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CRlPflR I 

macmuarlDI 

h 4lnu7 aU.naaoe tor mpt11• baa b ... r••� altaoqll 

t,bta aiMral llu 1n& been rffOP1•M •• 1tldl.,...able w m. Bia" 

•IN•l• ii Id.� dinrU.aect ta ,_., 1\ le 1wftll7 bellff .. \taat. 

ialent• ot tood• tvat.ntna oalala a\ •• ,..... .... lffel ,a.91.d 
unn an up1e appl1' of •PMi•• .Aa &TRap up .. 1• iat.alte of 

\Illa ,..,.Jatta •t \llilt Vatted fta\N wt.\11 •• ...,,1ea of ""FT 1ftlll 

obtl.dNn appJ'llld.lla\e1 ,00.)SO aUlip- (� ntel'l'N �• u 111) 

dalll'. !Ilia -an et •apula pma1'8 all" mU reMnt.lon1 of ,1ae 
ldnlral and t, o-1.cleNd \be appnalu'41 ....,.,..., ot bo\h •ll11.dr• 
and an1, •• 

.u par\ .r a , .. ,..as.n ftM7 of M'81tolto P-'Mnl 1n JIN• 

adolea._t, eldldNa, wp•t• balaM• •t JS 1t.rla •re •Abla'Md la 

\he Nri\10D. Lll»••tl7 at Tm 11d.Yerai\7 of,_,.... Dle\a tv­
lWllbc 11 w 80 ar- (lleftafter retel'NNI ,o u 1) prneta •au, 
npplt.N 111 t.o ISO III ot _...s... Je\h 111''9pa and vpwl• 

bal_..a •n ,.,tt.1•• tor all au.1ffUJ aorNY•, otd.ldna fed 1111 

1 ... pftteta• 1ew ,1 .. 111• dle'I nored u ••b ..,...1. u did 'MlON 

NMtfta, Wice u aob of tile aiMnl troll \lae a.tp.pnt.ela dte\. 

Tu rtllnli• nuenN \laat eit.a.r \1111 _.,ta nqalNMat. ot oJt.UclNa 

11u ut, •• ...-, •• bad been Pl'ffiRa11 ..,,.... er 'MIit lnel ot pro­

tetn t.n Ula diet. intlue ... d \lie aaRPt,1• UICI re\e8'1on ot iu 

aiMNl. 

l 
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, .. parpo•• •t ,. ••rk "....... ill tb ii ,.,.. ... ,. •'11117 Mia 

tan. ..... of lwel ot d1ftu7 pl'ltieia .,.. 11\Uba\loa ot apeet.•. 

!ta• • .,.l'I.MIIU ••tnect ot a •ert•• ot an•Cll.te bal-• n.U.• ta 

wld.M 10-a &nl.M Wl'9 fN d19'a Mll\dJdJla dttt .... i, Nldtf'eq 

1ell leYell ot pl'ltiet.a and ooanaa, _ _.. et aaptd• •• AMr 

aaliAnne. Re111lu will p,wW. tatoiwa,t• .... atq t.be latl•­
•t dle\u7 preleta .,_ --1• M'MNllna 1a \IMt adlllt ud Nffe 

u a bula t•r pla•t•1 a ,._n e11dlar 1'1tq •1'\11 pnad•l• .. , 

allbea. 



CJWID1l II 

, I 

• kmJ1 dt."817 -�-- for ..... 1. la.u IIMll f'etJ UtlDflecl 

altaa•._ ua11 111Mra1 baa 1-c llMD neepbed •• tadi1P•••le • -· 

St.earaa (l,SO) and 811111,... (19$1) peillNd"' tlla\, aiw •&11e•l• 1a 

111.deJ.7 c11av1.n, .. in tocM11, tq.ntoa •t teo41• tvallldal Nl•t• a, 

t,hl r ..... eaded lnel aheuld aa•m-e an IIIPl• ..,'17 of •&ne•ia• Daok• 

IIOl"\b and WU'IIDtk (UU), ta a NYi• ot all r.,.IM at.\UH.e1 on .... 

-1• lll\altelta ta UD \8 \ba1i •a\e, ud JlaeJ (1'1tl) ill &nflll a\wH.ea 

toad Via\ old.ldrea •• ,__..u,, a•• dSaia bad U&Dld.• tn\akea l,etween 

JOO and )SO J11 � and nt.aillH en17 IIUll .....U.tte1 ot \Illa alnaral. 

