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SUMMARY AND CONGLUSIONS

Comparison of the essential amino acid and‘.lotal nitrogen
requirements of children and adults, as reported in the scientific
iitcrature, with the concentration of essential amino acids found in milk .
and other good prc;tcin sources of a;limal o'rigin leads to the conclusion
that for healthy, individuals beyond infancy the concentration is higher

than the physiological requirement, Under these circumstances, it

!

should be po'ssiblc to replace part of th; J;itrogc;n of these protéin sources
\'.vi'th nitrogen fron;x any utilizable source, including simple and rclatively
inexpensive niir.ogen containing compoun'ds such as glycine, glut.éxmic
dcid and ammonium c;itrate.

. Nitrogen §a1ancc studies with t;vch!:y-one young adults at M, 1, T. fed milk
as a sole nit.rogcn source indicated that at least 20%, and in some subjecls

greater than 25%, of the nitrog;cn of milk ¢ould be so plac;:d without

affccti‘ng nitrogen retention, In order to ;.llo.w a margin of safety in the

studies with children, a 20% dilutic'm was cmplc;yccl with seven children

aged four to nine years in studies at M. 1, T.. with similar results. While

these results indicated that a Zo%.'dilu'tion is c.ffcctive with children, the
.number of subjcc.:ts was too small to.givc much indicaticn of the extent of
individual variation. For 'this 1éa§on a still cc;nscrvzttivc dilution, 10%, was
“recomihicnded for nitrogen balance studies during the repletion of malnourished

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

L .

Panama, Once again there were no differences in nitrogen rctention between
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periods with the milk formula diluted or induluted with non-specilic

nitrogen.
It is probable that 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 degre:

by the addition of simple and relatively inexpensive nitrogen sources,




Background Statcrnent:

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

requirements for individual essential amino acids per g total dietary
"o : '
.nitrogen for infants, children and adults (sce Holt and Snyderman, 1967;

*Chan and Waterlow, 1966; FAQ, 1'965; and shown in Tab.le 1), it appears

that the concentrations of the individual essential amino acids in cow's
| ' :
, .

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

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

the c?ctcnt to wl;ich skim n;ilk p;'otcip cou}d be isonitrogenously replaced
by a simple so;.u'cc of non-specific nitr'o’gen without changing the protein
q\'xali‘iy of the milk protein,

. The studics co.nductcd to date may be catagorized as follows:

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

i
J . -

2, Studies. conducted in collaboration with the Institute of
Nutrition of Central America and Panama (iNCAP) on children recovering
from kwashiorkor,

3. Studies in young adult men at M, 1, T,

4." Limited studies in rats conducted at M. 1, T, to gain a further
understanding of thc cffects of',subs;ituting cow's milk protein
with non-specific nitrogeh,

For convenicnce, the results obtained from the above studies

arc reported below in Sections 1, 2, 3, and 4, respectively,



Table 1

Calculated essential amino acid (g) to total nitrogen (g) ratio (E/TI\})
in infants, children, and adults from published values
on amino acid and nitrogen requirements

Age Group Total EAA  Total N for Growth  E/T) % EAAN of

i . or Maintenance 'I’ota.l N
. mg/kg mg ke

Infants .

“(ca. 1yr) . 7601 2002 3.8 48
Older Children . - 3
(10-12 yrs) - 2603 1004 2.3 33
Adults ' 645 466 1.4 " 16
l. From Holt and Snyderman (Nutr. Abstr. Rev, 35:1, 1965),
2, 1'10m Chan and Waterlow (Brit, J. Nutr, 20: 755, 1966).

3, From NakagaWwa et al (J. Nutr, 80: 833, 1965).

4. I‘rom FAO (Nutrition Studies No, 37, FAO, Rome, 1965) not

allowing for growth,
"Mean for men and women, from FAO (Nutrition Studlcs No., 16 ¥FAO
" Rome, 1957).
6. From Young and Scrimshaw (Brit, J. Nutr, 22: 9, 1968) includces only
urmc and fecal N, -“

(3



SECTION 1
STUDIES ON THE EFFECT OF MILK PROTEIN

*DILUTION IN CHILDREN AT M.I1. 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,

1 -

withi'.n two weeks of admission to the M. I, T, Clinical Center, to thejr
xrespeclive State schools,

5 Detzuls of' experimental design, diet, and analytical procedures

i

wcrc'prcvxously described in the 1967 Annual Pr ogress Report and are
i

iurthcr described in Section 3 of this rcport.

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

studied during the entire experimental period,
i t
o Table 2 ‘
Age and weight of children and experimental design uscd for
studies of milk protein dilution!

Subject Age Initial Wt, Final Wt. Days on Days on

(yrs.) (1b.) (Ib.) Baseline Djet 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 T32
B.L. 5 41,0 . 43,0 29 40

D. 9 35.0 37.0 25° 12

. W. 5 22,0 23.5 40 30

1. Dilution at 20% level.



Results on urinary nity 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! ] Dilution of Protein, %

0 | 20_

P. K. T 2.141 0,24 2.09 % 0,59
W 0.7740.14 0,70 40,12
"c.R.' 0.81 - © 0,81

R. O'C. 1,03 40,1 " 0.9240.08
.B. L. -' 1.17_-_&_0'.0'4 .1.os'_+_o.'z
S. D, 0. 86 ~. 0.89

J.W. 0,66 _0.42

. 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 arc mean 1 std, dev. for daily urinary nitrogen excretion
(g/day) for periods of four or more consecutive days.

Using ;litrogen cxcrctio;l as the ﬁajor paramcter for assessing the
effect of a 20% dilution of cow's milk protein with non-specific nitrr.}gcn
(glycine and diamm.onium citrate, scc Section 3), it appcars that this level
of .d.iluh'on docs not alicr the efficiercies of dietary nitrogen utilization, It
appears, therefore, that cow's milk|.protcin, when fed at 0.45g protein/kg
body w¢,, contains about'ZO% c’ssent! al .a.mino acid N'in excess of the ;:sscntial
amino acid requirements of these children.

e .

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 experimental

neriod



SECTION 2
STUDIES ON THE EFFECT OF MILK PROTEIN

DILUTION IN CI'}IL-DREN AT INCAP

This investigatioq began af INCK? on 1 January 1968, with the fol-
lowing aims;-

. Yo étqu{ in.p?otéin depletéd childrpn, the utilizatﬁon of
“milk prétein diluted with pon—csse?tigl nitrogen. The criteria used
vere nitrogen balance complcmentéd‘by.clinical evaluation of the.
children. Theoretically, b; the use of protein depletéd children,
differcences could be detected between proteins'of simiiar qualit&
whiéh, in fully xepleted individuals would.be unnotfced. Thé scnsiti;
vity of the depleted child to the availability of eséeﬁtial nitrogen
should be grcater due to the aéuté and specific necd- of es;ential
nitrogen for raéid protein'synthesis:of.young depleted organisns.,

2. To test the supplementary value of milk protein versus nilk
protein whose essential nitrogen has been diluted 10% (milk—éilutéd lo
with non Essential nitrogen, when added to a t&pical diet consumed by |

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

[ N ‘ -'.' [] ’ [ c.' 3
. diet is known to be of poor qualfty} mainly becausc of deficioncies
. » N
in lysine, tryptophan and methioning.

"The present report is concerned with the first aim, since work designe

~ .

to meet objcctive nuber 2 is now in progress.

Four childven during the early phasc of recovery from severe protein-



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

were: 5-11/12, 1-5/12, 2-11/12 and 2-0/12. Initial recovery from
pPcM was satisfactorily obtained in these children by the routine care
established at INCAP{S Clinical Center and a dietary intake of three

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

calorié intake was supplied by Qééétable fatng%ﬁ;“protein sourégﬂhéé

o .
50% from milk and 50% as calcium cagpipate. A mineral-vitamin supple-

ment was also adninistered. Ten days after the child had lost cli-
nical edema the c¢hild was placed on 1 g. milk protein and 120 cal[gg/gaX;

-—

pwenty percent of the calories were supplied b, vegetable fat. Vita-
mins énd'minerals were supplied in adequate amounts. After a period
of thifﬁeeﬂ days on this die?, during which a four day adaptation
period and two consecutive three days palance periods were carried

out, the protein sourcc was changed from milk to milk vhose nitrogen
was diluted 10% with glyciné and diammonioum citrate. The total ni-

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

unchanged.*

Three consecutive nitrogen balances were performed on these children
- ' . R . .
on the "milk diluted 1.0%"' without an adaptation period upon the change

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

v .
# only child PCl93 varied from this scheme in that the caloric intake
during the pariod of 1 g protein intake was reduced to 100 Cal /Kg/day.
This was done in order to reduce a tendency of this child to vonit,
as it occurs in some children when caloric intake is disproportionately
high in relation to protein intake. “his caloric intake is still
adequate for recovery from kwashiorkor and did not nake caloric
inktake Yimitina.



placed again on milk protein and three consecutive three days nitrogén
balances were again perfbrmed, withcut an adaptétion 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’thqy 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 rcsuits presented here are on four children who fulfilled 211
tﬂe above criteria and on whom the stﬁdy vas carriéd to completion,
The chiidren accepted the diet easily and it caused no clinical

alterations.

Nitrogen Balances

Tables 1-4 show the results obtained in the fouf children studied,

Nitrogen absorption and retention are expressed aé percent of intake.

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

Fho four chiidren respectively.

Table 5 shows the éverage nitrogen absorbed and rectained 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 diectary

periods.
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Figurc 4 depicts the daily urinary nitrogen excreted by cach child

during the 24 days covering the three study periods.

No differences were detected by the nitrogen balance techniqué between
uilk and "milk diluted 10%" in protcin dcpleted ‘children. The édnstaﬁ;'
cy of urlnary nltrogen excretions in these chlldrcn brings fvrther

'cvidcnce to the similarmbehav1our of the children during the .three

é%udy periods.

Apparcnt nitroyen absorption varies primar:ly duc to fecal nitrogen

excrctlon and this factor influences thc apparcn’ total nitxogcn

retcntlon more “than changes in urlnary nltrogcn. These variations
-are due to 3ndividual patterns of fecal nitrogen excretion during
—the carly rccovery phase of malnutritiBn in eﬁéhlchild and arc not
duc to variations in the diet. The use of éhildrcn who are still
protein depl?tcd foxr the evaluation oi nitrogen sources has this
limitatién, particularly when nitrogen intake is low. 1In this case,
changes in fecal cndogenous nitrogen that are known to occur in
children with PCM can account for a large propoxtion of the fecal
nitrogen., The variation in apparent niirogcn absorption aéd retention
|

in thesc children, therefore,'is creiter than that expected in fully

recovered ones.

