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f'ro:tein ha.a lon& been recognized a• an eseentJ.al. diet.ar;r 

eubetancse n••••l&J.'1 t•r \h• building and .repai:r d •di' li•••· ,Jln-

n•r, in recent year• n haTe learntld ewen more ot th• veraa\il.i\7 ot 

pr.tein ln h~ pnoe••••· In addlti•n ·ta th• need .r pNt.ein tor 

F"'h and ~pair ot \i•n• breakdown,. pnt.ein cCllllpOu,ndl ~ ffW known 

to &el'¥• ale a•· parts et Ml'llon•• to nplat• bodr proo•en1, •n.,..1 
\o di.pat toou, pla-. albwl1n to maintain wat.n bal.anoe and. blood 

volwae, ,iobultna to t"ead.at int•oU.011, and huoC).obin to tran1port. 

OXJ'gen t.• th• tJ.sMi••• 

In U..• ot tood •hortaps, pn:.te1n det1cienq u more llk ... 

. i,.· io OOC.Ur than that Qf UlJ' .i~i- et t~ blportam dhta.17 •sed1ala. 

tbia ia dut too the tact that. the~ ii a -sh$~e,p ot th• foOda that 

furnish protein Gt hifh biological •alu•1 i.e. t.h• protein• ot 11teat, 

lllia, •u• and Qb••••· At th• PZ"•••nt tt.., where 1'004 ebonagd 

uist, thes• food• are acaroe and llhen a•allab1• dp•neive. Becauo• 

ot tbia .si\wt.tion, reaea1"0h concerned wit!\ protea 111.etaboliall ia 

•apec1a.U.T td,gnUioant. t.odq.-

Prot•in• cUtt•r !r• one another on th• ba.sis ot the muaber 

and k:tnd. ot -1.no ac.1u or Whio!l th•Y .are . .made. Sino• th•• are ni. 

(90sa1bl_y lO) ,eaaen\ial amino acid•• that- cannot be 11nt.head.1ed. ill tll• 

bo<b' 1n ad uate amount.• trom other amino a41de, they auist b• preunt 

1n the too~. Th••• ••••ntial amino .acid• .an tOQnd 1n ptot•1n ~ 

an1mal origin. Plant protein is good to'i' tupp.l•enting other prote!,n, 
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-but alone, it. ia inadeq,uate for maintenance and growth in th• becJT, 

With compl•t,e protein .foods both scarce arld upensive~ ·~ knewle~ ot 

tile p~t•in r~uir•ent; -th• . ra~tor• tnat · att•~t- 1t. utru'.~tion. and 

how the boq nffds an .raet are ot prime 'importance. ' 

Th• · protein ~nt ha.a been det'•mineci trom the data 
obtained trom p"tein (or nitrogen) bal.~e experiments in man.· · HO.. · 

~er,' due t,o the nature · ot 'the data and the ~ variablt fact:ora ib.- · · 
vol~ed iD the amino .acid content of various dietariea, th.re have 
been disasroeaen\s a.a to th• real requ'.iruent, •om• adyooat~ a h1gl1 

intake, other• suggestins a l.ower Uitake. Today a comprom11e ot the 

twe utr.raes ia gentrall.7 advooat,ed. Th,• National hsearoh Ooulloll. 
bat!I . suggest'..! an adult protein ab.owance ot 60 to · 10 p.' pe:r ' 'dq,, 

trom a diet or mixed protein (both ardmal ~ plant t0od8). ' ' 
' - • • <!. 'I ~ ' . . ' .. ' . I In view of th• t aot that the nWaber Gt studiee to detel'-

rdM . the protein requireme11t of, hUIQ8.n beingl has .of necea•lt7 t>e•n 

81Ball.; thie· probl• was oriB!nal.17 undertaken te observe \he: effect 

of th• 'variation J,r- caloioio int.alee on protein u•• b7 ••an• ot tn. .nii-

t.rogen. balance experiment. 

Jn developing a low protein diet for the a'b<w• et1.ldy." dol-

t .. waa auige~ted by on• o! th~ ' sl.ibjecta to lnake the diet' more pala-

tabl•. This·_ raised the qu•stion ot · 11bether or '.not. co.rte• ndght in 
some wa:r att:ect .. protein utilization or nitrogen' excnti.O~~ A. •~h 

w.aa ~de tot' data. on this point. In reviewing the a.vall~ble liter&-



t.UN it tlU tound, that wotk••· be\Wffll, l8SJ and 1912 .bad dont llOfle 

1t0tk on the ef't•at ct oatt•lne on the n1tropn in the urin. ot -~ 

. nd clop, but. th•il' resul\a were oontrad1eto1"7; and in moat. es 

they .bad used varrinf am un.opeoU1e4 amount• ot oatteine. 1.noe 

that tilo.• this probl• ha• t.J.i>~ll' bMn Mglected •. 

Ia \h4I 11.,_ Of ob\~ tunhel" itltobMt•n eono•l"n1.ai \h• 

.tteot. ot oottM cm n.1t~ aetaboll•1· tbia .lt.\lcJ1' we.a ple.ntied •1'11 

th• toll.OwinJ p\IJ\lOa••: To 

l. Dn~p U.'8J'y and laboratory teclmique tor the nitro-
pn balanc• -..l"iraent. 

2. J.t.t.ea;>t to Hach tb• ·int ot nitr.orefl equilibri• in 
ttlbjeot• cm •' knoa pl"Otein. and. caloric int.at.. 

J. Det•rraiM tJi6 etteot, it an;,1 ot t.h• inpetion ot a 
known .~ ol oott" on th• total nitros-n, urea ard ..-om.a .u.ofttiomi. 



A new: •ra of pl'<)gr&s•~ which brought ~t tht glarit{~ . 

t1on ~_r 41,b• prot.•1n• t hat :natain•4 up to tbe earq part. ot t he · ,p:res;... 

ent century, wa• 1ntrod'Uc•4. 'fh•n Jramoie »aaend!• (l78l-l8SJ) con.;. 

elud.ed f 'rom t'eeding e;xp~!.m.ente with 11•••todt that th• mtro,en ot 
th• t1•h•• ia d.erl•ed lrom J.'ood nitrosen, 

Q.J ~ M\tlde.r, a htoh <Jhud.a\, cave tb• nam• llpJ'Qt.eta• :Han. 

inc p~, in 1$40, to the•• aubstano•• and stat.S. "It. 1a one of 

th• moat ooroplLcated. substance•, 11 Yery ch&Q&9abl• 1n ~•ition 

and la umout.U, th• •oat important of all known aubat&nee$· !n t.h• 

Gl"ganiO kingduit • 

'th• stt.td!es fltl. Bouie1ingaW.,, in l8Sl.,, shoncl \hat the 

protein or nutr.1t.1ve value at a food or te41d could. b• estimated trom 
the nitrogen content·· alcmt. 'rh1lt was .atr ... henecl b;v the p\lbl.1ca-

\1one c4 Lieh18 WhO b«l.1eved t.bat ve.getall>a and anWJ.. product• ·OO.n-

t.a.1.n •ore o.F l•~• identical pnt•:in wbatance.1. 

Pett~er and Voit; Sin l.866, touncl that ptote1n$ are ~ 

need«'l · f<>l' energ; it dt1cien' oari>Oh;v@at.e and tat. are .f'~ed. 

Vo1t, ·ln l.872, found that. tA• tunetiona ot protcd.a caMOt be met. with.-

out. coneidet'~ the amino acid cotit.ent. of th• pl"Otein. In 1891, 
Ru'bn•r saw that proteint ot va171nc e>rtain had di.fl •rent. biOlqlcal 

val.u••· Osborn.' a and Mendel' ,a ope.Ji'iment.a, on the .nutritive value 



of protein• ·"Of ~wn otarau~er 1n :te.speet to tbe nJ..•tlva 9~PQtt;1ope 

or· ttleu acpmp111-1\ion p~;t.•t.t ahowed t.ha~ -e4'rtain .~. · act<ta e.an 

~ ayntheSUeQ. hJ" . th·• · ~ ~-if• •Whil• Oth•:l" taliflO $.Ciel$ C:U~i 
'' . 

'" ' 

!he:s1 etudi.ea on tlHf n\1'.J:€1\1ve valu• ·o! purif1«1 }llrot-d.ne1 

with · dmil~ ~vest.i1n\1o.u b•IWl a~ tlHI . ._. t.~ by. lcOoU~1~, 
Funk, ~,, $\ect>ook, Hop.kw and o~hera,, led ~o \h• d1:scoveq ot 

v1t.amin•. Th:le "$Ul-tted in a1.m;ut, OOJ\\Pltte abanck>~ °' •lCP•l"J.... 
\ ' 

aent• on \he nt.t,r1,1ve value ot pro'beh.d+ 

fh• •PhaJd,• 1n prot-•ln Pe••anh •lnff t.b• •arlJ t.w•ntl•• · 
• 1' , • 

has btHln Oll tb# udno acid Of>ltt•nt ·Qt foods ,and the biblo~al. val.u• 

d •ach 1n the bod;V. 

1n 19)j, Ro•• n• a~1• tr.o •P•dti all t.ht ~ acld• n-

q~ .tot- OOl"l'Ul ,growt.h ·d the albino ra.t,, Rose ·an<t. hie eo:-work•~•• 

·ifl l.942-43• reported t.b.&\ •tbionine, \~1 lwoin•1 l•ol•uoin•, 

and pb•l\11~· "'•" 1ndiapenoabl• f .ot -1n\alntn, n~tro.gen equili • 
. ' 
bt'J.,u in the nwun ad~t.. Th.e John flop.tin• Hoap.be.J. · aleo report.eel 

·tb•fr ~rypt.Otiball U¥I JQW. RP• '"·~~nd indt•P•Alf&bl• in balJu\Qt dt·ud. 

ies on bturum .dQ:bJ•ct.a. 

nm, 00\fPOS:tTION' .tlm mm OF 1.JPTE!N .t~ M BOD?. 

PrMtein 11 used as a ~up l'W!l* tor ni\nB•nQ\lt . CQl'Ap~I 

l.'.c>:nae4 ·b.Y th• union Qt ·tlla1'\1 smi.fjo aQidl; probablT llt:lk*<l thl'O:\lif.t 
' . 
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cari>o~l peup o! anothei". Prot•J..n is c&mpo1ted ot carbon, h,rd:rogtn, 

~gen, aulturl nitrogen,.· and fl"equeiltly phosphorus and iron~ Xn th• 

bo<b', t.hese .iernents ·are combined to ronn muscle tiaau•s, .ceUUl~ 

tissue (nucleoprot.lln, fo'ftaing the mcle1 of the cells, llbich broaka 

down into purina) bloo4, l)rldn and nerve cell.a. , 

fb• .food proteins, after· theiJ'. dis'estion into amino a.o14-

·••rve· several t·wnct~na. The e;iainc.> a.olds carried b7 the blood. 'ho 

the cells are aynt.heairied into the proteins character1atio ot the 

cells. JWob. cell select• a c•nain nwaber ot ara1no acid• ot th• t.yp• 
,. . ' ( " ~ 

nM•saar,y for· the r.conatru.~14>n ot ita pf01;e1na and protoplaa. The 
·~ ' ..,;·. ~ ' 

and other n1:troge.nou• cellular product•. FJ'OJil t.ha ~ made the blood 
., ' 

prot.eilus which aH indiapenaable . because ot their colloidal 011DOtic 

pressure and rot· th• maintenance or th• acid-.baae balance. Protein 

not n.tded tor a apeoific purpose is deaininat.ed, the amino group 
. . ~ . . " . 

tion of energy. 