TIIIN tinllap are,. 'baat.e t• \he aaaa,\iea tba\ approzt.u\911' .JOO 

111 •Pl•l• .U,, ,..,.. .. , tlMt ,rdtale ncaatr..- tor tbla c• 

p-np. Vben Vtddow1• a.al KeCuDe (l,A) 1111H.ad \IW ettene •t nnr 
ldt.h dUt...a ra\N ot eav&o\toa apon \he pw\11 and ldalral •Ultol11a 

•f ebUdNII ta a.....,., .. , foaacl .... ,. alillngb. •tldre ... 111daa 

Wb.1\41 1-Nad Wft .... 1YUI un, JOO 1111 Mplal• MilJ' •d tao• eat.Saa 

\be 11hel-1 ltread ••n ad\1111 .,...._MIT 800 Ill• tlaeir nten\lou 

•f t.111 atmral "" \bl •- u.d alaon tttent1oal td.t,ll tbe •IM8l• n­

\nt.t- ta 11• ud 11.,..._.i, olaUdNn obNffed 1,7 J1aeJ (Ulal) • 

. lclbon.l.d ad J19nell (1'60), ,ar\te11111t.U1 ta a eoflllffn ...,_. 

a\t.Te pn;Jeft clffned t,o tile dnerld.na\ton et aetabolio pat.t.ena la ,,.._ 

adolea._, &t.rl.8, at1Ml1 .. .,...,.. n\at.len 1n \MN 1trll ted die\1 

•""1J1.Jtl Yu,1.111 lwell ot ,meta. lapul• 1nalal• Yu1.ecl Ilea& wit.a 

) 



lJ 
,be ,meta, 10 \Ila\ IU1� NMtfb& \be M1Jle8' .... ,t,7 Of aiVOI• 

••re alao 1111entraa ,1111 i.an .. mn ot apa1ta. lltne111ll t.bl ooa­

\rolled clieu ••N eaftfall7 pl .... \e • .,,11' ., NII I lllecl l8Tela 

all ms.vs.au, ... ,. ,n\eta, tor •tu \ben are alle11aneN, l• i... 

'-•• of 11tv.1ea vve aoo...-ted 1'7 clMNued Cllll.Jl,1\l•• ot •trt.aia 

14U.aatm and , ..... 11.S.aaala wllleb an &NHiaMNI 1fi\1l , .... aad 

• ....,1. ta toed ...... &Ill tor lfld.ell �- an ae\ .,,alullM. 
Under \baa• •at11,1oa1 •ld.ldN• n•tt'llll •• 11\U. •• 0.1 111 111'"8• 

pe Jdlop• 1-"1' wetp\ and 121111 •IIM•l• ...U,- 'llffll 1a poelttf'e 

nltroa•• Ital-• and wen Nkt.abl NNIII� \he •- U11111lt at 

...... 1 ••••• ,. .... en ... dine •11PP1111ta 0.)9 w o.w III ld.\N-

••• per kU.ana 1,ot17 wetcan aM \IP t.o aso 111 ..... 1. per clq. ,,.. 

d...-.ued aent,lon of aqnlll• ad oena1Jl V&M aiaal'ala 111 t,q t ... , 

11u ,. • .,_.u,i. tw \be 1 ........ PINlll\aae nt.a\1• 1,7 ohUclNa re­
cet.na, renrinecl dteu. Be1'1lu •t \Ilia ,t.111117 ra1H \lie •••'Ilea 
..,.,taer oblldnn b.an a 1-raaput.a NfllliNMJI\ t.lum pR'f'iotal, 

• .,,.... or •be\M1' \bl 1.-.....d rnea,1.n la an 111dioa\1oa ot iat.er­

ftla\1-ldpl ..... mariuu. 

In 1,u ».oaonb ud w__.. 'aid.al , ..... •t -. ••t.llla\H 

et • ... •1• NM11irala' t• MaltJ1¥ ahlt atlaa cleMl'lllned 1t7 lnll 

(1,:,6) u apprtldaat.J.T 100 � pv •a, ud b7 TilJH\1 ud A• (1,)1) 

aa l»•ia& 300 111 d.nJ', tea\a\twei,, itn tu ,......... t.aua tw -
at ISO lfl Aili' and 'Illa\ •t 11oaen a\ a 10 per oat lover 19"1. Tb11e 

•ua••H.oa1 tor ._..1. nquiNIMta\ 11..U - to 1ad1••• tl\at \lie 

Alllrl .. din, 'tlld.Gb wu ea\iaW ,,. Sb1111ua (1,SI) '° ooat.at.a, on 



\lie •vap, JSO 111 • .....,1. pa dq, t, .... •'- la Vd.a ld.alral.. 

llet.aNlio apel'lMD'• 80ndu\ed ta et.bar pU'U ot \be world ••N 

\be dte\ut pat\en �· dittenn\ traa \bat ot lri\atn and Aaerlta PN­

.... renlt,a on ...-na ll\Uianl• 11kteh d1.d 8°' •IN• 111'11 Ute 

tenat.t•• nca1l!.Nlltdl to.- tile ld.alral p,o,.... 'b7 J)aokv•\b ... War­

nMII (lflal). Bu• and llllakv (lfJIO) ta India nlMlted _...1. 

•tuolta. 1ll , ... achal, t-le• •• oaae fNII ,-r Tillale f•Uiea. 

Tm ...-rs.."1 dtn wu aSaUar ,o , ... ..._.,, ktsa-•l'Nl did et 

\be ••3.n•. , ... 1ann1pwn, IIMtlli \heir ••l••len .,.. \a. 