Clinical Evaluation

"The four children studied did not show any clinical alteration from
either of these diets. However, the rate of weight gain vas slightly

cradnerd in the four chl]drcn while they wc1c receiving 1.0qg. ProL/Kg/oa)

- s —a———
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This slower weight gain was not accentuated Guring the period on
"milk diluted 10%". In a similar fashion, creatinine excretion

did not ¥ise as rapidly as iﬂ children vho are maintaiﬁed on high
protein intakes during this phase'of recovery. Total'serum proéeiﬁs
decreased in two of four children, particdlarly in child PC196

Qho remaincd‘close to nitroéen equilibrium during the study. These
biochemical changes are no more accentuated during'the period on

"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 ycar.



TABLE 1

NITROGEN BATANCES - pc 193
' Age 5 y. 11 m.

Weight Souxce of Protein Intake N. Intake N. Absorption N, Retention

Xg Protein g/Xg/d. mg/Xg/S. % %
12.73 Milk 0.99 159 91.0 39.1
12.78 Milk 0.99 158" 54.C 1.6
12.82 | Milx-Dil. 10% 0.95 152 87.2 33.7
12.89 | Milx-Dil..10% 0.98 158 78.0 32.8
12.89 Milk-Dil. 10% 0.98 158 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 5.4A

% "Intake lower because of emesis
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.TABLE 2

NITROGEN BATANCES PC 194
Age 1 y. 5 m.

Weight Source of Protein Intake . NX. Intake N. Abs.orption N. Retention
Xg Protein g/Xg/ .‘ . ng/Xg/d. . % . %
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 milx 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.-1ll m.

Weight Source of Protein Intake’ N. Intake N. Absorption N. Retention
Kg Protein g/Xg/d mg/Kg/d % %
9.06 Milk 1.01 161 73.9 -1.1
"0.16 Milk "1.00 158 ‘72.8 -9.2
9.26 MIlk Dil.10% ~ 0.98 155 68.6 17.2
9.33‘, Milk Dil.l0% 0.98 154 57.9 -0.5
9.44 Milk Dil.10% 0.97 150 75.3 17.2
9.50 Milk 0.99 158 72.0 22.2
9.60 Milk 1.01 . 151 54.1 -2.1
9.74 Milk 0.99 152 57.8 3.1



TABLE 4

NITROGEN BALANCES bCc 197
Age: 2 y.
" Weight. Source of -Protein Intake ‘N. Intake -N. Absorption - N. Retention
Kg. Protein . g/%g/4 mg/Xg/d % %
8.12 Milk 0.98 153 87.3 24.7
8.22 Milk 0.96 148 ‘84.1 T 32.3
8.33 Milk Dil.l1l0% 0.99 156 i87.2. 29,2
8.48 Milk Dil.10% 0.98 152 | 85.6 22.4
:
8.60 Milk Dil.10% -0.96 146 83.1 23.5
8.70 Milx | 1.00. 157 85.9 3.1
8.84 Milk 0.99 -153 83.7 33.0

-8.95 Milk 0.97 148 1 89.7 24.2



AVERAGE NITROGEN INTAKE, ABSORPTION % AND RETENTION % OF EACH

"TABLE 5

CHILD DURING THE THREZ STUDY PERIODS

Chilad Study Protein Nitrogen - Nitrogen Nitrogén
No. Period Souxrce Intake Absorbed Retained
mg/Xg/4. % %
1 Milk 158 72 .5 20.4
PC 193 2 Milk Dil, 10% 154 8l.1 33.1
3 Milk 148 68.2 24 .4
1 Milk 165 T7 ez 23.5
PC 194 2 Milk Dil. 10% 160 74.5 le.o
3 Milk 158 72.7 21.2
1 Milk . 160 73.4 -5.2
PC.196 2 Milk Dil. 10% 153 67.3 11.3
3 Milk 154 59.2 7.7
1 Milk 151 . 85.7 28.5
bC 197 2 Milk Dil, 10% 151 86.6 25.0
3. Milk 153 86.4 37.1



TABLE 6
AVERAGE NITROGEN ABSORPTION AND RETENTION IN PERCENT OF INTAXE

FOR THE FOUR CHILDREN STUDIED, IN EACH DIET

NITROGEN .

Protein Spurce

Intake
mg/Xa/4. % Absorption . % Retention
Milk 158.4 77.2 16.8
Milk'Dil. 10% 155.2 77.1 . 22.1

Milk 152.9 7 72.2 " 22.6















SECTION 3

STUDIES IN YOUNG ADULT MENAT M. 1 T.

Th.e dectajled report given below describes the results obtained
with young adult men studic.d‘ for the effects of milk protein dilution with
non-specific nitrogen,

The re‘port has been accepted for publication: "Partial Dictary
.Replacemen.t of Milk Protein by No;1-Spec?Iic Nitrogen in Young Adult

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

Journal of Nutrition, May 1969,



(2]
INTRODUCTION

Most of the wo)L done on human PYOIIN TCYU LIt -2

Bas dealt with the essential “or Jndaspon sable amino dCJduc.

DuL Lhe oLhcr component of the pro{cin rcqulrcm@nt,

nonspccwflc nitrogen (1«4), whxch is fuznlshod {ron excess

essonlaa1 amxno acids and by thc nonessential amino acids,

merits further invcstlgatlon. A review of the published
values for the “essentia) amino acid reduirements of adult

man (2, 5, 6) quggostu Lhdt 1ho concentratxonq of csgontwal
“amino aCldo per gram of tota] nwt)ogen in high qna\aly ‘
protein foods ¢ such as ogqs, ‘neat; and mnlk are hlghcr Lhdn
xequlrcd wvhen these food are the’ JoJc nOU]Cu of: dlCLuTY
protcln. H0100ver, a number of 1nvcstlga{or° have -hown
*in experimental animals that. noneu¢ontwal amino acids afa

. oxre cffocllvc in meeting nonspecific n:t:oaen TCQUIICHCﬂLo

. than d)C the cs sentwa] ammno acids (7, ¢). In order to

5nvost:gdte further the 1n{ozrc]atlon,hnp bolwccn these,

"2 componon{s of man's protein nceds, ve havc undcrtaken

"a series of studies 1n which various amounts of the tes t

dictary brotciﬁ ﬁre replach, JaonJLrOjenously, by a
source of nonspecific nitrogen. 7he plvgan wvork w;th
milk protein exttends our ptév{ous obsc;vatioﬁs m%éc with
. égg-(ﬂ) and beef protcin.(lO). A
In Qgtab{ishing the amino acid rcquipeants of nan,
investigalors have used vear lOUS sources of supplcmcus.l

nitrogen including glycine or ur a (1), glyc;ne in
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sombination with‘dlammonmum citrate and other nonessential
21ino acias (12, 13), or a mlech of several nongssen ﬁial
amino acids (14) . Although Lhcse studne suggeat that a
numbey of nndLVldual nonc senLJal amino acxds can mcet

the nonspcc:f:c nwtrogcn necdq as offcctnvely as a mxmtur
of. noncsscntlal amino acids, the 1suuc is iar from uGLLle
klﬁ). 1h {hc prcscnt sexries of expcr:mcn{s, vie havc '
1sonmtrogonous]y rcp]accd milk protein £1rst by a mleure

of glycine and a3 aramonium catratc, and, Lhcn by a mlxture

(AR -

sof nonessentnal amxno aclds pattcrned as in cou's 1011k

.protein, and comparcd Lhe cffcc{Q.

MASTERIALS AND METHODS

Subjécts.' The 21 male college stu@énts (table 1)

vho parLJchatod in Lhesc studies were in good.hcalth
as dcte:m:ncd by mcdncal history and examination, and
continued their normal ddl]y act1v;txos throughout the

)
cxperlmcntdl peraod Three of the subjects (W.X., KEoy .

J. R ) partlcapatcd in more than 1 experiment.
. Diet s The composition OL the diet, bdqu principally
on a liquid formula, is shown in table 2. Df}od nonfat

kim milk protein supplied 90% of the total diestary pvoLﬂ*n;
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.oatneal supplicd the rcmaindcrt' It waS'fbhnd_ncccssaqy
to includc a emall amounL of. oameal to maintain a |
stable formula of agrecable consnstcncy ‘The aiet
furni,hcd 0. 38 g protein/ky/day. Thc net protein
utllazatlon (MPU) of the skim n1)P proLcin by rat assay
(16) vas detcrminéd {o be 71 + 2 compurcd with 63 i 2
fér.un upp]cmcn(cd cascin used as a °iandu)d The daily

“Qiet vas divided into 4 approx;malc]y cqual. poytlons.

"DJlutxon" of the gigigry pro;can._ ; in our
prCV)o; {Vludncﬂ (9, 10), Lho dJcLury nlt))gcn was
yeplaced ("dilutea”) by ,ubrLJLul)ng part of. Lhc dactary
nitrogcn wSLh C)LhC) a mixture of glycmnc and Aiammonsum

citrate (in whlch oach compounn qupp])cd caual amount
of nitrogen) or a mlrturc of nonc*rcntlnl Y- amlno ac;dc
"based upon the prOportions of amjno acids in who)c ercd
.nonfat skim milk proLomn (17) ... The composition o( this
mixturc is shown in table 3.

‘Experinental s cguonco. ~The «uchcL‘ were first fecd
" the ba al (0t dx)ut)on) diet, which supplied 0.38 g pzoLcin/\g
body \giah This rate wis (alculatod Lo qupp]y nitzogcn
at the nxnxmum daily N rcdiilcncnt as dlSCU°<CG pxcviouvly
. &9, 10). Tne du}atxon of-.hv first basal perlod varied
from 14 to°l8 days, depending upon the time réduircd for
the subject to réach an apparently steady state of N
mctabolism.as revealed by urinary N cxcretion,

‘ Three experimnents werzs conducted.  The firgt 2,

with' 7 subjecls cach, cvalualed the cffects of replacing

[
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20 and 25%, respectively, of dictary protein by a
nonspecific nitrogen source, a mixture of glycine and
di.ammonium citratc. the third experiment, with 10

_suchcLs, cxplorcd the effectv of 25% isonitrogenous

rep)aceman of milk protein by a mixture of noncsucntlal

amino ac5d° (table 3). The dnlutnon period JagLed for 20

ior 21 days aftekr which the uUbJGC{‘ vere rcturncd to the
ba sal diet for a perlod of -7 to-l0 ddys. Aftex thc
second hasal period the oxpermmcnt wvas terminaled.

Handlang and dna]yses of “ggp]os. Urine vas collochd

* .