'THE BIOLOGICAL VALUE Ol' PROTEI NS 

The ut.rit:!onal or biological value or a protein or J!li:x.ture 

ot prote1na depend• on the particul ar kinda of ~o acids ll contains. 

In body t ieaues, if' 'tm'f ,specif'ic amino acid. ,is ·entirel,r · l~i1;oking or 

available onl.1 1.n inadequate quantitiett,, the muscle pr otein ·cannot 6e 

synt.hesiied. The body c trana!'orm so.1:ne amin.;1 acids to other kind• 
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but .there a.r• others that cannot be supplied adequatelJ' in· thie W..:f 

and must be in the f ood.. Proteins containing these e111ential amino 

acids are sald to have high biological value. 

In addition to the amino acid. content. biological value al.so 

depends upon the amount qt hydrol7sia which occurs 1n dlge~ion, the 

level ot protein i n the dietary, its preparation and t.he: rate at which 

it paasea throu,h t.be ·aliunt.a.J7 tract. 

SeYe:ral. Hthod.1 have litetn us.cl 1n atuctr1ng the biological 

Value ot proteins, most ot them very indirect and with· varying H-

Slllta. In 1909 '?homaa used the nit.rogen balance method which hae 

been aud by- l ater workers with some moditic3t.ions. itohel uead 

the lonwla: 

l31olog1.cu _ · Bodr nitroetn apagtg. 
value - 100 1. Food nitrogen @:,,orbed. 

Oebol!'ne, M•ndel, and Fer17 (1919) used the growth and uin-

tena:11ce method with the fonaula: 

Biological Gain 1n weight 
val..u.• : Intake ot protein 

U:oCollu.m and Simonds (1929) modU1eci the &l>Ove proc;edure l:>7 detel'llin-

ing \he actual protein ( N x 6 •. 2S) ·retention wbioh is possible wh.eri a 

given protein is comn111e<l at an arbit:rar,- leTel ot intake. 

Mitchell and Beadlea (1929-:30) devised the paired te~ing 

met hod, which i3 especially good !or stu,dyin, the supplemental. re-

l ationa.bipa bet.ween proteins and. amino a·cida in Which th• anim.ale 



ma;.r 1" det:ioi•nt. . There is no real1' .,aood .met.hod to'I' stuc.\firJI the 

nut.r1t.1ve value ol prot.•in•; howev~r • • o!' t he above ·CM .five c 

idea or the oomparat,1ve valu• ,of d·~ftereat :teoda. 

:ta th• laat. few yeat• eoneiderabl1 progr•aa ha.a '"• •d• 
in 'acqwnU.lat.1ng int ormat1on abeut the amino aqi-d; llak....up of pnte:trut 

by feeding f9XP•riments with Mimala , by aot~all,y ieol~t.ing ind1•1dual 

atdno acida from prot•ins , ~nd b',1 a. ••ttlOd or· Van Sl.Jk• Whl.ch giv•a 

t igu.r•• for eight. trac;t.ions ot the nitrogen of a protein. 

In general.1 proi>•ill• of an.imal 9ri;g1n have a high•r nu.to~ 

tlve villl• tban tho•• ot 4%\T et.her cla.sa. Thia. 1• \lhd.,ratandabl•, 

part.1cularl,r 1n the can ot milk and •.IM•, since th•• pmt.in• must 

p~v:lde all \he. amino acids required b7 \he Y'OW\I animal. and d•elop... 

ing chick, 

Th• a.mount ·Qf pnAeia. nqui"4 per day 1• a matter, concen>-

tng whi~ there 1• •Ol:lsiderable ditt•.-e1lCe of opinion. H..-.ver, a~ce.rd­

int \o l one. Spiegel ·(Wohl 1945) it _.:y be said that tbe:c-. ~·three 

lev•la ot f!)n>tein require•nt.ai (l) t.l:ie minimal or ~rktmOY l•v .. 1. 

~40 1114.. dail.1, bat'el.J' ·suff1c1ent tor lU• a.tld htaltih,, at. least .tor 
, . 

a T••trict.ed. thM; (2) the aver~ level., 70...SO gm. reco:tvnended b7 

t tt• National Rese~l'eh CounoU ·&l'ld (4) t1h• opt!:mal level 1lO-llO ~gm. 
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which the body euata1n1 and for other needs. Wb•n the•• d~da are 

met, the. bodt· ia said to be in n1tngen equilibrium. and it•: ac;tual 

requirement tor protein ha.a been met . 

Inoreaeing the amount ot protein in the tood beyon• \hat 

needed to replaoe th• endogenoua protein lose will retult. in lts ·~·• 

tor eMrgy., U the diet. ia ·al.ready adequate in. earbobtdra.t• and· tat. 

cal.orl••• t.he act•• energy .supplied will be stond aa bodJ" tat, eau._ 

1~ an 1norease in weight.. i.hile a high protein cilet 'l'ltlq" throw an 

extra bu,r4en on the digestive and ucrtte>l"I' organ• and lead ·t.o ir,p., 

creased intestinal putr1f'act1on, there is little nidenoe ot harmtW. 

ett ects \o normal:: individual• on di•t• moderately high in pl"c)teins. 

In f act, recent report.a b7 sako ·(1943) seem to indicate that •a high 

protein diet 1• easentia:l. t,o safeguard egainat tntect.ion" • 

On a .low ievel of nitrogenous equil1br!wn t.he .a.1n0unti ot 

nitro&'t.n 1n the to:od mq be sufficient to cove~ all t.h• protein ca-

teboli·zed, but the bodt ma7 n••d mo:re energy than it. obtains .fl"Om 

the ingest•d food• and to obtain 1t, body' stores o:t tat are att acked 

and the body l oses weigt.lt. lt' this continues until t he ! at" is de-

pleted• °'hre prot•in intake may be pa.nl.7 ·ut.U1Hd tor •n•ra and tho 

.nit.rogen equil1brililm would be lost, ~so.lting in more tistu• deatru.ct-

. ion than r•genera.tion. · 

Due to the inco111pleteness of our knowledge; and the tact-

t~at veget able proteins are deficient i n certain Al'%l1no acid&, there 
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llJlq' be an advaritap in llaviq an abundanc• i-ath•r than a ndnililwa ot 

ami.tio. aeids avaiJ.abl• at. a.U t!.ia11a.. r•or t,hia .reason a f?eneroua allow-

ance ot mtxea pi-otein. 1• general.lt r•oOIUl•nd•d tor All p.op.le • with 

partic~a.J' emphas1• on proteb netda tor 3rowth. pregN.Ulc;r and debilt-

t>ia:rt.iop 

. Tb• ohemic-1 p~•saea ot d1g:,;Sttoa, t.7 a Mrl.ea ot sped.tic 

eDJVll•s U(lder optimal condit.iona. aocomp1iah the b:realcd<i>wn ot the com-· 

plM protein 1'Jl0l-ul•s :into e!4'ple~, smaller, more aoluhle, and mo~ 

4.Utu.ei~l• molecul••· TM• ~k•• poS's1lll·e ttle absol'f)tton ot amino 

acids through the int~stinal t3Uooaa and provides material tor th• qn-

the.Ua Gf pl"(;)te1na ehaT"acteristic of th• bo<tr' ·rather than th• t<l>Od 

. 
aoida are absorbed trom the intestine their conceJlt.rat.1on t'1rst. rises 

in t.h• portal blood .. then 11'1 the liver, a.nd as t.he blood passes 

from the liver 1nto the syltcuic ciroul.At.1on .. the latter ehows a high 

tide of amino ao1de. "rne high level in the blood soon falls, whil• 

t. t. ot the muaclee and the organ• rise•• showing that. these tiaauee 
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et ttJ.e l.tvel"; qst.-.1.c 'blo.od. ~nd t .1sau'ee w1t.b ami,110 .a.oids, the to.n:.-

Bitin.-n of urt>a begin•, and conttruee until the. blOOd and tissue eont9nt 

of th••• ~cids "9t\lms to th• t asting l.vel; .ut\er ab•orptiot1. tl"OJB the 

1nt...etin•• is COlllplet. d. Van 811k• An il•:Y•r ( 19'12 ) co!ltltmfld 

Folin and Dtnia* f1t1dinga ill eve17 ·detill• UaJinB Van Sl.Yk•'• dJ..rect 

JMthod .. t ·or eetimat.ing .l;illino acid•0 (Wohl 1945). 

It. 1e nQt known cactly how the cell pmtop.laam take•· t he 

neceae~ ~o ao1dt t:rom. the t.iaau• ,.fluid .and ayntheeiaea th• into 

ita 01ftl. speciti.c prot91n. According tQ th• theory ot Bergmann and 

f~ 1937. th• ~11ild1Jlt or .~ aeid.s into prote1ria 18 a f\u .ction 

Qt. certain ·~· al.•"1• !ound 1n the cell• o t. •body, whleb beiag 
' ' 

e.apab.le ot vntbeaizin& muat e.l.eo be able t.o ttplit up th• compounds 

t.bq tom. Tb.e enqme• t'a.oUita.t.e the s.J')1t.bee.1e of these ti•_., pro-· 

t•1n• or their uat..Nct.ion depenc.U.ng upon th• point ot equilibrium . 

of tlut atibstra.t.e. b.et1 the aupplf of Md.no &Old ia .uftieient1 the 

enaym.a build up ti••·• p.ro\etn; when t.h• auppl;r ot ar~ .· c14 is 

.tieti'eaMd, th• prot•1n• ant deo~eed. 

I 

The deatruotion of protein in tlul bod1' eivea rirae to t•o 

claoses ot W'aet• ,pro4ucta1 th n1.t.rogon.ou1 .nd the non-nitrot:eMtus. 

'l'he oon.-n~tl"Q'geoous includ• carbon <iifl>xide and water, which are aln 

produ.ced by t h• catabolia of r .a.t.s and ou.r '.bofi¥dntee. 



'fhe nitrGgenous products a-re peculiar ·to protein' catabolfu, 

since the prot..eins are the only ·roods that contain nitrogen, . The 

nwst important ·Of · t.heae p!'Odl:let.s are ur~a, aniotonia aalts, ·uric acid 

aw!l creatinin•~ In ad'd.ition to' these, the proteins give· :rise to 
waste prodU:cte . ~ontiining nitrogen,· auJ.fut-' a.nd. ' phosph&rus1

, . which ' 

are ·•xc~eted ·exclusively by the kidneys, 

It ia general.11 known that a certain amount. ot tbe amino 

ac;ids aarl'i.ed by the portal vein trom the intestine• to the liYer 

is c:leaminat~d and the nit.rogenou.a part converted into ur•a l>y t.ne. 
. . • ' i '.,', 

liver. In th• wear and tear Which the ptote~s su$taln ®ring 

cellular act.ivit)", arflino acids ~ also <leaminat.ed.J the r•sulting 

a.mmoniun). ·carbonate is carried to the· liyer to be transfc~ed J.;nto 
. ' '; ~ \. ' 

urea, which is the . principal end p1"oduct ot protein .m.etabo1iam in 

. the 'bQdy.. The ammonium sa:J.ta''' exoret•d" in the ·url.:ne are ohidl,y 

tho~s& of the fnorganiC' acid.81 fo,r the OiE'JJalliC ·ammoniWll S&l\8 are 

largel.)r t.ran.sto.nQed into urea. 