••nc• ot to 1111\abell• eapeftlllllu on,., .... ftul.e ··�- .. , 

\bll •an ...... 1. "41UNM1l' tw an ad111\ a, U, 111 dail.7. llenal 

caw. .. adal\l et bo\ll .-., 1NtN 1\wH.ed ta •nl• '° ••An ..ie111a, 

....,....., nlve&a and aapNl• ae\ .. llla Oil T�iJII lnela Of 

tnaa (Clm .e !l•, 1,U). • •• dittena- 111 \be pa\Mn ot ••pe­
at• 111\aboltaa ,... tOIIIMI. Al.U..p no dlellp\ wu llllde w eornlau 

aaanut• "'4ta\1on wl\h ntvo11n 1D\ue, \be aut.hora bel5aTecl vaa, 
•1a\Sn al.VOita bala- oaued '7 a 1n taaa et ,..nes.a bAUt aw 

nla\1wlltp ,o ,11e ap\tft vp•l• 'bala•• 11at• ooevnd on an 

1atake •t )Iii Ill• Tm• at\bon •onelwled \Ila\ -.-.s..a efllliltl,r1a 

eolll.d an Ile aa1nt,a1DN on• d.U,- ia\ake of l•• \ban 300 Ill• 

Non n_, 1\11&1S.a oolMhlned t. tla ,..,... ot � 

\Ile dat17 ..... 1. MN• of \be aftl\ t...i. haYe ...-d no .... 

•1-•11 ta 'Uleir renlu \bin •• \be earlier apel'lllla,. I.elabNa­

l'Sal !! !!.• (1,sJ.) ailldled ..... •1• an••lila 1n ..Uep wam 11bea 

,11., ••n atnataM on a cite\ n••lnecl ta oaleta and plaNpbona Ina\ 
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lllPPlT!al 261 111 UIINl• 11.0III •i \h SO I pn\eSa ad .S..-W lllD\Ul'U 

of otllllr aurtena. Thi• 1ffe1 •t aapeaba tnt,aa appNNd k , ... 

authon ,o NPNND '\bl appl'Uilla\e •ed ot \be ••3"U •SMe \u7 

uMbtud llotb putt,tTe ad Ul-'b'• bal.al- 111\ll a •u re\en1• et 
u.6!1., 111 c1a117. 

1111• !! fl• (USS) tnrentcated •• r•pou• of NU.p ••zi 
,. a atml&Ntaed 41le\ ..-.J.opetl to ••rr• u a bual cite\ a111,u1e tor 

a •art.,, •t 1'uMn nanttea nut.ea. In \bu pU'\ialar n'UJ "- din 

waa plaaN \o 1Nt .. ..,..,. ia •••17 napen ctutaa tile tint. balt ot 

"'• apa1'1111nt.1 dart.DI \he lu1' 10 UJ8 ot obNnattoa t.be tat, aonMai 

waa r...._. tor ba1t ot ta• au�.-. ill order to deterld.ne \be etten 

ot a low-tat die\ 1IPft \be ae\abolt• ,.,,_.. of the T&J'UU a\rlenta. 

Tbe •an ••1.17 atvepa tmake tor all ••3"'• tor \Ile o\ire e\'1117 

wu 10.,, 1, vt� 17 per oen dviYed ma aniul aftM•• About, 6P 

per ••' of \be pl'O\etn wu nppllN 1t7 1111\en Uld om n.v. ••ned 

in tbe �I'll of ,-an nn., ooekiN and ••t.i.n. The calftl.a\N aaa• 
u1ia lenl 11u Ito 111, iu ....at nuenef •1 llHkvena aad warnoo 

(lfitl) u tbe d..U, Med ot anlt f••l••• v,_ anai,ata, ........ , 

\be aftn&• daU, tn\ak• 111pplled Q' \aa diet wu •� 182 Ill• On 

'Ult.a iatalal of ..,...s.a, S .t t,ba 6 nb�et.a were 1a •etta114t17 •aa· 
t.tT• 'balaoe. llellna1tq \ba ta, aozsea\ of t.ae din boa 76 t,o z.&. 1 

4aU, dW Jlo\ appear to alt.er ._at.a .,.,.11111 ta UIT ••. 

LnVMII ,e Jl• (1961), ••Sil& \be •- •taadtrdiaed din ad�llned 

\o npplJ •au, 11 I Id.VOi• f\ll'aiu.d pftJlll'l11' frOII 19u\ ro1la aade 

with 1l1lMB tlov aad auppl_.ed wlt.b .... 1a, nwlied •PNt.a 



T 

•u.boltaa 1n )0 JOU1 wC11Nn on ditfenat clie\U7 lnel.1 of •• abilnl. 