'for complcto 24-hour por:ods.. Total dJoLary nntlogon,

‘urlnaly nwtrogcn, and creatinine were analyzed as des cr:bcd

'prcvnou sly (9, 10). Uroa nilrxogen (1.0) and LoLal uulfur
(38) wcme measured on pooled urine samplcs and serumn total

|pro{an deierm1ned (19) . On the final ddy of cach dictary
'pCLJod a blood sample was taken at g a.m. after an

" overnight fast (9 to 10 hourq), and plasma frcc dmlno
écidscmea ured by ion cxchango chxomatogrdphy using a
Technicon Amino Acid Analyzer. Thc-plasma was prcparcd
for-anhlysis as described by Mechanic et al. (20) . .
TryptOphaﬁ was dctcrpinca aécording to tpe procedure of
Dugcan and Udenfriend (21).° Results for urinary nitrogen
vere cvaluated by the g test and by the paired "t" test

for plasm amino acids.



(6)
RESUJLTS

Total ur1na)y nitrogcn c>crcL50n Auring Lhc
crpcrimcnla] pcriods of both the 20 and 25¢ roplaccman
of ik proL01n by glycinc and diammonium citratc is |
givcn in table 4. For the 20t rcplaccmcnt (cxpcriment 1)
no 8)gnif1canL increase in N o>C)cL)on was obscrvcd in
any of the 7 subjects at this ailution vhen compared with
thc'initial bacal period. nobévcr, 3 subjcctv'qho§cd a
signifzcan(ly lowcr uxlnagy N cexcrction Ourxng Lhc flnal
~basal period Lhan“GU)lng the initial basal period.
buring the 26 % dlluLJon pchod (oxpcxamcnt ?), 3 of
thc 7 auchcLs showcd a °Jgn1f1cantly hmghcr urJna)y N
excretion comparced with th f))fl basal pcriod, and norL
“of the suchctf showed a dcc)c1°od rate of urlnary nltrogcn
cxclction vhen they were {cgurned to the basal diel at the
cnd of the expcrimént (tgblc 4)f The 5np£cascd N retention
during this final pcriod; as combarcd wiih the dflﬁtion
period, was statistically siénificﬁnt (r < 0l01) in 4 of
thc37 subjecls (fablc 4). The resulis suggest that the
N of the diet d}lqtﬁd 20% with giycinc and diamronium
'qitratc was not as well utiiizcd as Lhag of the 20% diluted
'aéd bésal dicts. The decrecased urinar; & excretion dh:ing
the sccond basal period of the cxzperiment conpared with

the first period suggoests thal dilution of the milk
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protein may have resulted in’ a depletion of the body's

. .
. . ’

pool. 'of an essential amino acid(s).during the pexiod of

replacenent by non,pecnfac nitrogen,

-y . s s

As summarized in table 5, area excrction followed

the samc trends as total urinary N exérction during the
. :
~cxper1mcn{a1 periods -of experiments 1 and 2, —Subjects

£ed a ?5% dilution diet showed a higher rate of urca N’

exc:etlon during the d1Juilon permod, dnd most of Lhcm

showed a lower urea N excretion upon rcturn to the
. i ‘.
~und1]utcd diet. %he results for total'urlnaryﬂs excretion:-

and the total urinary N/S TdLlO are also g1ven Jn tab]c 5.
Potal sulfur excretion was dccrcascd by about 106 during

the 25% dilution period compared with the first basal

pcx:od, ahd fox some suhjccts sul:ur eycrctlon Lended

-to reLuzn to initial ]ovc]s diring the final period on
the basal diet.

Subject D.K. showed a substantially'higher total

uriﬁary s excretion dulJng the 20% ailution period

o - — .- ..

(tablc 5) and a mark eﬁ]y doc:ca ;ed totdl S excretion
vhen relurned to thcnundilutcd diet despite opposite

trends in total B-am’no acid intake. This subject also

chowed a significant increase in N retention when

[ 4 ) - ® [l [ [
returned to the basal diet during the final period

: et ~
of the study. There may have been an interaction

" between the nonspecific N source and the utilization

of ‘S-amino acids in this 1ndivxdua1. Moreover, 3 of
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the 4 SUbJOCL in orpcrlmcnt ? (r.D., K L., M.S.)

Lo

ShOWJng lowor LoLal urJnary N output durlng Lhc sccond

basal perlod al 30 ghowcd a docreaqc in total urlndry

S ouLpuL These result éuggcst that abovc a certaln

1evel which varlcs vath 1nd1v:dua] s, the dilution of '
'mlll pr;tcln w1th.glyc1nc and Aiammonium cigratc gs'a
nonspocmflc N source influences the utilization and
metabolism of the sulfur amino acids which are 1imiﬁin§
. jg‘this protein ().

The results givcﬁ in tables 4 and 5 'show that total
‘N and urca N ou{put inereased duanng a ?55 aJJutlon with

i .
glycine and diammonium citrato'and dccrcascd'to a variabhle
docho when subjcects were returned to the basa] diet. The
quostnon rcmaxnod as to whether the glycine and dadmmonzum
‘c1tratc mixture vas Lhc nost CffCCulVC source off nonspcc:;
N. ‘Accordingly, a mlxtpre of noncssential amino acids
(table 3) vas tested at the 25% level of dictary protein

‘dilution., 1In this Lhird cxperiﬁcnt (table 6) only 2 of

fic

the 10 subjects hoved a statis tically significant decrease

in urinary N output following return to the basal diet

after the 3~wcek,perﬁod of 25% dilution with the NEAA
) .

. mixture. Three subjects showed a lower urinary N excretion

during the.second basal period as coﬁpared with the initial

basal period.’ Subject K.E. previously showed a similar
- .. ,l/

esponse following a 25% dilution of the dietary N with
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g}ycihe and dj.ammoni.un citrate (tablc d).
Urxnary N oulpul during the dllution period dld

oL incrca ¢ signifiCantly ahove LhaL o( Lhc xnltmal
.ba al pcrlod rexcepl in the casc of 2 uuchcLs. nowcvcx,
in ). casc (I.S Y a rclaancIy 1ow rato of cxcrciiggnnu-
vas obscxvod during the flrst basal pOllOd, and du)lng
“the °ccond basal pcrxod urlnaxy N output was the -same -
as that dur)ng (%e dm]utton pcriod the Jow initiaf
basal level of N excretion was probably aLprca) buL
the roa on is nnknown. . |

Ihc rcvulls for urca N,and total urinary & excration
for the 10 subjccls g)vcn nongssential aminq acids as
tﬁc_sourpc of nonspceific N arc summarizéd in table 5.
'During the ailution period, total's'cxércéion wvas
.lowct.thén du)1ng Lhe initial) basa) period. Thc‘meaﬁn
dccréaﬁc in total uranary éxC)eLion was slightly
grcatcr duxlng this per)od than 1n the cor:o pondang
period of cxpcr:mcnt 2 involving use of glycinc and
Aiammonium cxtrdcc..

In contrast Lo results obtuxncd in oxpc,zment 2
(tuble 5), total urinaryl. excretion diad nol appcar to
déércasc furthc; du.ing tﬁc.sccond basal pcriod for X.E.,
b.ﬂ., and J.R. .Thcsc 3 sabjects showed incrcascd N
rctcnﬁion.in the final basal pgriod as cémparcd with the

-~

initial basal period. In cxperinment 2 with glycine end
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Aiammonium citrate, a lower S output was observed during
the second basal period for the 3 subjééts (P.D., K.E.,
M.8.) whé.showed increased N retention afiter the 20-day
period.of dilution. These results suggest that the |
mixture of NFAA may be a slightly wmore effective source
of: nonspeéifié N fox the isonitfogenqus replacemcﬁt of
skim milk proteih than glycine and diameonium citrate.
-8erxum total protein and the concentrations 6f free
amino acids deterxmined for.éubjécts studied at a éS%
.level of replacement with the 2 sources of nonspecific
.N.aré hummarizéd in table 7. No significant differences
'éP“{ 0.0%) in the concontraéiods of {these blood ;onstitucnts
wexe détected. Durihg dilution with nonqéspntial anino
.acids,(exbcriment 3) only alapine increased, but ‘hecause
of higﬁ variahility this chénge'waé not statistically

significant.

pIsCL$SION

The results of urinaly nitrogen excretion in the

prosent experiments indicate that for most human subjects,
. . i

milk protein, when fed at approximately the ma.nimum
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requirement level (0.38 g protcin/kd/day), can bc replaced
with ?Os of nitrogen fom DOHaPGLlfJC nmtrogon »ouzpeq'
wahouL affchJng its nutlltave a]ué. Thc extent of
replucemcnt posanb]e varmod with the subJecL from about
20“ Lo at’ least 25%; this may rcflcct varmab:llty in Lhc
requ1rcment for 1nd1vndudl euqonunal amino acnds (a, 6)

:Thc 3nf]ucncc ol d:]utlon appeared to'he paftidlky gfﬁqg&gd
Eby the source of. nltrogen qtilizod for the replaéemcnt' .
'of nilk protein nltrogcn, because glycine and diaﬁmonium

c;LraLe rosultcd in a grcatcx increasce in urinary N

ckCJOilon dulang the 253.d_1uL10n period than the

l
)
b !
[}

isonatrogenous mixture of nonessential amino acxds.
Lofrany: and Jekat (??) Jn their utudy with
adult uUbJGCtS conc]uded that on]y 10 to 15% of milk,
;proLeJn could bc Jeplaced thh ammonium CJLL&LC wJLhouL
a change in thc value of the‘prptcln. Tho dlffcrcnce
betwcen Lhe:z rcsult° and ours may be due to themr .
]:mltod numbey of uubJoch and use of ammonlum citrate
alone as the nonspecxflc N source. Clar} et al. (1.3)
obscrved in young adults yiven 9.0 ¢ n;trogon/ddy (of
vhich approximatciy half|was provadcd by the supplcmcncary
nonQpcclfzc n:trognn\ that N rchnL;on was depressed whcn
dlammon:um citiuiid wWas fea, but nct when glycine alone
was given.. Althcugh none of the 7 young adults in the
present study appeared to retain less nitrogcn/ﬁhcn 20%

+

of milk protein was replaced with the glycine and
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dlammonnum citrate mLxLuro, 3 dppoarcd to shéw“additional

l "

rctentlon whcn rcturncd to the basal dict., This lattcr

obsexvation nay mean that an amino acid depletion had

. .

occurrcd which was not apparent from measuring urinary N

. H

excroLJon alono durlng thu dnlutlon period. However,

th: possxb ility was not rcflcctcd by a reduction 1n the

.
- .

'concentaxtlon ‘of csqontnal amino dCldu in favtnng plasna

samples. Tho results suggest Lhdt milk prochn can ‘be
rep)acod Lo a groatcr‘extent mn most young adults
Lhan Jndacatcd by Lhe utuay bf }ofranyi and Jekat (22).