Uric aeid. 1s th~ f~ waste product of nucleoprote1ns 

and nu.clfJins. The uric acid. formed from ingested food b know11 . 

a.a "eJa>genou."1t and that from. the nuolear material or the tissues as 

Oteatinine; like uric acid~ is ot both exogenous and. en-

dogenous ~rigin., 'i'.t1e end.o~nou.e <:rea.tUdne is ~onsidered to be 

f airJ.y oonatant and is ·taken a.a al.I: ind.ex o! the real tiewe n aT 
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NITROGENOUS UILIBRIUll IN THE BODY 

When the nitre~en intake and excretions are the aame~ the 

boey is iliai d to he in nitrogen or protein balance. if t.he intake is 

great.el' than the excretion, :nitrogen is being reta1ned. or storeq ii:t 

t.tie body, and the body is said to be in positive IJalance. When :Obe 

nitrogen e.xc:retiona ,exceed the intake the bod,y is in negative bal• 

anee, and the needs ol the: body for protein are not being adequatei.y 

supplied• 

L!Y!J.s. <?f. !guilibljimn 

itrogenous equilibrium can be established at various 
levels, either nth a high or low protein diet, !Oi' tl,le b<>'dy tends 

to adjust its.elf· io the l6v:el o! protein intake,· pFovided the essen.-

tial a:m;ino acids a.re supplied. The time needed for the adjust&ent. 

depends upon th• dU'terenc•betneen the new· level and tho pntein in-

take to which the body has . been accustomed. 1th a V1'f'1 high lev'el 

or protein; the exeess will be deaminated. and used tor eneria; and 

u:· t h.,t"e .is suft icient carbohydrate and. f' at in the diet.• , a gain · in 

weight will result . On the moderately lo.w levels o! prot•in intakej 

carbohydrates and r ats furnish mo.st ot the energy, and the protein 

11' l!lade up of the proper amino acids will be adequat·e tor maintenance 

and health • . 

O.bittenden (l9l.3) made extensive •x;.>eriment.• showing that 



balane• and. health eoUld be maintained in protessional. men;1 soldiers 

and at.-hletiee on a moderately low level of prete1n (4.ir.SJ gm~ protein' 

for a 70 kg, JiJJ.m 1 on ~he average) 41 Sherman ~d· a {Study ' in 1920 or 
; I . J ' t ' ' ' ' '• I 

l.09 experiments in 25 different 1.nv:~•tiiat1ons and .found that an 
'' ' ' . ' . ' . ' ' 

average of 44~ 4 gm • .. P•T 70 . k~~ man ·Could be tal<:en a.a an apparent. re-

quirement. However, Sherman, Voit (l!B60 ) , Atwat..er (l90.3}, 

Christ:L.anson (1934) • Susskind (1934) fli.nbede {1934) and others .favor 

.a. higher p~t-•in all.owance than th~a fOJi optirqal ~if4ten~ce 1 growth 

and health. 

Ni~to11n M~ .:§!cretiop 

To deter~• the ef~ect pt a protein ~ret diet , on/ the nitro-

gen ~retion1 anti, the ni~l"9gen lllinim~, Deuel (19~) 1.iv.ed \fpr ~4 
I 

drqa on 1$ diet, nearly tree from p~tein, (o~.24,1 Q .• 3~.,jl pn. nitrqgen). 

Ne fo~d that there was an immediate and progre~sive decre,~se 1n·tne 
- ' \ 

total ni~rogen excreti~n • . Thi~ was v1rry :rapid at , first t?.~t . declined 

more slo1'1T atte?" .about 9 days. '·. . . W.s . nearest approach, t.o nitl"Ogen 
' ., 

min~, or level o! tissu• wear and. tear, w~s 1.79 and. 1.75 gm. or , . , . . .,. , . , , , ". I 

24 .• 7 and 24.l mg. per .kg. ot body wei.ght, Thomas (1910) obta1Jl-'1 a 

26 .• 6 mg • . per kg, le-vel and Sadth (1926) 0.024~ p. pe.r kg. It has 

been point•d ou.t 1 however,, t;bat tnere are larget' ~nts ol n.f'tirog~m 

in th• feces on, th~ high carbohydrate, p.rotein-f:re• diets. This. 

occurs because there is a .J...ow tu•ea output in the urine wider tbese 

conditions. BflS\jl and Baealc (1919) found that in ~ Indian subjects 



the l'llinimutn nitrot:ren excretion$ w~re l . 499 and 2 .. 302 gm~ in the urine 

and. 0.946 gm. nd i.133 gIJt.. 1a the feces, a total .of .o.os-o .. o; 19'4• per 

kg. 

:Even ·on a prote1n-:tre:$ d1&t, a.ei •hcmn in the abQ'll'c; ! the bod,y 

tends \oward ~anoe. i\e the ti.roe is extended1 tho negative balanee-

decr.ea~ea vef!? sl.Gwly hut sur.ely. It this cont:inoes lonr enoup, death 

W()\1l.d reeult wh•i:1 t-he nitrogen e-aeretion na.o·hQd balsnce it not before. 

Ftiot.ora . A(t!fA\VMf E911&iibriY1 

Th'e level.a of carbobydrat.•; t ~t 41.nd prtJtein ar• 6ll !actoJ"s 

1n nJ;t.rogenGtia •<iua:lil?t-ium 1¥J tlut bodJ'• Lwfk. (1890} :sltond th(tt a 

ftddert wit.bdta•al ~Yi c~rb~dr<ate tr0a. th• d_i•t Wlil>uld :tnereaae -~he 

nitrogen tlClret.itJn m&t•l".bll;J, mak'irts a 1reater ne-gat1v• bal&nc•-• 

This showed that ca'l"bohJ'd~11te act.a ae a protein apar-er. 'Fl"Om the 

experiments ot Kq:10:r ( 189-J) and !allquiet ( 1902) ; it aH1na that 11' 

carbohydrate ie almost. entirely replaced by equal fat c.alerue, it 18 

unta-.,orubl•· t~ .nit.rog41m balant•~ '.iiben fat calories make up only on ... 

halt ot the t.otu euor1es, tho difference in p-roto.ln sparing ct.ion 

ta .but sl igbt;. 

ll.niaa, 1'nve1, and Kita.au (l94S) found in experimenting with 

dogs on a diet o.t ,2,_50 calor1es per kg. of bo<f1" weight,. that the 

408$ O'n a diet or· $~ protein and ~ earbGha'dra.te were in :tna-rked 

p.$$.itiV• balance •OJ\ both cf.llOl"'iC _ lcrt•ls_. lfith th* 8~ CaJ'bOb;ydra:te 

and ~ protein diet,. one dog wa.a in positive balance on t.h• SO eal-



oriea per kg, l111vel . 'fhis would suggest tha.t baJ.&nC• is piore t;aaily 

obto.ined on a high. level of prote~ t.han on a. low evel a.ruf tha.t bett•r . 

.phy•iologioal :reeult• saq be obtained ly inorcuing pro'tein 1n the .. 

OlJle have · dvoca:t.ed. 

· .. h• \J.y . e ot pl"Ot.•1n i' o0<11 · u.aed will alGo have llOlne et!ect on 

t.le nitrogenous balance. 

aourcee .and va.r!ou.a Jl!ixttur.a ot pret•in• hav• been made arxl equlll-

br.1wn a.a -0.u obt.ain•d a\ oo¥1(>arativ•l7 low l••l•• *• w1\b pro- , 

teiwa that. are ,, not of th• high•st nutritional v.alue. ~•• aM (JooP3!' 

(1917) ab.owed th&t •qu.ilibr:i\l.11 could be 'teaoh.d with potato. proteii• 

l l8 ahowd *1m.ilar result• uein,g nW...ient.ha of the prot.•in frQm . 
oo:rn and on• \•atb tro · ailk. In aener.i. ho•v•r• J.t .mq, ~ at.at~ 

' ' ' 

tha\ t.he more clo.stll' • pl'Otein of the di•ta.?'7 Jdxt,ure approach•• 

~he exact composJ.tion of t.ti•· br><.\Y protein•• the les• protein will 

have to be f e<i to bal.anc• th• netds o£ the bod.?'. 

THE PHYSlOLOGlC L !FFSC~S OF COFFEE 

CoryDi\utnt.a gt Qgttg tf!J•!V! 
Tile import.ant water eolu.bl• products 1n oo:rte• a.re tannin., 

c feol, caramelized c~b,ydratea,. and carbon dioxide. 

Uk•~• (J.92.i) bellnee the t.aanin subet.ano•• to be aisnaJHd 

a1\d h rmleea. Oafteol 11.vea colt• ita cbarac\eristic ta.ate, ia veey 
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volatile and i s present is such small c1uant i ties that it is harmles s. 

Caffeine i s t he alkaloid tb~t may act ' as a stimulant i n cof fe• •. 

· c Leod. and Nas<;>n (1937) state that. the concentration o! caffeine in 

th(l average cup of coffee is from 1.5 to 1.7.5 grains. about 80% ot it 

being extracted in t he first 2 .minutes in coii'ee making by any of the 

usual methods. 

Ett•ect of Cq!fet and of Catffine on tht Body 

nco.rf ee • used in DIOderation, is a valuable stimulant increas-

ing pe.:rsonal effi ciency in mental and physical l t;i,bor. The action in 

the alimentary tract is that of an adjuvant food, aiding digostion, 

.favoring increa sesd !low of the digestive juice and promoting intestinal 

peristalsis. It reacts on the kidneys as a diuretic, and increa•'S 

the txeretion ot uric acid. Co1'fte haa been indicated as a apecitic 

!or various disease, its action bting tht r aising and sustaining ot 

lcw vitalities. Cot.tee and caffeine are p}\ysiolog.ically antagoni.-

tic to the common narcotics,, nicotine, morphine, opiWR, and alcohol 

and are trequentl.¥ used as antidotes tor these poisons" . (U!cers 1922) 

Ukere quotes fro.n1 the British Pharmaceutical Codex t hat 

caf'!tine exerts three important actions in the human bodT. The first 

of these is on t he central nervous systctin, producing a condition c£ 

wakefulness and increased mental activity wh•n taken in moderation. 

The second action is. on muscles including the ca rdiac,. facilitating 

the performance of all kinds of pr~sical work, actually increasing 
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the total w~rk which ean be obtai.n•d tro:m. muscle; acoelerat.inc the 

pulse and slightly raising blood pr?ssure.9 The third action is on 

the· kidney,, producing an initial vaso-constriction by ex.citing the 

medulla, which at first rtJtard.1 ·the tlow ot urine bu\ shortly after . 

exerts a diuretic effect. 

The question ot the influence of caf!eine upon t1asue chanps 

and the consequent nitrogenou.s elimination has not been distinctly an.-

~~red, al though U'kers .stat ea that the most probable conclusion is that 

the action of caffeine upon urea elimination and upon the gener.al 

nutrition is not direct or pronounced .. 

. In the Bernheim,F.. and Bernhe~, M report (l9.4S) on the 

et!eot of caffeine on the metabolism of livsr and kidney slices 'in 

vitro, oaf!•ine .was found t<> interfere in both t1Hues, with the uti• 

lization o! added ammonium salts, and in liver it inhibited the !om;... 