Jlape1ia ia-. VU al.tend b7 TU'Ji.al Ui8 ..... et ...... ta &l,MO­

nat.e 1.aMl'peraWld 111\o ta• rol.18. lan1'1oa and N\enla ot • ... •1• 

iJlerNNd 11pd.ftou.U.7 a1 18'ake t.aeruNcl, b•-t .i,, 12 per ••' ot t,ta. 
Taria'1• in ezen\1• oe"1d •• rela\ecl t,o Tart.at.en la 1•*•• 0a �• 

o,blr llud, Ida per o•\ of 1ille Yui.Ml• ta tte\•'1• eOl&ld H NlaMd 

\o ln91 et tnt,ae. PNt\1•• ..... ,t• b1l• .. wu 119' a\\aiMd on 111-

,aa, loHr '\bu 211& t,o 182 111 datl7, at. atoll lwel \bl ••• N\e8'1oa 

... 1 111 wlt.ll 6 n\ of , ... 16 � ta 11S,tnl7 •ant.Te bala .... 

Vi\b a ••a,\loa •t llO III daUJ' all ••b3NU WN t.a peal,lw -­

••t• balaaoe ld.\h an aYerap J'dea\1811 et 28 Ill• 0a ,a. lwer 1dallN 

ot 17) \o 1,1 ac and IJ) \o 152 111. \be •an ba]-• wn •)) and •ll 

111, N11pte\lY•l1'• PrOll \Illa aperilleat. ,ta nthon aoMl..,.. \Ila\ no 

l•• \Illa 280 JII mpe1i• ..U,- vu 111.ftS.lta\ tor •"1U1br1• ta 

8*1\ t...i.1 aat Illa\ PCll•Dlr' u 1n\ab •f )20 111 vu DIMIIU7. 

Caloi•, ,_., ... ad upeaia t,alu- •t 78\1111 •olle&• 

(1,ST). •1p\7-eb atwteat,a raa&l111 1D aa• &a 17 \o If ,.... part,s.t­

pat.efl tn tllia �,, ad •••taaUon of t.helr llUllral l»ala ... 

.... 'bued up1n •• ,-..,. •t.alMtli• halanoe period. 'fbl nb� wen 

d1Ttaled !no \wo pewpa 1 &rftP 1 wu .... 1lP of girlA •-Snc ta qe 

tna 16 •• 20 JUNJ and &rftP I oeuiaW of tM•• •• 20 79an ot 

ap. ta.. Wt.al uUJ' 1nau et apNt• prwWN lt7 , ... Nlf• 

•lened c1s.u fllllPd boa l6o to ISSO III ta eaob sr•P• ror aU ·� 

3 ....... aiw l,118-• ••n aore � 11hln ,a •llfll•i• in.._ 
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rt1111• troa l&:> '° JOO 111 •117, 111au. \bl crMMr ,-.uoa et , .. PNl• 

\iYe Nl ..... .,,.... wha \be a•rac• ...-•lwl eonen ot tJMt ditri 

vu ,so III and 1020 111 ter P'RPI 1 anct 1, ,_,.ns.ni,. Ia 1••&1, 

aore JIIP\l't'a 'balawa oe•v,efl lllOIII t,be hller atrla ot eaoh crap 

\llaa aana \b.OH ,.i. .,..._ llelpl. r... •ta nat17 it would appear 

\Ila\ • • ... s.u 1atala •U7UI troll ,so w 10ID .. Idell'\ -· l'ff'lll .... 

for 7VDI •.U .. • wan. INau• ealal• &ad ,i..,_.u int ... , u 

well u ...... 1., wre lalp on •••• fflt-� t1s.t,1, l\ alp.t, be 

.,._. t.bat \M -' et nlllr aview iac•'- ••• •on ,:nrap 

al.ao. na apparen ....-11wn of appraS.Ml.J' 1000 111 •PN1• 

datl7 !a tbeN 10W11 ..... in ••tr•\ \o \llt IDIOb la• eniaw.d 

med• ot ••,en. on nall&MIII die\a, -, iadte&\e u lnenelat.lon­

allip ••1 mart.au. 0a ta• .-- 1aaa11, u ... h wape•1• balaDN 

,..,..._.., � ona pel1.ecl ot abar\ .tUUl•• ,nbll1ti, no ia� 

,1oa S. 3'll'ift.d. 

Ia .,n. of \1wl nla\b'elJ' 1arp ...... 11111 NfllllNMa\ tJMliOded 

l»F the at,1111H.ea ........ , rtta&U'lld and Pev.aan (US6) WN llllabh M 

pJ'NII.• a ...-•l• deftdeMT 1a •• •• wbo wn aa.111\aln• tor 20 

• .,. or 1 .... r on a die\ .... ,. .... •Zill' u.Jt 111 ...... 1. flaU,. ... .. 