Snyderman ct al. (?) ntudxcd 1nfant° from 3 \ceks

to 5 months of. age and round that wexght gain and

nJLroacn balance could be malntalned dcupate a pax ial

subs{1tuLJon of cvaporatod cow‘s mJJL protc:n by glycnne

. -

ox urcd. Although their expor;mcntq were not’ dc31gnod

to dotelmlne the extent to uhlch milk proteln n:trogcn'
could be rep]acod by noncuuentaal nitrogen, ‘it appears
fi1om thclr data that 20% of cow's milk protein could be.
lqonataoggnouu]y reﬁlaced by enthor g3y01nc or urea
w;thoat reducing 1n£ant growth. . Howevcr thls Js pzob«uly
an overestimate since the level of proLeln Jnta\e in

th011 study was abovo minimun xcquvrements for growth (23),
In estabTJsthg amino acid requirements of man,

1nvesL1g tLors have used daiferent sources of supplemontal

.. /,

3 . -
nitrogen (11-14),. Suend eid et al. (24) have reported

0
.
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%hpt glycine alone is not we)l utilized by man as &
honspe¢ific N source; however, they have obsexrved that
‘a combination of glycinc and Qiammoniﬁm citratc was as

I, .
feffective a source of nonspecific N as a mixture of

~,.’~
.

nbhco.cntial amino aclds. FExperiments with weanling

h) * .
Tats have shown that diffcrcnt sources of nonspecific
hiLrogcn can affch g)oth rat.c 1n thc presence of

’minnnal amount.‘ of cssential amino acidt (25, 26).

-%wondscxd ct al. (27) hnvc shown thut the growth rate of.
'rat° may bhe dcp)c*scd by a Jow protcxn dlct supplemented
w;th l.»% glyC)nc " The rc,ults of our skudy with youné
men suggest that there may bc some diffcrcncc in the '.
uLiJ)Vu(\on of g]yctnc and dJummon)um c;()utc comua)cd‘
with a mian)o of nonessenti 1 amino acids when Jnc]udcd
as nonSpccich nxtrogen supplolcnlr in a diect auppring
.N at approxlmatc]y the mln)mum 1oqu)10mcn(

‘In c>per1mcnta] nninals glyclno alleviates lhc
groth GCprcssing cffect of a high methionine intake
(28, ?9) and convcxfc]y, ncthlonanc ‘protects against
cxcess glycine (30). uU% ‘ux amino acids are l)m\L)ng
{n cow's milk ptotein andé tterefore, under condltions
of a rclatively low inLak? ¢f thesc amino acids in the

'prcscnt studics, a comparison of the cffects of {L;ai;

glycinc-diameoniunm citrate and a mixture of nonessential

~~

amino acids on urinary nitrogen excretion was considcred
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app)Oprich. Although a close rclationchip betwccn
urinary nit)ogcn and sulfur’ orcrcL)on has boon noted

by a numbcr of investigators (3), 32), a dxffcrcncc in
the pattorn of excretion between these clcements has
also heen reported (3}). our: rcSults vith subjects vho
rcadtcd to & 20 or 25% djilution with glyciné—diammonium
ch)uLo by ,houlng changes n urlndxy sulfur cxcretion
suggest that thls nitrogen ¢ ourcc may affect Q-amino
.acid ﬁctabolismoat the level of protein intake used in
this stndy; Further studies are required to evaluate

more fully the significance of these observations..
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<ABSLRACT . Skim milk protein vas replaced isondtrogenously
ﬁy glycine and djamnonium citrate, or by a mixturc of
nonessential) amino acids in the test diét of 2) male
colleg: students; the cffect of this }cp]accmcnﬁ.on
uriﬁnr& nitrogen and sulfur excretion and on fasting
plnsmh-aminé acid conécnt%ation was studied. The

spbjeéts vere fed ; constaﬁt nitrpgcnifntaké cqqivaicnt

to O.BC.Q.protcin/kg body Qeﬁghtll Skim milk protein |
funnishéd 90t of thc daily protein; oatmeal furnishcd'thc
remainder, In cx?céimcnts'i and.2;-g1yciné and djammonjum
citrate replaced 20 and_25€ of total ﬁictary‘nitrogcn,
f;épcc£ively. In the thixd experiment, a.mixiurcoof.
ﬁdhcsscnéia] amjno aclids replaced 25¢ of dictary uigrogcn.
The 20t »ceplacement. with.glycin; and Qiamaonima citrate
did not increcase urinary nitrogen cxcretion in any of

the 7 subjects, bﬁt 3 of the 7 shoved lowe: urinary
ﬁitrogcn excretion after xcLurn.to the basal diet. 5 25¢
fcplaccmdnL with glycine and diwavonium cjtrate inercased
urinary nSLrogcn'égcrction in 3 of 7.subjccts and 4 subjects
showcﬁ.iower nitrogen outpﬁt during the final basal period.
The 25% replacement w5th.noncsson€ial amino acids did

nol change urinary nitrogen excretion but 3 of 10 subjects
'showcd a varieble decrecasc in nitrogen excretion during

the sccond basal period. As & replaccment for 25%

oS- rd

) . g .
of totel dietary protein, noncssential amino aclds appecrec
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a morc cfifeclive nonspeci fic nitrogen source chan glyeine

and ‘dimmioniua citrate. Fasting plasina amino’ acid levels

vieré unchanged during the experimental periods.
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 CTABLE )

Mge, height, weight, and caloric intakes of young men

studicd for the cffects of nonspecific nitrogen

replacement of mi]h_grotqig

Body weight

Erp.  Subj.  Age " Nledght Beginning  Fnd Caloric 5ﬁtakci
yxooem . kg keal/kg body woigh
i w20 283 69.4 68.8 47
W.X. 19 265 66.6 64.4 52
DK, .23 183 67.) 67.7 - 47
C.X. 23 270 0.0 59,5 44
R.R, 19 180 4.6 705 42
1.0, 2) 173 7. 77.1 40
R.B. 20 173 85.4. 85.0 34
2 P.D. 19 181 12.) 7.2 51
K.E. 24 180  76.4 76.9 44
N.D. 19 162 6.3 62.6 42
. 7,0, 27 175 6€.0 9.4 49
J.R. 22 163 5.1 75.7 45
M.S. 18 177 71.4 72.6 45
.M, 23 )79 74.). 74.0 49
3 K.E. 24 180 82.4 83.5 42
"~ p.u. 20 167 84,2 84.1 42
J.h. 19 181 9.5 78.9 42
Ts.M. 22, 163 71,0 712 45
J.R.. 22 183 77.7 78.4 44
'R, 18 177 7.7 . 711.4 46
G.S. 23 185 8¢e.) £9.8 50
1.8, 20 187 65.6 67.5 48
L.D. 22 173 77.1 75.9 42

W.1. 19 165 69.1 67.% 50

— e —— ———— —— - —— —— -

. . - e e a—— - —— e N e s T S ———
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CYABLE 1. (continued)

calewl.ated from food composition tables
Agr:cu1ture Handbook

]963 composition of Foods.

Merrill.
a uupplled by the manufacturers of

8, Washxnglon, p.c.) and dat
some of the dJcLary componcntd.



126
TABLE 2

Composjition of Dict Given to Young Men Studied for the

— @ - Sm——

Bffects of Replacement of Milk Protein with Nonspecific

Nitrogen
: : ' TR Y
Ingxedicnt ~ Amount/day
=

Nonfat dried skim milk3 65.6 .
oatmear’ ' 310.8
Dcx)'.n5 “Jpp.bﬁ,
011.° 140.0
Vanilla 10.0
Lemon uice 5.0
NaCl 1.0
Avicel! 5.0
KZHI’O4 3.5
1,0 .500.0
1

Amount for a 70 kg Subjcét; Intake for-cach subject

adjustcd accordaing to body weignt.

o .

2In addition, corn starch cookics and Danish dessecrt
(corn starcn, sucrose, and artificial flavoring and

coloring), and carbonated beverages were given according



to indxvxdunl caloric nced Supp]cmcntul iron (] tablet
supplying 14 mg Fe, kindly fupp]icd by Smith, Kl)nc and
French, Philndclph)a) and & Un)cap (Upjohn Co,, \nJama/oo,.'
Mlch:gan) mu)t)vntamxn capgule wc;c given dnily to all
subjccts. Pach cap ulo is statcd to- contain (mg) A, 1.5;
D, .012; D |

~NC1,.2.S; B., 2.5; C, 50; Nlcotinanido, 20;

)| 2!
‘Ca”pﬁntbthcnatc, Sr:pyridoxinc hydgochlomidc, O.J,-
cobalamin, 0. 00?. “Subjects wbre aisé allowed Trident
-Gum (donated by AmcriCan Chlclc Co., NchYork).‘ Fivc or
six sall tablets, cach supp]y)ng 1 g NaC), vere given to
'pLOVJdc addationul «od)um roquircd

‘3Carnation Co., Van Nuys, Californla

4Dracc., cooked nuckc)o nomogcnizcd nollcd Oats, kinﬂly

aupplicd by Quakcr Oats Co., Barrington, lllinois

SBouroughs Vo]lcomc and Co ‘. ﬁucknhoo, New York.

Approximate composit;on doxtrinn 15%; ma)Logo ?4%.
6Corn 051, Mazola, Eest Foods pivision, Corn Products
Co., Now York, New York.
7F.M.C..Corporation, Marcus Hook, Pennsylvania.

. | ' .

Microcrystalline a].p{\a cellulose., |
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PABLE 3

- Comp sition of mixture of nonesscnhial amino aclus
et e e aad .A——‘o-—-— ‘-——-v—-.———-‘-—.—-———-""

used to aslute milk protein

Sma

Amino acid.' . ) ...% by weight
L~aygiﬁine HCY 6.5
thiétidinc HCL;;HZO l ﬁ.dd
L*aiénipc. . o © 5,80 -
'L~asgaﬁpic acl.d 12,28 :
Lyglutamig.acid -39126.
Gl&gine . 3.33
'L~préliné 18.52
I~-serine - :‘ 9;93
potal 200.

o



—

TABLE

4

Effcect of Dilution of Milk Protein with Glycine

and Diammonium Citrate on Uxinary Nitrogen Excretion

. [
lg/day) by Young Men (experiments 1 and 2).

- .

ubj. N Intak

.5

e

$ Dilution 6f.Dietary Protein

20

0

[

.. Y/day

3.9230.65(6) 1 4.090,86(13) °

.

25

-e .-'-.. .