~tion ·of urea. It was observed. howeYer, that i,t sufficient a.mo~nts ot 

· ornithine or gl,utamine are present tlte 1$ibition can be overoome. 

Earlier workers ( ' Lehmann, 18S.3,, Robuteau, 1870, Rou~ ~4, 

Fan- and Walker.I 1912) investigated the nitrogen excretion -iilthe 

urin• after varying and in most cases unspeoitied amounts of .caffeine 

had been administ~red. Their results wer~ cont.radictory. Since that 

time th• problem has apparentiy been neglected. 

A a B rnhe ~m and Bernheim point o\lt 1fi ~in<'I the cdtein 

inhibition of ~rea r~rmation .from ammonia ls so definite in vitro, 
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it will. be et interest to determine wh&\h•Jt it also occur, ,in T1vo:. 

'?bat ·~· ot th• earli•t'' '"' ·t.k•:re to\lnd a. low ur-ea itX.Or•t.1on af~or 

·eattei.n• and otbtn•t did aot, in.d14ate:d tbat ceriain co:nditioius ata1' 

be neceal!laty b4ttore. tb• et.t•ct la 48l.1kt>natrabl• .in the whole animal, 

The ta.ct th3t eatt·•!:n• can ixite:rtel"e with tb• n1.t .rogen ut.abolis 

l.Jl. the liV•J' and kidney m., eventually •lQ>l•i.n tts et'f ecta on t.be 

baaDJ. ~t·ab9lio rate, @d on the produot:lon of pro\~111. ·tt 

Ml.di• Deichman. Enaor and WTM (1944) b$:Ve sh.0101 the .rat.• 

ol ab$0rpt.io.n &n4 th• action ot oattein• in corte• and. tea is bhe 

.aam• as that of the ,pu;re alkaloid i.n solu.tlon. 

In tbe. light ot th••• tbtc!linis thie atud,t •a• plaM•d to 

tind the ln•l ·Of nttngen ~uil.ibr1wa in twe wubjects on a. known 

p.:rotein intake and to detenidn• th• ett•ct,, ii any, at cott•• on 

t-n. total nitrogen 'balance ud. on t h• ur.a ud ~n:l.a •XCff\ior.l• 

ot thea6 su~J•9\• 
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§lperiJStnt!l S9bJect1 

The t.wo wo•n .mo eeM'ed. a expei-~nt.al su'bjoot.• tor t~ 1• 

st.udy wor• sel.eot•d .t roa a .group of .tour wbo •re Oil a prev1oua .x.-

poriment.al s>•riod for nit.nsen bal&nee on nonual. and. low pl'Ot.ein diet.a. 

Si.nee the araounti ot anall'\ical work involved 1a gt'eat1 it. was tound 

that. l•••r aul>Jeots should be ua•d. 

Th• aut>Jecta w4n,•• living in the dormit.•rie~ at the VU-glaia 

l?ol.J't•chnic Inetitut.e during th• winter and apring or· 1946 and. each 

;wae Clotng paduat.• resea.rdh and attend.1.tlg olaens at the time. 

the eubjecta maintained aTer.a.ge good h•alth t hroughout ·the 

uper:lmentol period, •it.h \be •••ption or t.h• .f 1rat dq ot the te8t 

period when both w.•r• ill, probably t'l'O.m some toxic nbatanoe con-

traotecl in tb• laborat-017. S\lbJect lI maintained her normal weight 

ot l3l. pounds throuchout the ·experiment.. Sub.1•ct l_, ••ighing ll3_1 

poun4a 1n the beginnin.g, lo.st. steadily untiil t.h• l aat supplemental 

periOd, at which t.tu ab• ••ith•d 121.5 pounds. An etlon was mad• 

W inON&I• calories to preY•n\ the l0.$81 but in $pite Qf t.hia the 

' weight loaa peroisted. These addit.ional calori•• wer• ch1ellf 

from tat due to th• ugar shortag9 . 



-21-

all anilnal protein tooda were excluded from the d.1.et. 

:P·eriod l . Thia basal diet was «11•1.ln•d to bring the au.bJedts 

1ntx> negative bala.nf.)•.1 suppl.yin& a minimum ot poor q~eJ.1t,7 .prot.•in 

toods •1th an adequ~ite supply ot all other nutrients. The diet wae 
• r, ; \ ' ' ' • 

oJ"iginally' plann9<! to furnish 2000 calorie• but ctu• to ditticultiea 

presented by the loo.al food situat.ion, actuallf co.ntalned onl.J 1726 

calories, Tablee 1 and 2 give the actual toocl 1.ntake for each sub-

ject, and tables J and 4 give t heir :percentage eompo:Jition. Thia 

baaic diet, when tested with a ljeldahl a.n.alyaia wa.a found to con-

tain l.07 gra1111 ot nitrogen repnsenting 6.69 gram.a or protein. 

tbe diet became very monotonous but was well t.c:»ler. t.ed by both •ub-

Jeets. 

Suppit!!nt117 F•!dingf 
Period Il. T.hie f !r~ wpplement to t l)e ba$iC diet wa.11 

bas.ad on the th.o;reti~al ~unt or protein needed to bring the 

negative balan~• ot Period I up to the point. of nit.~gen equili-

brium.. Thia su,ppl~nt consisted. of 200 grama or whole. milk (l.14 

oi. nit;n.pn) and 49 /l1f>.. ot whol• •M (l.02 l!JA,• nit.rogtn) given 

1n addition tQ the th• basal di•t of '.Ptn•iod I . Incr9a.sftd sugu 

and !at w•r• given to. SUbject I in an at.tempt to check weig~t. loss. 

Sl,1.ghtlq lesa calories of th• Bas~c diet wa• supplied tor Subject 

II, al.though the new oal~ric total wa• allgbtl;y larger than th.• 

previous total. The tQtal. nitioogen intake for both subject• 1n 

this period was 3.23 grams or nitrogen or 20.34 llJ"WIS ot protein. 
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1'1bl.1 l 

~tal &l•t- - SUbJtcttl l 

. ft 

'1e-ts.u.4 wat4'Z' 
pplo.auc• 

. " l'A~ jel.17 
·. 1-omargu1r-. 
· t'llnch d.reuf.ns 
dl'Ot$. 

.• ha fM.OJJ 
ttuc• 

. . matarcb. 
Ocloldw• 

ugar 
:on•n\ 

. 

it.aad.ne 

190 1$. 
&O oo. 

·'90 "· USp. 
60p • 
28 pt. 
4S ..._ 

,J.00 p. 
100 p. 
100· p. . 

120p., 
7-9 Tb. 

1 Tb, 

•tilled ••tM· 750 cc. 
Dipt I . t.otal 

200· IL ,., .... 
Olet I'I tokl 

. !ct t (-4.lt~d) 
ilk, whole 2.'6 p. 

' , wh,ole 6 S P• 
Di•t lll tot.al 

968 ., •• 
llie.t IV tot4l 

..._. --o.a ........ -O.J 
l.Q 
1.0 
l .• o 
l.l. ----- · 
6 •. 69 ' 

'·'' 7-.2? ·]*'•· 
6.69 
9.,31 

·'""' 24t44. 

24.44 
l-t5Q . 

25.94 

?J.o 
l.?.4 -JI.& 1ao,o 

204.0· 
'192···0 
- ' . '6.o u.o . 
2.0.0 

444.0 
~0-·0 
66.4 -
~ -

1724 

ltil 
138 m 

2090 

wa ., 
i11e 

u.:a 
2.4 
2.8 

Ne\lt~,4 
H•1&1"al 

14.0 

6,891 
N'e\ltral. 
R•lt\r"al 

6.19 :n.• 

'-" J?' •. 8 
3.6 

~.,z 

12 S6 ... . 41.4 

6.89 J?.8 
4.l· 

2 I .. t. u,.,, 42.l 

3.6.J; u.1 
16.'9 42-.l 

' Det~u:·min•d by '.ltJeldPl 
2. l .Sfll• · ~ 6,38 gm. ot mtll< p-rotein <>~ 6,25 P• of otlMlr prot.ln 
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fable a 

~e~~ntal nl·et .. su\>jest.· :n 

~- •· · ti~et .on 
· Jl•ul.\'N. Grama ' ·· dert•1 ·ti ·. 1t 

O.J.W$np Juie• . 190 ~c• 
~n 60 · ~-. 
DiatUl•d wa.ter 699 oo, 
Appl•oaw• ltJ· .~ 
GZ-•P• j .Gly' . · 00 .p:. 
Ol-..rgu-1.n.• .·~.>:, . 2$. p. 
r·~neb dresdn&,;;!Li/ . 45: P• 
Carl"Ota '·I:i"w < l~ P• 
S\J-ing b4J._ . ' · l.~: _. 

· £irtttUC• l¢0 Ol• 
. eo~utarih 

c~ki•• 
•sqq 
. F«Jndt:Ul\ 
· · Jlln•r•l• 
· Yito.i.:nl 
Dia:tilled \fafie. :., ."TSO QQ. :/:, ':: '· ::( .. ;·,, 

1>1• ~~,,~;' '·. 
:'~\'i .'i.'1,;)>' > ' 

. Di•t :x (-4Uitd,~: .. << . . 
. nlkJ wb:ol• a '? ''' <\· ·.@Q· :P.. 

' ' m ... , •bole .1r.(fil}':··::;. 1y' ;49 01• 
J>i•'b:1:,1t.: ... 't41 .:·.,.,,,.,,,.. ·-· 

\ ' · . ./~ ' . 

. \'.~T .. f·::.;·· . 

· · met 1 (aodir:t{~)i1 · . . .. · 
· lill.t, 1rbole \i!X:: .. '.; 22.8 gm. 

Etrb whol.• /!/'· .· 61 gia. 

~ie~: 'lJ:t wta.1 
'..//' ,., ' 

Pi•t Ill 
G<>ff'e• · 966 ec .. 

Dietrt·Xtf.:··ttotu 
·:WC.:r.:· 

''1• 

-
o~' 
i .• o 
l.Q 1.e 
1.1 
-.....-... 

6.,, . 
7.'JtJ 6.,. , 
2~ •. 34 

6.69· 
a .• 19 
i:12t 

22.tt 

22.92 
' l.ff 
24.42 

·vs.o 
,1:7.·4 

·~ ­

~. 

.~ · 

<, .ti. ., .Oft 
' ;Q , ..... .,. 

tie•ut.ru 
Neutral. 

14.0 

14:17 
'1'8· 

7Q . ~i4! c .Ab . 

i.t·. 

6~. ts 

l•lQ' r . ~ i-

lJ~,9 

U62 1' 1)•99 
6 

146$ lJ,.99 .:41•9 

' Petenntne4 bl. Kjoldahl . . . . " . . . .· . . .. 
z. l p ,. N"" 6. 3S • · o! .milk protein or 6 .2.S p. of other prot.ein 

,, 



Period III. Additional auppleme.rit.a were n.eeded to obtain 

balance, so th1a second suppl-..nt.ary period wae introduced. In this 

period Subject I received 266 grama ot .ll\ilk (l.46 gm. nitrogen) and 

65 p. ot •a (l.3J gm. nitrogen) maki~ a total intW<e ot ).88 p . 
' 

ot nitrogen or 24.44 g:ra.ma of protein; calcula.t.ed to the amountneff-

.cl to reach balance. Subjec\ II received 228 gia. of milk (1.3 gm 

nitrogen) and. 61 gm, •a (l. 27 p . nitrogen) in addition. to the 

basic diet, making a total ot 3.64 grams nitrogen or 2l gm. protein 

ingested.. SubJect. II reached balance o.o this die~ b\at Subje.c\ l 

did ,not ,. 