inc \he en\tre lo-da7 pwiN M3tn A «an'MCI 813 111, or an ••raa• 

of u.1 Ill ,.,. ..,., wltb apprabllieJ.i' kS per .. , ., ,.,.. •1Mnl .,_ 

,..s.a, la \be t•••• In Ba� I tile 11a1neai• aere\la waa ar••• 
'bMllllN be wu fed a oa,tn.10 tuMqt natn wlliah Natftd ll\llb of tbl 

lilllilral troa t.be dlpftiYe tran. After \be t1rn a dq• ot ld3•'1aen 

,. \be 1"-lllpe1ta Aet., \111ur7 l••- ...,,.. ,. � 11 111 



, 
da1l7, 1a qre111rn witdl * ftMt.q ot MIC- and Widdow•a (1"9) 

ttba\ \bl kiclnql oe ..... dill&q aeu1t.1YI te Tarlati- in laftla et 

t.bl aUIINl ta aer1111. Tae la\\er P"• tavanaou cto111 of aapul• 

\o ••3M'• 1a poat\lq ...-•1• bal .... and toad t.1aa, \ba •oae 11u 

allloet. o..,18\ely •Retied 1n tM ut•• Vllln a ffH wu lifta •nll7, 
w\ of \Ile aapNiu appe&Nd ta '1111 t ... , wi\h �• U1ul7 a1p111a 

ntlee\t&ta � ,a. enen .r •...-1. ot \be ..... ld.JlaNl.. 

TIie •ll'Nlllll •-nSq atollanS1a1 la 1011111 t...ie nit�.-, 

N•i•llll a 11. .. t.d din l.OII ta pNMta and oaleia mcl •••tJd.n& ao 

llON tball 1.s .. ...... 11u1 dall7 ..... "911 1\lldied n-'1.J ( ....... 

!1 !l•, 19$8). Renal .... ,...attn pl'W'NIIMd --- lo•- ill exoeaa 

ot 18 111 ,- da,, and teoal aeret.toa w u  aesJ.tsD1• after a v ... 1. 

t.l• ptrled. Tlall "'aat.117 of ••PN1• ion Sa \lw t••• 11u •t.abq 

1 .. ,MD the _, ot \be ablnl •blob ••1'1 a.....U,. be Nl'11.N 

1,7 \be dS&entre �1 ... '° th• 1- ot t.aa i. ... 1. ti. &11\box-a 1111• 

pned \ba\ \be ..... 1111 Nfl.\dr-nt et achalta aq be -1fllinl»l7 
lua � \Ile ual entaat.e it lbl ...,.,s.a •-•will ••buSa, 

obNffed O'Nr a 10-tlq pert .. ia .. .,... Nee11'1.q a J.oll-4ialel1IJI. 

J.n-pnt,eia die\ ... ,.,........ 

1.atera,1ea on t.hl ett•ot of dUtenat. lffela of intake upon 

•P••.t• abawp\ion ud exard1• ta •- actali1 wu elt.S.IIN "7 
Grallul e_ !!• (1960) '-911&b ,u ue of 1e21• TIie ..,�. ••r• t .. 

dine eenatntac t.llne 1-Tela of upeal•• .Aftv a�atan w eaob 

,ariitlllar lffel of 1.._, ,_,. ••n 1tr• •all.¥ a ue\ d- of -..••. 

0a a din fulltlld.111 IJ 111 ..... ,ta and 11.1 1 PM•Sa ..u,. \Ila 



10 

nbjenl abaoftff, on 'be anraae, TS.I PU' _. ot 'bl 1 ... necl S..o­

\ope. w.a a DDnlll dl•' hrata� lkl 111 •ane•1• and Tk.2 1 ,rnes.a 
wu 00111\111N \be ••�• abaOINCI oai,- lak.J per caeat, of \lie adll1aiat.end 

tano,e, _., t•U•b& nppl.lMda\ian •t t.ta. Dffll&l din ,. proaride 

as I Pl'9M1n and $71 Ill ...... 1111 ••Ur', •• ...-1on of .... ... , .. 

,. .... \e 2).7 per •-'• To dnend.DI 11lle\Mr ,._ tllna\ et lbaoz,\ioa 

... eta ,. ,. i.ad ., .,...,.s. ,....._. w t.11• tateniDll ...... or 

\o \be .... or \he It.., t• tlll at.alral., '1lo ••�--· 11Ve aatakblN 

• tlae aonaal die\ tor 8 clap and \lwn were at•• a bNak.tan of dU• 

teND, a1p11l• ooaen al.- wltll '- '-" •- of .. ••. C. ••� 

. . n•tT .. bNut .. , tJ'OII \be lotf.upNi• tlie\ wb.Ue ,. O\MJ' WU feel 

"811 \lie •llPPla-tAMI dS.\. Tbl peNelllhle •• _,,s. et he 11nope 

illdloa-S \bal .,...,_1•• ia nn tllptr� atf•ned 1t7 ffplat,1• or 

npln1• ot \he IHKIJ' epa1ta '-"' ta lntl•..., 1t7 \be lead pruened 

\0 \bl 11nentul ...... , atale 'I.he pa\Mftl ot abe-s,\ioa 1t&I alaen 

tdentoal \o th&\ o°"atned waen \b.e ••3ena wre •ta•t.a• on \be 

11tcaa.. or i.w .. , .... 1a c11e,. Tbl tan \hat. eaoll c11n •an .. no, ul1" 

ta ita IUIW1• c•'-' 'ba ala• ta \Ila -.. ol pNMia ralMa \be 

CIM8'1on of \bl P••D4e etten ot \be lnel ot pNWla on ,...._... 