4.1411.08(7)

W.p. 4,22 e

W.I. . 4.08 4.6140.38(5) 4,08:0,52(1))&" S 3.7010.44(7) &
D.X. 4.0 4.2516.54(9)_.4.1hio.39(11).' —— 3.59%0.36}758f
C.K. 3.36 2.6940.67(6) 2.89:0,32(8) Seem 2.9810.42(6)
RR. 456 3.7620.4i (1) 4.2610.60(9) — 3.8940,52(6)
L.D. 4.80 5.3620.33(8) 5.5040.23(9) — 5.0940.67(9)
R.B.  4.91 4.4340.44(7) 5.4840.48(8) meed T 307420,38(9) P
LD, .39 4.)1%0.16(5)  -=i- o 4.6740.30 () 2% 4,0210.32(10)’
K. 4.65 4.4210,33(8)  =eo- .1-4.5110.52(;0% - $3.9510,47(20).
N.D. 3,73 3,14%0.27(5) S 3.5240.52(10) . 3.1940,34(9)
r.J.  4.)4 3,4940,22(5) —-m T 3.6740,30(6) 73.3740.24(20)
IR, 4,57 4.1240.17(5) e £.6610.33(9) %" 4.1610,37(9)"
M.S. 4.35 3.44t0;30(6;_ e | °,4.2710.33(11)a** 3.5210.28;9)b
nni{.' 4,51 5.0740.50(7) —— 4.8840.34 (1) 4.6510.60(10)

Mean iStandard Deviation for number of observations shown in parentheses.

Jotal length of dietary periods were 14-16, 20, and 7-10 days for the 0%,

20 or 25%, and 0% dilution periods, respectively.

Significantly different from first basal period.


http:S~ini.fican.Uy
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TABLE 4 (continued)

W -
Significantly different from dilution period.

P <0.05"
34

‘P <0.01



. TABLE 5

yffoct of asdution of milk protein with non_p¢cxf1c

nitxogen on UlJﬂd[l urca, su]fu: (g/day) and the 10Lal

N/S’ ratlo in young "men’

"¢ pilution of protein by glycine and aiawmmonium citrate

.0 T 20 RN

Eﬁ?' subj. Urea N s N/S Urxeca N S N/S Uxea R S N/S

-

3w, 2.3 285 6.4 2.9 1 .292 1.0 2.2 e e
, ?.x. D30 0381 13,1 2.4 .285 143 . 2.2 L3351 1105
DK 2.7 .38 220 23 516 8.0 1.4 123 492

. o« Ve ' ’ . ¢ . * * : )
. Mean - 2.7 319 13.5 2.5 .364 12.) 1.0 o237 19.9
2 ‘0 25 Y

b.p 2.8 .357 1.5 3.0 .32 14.4 2.2 .264 15.2
JKeaBe 2.9 ..346 12.7 ,336'° 318 14,2 2.3 . 261 12.8
ND. 2.3 224 140 2.4 J98 17,8 1.9 .2i6. 24.8
0.3, 2.7 .324,10.8 T a8 2467149 2.0 240 140
3R, 2.9 1,333 7124, Cas 273 17,0 2.5 .207 14,0
m.s. ' 19 252 3.6 204 252 16097 " 22 L2 25.9
. R:W. 3.0 369, ré.v ‘a.h .342. 14.5 3.5 ':363 2. €
Mean, . 2.6 15 1207 30 219 157 2087 260 14.%
L sed | - o
ey’ 0.4 L0855 :li2 0.5 L05L IS5 0.5 .050 T

o o oS e

lhnalysis on pooled urine samples for periods shown in tables 4 and 6


http:D.lut.on

YABLE 5

(continucq)

_‘for total nitrogen takcn from tables 4 and G,

-Exp. 3 ‘..;-bii;t%on of pfoﬂein.by noncéscntiai amino acids e
T L ' © 25 "0 |
Cdixn. Subj. Urea N s N/S2 Uxca N 8 N/S Urea N § N/s
K.E. 2.6 .327 130 3.0 .285 15.6 26 .321 119
b 536 423 1203 2.9 .342 12.8 3.6 .384 11.5
S 857 .33 1.2 2.9 02 152 2.7 .33 a1.e
s 25 202 139 2.6 206 17.3 7 2.6 .276 13.9
ORC 2.7 303 1400 3.0 .306 13.7 2.6 .207 2.6
B 2.5 .303 37.4 3.0 .261 15.9 3.0 .207 14.1
G.S. “2.4 .324 14.9 2.9 .273 16.3 2.} .31¢ 11.6
7.8, 0.5 294 9l4 3.2 .336 2. 3.5 .31 14.3
LD, 32 401 134 L33 .33712.6 3.3 Lars 1203
W.I. 2.0 .341 11.8 2.3 ..285 11.5 2.5 L340 11.3
Mean " E6 L339 12.4 7 2.9 205 4.4 2.6 .32 19«
.Std
bev. 0.6 ..050 1.6 0.3 .042 1.9 0.5 .033 1.3
2Ratio of tolal ufinary'nitrogen to total urinary sulfur., Values
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PABLYE 6

¥ffects of dl]uisnn of midk protein with a mixture of nonorecntau]

e —— S

amino acids on uxinury nitrogen cxcrc(ion

- —
.

by young ien (hxp. 3)

1)

s et G— — — -

t of dlluiion of dictary p)otcin

G.S. 5,38
1.8, 3.99
D AT

v 4.6

G > > ——— — —— s > . =

)

$n parcentheses.

4.3610.67(12)
2.7810.30(8)

4. 7040 45(6)
4. 0410 c/( )

Total Jength of 0, 25, and 0%

1, 45!0 £0(9)

4.291p. 55(9) "
4.5640.66(8)

3. ?IIO..I(O)

16--18, 20-21, and 9 days, respectively.

* &

subject N intake 0 25 : 0
Ja/duy. KRS

. S % &
K.E. 5.01°  4.3010.70(8)> 4. 46!0 21.(¢) 3.8410.32(0" P

: ' 13
PR 6,32 . 5.2210.%8(8) 4. ?810 43(Y )“ 4.4010.44(N"
I 4.7 §.4240.33(7) 4. 7010 33(9) 4.0110.69(9)
£.M4, - £.37 3.9310.36(10) 3.7410.3800)  3.8510.60(9)

t B3

J.R. 593 5.2540.20(6)  4.1940.33(8)  3.6010.31 (0"
E.R. £.93  3.7740.96(00) 4.1410.46(9) 4.2910.57(9)

3 70&0 I3(9)

4.5510.45(9) 2"

A
4.6110.65(8)

3.8510.£4(7)

Mean standard devialion for nuamber of observations shoun

dictary periods vere

Bsignificently different from first basal period.

thgniIicant]y different fron diluvtion period.

*p < 0.05.

t4p < 0,07,
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JTABLE 7

Sexun total p)O(Cln und frcc anino ucids Jn fas lJnQ plusma

e — et © ot

w;th ggxupcciflg nitroge:

¢ Dllullon of p)oLcin_

Mino acid

. -0 R .0 .25 0
. L ig_one:ment_.w]. amino acidg Glycine and D:-C
Fssential ' '
Threon;nc ‘ .1864?4] 16644? 174133 ?04'31 ?]]4?6 181126
Vali;é ‘ 1981?9 219164 '21§;2o. 20{12? 11443? 182149
gIﬁoicucinq. 726414 £8127 N NEY .1 86112  65%6 63;12
Lb&éﬂné. . .1241%5_ }46444 '}34118 ! 134;2; 11 ‘?o : 112123
Tyrqsiﬁe . '62;5. . 684?4 711104 171422 57‘11 54413
fhcﬁylalanincf“6317 6/119' : 6215. ' Gdild . 5518 55411
lys;ne C ‘157136 2224775 56%127 1195128 J62t24 179129
Tryptophan 65¥§ t f72112. .5435 | .6112 57510', 63412

-Noncsscnl)u]

ASparLic S 67:1} . 65115 52113 . ‘76110 70: 8 6447
*Serine and - .

Slutamjue  180{52 ,2221119' 189166 149166 188*22  169%20
Glutemic™ 31343, 334:37 3122673 361150 309455  269%40
Glyejne 307459 306+123 204125 335025 401f51 31256
Manine  666:136 809:239 643:188  557:115 4907127 501%11¢
Bistidine 120010 122130 . 117¢26 117421 . 92412 Joots
Atgjninc 99+ 32 130:24 106;20 121447 91419 Ay;fa

Scrum Prolein 7.1: .4 7.200.2 7.3t0.4 . 7.000.3 6.9°0.3 7.0°C.>
(6710001} 9¢0.3 7.0°0.:

P S — — —— o —— ———— — - e - o —
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TABLE 7 (continued}

1. s "
pmoles pex liter. Mean # standard deviation for samples

taken ot 8:00 .a.m. after a 9-)0 hour fast at the end of

each peri.od.



APPENDIX 1
SUPPLEMENTARY STUDIES IN RATS OF THE EFFEGTS OF

DILUTION OF MILK PROTEIN WITH NON-SPECIFIC NITROGEN SOURCRS

A limited number of experiments, described below, were
conducted in rats to extend our obscrvations made in children and young
adult males on th; cffects of dilution of milk protein by non-specific
nitrogen s.ourcca.