Period IV, Thi.ii third supplement •tonsisted ot 96$ co, of 

coffe.• (0 11 24 P • nitrogen) given in place ot the distilled wa.ter tor 
' 

drinking in th• previo\ut period•• All other roods N.mained t.he same 

as in Period 111 tor both aubje~ta. The purpose ot th1e per1odi waa 

to obsene the effect or oottee on nit.rogen balance and on trh• level 

ot urea and ammonia in the urina17 :rUtrQgen exontion. 

Th• cott .. in tM.• diet. la estimated to contain about 12 

graina or .77 p . ot caf'teine, 

Ur.in• was collected tor 24 hour pe:rioda beginni.ng at 8 a.m. 

in ·bottles containing 15 llill.Uiter• o! glacial ac•tic acid :as a 



pneervative . Th.• speoi:tic gra\'.it.y .ot ihe u.rine was det•rmin•d. and 

recorded. The or1ainal. volume was me sured and the urine diluted to 

Olli liter ·OT to the·. nearest hundred millil:Dtra if th• VO.lWD:4' Wact 

pe.at.er ti.ban one liter, Thia increased voll.Ul• waa recorded ·ana us~!Hl 
:l.11 all caloulat1ons. The 1;1ample· was aha.ken thorougbl.7 and a port.ion 

poured into a a.maller container ;ft"()Jll which samples ro.r ;anal.t••• wen 

taken. 

Ttsts •re made at intervals on the urtne tor glucose ~cl 

al.bu.min, ua!ng tihe :s.nedict and Heller• a 1Ung teat.a. · · · 

Fecal eamp.lea weH Q.ollected 1n. ·gl.a•• caHel':)leiil :for 24 

hour p•riode be~inning at 8 a~m. , 'l'h• sample• were covel"e~ with 25 · 

milliliter• or iacial acetic ac~d. 'Thw we1'• homogenihd b)" the 

u1e of a ,poli(:tma.n, d1atUled water and a strainer when neceseaf7• 

Tran.r~r• were mad• w1ih minLnuallosa. Foo.le nre Jiade or l to 3 

day' a $al!!.ples, The poola were carefull$ '#eighed, and we1gh&d Sli'llll-

ples ror analysia were taken di~ctly from :the }?oOl. Marken w•n 
' ' ' 

nGt us4td as t hey weite nO't !ound t.o be particUla:rq .:help!t.11 in a 

previous period. , 

Determi,rlati9n 2r to\a.J. Niif'i«!R Exqf!\ion 

fh• Kjeldahl method was used t.o~ the detttrmination ot 

total nitrogen. In t his method the •a~iou.e nitrogenous :substan-

ces of the sample are convert.ed into au¥DOniwa $Ul:t'at.e b7 bolling 

with sul.turic ac.id. The ammoniUIJl sulfate is thftl deco..mpoaed by 



means of ,stJ:'ong sodium hy'droxidt ,400 the libero.ted Wllfl10nia collected 

in an a,oj.d at known $trengt.h,' Br titrat.ing this p..,.~l.f neutralized 

a~.ict solution with an alkali or known strength the nitNJgtn content 

6t t.h• s81'1lpl• io com:~11ted• 
Acou:ratel7 measured 5 rd.l.lllitf er utine sami)l•• and 10 gm.; 

l•oal senxpl•s W4JJ"• dipat,e:d witb 20 udllUiters or co~Q•O.lr.ated 

$Ult~1c ac1.dj <U.s\illod with ao..90 millfilt•r• of i'Jt~nf sodium 

h.vd.n>lttd• and the ,MtllO.l\ia liberated. waa "Ollltot•d in •S "~~ . ·· ·. 

hydrochloric acid. and tit~ated with .1 non;al f<><liwn h;rdHld.dt., 

In ceJ,cu.atin&" the n1t1r0gen in the $Mtpl•.,. th~ ftlUlUtt•r11 

ot . • 1 nonnal sodium h,rdro)d.de u~ed in titrating ·w~" ~t>t~acted 

t7t\il'I.. th~ nwitbet- of m1ll:U1ters of .1 normal . htd~obloric acid used 

(jx tu.wib""J" o.1 milliliteJ"a ot • 5 nor.ouU hyd:roehlorio 4'eid) wnich g~ve 

the, number of millilitere neutral.ieed b7 the ~nia t~ ~he sample. 

Since ~ nrlJ.11.+it·eJ.", ot . l no~ 11Ydrochlo:r1c acid eoll\tai,na .0014. Biil• 

r;;;t nitrogen the n\lttl.ber of .Ulil1tortt neutraliHd waa m\ll:t1plied by 
. . i ' ' 

.oou ¥rhich ~n:te the .amoant <>! nft,rogen in the sample.. th!• .t!.gun 

waa divlded b'" t.he nwnber of mUlUiters in. ,the. sample t.o pt th•· 

nlllib&'l" tn :). millilU.er f .rom 11hich any deslrct<t ealcul~t.ion • as :made. 

AU . samples were ru.n in du.fi!lic:a.te 8M ¢}\eekad. within l 

millil1t~~ or sedium h,~xide in titratj,~~ 

Rftt•Wt.t:lon ot OJ:!at".HW)t in the, Urj,99 

Ia this iStua,,,, Folin' a .IUeroc:hemical. Modifica~ion (in. ila11k 
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and .Bell'g•U.' • l\vsiolog1qal Ghemistry) was used ln th• deteminatio:n 

ot creatinine. Tl11s method ts based ()D the properly o! creatirrl.n• ·to 

develop a certain d.e!inite color in the presence or p1Qric ac.id in 

alkaline solution. a react.lon dua to the tormation of a red tautomer 

of crea\1nine· picrate, 

On• milliliter of tae etandal'd creat:bune aolut.1on ( l mil1-

gram pe.r millilite~) wa.e m•asured into a. lOO volumetJ-A;o tla.lk an4 

l•.2 ndllllit.ers o.f urine in another. To eaeh lJa• add~d .2<> m1Uil1iters 

or saturated pieric aqid and l .5 mUliliter=s ot 10% eolut1on et eodr-

1Ull hydroxide by, ~et._t.a.. The tlaaks w.n .rot.attd tot" 30 seconds• 

aruf .a.Uowtd ·t.o stafid tor· exa~tl1 10 'minutts th.en wer4J . dUuted t,o 100 

.mil11te!!'s.1. mixed; and . compar'd at once in ~oiol"'ilnet~r1• :tet at. 0 •1th 

a. blA.flk reagent aolu.\ion. Th• ColNstinin• content. waa determined by 

t he formul.ai 

Ref.cling of ftMd§rd ... ndlligrQlB of ct-eat.inin• in . 
. Reading of unknown - aampl• ueed 

Samples were run in duplicate and. a new blank an<l standarct 

made tor ach eriet or tests . 

The method, of Van .Slyke and Oullen wa• usec:t for the deter-

ordinary tempor-atu:res, transforms urea, uickl.¥ a.nd coapletely into 

ammoni'Wll carbonate~ Thi anaonia of the urine is aet tree b7 the adcU-
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'i()ti of an .alkali and t.llia amtAOni& i• then c rried over ·1>7 an ail" 

current. into a tutre containing a aeaaur-ed amount. ot standard c1d. 

Th• exoesa acid is t.h•r• t.U.rated. The •et-h(!)d e.s described in Hawk 

· and Bergeim oea not st.r••• pH and t.emper t.uN but 1t b s ~••n found 

nece1SS~r'1 in somt cu•• tio a.dJuat. th~u.te to.J' ;prop•r -.naym• aciion-. 

.,e.r1ea of 9 te$t. tu.bes· ws.a a•t u:p 10 that tests £or 

wt.al ammonia and urea nitn>gen end al1llll0nia nitrogen l.one •ould be 

m&d• on urine aimu.ltari.eou.alf and ia <hq;11ca'toe, uein, tb4' 'St.l'Q air OUl'-

s.-.nt, t.ime etc. for aeration. Th• tubea ••re lettend aa or B 

with eaeh A tub• joined t.o a OOl'HSpo:nding D t.ube.,. The tub«S c-on-

tained the sallij)l• tQr a.nalyti•, the s ·tubes the a.,·td tor collecting 

the ammonia. 

lpto tub•• A and .11 (H• l~igure l. p&ge 29) wn placed S 

m.UlUi~era ot tr.sh dlluited \U'W ( S .mU1U1tera urtn. to 50 ol 

distilled wat,e.r) · ud 2 Chop.a ot cap17lic alcohol.. In\o tube.• A2 and 

13 ; J millU1t•r• ot treah undiluted Ut'i~ ••re pipet,ted and 2 drop• 

of caP17l1c alcohol wer. added. .Qto all t-h• ,D tubea ere plaoed 25 . 
1Ullll1ter• ot 0.02 normal hTdrocblor.1o acid; 2 d::rop• cap17'l1.c alco-

hol and S drop• ot meth,yl red indicat.or. ( A. s&itl~l• ot dilut• urine 

waa t.t&t•d !or pH wi.t.h ph•nophthal•n•• u..sing j 1,i,st. eno~ dllll:t.• aod-

J.wn b.ydroxide solution to prevent the change of color). Sodiwll 

hy<troXide aolut·ion • • dropped into t.ubea and A1 a iruil.c:a.t.ed b7 

th• ,pH cJ:iect on 't.he eampl• .... te(iJ 2. · mlllU1tert of ureaee $01.utio;n 

and. three milliliters ot butter aol tiol'l were added and the t.ubea 



closed Uld irle.eed in beflkora 0£ tt ·ti,r j uat und.e:r 60 C. and fl.llow$d ·tlo 

ab.nd for 30 minti.tos . '1te 6er1•• •s 'then connected 1'1th ii'he au OW' • 

l"f!nt ~nd Uow~~ to f\ i!U"flt~ for e.bou~ 3-4 inut•e• Five m!lUlitet'I 

ot ati.tur'11i.tftd potas•i~ oerbor,a.:te -ne tl:lliJln in rod:'ttcl!ld ~to all ' · tuN1 

end th• eerie• ag•in Aera.tetl tor 80 ldnut.a, to ce.rry tm IQDOnCa 1-
th• A t\lbel ltlto the I tu'M1. the •oe11 &Oid la 'bhe I ttlNI w.aa 

the \itrat•d with 0,02 noi"!l'lt\l eodiUll 'bydr-oxid~ 8(1·1•-tioa. 

When ohMk• ;rwe Qb~ined tpv tube• ~ and Bi th• td.lliltw "• 

ot 0.02 ~l •old JIOUYali•ed by the .u•@la from. th• •ample ta nl• 

tiplied by o.o&a to gift th• nlJllb.er ot ph ot ttrH. p.lu,e ~a la 

100 milU .. U.ter1 ·of' the urine. lior tubes Ba, e.nd 83 the uuiiiber ol ' 

1ai.llilitere ct 0,02 n<>J"llal. •9id .&8\ltJ"ali~-1 S.a •1tipl1ed 'b1 ti. teco-



tor, o.oo·st> t.o Xiv• th• number ot ... ~ anli0n1a nit~gen in lOQ 

illilitera ·ot urine. B7 w~raoti1l4' tJl• t~ tor aaaoiU.a !rom 

the t iBu..n r amoni.a plua \U"oa th• t i&ure lor urM i• found. Th• 

total out.pit, ot eaob. may be ca.loulat.ed from. th•s• tigure.e. 
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RES!.JLTS AND CONCLUSIONS . ( . 