al>eor,lita. OllUdrea evttuilac wtt.b kltulalerkor bn'a 1'•n toad M 

abaon a b11lllr ,...._... ot a 00111 t.an aqae11• ht.ate ••• ata­
\at.Md -,ea • i.-,••• did \laaa vllen r-DS.111 a ld.P-PN'•ta cite\ 

(Linder !! ti•• 196J). In all nb3ee\l Ndied bJ Orabua !1 !l• (1'60) 
till• ra'9 of •HrP\illl bad re .. ecl a nMflJ laYel a\ ,w t,o \brN noun 

ad ooat.t.ma.a .... .. la•• oomuat tor ,111 nen Ii \o 6 bouw . Tbta 
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pel'lod et \lM •rn,pelld1 taut1 1"11.l wi\b \bat meded tw t.be lliNl1 

t,o \ft.TOH Mae ...U 1JlM1tlM and 11111•t• JIO\ 01117 lln Uffr,iloa 

ot th• a!nlral h•\ al.lO a aare or lN1 uitol'll abaorp\lon allll& \bl 

leapb ot \be aull 1aMl\1M. 

Tu \NIIIPft\ ot ...... 1. ano11 tile 1at,e1\lnill wall of \bl ra\ 

WU f oud \llroqb JR. '11.ffO 1\wH.N \o be etplftoat.1.7 oorrela\tid •1\b 

t.- •-•watt• ot ,u ainaral betac oiJtelllahel \hr"P ,11e 1nt.en1nal 

1llll8Jl (le••, 1'62). Thi relaUOnlldp betllNn ,.-.. pen and ••emra­
lt•, ...,.. ... vu not. liJIN.r. Tba a'bNnoe ot a l!Mar nlatieuld.p 

na•aled \bat \be ••Ol'P'lln et ••PIii• w aO;t a ,vei,, puat•• 

prooeea ba\ .., .. twrnd eit.blr \bnqb an ao\1Te vanapon .,_.. or 

ltJ •au ot tuU1\a.'Md diftui•n of aapee1a. 

8'taldte1 •1� � anSaale baYe 1ndtoated \ba\ a .. 1a,un.­
abtp a1na lte-\WINll ,11e ln-1 of preuta 1a .\be diet and t.b.tt -'fin ,t 

•-•ta N«ZallN lty tbl a1aal. C.D7 and 'fr7e (1,Sl) t...a tbat. tbe 

Nt'erlt.7 ot aapnl• ••ft•ieaq in 701IDI rau on a J.ow.•...,1• die\ 

waa tacn-d bf' •MllllD& \lle eue1n ..,.. ... of tM ra\iona boa IS w 
So per -•· Aaiao aetd ,app1--.,at.1a •f a 2!a per oen .... 111 diet 

oaeed wtp\ lNI ill •t.M• Pt.a• u1 .. , aw& pot,-l• and ...-•1• 

lal.U NN .. ded W \be rat1 ... (leialU. 9 !!•1 l,s6) . Ialnul.na 

\be cuetn •••• of t.bil die\ troll lit t.e 30 per oa.\ ude aabto aoid 

•1IPP1-D&\loa ••n awe banlhl. .W�tloa ot et\blr potue1• 

aoe'\ate or ..... ,ta aide iaMNI� ,...rNi •t.all\ 1-•-, t,,n, 

•1111' tbroqll ta inlluton ot bflll aal.u wu a .,t.etanOJ7 r&M ot 

1a1n •ln\abed. 
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HeMar (1,si.) atv.clied t,be etten on ••lair' 1ata ot •t.tt•nat 

,nt,eta lnel• ta ...... lua-nttut•' and dett•tat diet.a feel ,. add\ 

r-i. a\a •- •tctau •• bNa l'Nlllled 10 to 2S per eem 1,7 nawa­

,s... C-ln vu PNND la t.be aout. ot 7, , or lit per Mat ot \be 

diet.. Little ctttteN•• vu toand bew .. a 1alu •t t.u ra\a on 

111pe11 ... arn.1ut. and detlot.ea diet. a\ \be 7 per c• prneill 

1-el h ..... , Pl'U'IIIIIIIN1, \be ....a\ of pntlla 1IU t,bl llat.'\111& 

taetor. At t.u , pu oent. lnel, ••.,..., \bl clltteNMe �., ..... 

Qtp.\ 1ata ,t \lie ra\1 re•trlJlg \Ile eaapla\e atneft.l. 1QP1...n and 

tboae on t.lal U&J1Nlaa-ddleHa app1aae8' ••• 1t.p1tloat, ud t,lle 

1Na&"8'1 dtttera• •• ••...,.ed a\ t.111 lit per o•\ leftl of pN\ela. 