The results suggest. that both weanling and young adult rats arc
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 nitrc;gcn may be related to
differences in the requirements for the sulfur amino acids in these two
spccies. This hypothesis requires further experimentation,

The results of the experiments obtajned with rats have been
submitted for publication in the Journal..of Food Science, Our results
confi;‘m and extend those of Daniel, Desai, Venkat Ila;a, Swaninathan
and Parpia (J. Food Science 33:432, 196’8) also obtaincd with rats given

cow's milk and egg proteins,



SUMMARY OF RAT STUDIES

A number of experiments studied growth of Qéanliﬁg
rats and pfinary nitrogen excretion in young adult rats
whoh cov'sy milk ﬁrotcin was‘partial}y replaced by vary{ng
Jevcl; of.non~spcéific nitrogen. A m:ytu)c of nones scn»xal
Y-amino ao:ds (NLAA) or a mmrtu)c of dlammonaum chraLe
and glycine (DAC “Gly) was used as a source of non-specific
nltrogcn. Substitution of Lhc 15% milk protcmn dch to

the cxtcnt of J)0% sllgh()y rcduccd g)oxth qign)flcant

growth rcduct:on occurred with uubftltutlon of 20% and

grcatcr. Supplemcntatlon of the dlCt“ contalnang )J0.5%

Midk protein and non-speeific nitroacn with.sulfur amino

acidn Aid not }cstorc.grOWth to the maxiﬁum rate 6bt55ncd
vith thc 15% ﬁilk broéein Gict. Addn(nonal “uuplcmcntatlon'
with tryp(ophan fur(hcl improved g)owth olaghlly but not
‘to the maximum rate.  Scveral othcr essentia) amino acids
alone or in combinaéion, had no appaxent efféct. Rased

.on ﬁrinary nitrogen excretion, comparable rcspits.ﬁcrc
obtained with youpg'adult rats by substituling non-specific
nitroyen for hi]k protein in the dicts.  The reduced
pcf[ormancc following substitution of milk protein with
non-specific njtrog n may be duc partly to deercased

utidization of sulfur amino acids and 9ou63b1y to dcczcuch

atidization of a)d essenlia) amino acids,
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_XNRODUCT'ION

When essential amino acids form Lhc sole dictary

soﬁrcc of protein for rats, a lowexr growth rate is

.

obgervcd than vhen the same level of dictary N is suppliecd

by a wcll balanced amino ac:d mlx{ure contannlng

approxlmately cqual amounts of essential and nonessential

amino dcadg (Ro,c ot al., 1948 Stucki et al., 1962;

Young ct a]., 1968) Anlmal proteins of high biological
Value muy contain some or aJl of thc essential amino acids,

xpressced pex un1L of total proteln n1trogcn, in excess

Q-0

f rcqunrcd amounts for the rat; Bender (1965) suggested

that eqg protein contains a surplus of 10-20% of all
essential amino acidls, ITn thigs case, essential amino

n01da are cauabollzcd to meoel CﬂlOJlG needs or are used

£or synthesis of noncsscntial amino acids and other

N~conta1n1ng compounds , Thc;éfore, isonitrogenous
replacement of the cxcess csscntial amino acids wi?h
non~¢pccxfzc nitrogen (from nonecssential amino ac1dv-01
othcr utilizable N sources) should not decrease djicta ry
N utilization and animal performance. For nan, studics
in this laboratoxy (Scrimshaw ol él., 1966; Huang et &l.,
,1966) and in oﬁhors (Snyderman et al., 1962; horranyl

et a]., 3064) suggest that hlgh gquality protoin N can be
pnrt€a1]v r(n]acco with non-specific nitrogen without

-

reducing nitrogen retetion.



In the present series of experiments, weanling rats
vere fed dried skim milk as the sowrce of dictary protéin.
A mixture of noncsscntial.L~amino acids (NEAh), patterned '
aé in cow's milk, or a mixture oi diammonium cjtrate and
glycine (DACuGl&) was used as non;spccific nitrogen to
replace. part of the pfoﬁein nitrégpn. 'The_influenco of
the protein nitrogen replacement on growth rate vas studied.
Some cxpé;imonts evaluated the effccts of using several
‘essential amino acids to supplément the diets containing
the non-gpecific N sources.

We also cvaluated the influence of age becouse
availab]c Qata indicate that for'béfﬁ maﬁ'(Roéé,'légs;—
;llolt et al., 1965) and rats (Rama Rao ct al., 1964;
'Smitﬁ et él., 1967) the reqguirenents for cssentiasal amino
‘acids per g total nitrogen diffeyr in young and adultis.

EYXPERIMENTAL AND RESULTS

Methods. A preliminary experiment (Pable 1) confirmed

‘general experience that maximum growth rates are achicved

.

with a diet containing J5% protein from unsupplenented

ghim milk. 7his concentration of dictary protein vas
’ L) .

used, therefore, as a conlrol level in the growth studics,
’

L4

The net protein wtilizetion (NPU) of skim milk prolein

by rat assay (Bender et al., 1957) was 7142 compared with

6342 for unsuppleiiented casein as a standaxrd.
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~pable -

Ma)o weanling rats (Chaxles River Lgboratorics,
North WJlm:ngLon, Ma°s., ch straan) were fed the
oxperimental diets ad libitum for 14 days. The baaal‘
dlcts contaaned dricd skim mllkl, 28 1 Lo 50,5¢% (10 18%
protein), corn oil 108; salt mlxture, 5% (Rogcrs ct al.,
396%); vitamin mixture, O.S%O(Rpgors et gl., 1965) ;
choiine chloride, 0.2%; and ?nxtfin:sﬁcrose (2:1 weight

ratio) to make a tofa1 of )00%.::In°a11 diets }pctose.
was partially SUb‘LlLULCd for Lhc dextxin ﬁcrosc mixture
to achlevc the lactosc level ch sent in the ‘control diet

(1%% skim milk protoin) WOc)ly vcight gain and daily
,food intake vere recoxded.,

- YThe esscn\ial amino acid content of the basal diet,
‘ca](u1aicd fyom the data of Oxr cL al. (1957), and the
.ess ' ntma) anino acid )oqulromcntv for rat growth as
rcportcd by Rama Rao ct gl. (1964) arc.glvcn in Table 2.

| ~Table 2+ |
,Thc diet. appears Lo mch a]l requlrcmonts although it is
borgcrlano f01 Lhe o“]f“l amino acids, methionine and
cystxnc.' In some oxpo:imnnt wethjonine and cys;Linc2 vere

added in a ratio Py weight of 3 to 1 in orxder Lo recach a

*

calculated sulfur anino acid content of 0.65% in the diet.

Eczlwonta 1 and 2. Experiment ) was do ignod to

s ——— S—— - ———— ro————r

deterinine the cextent to which a mixture of NEAD could



isonitrogenously roplace a 158 nilk prbtcin,dieg wi.thout
affocting growth in wcunllng rats:..nody wc}ght'gains
are summarized in Tab)e 3, A hﬁghly significant (P{0;01)
decrease in growth, PBR, and foog cfficiency was obébrvod
only for the 30%.sﬁbstitution in th}s experinent.

~Table 3-
Therceforo, a second cxperimcnt vas conducted with ldrgef
groups of rats to ova]uuto the offcct of 20% and 308
replacenents of milk protcein N by two sources of non-
qucif}c nitrogen; the resulis are summurlzcd in the lower
‘half of. Tabic 3: Significhnt (r<0.01) AQecrcases in growth
.ratc, ¥, and PER occurrod'fof boLp:sourccdtof nitrogen |

at the two substituiion levels,

Experiment. 3. Bacause the svlfur andno acids, methionine
and cystiﬁc, arc limiting in cow's_mi)k protein for wcanling
rats, a thirad experinent wés.cbnauctcd {o dctermine the
influence of DAC-Gly gubntitution of milk protesn N in
‘Alets suppjcmcnted with sulfur amkno ucidv Tablc 4
summarizcs these results. Comparison of groupo 5 and 9
~Pable 4-
yeveals that $nclusion of DAC-Gly in the 95ct resulted
in a )éwor veight gain (P<0.05) than vhen the diet contuined
- 30.5% milk protein alone., This ceffccl oppeared to be
related to.thc reduced food Jntake, particularly bhecause

ef ficiency -of food conversion was sinmilar for both groups,
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Growth rath vere uimtlar for Qiets contann:ng Jo.o%

-milk protein, thh or wlthout addcd DAC -Gly, oupplemented
with 0.15~p.g8%.sulfur nmlno ‘acids (compare'group 6 vs 10,

7 vs le The highest level of S—;mino acid supplcmentatioq
reduced body wcnght gain ulgnmflcantly vhen the diet
Oontaincd DAC»Gly (group g) but not whcn the only other
dmotagy N was ml}k pro?cln jgroups 4 and 12). These
findings suggest that the DAC-Gly mixture afifected utilization
of sulfur amino acids at thc'higﬁ and possibl& at tﬁe';ow.
‘dletary sulfur amino acid levels.  Although a@dition of
0.15-0,28% S-amino ac}d" to")0.5% mi]k Qrotein dicts
conialntng PAC-Gly allowed wcwght gainﬁ ﬁfﬁchohore similar
to {he 10.5% milk protoan dicts w1thout the addcd non-
specific nltrpgcn,_growth rate 1cma:ned 1owcr.¢han that

on the 15% mllk protein diet whlch 'uﬁplfcd thc sane Jovei

of LoLal N and vas supplaaented with sulfur anino acids.

Experinents 4 and 5. A study was conducted with addition

of. various essential amino Acidé to diets containip& 30%
of total dictary N from the NEAM mixture. The addcq anino
acids achicved the coﬁceﬁtrations calenlated to ﬁo praesent.
in the 15% milk érotoip dict.. Arginine, lysine, or
thrceconine addition to the diets (Bapt, 4, T;b]c 5)
failed to improve weight.ga{n significantly.
~Tablc 5
The effects of adding nyplophan, Lryptophan and

‘threonine, or & combination of several essenlial amino



Helds, werc ‘also gtudxcd (Bxpt. %, Table 5). Tryptopnnn

s&gnlficantly (P<0 OJ) 1mprovcd the g)owth ratc mainly

..‘ e s ?

Js u Eonscquencc of h)gher food 1ntakc (group 13)

Addatlon of tryptophan and Lhrconlne logcther or in
C ] . .
combnnatmon v:th arginine and lysine Qid not result 1n a

Higﬁcr ‘yrowth rate than that achiceved with tryptophan

0 .‘
-alone.

. - .
.
L R

rrporlmont 6. DAC-Gly rcplaccd from 10-50% of skim milk

proteln N while conconLraL10n< of 0.65% u“lf“l amino acids

and 0 ?1% tryptophan vere ma:ntalnéd as in.Lhe control

dict., The results, summar.zed in Table 6, ghow that 5

JO% replaccmont of milk paoLan producad a qmail hut
Tub]c G-

nonulgnlflcant (P>0.05) doczcu"o in growth rate of weanling

rats., A 81gn1£1canLA10ducLJon (r<0.01.) 1n grovth yale

did'occur when 208 of the piotclnAwas replaced by DAC-Gly;

pJonrLJonaLoly greater rcduchons were ohserved v;lh

£131) higher rates of replaccment hy DAC-Gly despite the

unchanged amounts of sulfur amino acids and tryptophan

in the ‘Qict.

? .
F)poxawont 7. In younyg adult rais isonitrogcnous

——— = -

yeplacenent of mllh pxotcan v1th the DAC-Gly mixlure was
studied by monitozlng changes §n urinaxy nitrogen oxcxction.
he basa) dict contained 4% milk pxotc;n, vhile the

remaining diotaxy conponcnts were simdler Lo those in



previous expclamontQ. Lactose was, naintained at the basn;
(4% midk pratc:n) 1cv01 in all diets. Except £or uulfur
amino ac:ds, the basal diet containcd concentrations of
euscntna] am1no acids in excess of. thosec suggostcd by

Smlth g& al. (]961) for malntanancc xn young adu]t rats.
These authors sugge sted 0, ?9% for thc Lotal sulfur amino
acnds, whc:oa Lhc prcsent 4% milk proLcnn diet aupplied

0 13%. Howevcr, with a 30% DAC-Gly uubbtmtutxon, isolcucinc
'and threonine also wexe p:obub]y dcfl;lent.