DIETARY PERIODS AND NITROGEN BALANCE 

Four feeding periods were introduced to observe the . point<~ot 

nitrogen balance w1th milk . and egg protein• and to see the· ettect1 it 

an:r ot cottee on the nitrogen txer•tion. 

Period I. The diet of ~hie period cont~ined. 1726 calories 
' J 

for both subjects and. wa1 -.pproximat•l.1 65% carboh;rdrate9 33% tat and 

l.,~ wor quality protein. This ruativel,y high prQport;ion of fat 

was used because ot th• .short.age .or sugaJ'., and the high caloric yield 

ot tat. The caloric need• were adequately met f .or SUbject 'II but ,in-

sufficient tor Subject It who 101t one pound of weight during this 

tour da,y period. 

When the two subjects b.egan the lOlf protein diet (l.07 gm •. 

nitrogen) a large negative balance was ob.erved. This JDAT be seen in 

tabl•s j and 4. Both the total nitrogen excretion and the negative 

balance decreaae<l prog:resail;ely on each ot the four days of tbe per-

iod. Deuel (1928) observed that on a non-protsin di•t. this @crease 
' 

is ve17 rapid at first, but atte:r 6 to 8 days beoomee .more gradual 

and irregular, indicating· two types ot storage protein., one more 

qu.ickly utilized than the other. It was observed that Subject. I I 

excreted more nitrogen .a.ch day than Subject I. 

The high nitrogen excretion and cnatinine output on the 

f i;rst. day ol the period (see T'ablea 5 and 6 and Graph I) lwali due 

l argely to some toxic substance which cau~ed a temporary illness 
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in both 3UbJ•cta. The average excretlon c;f, :flitregen in the .feces 
' ' 

du.ring this period wa• .81 P• an~ .97 .gm. repr,senting about 2~ · of 

the average total nitrogen excretion for each subject. Thia 11· high-

er than is usuall,y follll on an averap diet. 

Period II. The diet !or th~e period was ¢alculat ·ed, using 

tables to a.pp~a~h the nit~pn. Pequl~nt to bring about balance. 

Additiqnal calories were glYml SUbject l to cheok weight lose. for 
' ' ' 

both subject.• 200 .gm. ot milk and 48 gm. ot •a we:ire added to th• 

diet of period I. SUbject I •ll• now .receiving about 2090 ·caloriea 
., 

con11st.1ng of about 57% carbohydratee, 39% tat a,nd J.9% prote~. 
SubJect U receive4 1825 caloPiee., 6tY1> · carbohy(lrat•, 35% tat a.nd 

' ' • I 1 ... 

4.4'/. protein. Thia represented a total addition or 3' carboeydrate 
. 

gm. a.nd 24,4 gm f~t for Subject I and. ll gJA. carbohydrate and 7.9 

&Ill• tat tor Su.bject II. 

Subject I continued to lose weight. on thia diet, her total 

weight l<>es at the end of tt4a period was· J J>ound:a. . ., Sub · ect I had an 

a.verag• negative balance for the period, ot -· 77 p . ot aitrogen (4.8 

IJA .• protein). On the third d.q of the period abe had a -.08 balance 

but on th• l ast day .it wae -1.12 which shows that the adjustment is 

very irregular. This ppor adjust.t11ent may be part.17 due to the 

•xtra activities and long hours spent ir,i working on .this experiment., 

Subject I I showed a more regul.aJ' balance, ranging ·tl'O!ll "-24 

to -.20 on the la.st day. Her average balance tor the period was -..Y/ 

gm. ot nitrogen (2 • .3 gm. protein) . Both subjects were beginning to 



v 

Tale J, 
Nt\fopn Sa1anu tw s•Jttct. 1. 

f ... ' 

..... 

'\Ill'' 

.. .,:8() -·" ••• 
l'Proadh balance bUt neither eould. be said to have :t'eached balance !rt 
. ' 
this period. 

PeriOd III, In again attempting to reach bala,no;•j it was 

estimated that• about. 4•8 pj ot lprotein would be needed tor ~.f~ I 
' ' ' 

and a.pout 2.3 gm, tar Subject II. SQ.bject I ·waa given a die.ti ot. . 21~3 
. . 

calories, 56% carbohydrate, 39% tat and -4-.5% protein. The caloric 



Toi GI 
Cal.o-
ries 

1726 
1726 
1726 
1726 

182.S 
182S 
l82j 
182.S 
1825 

l.862 
1862 
1862 
1862 

1868 
1868 
1868 
1868 
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Table 4 

Nitrogen Balance tor Subj.ct ,JI 

. Int!!£• o1iteut 
Cai'bohy• .Fat ~ tlood Urine Fec9a 
d:rat•• (j ) te!,n .I N N 

(%) (gm •. ) (gm.) (gm.) 

6; .~ 33.3 i.s 1.07 S.67 l.lS 
6~.2 )3.:3 1. ·~ 1.01 3. 53 1.1$ 
·6S. 2 33. 3 l .5 1.07 ;3.00 . ,SO 
65.2 33. 3 1,.s 1.07 2 .• 80 .eo 

60.6 35.0 4. 4 3.23 .2.99 
60.6 35.0 4.4 3.23 2.s9 .9a 
60.6 J~.o ,4.4 3.23 3.2S .81 
60.6 ,, .•. o 4,.4 , .23 2.. 79 ,81 
60.. 6 ,,,o 4.4 3.23 2.74 .69 

59.7 .3S. 4 4.9 .3.64 ·~ 

59.7 35.4 4.9 J .64 3.24 ·'' ,,,7 3S.4· 4.9 J.64 3. 02 i.o; 
s9.7 )j.4.. 4.9 .3.64 a.3s 1.02 

59.5 35.3 s.2 :3.88 -59.5 35,3 s.2 J.88 2.67 ,98 ,9 .. ~ 35.3 s.2 , .88 3 •. 23 JG • 
''·' ''·' s.a 3.ss 3.42 .50 

Nitrogln 
. Total Balance 

H 
&xcn-

. t!on 

6. tR ... 5.7; 
4.1:>1 -:3.60 
,3. 80 -2.73 
;.60 .. 2 •. s3 

2.99 - .24 
~.,? - .34 
4.06 ... .83 
,3,60 - .37 
3,43 ... .20 

- -J.'9 ... .:3, 
4.os - .u 
).37 - ,27 

_....... 

'·'' - .2, 
, ,,?) - .is 
3.92 - ,04 

int;a.k• was again inadequat.•- tor she lost 2 pcuode in thia tour dq 

period • . SUbject. ll W'tl.8 $1Ven ... diet ot 1$62 QalO'J"i,ee,. 60~ earbobTdTate, 

lS' fat and 4.9% protein. 

(.3 gin. protein). The lowest dail1 balance 1'!.S .... 31. bject n had 

an averar• balance or -.16,- t.he last da.r having e, positive· balance ot 



:bu\ th• ,diet tof' &d>Jeot I is : ~b.ouglht:, tQ 'bft. ~ a.bout 1 pJ"Ot•bi ·~ .. 1llo"' 
P•rd.ed .'.Iv. Titit petiod waa ·pl'~d t.o ·eb$eri• t:tt• ,:4'tt•~ ·-'ot 

I . ·, 

th$ lngestton 'or 968 .inlll:iliterit ot :corf-ee et••n in addit·ldl:t to .. h• 

intake of nch ··wbjec\ · 1n . ·~· III• !he oOtt•e · waa ma~e ib ·a . driP-

olator_. · ·using S· 'lb •. ot oott•• to 4-' d\tpa ot water• · .1t la· •~t•ci that 

966 mUlilitet•· ,et t.h• •ott••· c.ontdn"" aWut 12 grain• ·a_. 0.77 p., Of 
.. 

catf'eine. A~ th• o.ottee nit:r-opn ., 0 .• 24· Ot• · aa det.~rndPd ·bt th• 

kj9lda.bl -:anal.yaiej ·\o \he figure• ·towvl for the dieti 1n P•~.~ III, 

tb• intake, excret1o.n•1 ~ 'balano• ••re ttgured u b.to~•~ · 

In \h1• cott•• p•l"iod, ·subject, 1 did .not reaoh ~ala.net:;. how--

th• ••1.cht lo•• was oheoked. She had an ~rt•rag• 'balanc• ·o.t .... ~44 whiOb 

u ·about t.,. NA• as ir1 the prevlout ·period.. The ne.areet &pproach• ~o 

balance waa ma.Q.e on the .th.it'd dq when t.he ba1anct was .... lJ.6• . Xt would 

a.- t,M,\ coffee hacl no .tr ect on nitrogen o&l.ance tor ~J,•ot x •. 
&lbJ.ect ll wa• d.t.1n1t•l.T 1n ))alanc;• during t.h1• . .Pt~i®• 

Thet'le wa• an e.verago .1 .19 balanoe on the aeoond and third . ·~ ·and the 

balane• was •·9'4 or tru• bahnoe on the last ~.. Thi.a .rn8"· \l• · int•JW 

preted as t'.he tencleney of the body to acUust. 1ta n1tropt4 output with 

its tntQlc• when t.he diettn17 ~'hanle 11 not too great. and. adequtie time 
' ' 

is allowed. It would aeem that oofte• ha.ci no .efteot on bal.Aµlce ln 

Su.bj eat I.:t. 

From the above t inding•, it w:ould ~ppear tb.at c<ittta• ¢0•• Pot 

· · 
1Eect the amount ot total nitrogen •~ret.ion ()Ji nitrogenous ·eq,uili-

• 
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briwn,. 

Due to the faet that carbohydrate .bas bee.ta tou.nd to be a 

better pr0teln sparer t han fat, a higher pereentag• or ca rbohJrdr ate 

nd,ght have helped to make Subjeet I la into balance on a lower intake 

ot protein. It will be noted in Table J that the pe.rcent age ot ca~ 

bohyd.rate in the diet was decreaeed 9% while that of Subject !I was 

was decr~ased enly 6%; the fat was increased 6% for Subject I and only 

2% o! the total calories for Subject II . It 1$ believed that a higher 

ca rbohydrate and lower fat intue might have been more favorable to 

balance for Subject I . 

DISTRIBUTION OF URINARY NITROGEN 

A comparison to'D, the sub,jects in t his. experillent with an 

. average of the partition products found on a low prot"in diet b;y Beard 

i .s round in Tabl es 7 and 8, Bea.rd' s average nitrogen excretion rep.. 

r esents .about 50 gm. or protein. This would be considered a low 

level ot protein in the diet. but is at least twice tm t et the l evel 

us~d in Periods III and IV in this ,study. In comparing Period III 

o.f SUbjects I and II respl'lotively, wit h Beard' s figures, urea. was 

about 89 and 93% lower, ammonia 66 and 7S% l ower, and the crea.tlnine 

output about t he same. This would indicate that the values for urea 

and ammonia. i n tbis study are extremely lGw. Graph 2 gives a good 

picture Gf t hese comparisons. 

