 10% level. This is now 

being done tit ]NCAP ts part of the terminal stage of the present AID 

contract, 

b. Additional studies in children one to four, to determine 

whether there are any real differences between children of this age and 

.adults In their ability to u.1c the nitrogen of a Irdi Ik/gl)cine/dialmnoniu1n 

citrate mixture either alone or az. a component of a mixed diet. These 

again should be done initially at M. . T. and conafirnmed in INCAP 

utilizing malnourished children. 

c. Extwnsion of the dilution studies to formula fed infantr. to 

be sure that a 10% level of dilution will not Shmpair the protc-in value of 

milk protein for infants. There is now reason to believe that such a 

trial would be wholly successful. 

c etion of the adlditionald. With eonp res.earch inclic atCd above, 

there is ever> re.,o, to believe that the addition of non-specific 1.it rogen 

could be reco2 nendcd ias i safe and nutritionally effectiec way to increase 

the pro tCin V ]uC Of N't. .U ft Of dr'icc IM. nL11il Pi i ,li for"11L1um fcclin.i.. 

Dr. Nevin S. Scrimshaw 
Cambridge, ML',, chi e tt 
Febrt,'y 2S, 1969 