Wi\h tbl olllfP].ete ailllnl nppluNtlld, oa t.ba la per Mn , ... ta d!n 

1atu wn .... \ban doable tao• a\ \he T per oent. 1-.1. WIien .... 

••1• ••• eatt'-1 a l,Mb lwel.8 of .... tnaa, boNnr, ,. rate 

on t,be 7 per on\ -•la ra\iea 1atmc1 more \ban \vi .. u -*  u \DON 

tN \be ld.abell\ lwel ot Pft\ela. 

TIie intlwe of \lie d»\u7 1••1 et ,meta on •..-•1• n­
"'fr-' waa .,.1ec1 tty .._ n_ !l• (1,J)) la lto\b ellteu and r••· 

Tbne ...-,. ot ebioa .... ted et,ur 11, Ila or J6 ,. .. •et. -ta 

dtn1 vl\b. a _..1. oa\em ot 100 ,an, per llillloa (bereafter 

nternd \o u PP11), vllU. eull et \!Ir .. •MIiar &rOllPI neeiTed one of 

'11• - lnel• •t ,a-net.a wit.II 6oO PIii •..-la. Ila the ra, _,.1 . 

.. , �- aldNll WN dtTtded ., ••• 1.. tat,o 6 ll'OllPI, , .... betas fM 

• 12 per ... " ud tbl ..... a 3' per •• •-tn die\. At, eaolt. pn­

\ela larel one &NUP of N\e neelYed ..,...1 .. at 100, 100 or 600 ppa 
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•t \be •u,. Ia l>ot.b ebtca - ra\a Nfto\loa of dte\u7 •su•ha ,. 
100 PPII nalll.Mtl 1n a ,..,._..17 nevined wtaln 1&1n t.a •• cro1IPI te4 

\be lit.per lwel1 et pnlela Ina\ ••• "1\llofl etteo\ 1a t.bl 12 pa Nn\ 

,nleia &NOP• a.ta •-tna 100 ppa wepeeia and t.i. J6 per cen 

J)NMill ra\1on bad a aip.ut.-\17 lowff •na pn\eia \hu. dicl \aoae 

..... 1..s. .. t.lle ·- _, of ...... 1. lnli Aq 12 ptl' .. , .... 1a • 

.....,._., ta. raw on tbl lower Pft'Hla 1ntau and tJle iw later lwell 

ot •1111•1• uere'4kl •llldfl ... � aon free a1ao aetda ta tbe unM 

t11an did tboa• n•1•1a& ,111 aw anrA et pmeta lt•t. \be ldc•n 
laftl. of ...... 1.. ·- aai bia aaaocd.RN IOIUlllMled \bat Pfl'd11, 

appearua.oe ad rsi• of Ul'lt1cl1'7 of \IMt Yui.ou &rCNP• '°l•\ber 111\ll 

,tae 1 ........... ...-nton of oenain IIWIO aotda and d.--ec1 lffel.1 ot 

eena pN'MSa la nu on ndllCIN ••PN1• tnan. _,,.., '\be ,.is.et 

'1lat ..... ,1a re�at, ot bo\b •bS.ua 111d ,--, rau 1a cllret\17 

Nlded \e Iba lffel •t clS..\u7 pHWla. 

lap•t• ab..,nt• wu n1MIW in baan actalt,a aainat_. on 

a die\ 1n wb.iob \be pn\eta waa nppu.d lll'lelJ "7 ft&nablea anl 11.bole­

...i bread (lloC .... !i ti•• 19Aal). DIU,, pret,ela ..S a._ta iatakea 

..... U ,. 70 & and .00 \o 600 111, .. .,.-1ftl7. Waen 100 a of ,..,.r.i 

d1tten8' prot,e1n •llPPlM•• •n ,... .. , MPMhll abNl7'toa 11u 111-

-.....s tNa )2 '8 Jal per ••' of 'Ule 18\ake. Ia lft•iaa rat.a. n•••, 
an 1.nON&H ta \be •••!a .-., of ra\io• tna 8 u 16 per ••' had 

11\\la etteot, 1IPOll •111111• •••rptt• al:\hoqb. tbll a...i.NW &rllftla 

raw of aw1al1 fed \Ill 16 ,-r •at. pnteill dtet. ,nllN1tly in..._. 
V.lr aap1ata nqatNMn (tenld.11, 196)). 