Folin (1§05) f ound that a decrease ill the total nitrogen 
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excretion was alw~s a.eco.m.panied by a de¢reasf! in t .he pe1"cen ge ot 

the total nitrogen excreted a.s urea, and that aft.er regulating the 

diet of a normal person ·te cause tho •lloretion of tolal nitroaen to 

be reduced to 3-4 gm. in 24 hours, only a.bQ'ut ·.60S ot th1a nitrogen 

appear-1 in th• urin• aa ur•a• Th• hich•:rt. percent"-8• tor urea ob-

tained in \his otw.IT wae 40. il/>, the lowest. wae. 2.~.. J:Iawk and 

ergeiln (1937) staie that. the avers.gt output. of ammonia in.the urine 

!a a:t>out 0.7 p ,. &a11DOunt1ni to 2.5 - 4otSf ot t.ne t otal nitrogen ~ 

cretion. Folln showed th.at & pronounoe4 decrease .in the Ut.ent et 
protein meta'boJd.a, aa aeaaur•d. by total nitrogen in. the :unn.., 1• ... , . 

t.requentl.1' a.c~Olllpan1ed: by a decreased. elimination of amnonla. He 

aleo t<>Wl.d. tha\ a decided decrease in tbe total n1trog•n excretion 

is alway• accompanied by a relative 1.noreap, in the Qllllllonia-nit.ro-

. gen, pro•ided \he food do•• not 7ield an alltalin• ash, Allot the 

d.iet.e ln thi• •tud7 yield an alkaline ash as shown in fa.bl..•• 1 

and 2. 

'!'he lowest all81Qnia Yalu• foimd in this study wa:1 _.'J'I. and. 

the hi.Jhest s .~. The pe.riod a•~ra a ho•ever, n.nged trO"m 2.2% 

to 4.u. 
In this otudy; the .tiguna tor urea w9\1.ld SffJn too low U> 

be plau.sible. In working wit.b a protein-tree d1eb 1 D•uel tou.nd hi• 

lowest UT•&. e.xcntion was o. 7S gm. 1n 24 hott.re when the t.otal. nitro-

gen excret,ion, \'fas l.75 gm. Th• urea rapreser;ted 43% ot t he total 
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nit.:rogen. e~retion. 

In iab-lea S al\ld ' and in ~G>ph :21 the cOll.parat.ive ~sulta 

in ' eriodat Ill and lV ot thi.a :atud;y tor each aubJ•et aay· bo 1een. 

"'he average ammoni increase :tor •>ubjtJct. .I a:i l . 6'J d t or urea. 

Subject. II Dhow•d a l . 41,( <Secreaia in ~nia end an . :vera'" )~ U.. 

·cn-aae ~ :vera,ge ure uontton d!U'ing: ~h• ootte• p•r1od. 

' 

r ' 



Table S 

F®d Intak• and Bltt'Opn Em:nttlone tor· Subject. l 
iu the Pour ~tu P~ 

- -~ -- • - -c. - - - -

Period i · .Per1od. ll . 
. . MN 7 UC s !V 2 vv .to . PR U HU 12 MU lJ !!r l4 kT 12 - ~ ~- -- - - ~--- - - --~~ - ~- ~ ---,.-

:eigl'lt 

¥ttak:&;: Tot.al Calo~ 
I 
\ 
\ Carbohydra'te (p) 

Fat (.p) 

Protein (_ga) 

Nitrogen (EP) 

·t1rtna17 Nlt•cen (gm) 

127. , la? u&. S· 126 

l.72£ l~ 1?26 172.S .2090 
281 . ·2ai 281 . . 211 ' 316. : 

44 .. 64 ·64 

6,. 69 6.69 6.69 . ' 

. 64 .. 90. 4 . 

6.69 20.)4 

i . ·cY[ 1.0c1 1.01 1. .07 

3.~ . ,..48 2 •. n a.0& 
3~2.3 

211 .. " . 
Total Mtn>gen Excl'et.1on (p) 4.43 4. 41 ) .6-S 3.34 3. 8) 

.JU. trog('tll Balanc• .... 3. 1p . ";'3:.34 -2~S,S . 

Creat.ln!,ne l itropn (gm.) l .O .,91 .fl. 

Greattntne (p) 2.~ 2 45 . .. , .. 2 . 4,S ' ' 

Croat.bl.mt . Ni.~g$ll ~} . T 28 26 31. '" 

' ~eoidtmtal inadequate o~JJ.ng 

-2.21 

•. 91 

2,-4S 

2?, 

- .• 60 

.a1 
.Z.1$ 

29 

us .. s l2S w.., 124. 

2090 2090 2090 · . . 2090-
ll6 ' . ·316 316 )16 

90.4 . oo.z. 9Cl.t114. 90"4 
20. )4. 20. )4 ·~~~ 20.34 
J;.23 l !»"' ,. ... .) " ) . 2) 3.23 
2. 91 . ~-17 3. 33 2.11 
4. '8 3. 31. . 3.81 . 4it'.l' 

....:i.4, . ; ._ca - .64 -~12 

.Sl ,. 'Jt . 6'2 
, 

.2_. lS .2..10 1.6? 
21 ~j ~ 29 19 ' 

'it 
.I r 



Food Intake and Nitrogen Exeretions £or Subject I 
in the Folir ;&xperimental Petled$ .. . . " '. . 

.· · : !!!l .. , · ~er;o4 nH ,,. · . · ~triOd IV . · ; .. ·· · · ·:. = .. ~ ... M: 1 .~ == .. dl .~ . Jlay .19 . Ma;r . 20 .!&Y .. :1 MR 22 . ~:t 23 
Weight l.23. 5 . l2:~ ·122 .. 5 . 122 . 121,5 121, 5 

Intake .~ Tota.l Caloriu 

• CarbohydraU, ,(gm) 

Fat ' (gm) 

4152 
'22· 

94 

2152 . 2152 

322 

.. 94 

.322 . 

94 

21'2 2158 

322 ~ 

94 . 94 

2158. 

322 

Protein (gm} 

Nitrogen (gm.) 

22,44 ~.44 22,44 . . 22.44 as.94 
94 

2s .• w. 
4 .12 

J . 52 

.. ,.as 
Urinary Nitrogen (gm.) ·· ............ 

Total Nitrogen Excretion (gm) -
• 

Nitro.gen Balance (gm.} · -

J. S8 .J.88 3.as · 4.12 

J .19 3. 21 . ').51 

4.19 

- .Jl 

1+ •. ;5 - . 4., 92 

.... . . 67 - - - .so 
Creatinine Nitrogen ( gm). 

Creatinine (gm) 

- ,60 .60. 

l . 62 

. 70 

Urea Nitrogen (gm) 

Ammonia Nitrogen (gm.) 

Creatinine Nitrogen (%) 

Urea Mitrogen. CS) 
Ammonia Nitrogen (%) 

~' 

-----
' · ceidental lnadequa te Sampling 

I 
J. . 62 1.89 

.. 34.1+04 . 69300 .98004 --- l't425ll 

.045696 . 098784 .os5456 --- .1837:35 

19 17 - 20 

10. 7 21.J 27,4 ---·-- 40. 4 

1. 4 :; 2. 4 --·- 5,2 

121,5 i:21~~ 

2158 ·~ .· ,21.58: 

322 
~: ' 3?2 . 

94 ~ ·'·' ~; 94 

25.9; l5. 94 
4,,.12 .i... 12 

i"· 

3.47 3 .• 67 

4,,2$ 4~1.a 

- ,16 ~ .68. 

. ?l . 68 

1,91 1. 83 

.29699 . 1.25953 

,ll2336 .139'4.I+ 

20 19 

8. 5 34, 3 

J.2 J.e 

I 

f 



, !able 6 

Food ~· ard Nitrogen 11zcnt.ion tor SUbject. II 
in t.h• Four ixperintent.al Period• · 

Period .I Period II 
Mu 7·· .M. JL Ji&v9. .Ma lt .. .-r_u · ltaY 12· llav.13 _118.Y_li ___ ~Ma.Ll.5 . 

---.-~ .. -------~-----------...... --
( 

Weight 131 131 131· 131 131 1..31 131 Ul l)l. 
f. ,, ,. - .. 

Intake; Total Calories 1726 1726 1726 1.726 U2S 18.2S 1825 1825' 182S 
; ~ 

Carbo?qdrat-e ( p-) 281 281 281 2Sl 292 29i, ·· ·. 292 . 292 ;!/2 
~ ' . . . . ,,, 

Fat(~) r 64' ,<... ' 64 64 64 71.l . . 71.l '" 71.1 71.1 ' 71.l 
' . " " . .. 

J>Nte!n (gm) ,,:i 6.69 ~-- ·6.(,cJ ' 6.&; 6.69 20 • .34 20~)4.· 20-.34 20.34 20.34 . 
~ . 

- " llfitil"Opn {gm) l.07 .. 1.07 l.(Y/ i.07 3.2.) 3. 23 J.23 .3~23 3.2..3 
~ -Urinar.r ~tl.tro""n (gm. ) 

... , ._, ~ 

-2.74 ').ll1 · · 3 .. SJ .J.00 2.SO · 2,.99 2.S9' ' 23 2.19 . '-
' 0 

1'ot..al. lU,t.ro;.n Eutetion {gm. )6.82 4.67 .J.-ao J.iJt> 2.99 3,.57 4-06 3:~6() 3.4J 

N1t.rogen Dal.anc. -~.75 . -J.60 -2.7'J - 4.53 ~.24 -·34 -·83 -.n -.20. 
. ' 

Oreat.inine Ni~n>gm (,gm) l.21 .74 .-84 .($) - .74 ,.74 .n .2s' 
Czw.t~ {ga-... ) J.23 1.99 2.26 .l.62. t ... l.99 J..-99 1 • .37 .• 67 ~ : """• .; 

Crea"UU.U. (:I) ' 21 2l .28 2l -~ 29 23 la 9' 

' Accic1e.ntal inadequate aamp1•. 



·· Food lntak• and Nitrogen Excrct.iona For SU'bjeet ll . 
in t.h• Four Experimental. Period.a 

-~ .. .. - - Period III -- --- P•riOd IV~ 
MAt: J.6 ~ iz ·. M!Y Mi . m J9 !lv 20 m 21 Mu. 22 ¥v u .... 

11..ght lll lll 131 131 131 131 l)l lJl 
Ilit.ake: Total Calo.ries 1862 1862 .1862 1:862 . l.868 18:68 l.8:68 1868 . 

-.• 
Ca.rbohydrat.ee (p. ) 2.95 29S 295 295 :29S 295 2<1'5 29S 
Fat. (gni. } 73. 4 73.4 ?'J. 4 73.4 "ll. 4 73. 4 73.4 73.4 
Pnteitl ( ... ) 22.92 22. 92 22. 92 22.92 24. J.2 24. 42 24•42 24. 42 
Nitlro'4fn <..-.) 3.64 3. 64 3.6'. J.64 3.88 3.88 3.as 3•• 

Url.nar.y Nitrogen (p. ) ' 2 .• 111 - 3.24 3. 02 2 . )j - 3. 23 .3. 42 
Tot.al Nitrogen. Excretion (,a) _..._ 3.99 4.05 3. 'J'l - 3.65 3.7) 3.92 
Nitrogen Bal~• {p) 

. 
..,___, -.3S -.4J. ~.Z't -.;...__.:- :.a.. 23 .1.. 1, -.04 

Creatinine Nitrogu .(em) - . jl .71 .. 64 ·~ . 7S .1s . 83 
Creatoinine ( p. ) ' - · 'J.. Y/ 1.91 i . 72 ._......,,_ 2.02· 2.02 2. 23 
Urea rlit.rogen (IL j - .0131!/ . 61404 .57720 - ·•36278 1.07),2 .Jl.4'120 .. 