Phe rats, hou,od JﬂleldUd]]y in motabolac cages,
wcre given JOg of the bhasal dlct daxly for an initial
‘10 day adaptataon poraod fo]lowed by a 10- day contlol
.int?rval (rexiod 1)i Fom L0 days (Pcrwod 2) after the
contro) phase, group 1 was maintained on the basal diet,
whllc groupg 2, 3, and 4 vere given dicls ;n'which thc.
DAC -Gly mixture replaccd ]0 15, and 20% of.thc milk
protcln, respectively. Dullyd the final 10 days (days
31-40, Period 3) ail.groupp vere returncd to the bhasal .
4% milk préfcin diet. On day 11 of the experiment, daily
urine codlections began., Two 5-day pooled somples of |
urine wc;e preparcd for cach pofiod'and analyzed for
nitrogen Ey the Kjeldahl quthod. Ratls weye wciéhcd'at
,tpc_bpginning of 'the Studx'(qcan wedght 200g) and at the
¢nd of cach dietary pcriod. hey showed little change in
weight uw:nng the entire 40- aay span.

'l'cl}J.lC 7



table 7 shows that 15 or 20% substitution of milk
brotein(with'DAc~Gly resultcd'in a significant 5ﬁcrca;e'
(»<0.01) in levels o£ uranary nltrogen cxcretaon durlng
the first fxve days of Period 2 (days 21-25) . . During the
last five days of ths perlud, urinary n:trogen cxcretmon-
decreased for group« 2 and 3 {1C aud 15% substltutlon)
but was still high §9r.group 4 (20 sub l:tutxon) Vthen
the rats Qexe'regurncd'to the basél diet (Pexiod 3)

sharp xeduction in wrinary N.output occurred in groups

2-4, indicating improved retention of dictary ﬁitrogcn

on the basdl dlct as comparod W1ih paltaal ropldccmcnt

of ‘skim mllk protein N by non- Sp001f10 nxtrogen.. Urinary
nltrpgen oxcxetnon during the last flve days of Ppriod 2
vas sagnxfxcdntWy greater (P<0,01) for rats fed the diel
containing ?0% of N from DAC ~Gly conpaxed wmth othex’
groups. HOWbVOf, the Jevel of urinary nltrogon excrction
was not significantly highex (P>0 05) for rats fed dicts
with the 10 and 158 subslitution than for rats given thle
basal diet throughout (group 1). In, contrast to these .
résu)ts, the rcduced vrinary N excretion fo]lowipg'retﬁrn
to Lhc basal diel was highly significant (Pé0.0l) for all
groups given DAC~GIy.ﬂ The céntrol group {group 1),
naintained thropéhout the experiment on the basal diet,
aid not shqw a significant change in urinary N excretion

(¥>0.1) between Periods 2 and 3.



Experiment 8, Because {he malntonance requirement. of

&oung adult rats fox S~am1no ac:ds (mothlonlne and cy,tino)

may be highex than the amount suppllod by the basal diet

(Smith cL al., 1967), the effect of partlal replacement

of milk protcln nitrogen by DAC-Gly was studied while

a consfant.ﬁietary level of S-amino acids and tr&ptophan

vas ﬁaintaincd. Inxthis study, the hasal diet and 20%

'and 30% levels of substitution were utlllzed The . )

experimental design was similar to that of )xpcrament 7,

except that sis rats wc:e u,od per daotdry group. Table 8
~Tablc.8~

shows values of ﬁrinary nitrogen cxcretion for the last

ffiv; days (15-20) of Period 2 duripb feeding 6f the bésa]

. 4% protein dicet, for days 25~30 off Period 2, and for the

Ilr st five days (days 3)-35) of P(Jiod 3, Tﬁo roesulis

show that even with the copccn@ratlon of S-umino acidé

, and tryptophan maintained at.the: evel present inrthc

¢hasal leL, wrinary nltlogcn excretion JhCJCduOd for bhoth

Jevclb of sub titution with DAC-Gly. However, malntcnance

of the dictary Snéminé acid and tryptophan levels appcared

, to ;dsulg in a smaller urinary nitrogen increase following

;208 xeplacement. than was olserved in the oarlicr'oxpcrimcnt

vithout supplemental dictary ¢-amino acids (Table 7).



DISCUSSION

Growth depression resuliced from isonitrpgonous

subs LiLuLaon of cow's milk protein by non-g pecific nitrogen,
either a mlxturc of noncssential L-amino acids, patterncd
as in cow's milk, or DAC-Gly.
~- --Various investigators have examined the interrelationship
betwccn.glycinc an@ methionine, Glycine is known to "o
alleviate Lhc.growth depressing cffects of.high Jevels
of dictary mcihionine (Hardin ct 4l., 1951; "Roth ct al.,
3950; Benevenga et al., 1967; ﬁcrtz é& al., 1968) and
methionine protects against oxcesé, glyownc (Wertz ct al.,
i968). in the present studies, DAC-Gly wos utlllzcd &5
a source of non-specific nitrogen. %he additional dictlary
glycine may have limited the utilization of the sulfur
amino acide and resulted in the lower grouth rates  achieved
vhen DAC-Gly was added {o the 10.5% milk protein diet.,
Growlh rate was reduced Lo.tﬁc pame cxtent following ‘the
20% or 30% substituiions of milk pfotein'nitrpgcn Ly both
DAC-Gly and tﬁo NEAR mixture. Also, in rats given thc'
mcthioﬁiﬂo—suyp]cmontcd Aicts conia{nipg 10,55 milk protein
plus non-specific nftfpgvn1 growth rates renained Jlover
‘Lhan the rate of yals on tho 5% milk pré(cin dicts with

- '
supplementary methionine and cystine. therefore, in

Y ]

addition to po<'5b]o ulLo:at1ouu in sulfur amino acid

[y

melabelisn, decreased wlilize LJ(HI of al) (KquH{Jil] a1 no



acxds may have bocn re sponsible for the raduced growth
ratos following rcp]accmont ofi the milk protoin by the
non-specific nitrogon.

f The ¢s ssential amino acxd pattcrn of the test prote{n
ﬁfobqb]y is an important faclor modmfylpg response to
substitution of that protein by non4spcci£ié nitrogen,
Braham et nl (1968) observed that addition of nonessential

i

'amino‘ac1d. or DAC to cgg protein Aid not influence weight
gain of.rats. Addition of either or both of these nitrogen
sources £o casein, soybcan, or colionsccd protéin decreased
w?jght.gain. These authors uﬁcgoet that the response to
anqsscntial amino acids ox DAC depends Jaygély on the
essential amino acid patiern of thé protciﬁ'zcstcd. Moran
et al, (]001) ohscrv«d a depression in cgyg proﬂuction and
weight gnwn of hond vhen DAC waos added {o o 10 protein
dicl of whnch hal{f the protein was supplicd by corh meal
and half by soybean mca1 .Rcddnﬂly nunio}'ct al., (1968)
huva reportied that add1t1on of g)utuvac acia fg dicets
cont‘mm\g 5.0 {o i' 6% milk protein adverscly af fected
.growth rqtcs of 1aLs. On the other hand, Venkal Rao gﬁ'gl.
(1964) showed that, a)though veight gain vas proportional
to the guantity of pgd prolein in the diet, addition of.
Jeglutamic acid to the cgg protein éicts did not adéo%sc]y
'a?fcct grouth rutos,in'this case,

. The present findings showed that tryplophan supplcmcntati

-
-. )

of the 10,5% milk protein dict conteining added DAC-Gly
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and sulfur amino acids xesulted in a small improvement

of growth rate. Madition of savoral other cssential
amino acids suspacted as beipd'limjting in the methioninc-
supplcmcnfcd 10,58 milk protcin diets, with ox without
ﬁaded nop~spcci£ic nitrogen, failed to improvc.growth
rates. ﬁowévcr,.Swendscjd.ég al. (1962), using an 8%
cascin aiet supplenented with methionine, found that the
growtﬁ dcﬁrcssion resulting from addition of several
gowrces of non-specific nitrogen diséppcared aftér uddiiion
- of tryptophan and threonine, except wvhen g]&cinc vas thc‘
'saﬁrcc of. noh~npocﬁ£5c nitrogen, In the present study

ghe higher growth rates of control rats fed the 15% wilk
protlein diot, compared with the controls used by Swendseid
gﬁ al. (3962), nay exzplain Lhe failure of irypiobhan and
threonine supplonentation of dicts con{ninipg.thc non--
specific nftrpgcn to.:cs{orc.growth to th naxitum rate

achicved with the 15% midk pro{o{n dict,
. A.10% substitution of milk protein N, with or without
supplenentary sulfur anino acids, pnly slightly and
‘nonuignifican(Ty reduced the growth rate in the present

) . ' .. '
sludy. Proportionatcly arcater, significant rcductions
vere observoﬁ al highcor ley2la of sub&litu}ion.' These
regulis Aiffer from those i ohiddren (:".x.nyc'xc-:'mz'.n ct al.,

1062) and adudt men (Rofranys ot al., 1964; Scrimshav

. ]
et al., unpublished 1esults), vho apparently are able {o
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tolorate at least a )0-20% replacement’ of milk protein
with non*spccificongtrpgcn.

.When'urinary nitrogen excretion was the major
Paramctcr used fox dctefminipg the cffects of milk protein
.substitution by non~§pccific niﬁrpgen in young adult rats,
the results also indjcatéd Jessened N utilization (Pables
? and 8). The increase in urinary nitrogen excretion
Gas.ércaier with higher Jevels of substitution., %h.s
.qgversg effect oﬂ n&trégcp balance was not. prevented hy
%ainicnancc of the S-amino acid and Lryptophan content of
%hc dicts at the devel present in the control 4% ﬁi)k
_brotein diet,

.'Substitution of the milk protein nitroyen by non-
épecifﬁc nitrogen sources at the 10 or 1%% levels, without
additionad sulfur wmino acids, resvlted in increéscd
urinary nitrogen Excrcfion. Hovever, a parlﬁa] adaplation
to brotoin replacement with DACnG]y appearced t; occour,
us Indicated by the deercased rate of urindry nitrégon
excretion during the laticer part of the replaccement

period,  Yhesce results with young ¢dudt rats are, thercfore,

generally sinidar Lo results oblained with weanling rats,
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FOOTNOTES

"1, Dried nonfat skim milk, Carnation Company, Van Nuys,
, California,

é( h}l L-amino acids used in these studies were purchased

from Ceneral Biochemicals, Inc., Chpgrin'Falls, Ohio.
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Table 1. Effcct of dictary level of skim milk protein

“on {lhe fourtcen-day growth rate of weanling rats,

Group Dictaryzéﬁim' food '::Wcighfz Fﬁz Pnﬁ3
e e e e R 4 SO RS
: ﬁo.;' mil)k -protein intn)c :gainl
: ¢ . (.°. e
¢t ("j ~g/day .g/ld days
1.l K MR K

. . . ’
R TN st

. i .
I . . ¢ o ’ .. ¢
. . .