-· • < 

AaimOnia Nit.rogen {p.) ·- .1J6l.)6 .07476 .1a1472 - . llJ,288 .06552 .Ol.008 
,. 

Creat1n1.ne J itNgen <.i> - l.6 24 'Z'l ·- 28: 23 24 

Urea Nit.rog.en (i } ·- 2.2 20. 3 .24. S ~·- 13:.2· 33.2 9.2 

."'66ia N1t..roeil {~) ~ J..2 2 . L . . A·l . /.,2 . . 2 . l 

I 

t 



!•bl.• 7 

ttompariaon of th• 1;:-..~ Qf DU!ef*'1\ FOftl_a of _ fiit.ro:ge:n E:JD:nt1en 
,Of :szp.rimental SubJ.cta with ~Yuagea f olm4 h7 Bead 

--~~----- -- - _________________ __ ____ ______ _ _ _ __ ____: ~---- - - _]M J'_i"o~flULli.hl1__~--------~--~- ---------- _____ ________ _ 
~~------- --- - - --- - Subj.ct. I 

_, ::sum ___ , _ P•n!d IJI _ Plriod ~ __ _ 
Volume of Urine 1408 -cc U78 c-o,. - l~+;;-O. 
StfCVif §Dvit:r 01 • l.Qi2 l..O;J,1 _ •• o~ __ 

-Sub$tano.e ~• Nitropa ?-er cent. Amoun\ Nit.:ropn Per c•~ Amwlt.- Mitl'opn Pa Cfmt 
Ccmtent. ot total Coatent. ot T.ot.l. -Goat:-elt: of tot.al 

11t ··- · n _ _ ._ _ _ _ _ J1.tma - _ Nlt.-mnn 
(ga..) " : (,a.) ~ !'!ft- ' (t'A~) (gm.) - -I! {&-.) A '(-.j - -

fetal Nita'ogeu 

Uru 

Almonia 

' . ..-... 1.91 
13. 20 6.16 

o'..S2 0.43 

Uric -A.cid \, o .•. s.4 o.l8 
Creat.ir.J.n9 l. .. il1 o.62 
UndeteninAra !Ur 

~rogen b7 41f,... .• • • • o •. se 
le.Penn .... •••• 

•••• 
77.29 
.::5.3<) ~-

2~24' 

7 .• 78 

7. 28 

•••• 
l .• 44 

. • 11 

•... -. 
l . 62 

•••• 

- 3.32 • ••• • ••• 
.672'31 20. 26 2.1-, 

.016919 2.32_ .lll 

••••• ·•······ ..... 
·'° l.S .00 l.88 

l .97 59.J) .. ·-· 

'·" .... .. · ~· 

.,,,. 28.l 

~145338 4•1 
. .... • ••• 
.10- 19_.,7 

l.?l i.a.2 

f 
~ 
¥'-



Table 8 

Ccap:arison ·of the A•era.gt. of DiCterent Forms of litrogen Excretlon 
ot bperimental Sl.lbj•cta nt.h A'Y.•ragtia Pound b)" Beard . 

.f "' ~ ., ---~ -~--~-~ .' . <i ~-

lg! l'Poteh piet.s · · · &.ibJ.ct· II ocl I'! 
· · .. . • . . .~~ lll .. ..:.. .....JP:!RiD&!9..J1;1----

Volw of urine · 1408 ·cc . · · UZ1 cc. · -~ ~- 1824 o:C . 
,§e@itio G.ravit.z . i,019 1.:.015 •. , J.tPM .... 

Miount Ni,):Ogen Per Cent Aao.un\ Nitrogen Per Gd ~U.Jt\ Nltrog•n Par Cent. 
Con'£«ot. ot Tot.al Content Gt Total Cont•llt oJ fotal 

·, · · , (a•r \·(~.j. m~roon t&1t.» : ·(gm.) _ m.~ro-n _ . ,E ·~r : (~.~ tu.trog4m _. 

TQt·ai. Nitrogen ~ -~~~ '~: ..• 1.97 •• ••••• tt-•·•-· a.a? . .... ... ···-··-·- ) . ll . ....... 
Ui-ea i;.·20 6.16 7'li 29 ' ,,: •. 9 .~ .ms u.·69 1.18 •. ,;o34 l.7 . 69 

,··r· .. .. ..... - ~, 

tmimonia 0.52 0.-43 5.39 .13 .104123 ) . 6:; .os .062963 2.02 

Uric Acid ' 0,54 o.,lS 2. 26 . ...... •·· .... •·· .... , ...... . ·-~ · ..... ·-· ., .. 
Creat.il:Une lt.lii o.42 1.7s 1.67 . 62 21.50 2 .•. 10 .1a 25.00 

Undetermined nf.;. 
\~o.;.by dit- f' ,. , ··""'• .... Q.@. y7.26 if. . • 1; . ~ •:t.73 60.lS -. .... i .72 55,. 30 

• -- J.'er•nce ... ~ ~: •'• 

I ,,.., 
f 
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·total. nitrogen int.ale• and exoretion. «•te~tiona wer11 

made on t.wo .ubject• in tour te•c1ixlg periods ot lQlf· prQ'te1n intake 

(l.S -s •. 2!£) . Total. nltrogeu d•~ermtnati~n• w•r• ud• by the 

Kjeld.ahl method. 

Ia tbe . .tourt.h period oott•• •as added to th• diet ot the 

third ~l"io4 and. the tai~rogen partition produc.t•. at the vin• f.Oll-

par~ tor ~he two p•riod1~ 

Creatinirut was, det•ndn•d b7 Folio~ 1 li0ditic.at1on using. 

t.he photoeleotriG c.olorimete.r. U~.e• ~ ammonia were cl.et•~ 

by th• Van $17k• and. Cullen method. 

Tb• data froAt t ,hia stud.'r ;r ..... eal t.h• tollo•ing~ 

l. When subjects •Pe given a lo• prote:in d1•t• tile r ... 
"'1J.tJ.n&" to\&l. ni~rote.n ex.cr..-tion. and negat1Y·• be.lane• 
decrea1td pl»gt'•HtiV·•l.1 each dq, ' . . 

2. Balan~e •• •sil.T obtained t or th• aubjeo\ give.n the 
loweat ·oaloriq 1nttalte, with 6S -s9 •. s• ot ·th• calories 
tu~iehed b7 carboh,rclrat.e·. 33 -lJ% by t'a\ 1. and 1.5 ,... 
s.~ ot protein. . . . 

;. Ti'u• .nit;l'Ogen balat10,e wa1 •*' ob~ained tot \be wbJeot 
on th• highe,r; caloric intake• with 6' -56% .rA tne col• 
o,J"i•• tl"Om ce.l"boAY"dra~e, 33-3- troa tat• 411d l·'f -
4.a~ t~ prot.eiri. · 

4._ .Bal.a.nee wa• reached by th• nbJect on a caloric .1.nt•e 
ot 1862 calori•a• wi:t.n.,22.92 IA• .PJ"Ot.ein l.ar1•1.7 from 
mill and egga, or with 24~42 g11, J)~tein wh•n the cottee 
nitrogen ia add.ed. 

'" Cott•• .bad no not.icable effect on tot.al nitrogen ex.er ... 
t.ion or on th• nitrogen balance. 

6. the oreatinine output on the whol• wae relativel.7 •tabl•>-
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wi~ th• exception o~ an~ral dq~ iJl whioh ~ooi~t17 
badequat. sample•· wer• obtaini!td. 

1. ~ t.irea. P• and pereentage 1 119re Tery low OQ!llp&red 'W$. th 
other atud1eos. 

8 • . With 1;.h.e &dClition, of. oottee to the diet & amall .•7fl"8;g• 
· inorea~• in urea output was obQerTed with both aub~uta. 

(8'.' and 3,0 
8. With the addition ~ oott .. to tlle diet an inorea1e iii 

the ·9.Verage OU~put «'-unnamia-;.lias~ rtbted '~fOF' bpe"SU\ljeo• 
{l • ., and e.· d.e9Nta••d . (l.~ output tor the otAer nb-

. jff1'• . ' ' 

!be (igure1 b. thi• 1tud.y tor urea and ami.oni• uoret1on 

are know to !)le unrel!able. fu,rthti:r :elq)ed,JIQ.tation wi:~h the· ..... 

a.mm.Qnia apparatu1 .baa shoe that the rubber \11'bing wae not alwqa 

· oompletely ~tight • . · :in · maid~ thh app11.ratua. lt -Was 1.mpoosibl$ 

at th4 time te seoure new tulibg .ot- ihe proper size. 

th_. tiM· suggested~ Hawk e.nd ._.geht (Phyliologioal 

Ch-.A.1tey) to~ the aotioa ot the •11*• is detbiitel7 inacleqUat. 

tor a qua,:atitat1T• detel"lllillat1on ot urea,. it •• round tha.t tti. ... 

S111:9• with optimta tapera~e and p!i, eho11ld be allcnMd to 1'ta.D4 to• 
a' ·leaat 1. !lour b•tor.e e.ddh\g the pota•ai• oarbonat• and a•ratbg 

tor ao ainute •• 
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R . 1:&.iialfS ' (S-0,U!Tl2£~~ 

.All r~agenta w•~• ot tiut Jt!.gh•st q~Uty ~ ~• t_, . ., ae 
' H ' ' 

.a .p. eodi:ua ¥rond• 
»1•till-4 waiuw to ~· l ~1 t.et 
Oheok .a.gamet o.oa1 t>~Uo a c,ild .ud.ng phenopbtbale~" 

.?;02 NCtrme.l . !\t~ehlt?rto i. 0$.d,s 

l ,.8 .i. oonQ•tr.!l'ted hydi'oohlottic tt·oid 
llini.ll.C water ·to -1c• l ltta. 
Check ,a .. !-11•t o.c>;a Jf 8041• hy~o:idt\e lUt1ng Nthyl rcea. 

p_._1;- Jf<l!Tl•l Bf)41_:e !tdr·oxid.e 1 

• pl• .. ~!!'-~- ~·•id• 
J>;l 1ti:llM water te •k• l liter·. 

'. o;.a . lo'1v.i §rdt'och1or!io Aotd • . · 

45 mi, o~otmtrat•d h;ydr~c.hl·ori·O acid 
fl1•t111-4 •ter to -~• 1 Ht_.. . . 

-S-.:tm-a'Md . ~M,•r:1!; .#14• 

l. liteT dit:Ull4Kl 1'f.1;.er 
Exo••• ot plorto aoid. 

S.a:turat~ Potats.lm Cer)lo.na~•• 

.&oo al. di.nilled we.t:er 
ixoess ef potUait#lt oe:rbone.t. . ., 

Buttv Solu.t1on.t 

6.2 gm. borlc - 014 . 
'1 . i Oft• pota.1.,iua chloride 

35.-5 ml. ot 0.2 N. sodium hydroxi~e 
.Di 1till.ed uter to •k• 600 11.l. 

\1FOA•• iolu;iozu 

Simer a.nd Aaend Ure• •• Solution ttumbei" S,o-11-26. 

8ta.JMlar-4. Creaftiat.M Solut191u 

II.aw and .aeild a'ta11dard creatinin• solution. 
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