33 '36.9  3.69
1.5 46.2  3.86

S W
-
v o
0
<
5
&\
>
-

‘ 15 . .. 9.9  U6.4 4740 54.8  3.07
18 9.6 11,9+ 2.1 57,8 3,22
SO 0 T - T e

lnpéinnipg'wcﬁghﬁ of rats was 45 i 29, Veight gain is

mean 4 standdrd orrdr'for'? raL pcr group, .
?Food cfflcjcn(y (IP) i (g daln po g fooJ )nta)c) X 100.

(
Sprotein cfflcicncy rutio (Plk) EYy 9. ga;n per g protein

consuncd,



Pablae 2, Calculatcd % of essontia) amino acids in experinental

l

leLJ compared w;Lh 10qu1zemon1v fo: youny, gaowlng rats.

Y

Expaerinenial leL‘

¢ . - % of midk protein N replaced

\ }3&;4(11.'

15

— & of dict

e 4 s o @ e B = eran S St ——— S

0.82-
1.25
0.99
0.43

PR

1,27

0.59

0.18

0,68

0.47
0.33

"Mino acids

20 30 rcquircd2
0.77  0.67 0.55
1.18- 1,03 0.70
0.94 0,82 0.90
0.40 0,35 0.50 °
1,19 1.04 0.2
0.55 0.48 . 0.50
0.17 0.35 0.11
0.83  0.72 0.55
0.44 0.39 e
0.31  0.27 0.25

. 0 J.O
mino acid BRI C
solendine S 1. 0,967 0.86
ceucine, .47 1.32
‘ '. " ) . .'_\ ‘. ..,' ¢ ‘ .
ysine . - : Ce }.17 c .05
: . . :
~amino acids 0.50 0.45
methionine 4 cystine) : .
yomatic amino acids .49 ).34
Phenylalanine -+ tyrosine) | ‘
hrconine 0.69 0.62
[l . I ¢ .
Typlophan ) _ 0.20 0.)9
‘aline ' - 1,03 0.93
;1g§ninc -0 0. 5‘ 0.50
e - )
<1 . .
’1fLJd1ne i 0.39 . 0.35
’
calendated values from data of Orr el al

Free- Qe Rao el al, (1964).

(19%7) .
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Table 4. Fou:“ee“—duy growth of weanling raits on diets containing SXIm.Miik ProTein
supnlementeld by S—zmino acids, with and without adéfed glycine and Ao mmonivm citrate

L
A{=xperiment 3).

roup Level of milk 9 total dletary Methionine & ' § dietary Food Weicht =
e s . . <L et . .3
no. protein in diet N Irem acded cystire acded methlonine. Lntaxe ga;n° 3

e 2

% e DAC-~-Glycine - & cystin g/dav g/lié days
1 15.0 - —_ 0.50 10.3  73.3 £ £.5. 50.8  3.42,
2 - 15.0 - 0.15 0.65 10.6 72.8 = 3.2 33.8 ' 3.55
3 15.0 -- 0.28 0.77 10.6 87 '+ 4.1 34.6 3.58
4 15.90 0.£3 0.92 "10.7. 81.2 = 3.1 5£.3 3.52
5 - ,10.5 30 —— 0. 8.9 £9.0 .+ 4.3 39.3 2.62
5 .10.5 30 0.15 0.50 %' 9.8 62.7 5.1 £5.7 .3.02
7 20.5 30 ‘0.28 0.65  a311.1  73.3 ¥ 3.2 . 47.2  3.0%
8 . 10.5 30 0.43 0.77 10.7. -64.6 + 2.1  £3.1 .2.7%
e 10.5 .= e 0.35¢ . -3l.2 61.0 + 4.2 7 38.9 3.7%
10 - 10.5 - ' 0.1 0.50 10.9 - 67.1 £'3.5 4£.0 £.33
11 10.5 - 0.2 0.55 11.3  73.7°% £.8 46.6  £.32
12 "10.5 - 0.43 0.77 12,2  78.9 + 5.1  46.2  £.22

2 - . - - .« " i
“Methionine ‘and cystine were added in a weight ratio of 3:1.
2
Calculated values.
? )
“Bacinning weicht of rats was 45 +:3g. "W ight cain is mean * standard errox fox 7 xats perx
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able S. Fourteen-day crowth of weanling rais o &iets containing skim milk protein

- . . - - -

) . L ) Al >yn . -y * - - - -
supplenmented with sulfur amino.acids, XZAA, axc various,. essential amino-acics.

- - - . -
.. - . -

* - el s~ -
* .. .o o . . o\ - -~ -

Groun Level of milk & ‘total dietary Essencial amino -Food ~/Weicht~ =
- 2 ! - - ° - 3 - * B
no. orotein In diet” N £xom acdded - acid added intake gain”
* '. M - ) -
3 " NEAA mixturcz . S _g/éay g/l4i cays
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continued.

Table 5,
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Table 6. TFouricen-day crowth of weanling rats fed dlets with cdifferent lcvels ol
"DAC-Glycine renlacement of skim milk proiein supdlemented with sulfur amino alceds

and 4xvotonhan (Srderiment 6).

Grou evel of milx Amino zcid % totel dietary Food - Weicht == =2
Yo protein In diet acced N fLrom acdced intaxe gain” !
3 N ~ DAC-Glycine ce/cay .¢/l4 cays

o
[

}-4
L]

N
334
N
»

DY)
|k
N
L .
oS
wn
N
L]

12
W
.

unu
~

AR is.¢c Met-Cys 02.15 .

(9]
N
’
W
L)
[
>
b,l

2 23.5 Me4t-Cys 2.2° 10 .2 T .= 2.5

. 4+ Ty 0.02

12.0 Met-Cys 0.25 . . 20 : 47.4 . 3.10

-
o
¢
W
o
©
[}
™
|+
o
[
K3

+ Try "9.04 0 . .o -

|+

4 0.5 M=t-Cys 0.30 30 E 9.7 C61.0 + 2.3 44,9 2.22

- 4 Tvy - 0.06

RS
N
[ ]
(o]
(S8}
Q
., .
)=
1
[ ]
\0
N

5 7.5 Met-Cys 0.40 ~ ° S0 .  ~'8.3 35.0°
\‘ ' + Trv c.x9 , S .

)

v . .
“Beginning weicht 0f rats was 55 + 3g. %Weich:t cain is meen gs+andard error foxr 7 2%t

per group.



pable . Rffecl of 40 days' replacement ol mili provean iy
PAC-Glyeine on urinary nitrogen exerction in young adult

rats (Experiment 7).

-

[ —— - - rom—

'yr?i' {00 ys .t it% of ‘milk protein N rcplaccdl

.
- —— ——

Days of t tg iyt TN 15 (3) 20" (4)
expt.? oo /3

.

et o e ”&é'urinc N per day™
&-(:'..'.. . e . ..

' o« v o s
-— e —

L0620 0.3 4 1.2 42,8 & 2.0 42,4 ¥ 1.6 0.4 & 1.5
21-25 40,0 13,0 43.7.4 2.0, 46.7 & 1.6 45.9 & 1.3
. .26-30 38,0 + 1.4 39,74 1.9, 410+ 1.2 44,5+ 1.1

9: :35,6 + 1,0 36.0

J+

~3i31-35 37,0 4 0 1.1 36,0 & 1.3
0

8" "35.6

> . . -

11:36-40 38,7 4 ‘2.8 36.64 1.3  37.3 + 1.0

L)

]

‘Group number is in parcntheses.,
2Dﬁripg days 16-20 'and 3140 all rats wcre'gfvcn the basal
‘4% milk profcin diet. 'ﬁuiiﬁé days 21-30 groups of rats
'wcrc fed the basal diet or a Qict containing 10, 15, or

.:56%'65 milk pfétcfn N replaced with DAé~Glycine.

3ﬁéan 1 standard crrox for 10 rats per group.



Table 8. Urinary nitrogen excerction in youny adult rats

fed milk protein dicts, supplewented with sulfar amino

acids and tryplophan, following partial replacewent with
' ’ ! '. ‘. . ° .
diammonium citrate and glycine for 40 days (Experiment 8),

. o comme r————— - ——— . ——— = S S AL P e S A S N e

't of milk protein N replaced

‘Days of ) Ceo20 -+ 30
cxpt.l ' T '

¢ e .

Mg urine N perx day2

ewe - - -

26-20 - 44,0 1 1.1 A2.3 4 1.6 42,5 4 1.7
25-30 40,9 £ 2,1 5.5 1 2.3 47.8 1 1.2
31-35 . 39,5 4 1,6 38.9 + 2.7 35,5 4 1.8
lnuripg days 1620 and 31-35% al)) yats wcrc_givén the basal

diet and Awing days.25~30, rats werce fed the bnsal-dict
or dicts containing 20 and 303 of.totu1 diclary N from
DAC-Glycine. Al) dicls contain;d 0.]3% methionina apd '
cystine and 0.06% Lryptophan:

,2Mean 1 standard error for 6 rats per ygroup.
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RECOMMIINDATIONS

The results justify continuation of th'is study along two lincs:

a, Demonstration that the contribution of milk to the 'protoin
value of n mixed dict is not diminished by isonitro'gcnoun substitution
by glycine and diammoniuwm citrate at the 10% level, This is now
being done a1t INCAYP as part of the terminal stlage of the present AID
contract,

b, Additional studies in children onc to four, to determine
whether there are any real differences between children of this age and

-tdults in their ai:ility to use the nitrogen of & milk/glycine/diaminonjum
citrate mixture either alonc or as a component of a mixed dict, '.l‘h'csc'
again should be done initially at M. 1, ¥, and confirmed in lNC.}\P
utilizing malnourished children,

¢, FExtension of the dilution studics to formula fed infants to
be sure that a 10% level of dilution will not smpair the protein value of
milk protein for infants, There §s now reason to belicve that such &
trial would be wholly successful,

d. With completion of the a_d_clitim}_al rescarch indicated above,

 ——— e - e e e e

Jhere is every reason to believe that the addition of non-specific nitrogen

——— e e -

could be recommended as a safe and nulritionally cffective way lo increase

the protein value of & given amount of dried skim milk for human feeding,

Dr, Nevin S, Scrimshaw
Cambridge, Massachusetts
February 28, 1969