BNd and Rook (1'SS) •'IIIN'- t.bat bn•npe1W11& la •­
araua on IMN pU\Ve ta ,i. IPrllal MDU alp\ N eaued •1 tile ia­

abtltt,y et the u1w1a to allaollt pre,ffl7 the 11a1taal. ....na •t UI• 

neaia pnrided lrt \be ,.._. .. Neaae ot tbe 111111 atVOC• e-.., ot 

tllll 10\181 arua. Later Root and C..plb& (1'61) toad tat. 111\lda U1' 

&N'1P of taubap1 \ha lown •arallal,Ullt' •t wapee1• w oou oeoll!TN 

1n \bl arua•• •• at. aa earl7 naa• •f 1N11t.ll and \be Id.pea\ Sn \b.oN 

on a, \lie utan n.,.. lupp1•1ataion ot aub11• wtttb pnwta-11* 

oil MU a1ao de ..... ed t.lMt •at.Wll,, of ft.e\arJ •11111•l• lo tJae 

Laba fed • put.tlecl ratt•a 1ta1attnc \be bJ.cla•,.._111, atp. 

i,nuel• o..,..1,1ea of 111••' ,ut.ve ouranerlnlo of •n.ea, ,an_.. 
pouoalJII• ._.... •tcJd.ft� aore lll&Mliu ta \lie teoea and re­

\atMd le•• ot \bl a1Mnl \ban dld \bl ooatrola (fa\ean .e !l•• 1960) . 

!bl t••t.lpt.eN eoulued \bat. t.hl 111&1l-,ro\e1a or \bl llf.&a-pousaillll 

ooaa\ of \u ra'\tea e1'ber 1a\atencl vl'Ml •IIIM•l• ••or,\S.on or 

,. _ _. reexer8'1.• ot \Ilia S.n iat.o tllll pi. 

Tba ,.tlNnlr pulillled data ot O'Dell aat S\ffl (lallla1tq, 1'61) 

alaowcl t.bal ad111\ ••n ••ltl ll&taala JlltlDN1• -.iUlllt,1'1111 on a die\ 

nppl1'1q •au7 1.48 111 ot aape•l• and 8 & at.tropa pron.c1e4 p11.11111J1' 

la7 aaiao ••1AI• 1n t.be 1AO pa\\ern. On \be ot.blr und, 11a.n LfferMa 

e\ al. (1961) e1\S.t.M \be req11Snd •*111•1• inaa fer adlll\ wwa - -
,. 'M 180 ,o )20 111 per dq, ,a. du, auppllN U I alvopn turai.._. 

priurtl.T 1t7 al•'- and •-tn. T•N n,.ita .... ti. inrH.oat. \t&a\ 

..... •1• recia�, ""7 ll• inthenNd lt7 tlll ln•l ot at....,_ and 



� aid.no aotd pa�\ern ot the d :le\. 
Thi reaearta nrtned nft11111' aqpet;a \ba\ \u or1\ilal tat\ff 

t.n •• .... 1• ana!tolillll 11 tu .,..,.ton of \bl aiDlral hea \bl clt-

1•11w u.ot. &Yidew ta ,,....._. \ba\ aba....-ion � uputa 11 

tatllleDDed lq the -• •t pnt.eia ta \be dld. St.din , ..... , ala• 

\ba\ \bit 1enl ud ,au.,1 et dte\&J.7 pnt.ela are Nla\N w up•l• 

Nqll1.NWU ef h I IID8 U 1tell U experi.lllakl •-.JJI• 
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Kapeala 1111\ab•li• 1D 'Mia ll\llllUl &du\ and it.a PN•Dl• tnt,er­

nlaUOMb.ip w1\a tba\ ot pro\ela wu a\wlied 1n \bree M\lbolto balante 

ape1'111eau . T•• a\wtt .. .  _.. eODdu'Md 11tt.ata a '11o-1ear pert .. 

(1nftU7 1'61.-loftlhr 1'61), &ad ... IODIUMd •f al PNJ.1adMJ7 la­

'8ffal fellowed bf S ltalan" pe'1oll1 of 6 41a,a. fbe ettena ot S dlt• 

tuen\ dte\a upea _..,1. and proMta anaboltaa wn S..enSptlMI. 

wen � 1a St.wH.e1 Il and Ill, oa17 aa\val tNC11 wre ineiu..t 

ta t.bl dieu. 

Tu 111.b3ee\• wre U aractu.k nudent.a and one ianl"llftor vbo 

were HJlld.Jlc Sil \Ill anu ot tood1 or mart\1• ill 'Ml• Goll.ea• ot Hw 

leonoatoa a\ Tlla IJalnni\7 of ,......... ho ot t.be at.wlent.a t.ook pan 

tn all \IINe •t.abello nwliea, wlle ho ot,bln ,u\ieipat.d in wo u­
pertaea\a. Aa• et tu U ftb�a NIIIN froa 21 \llroqla lal ,-ara • 
.Ill •n ... ,... ... in aonaal bllaltll bF tbe la1fln1'1 PbT•totaa 'beton 

and tol.lnlaa •••h a'11t1J. haer1"1Ye 111.t .... t.1• on nb3-'• appean 

11a Table• X, II u.cl Ill, papa 111, IS aDd 16. 

In tbe fin\ balance ••ctr S JftRI ••n ••• alnt.alMd a a 

oontJ'Ol.led cH.UU7 ••1taa atatlar '° tbl aon nnrt.W d»t fed the 

PNaclole•Nll\ 1ui. wbo were ••3M'• ot t.be 1011tbem ooo,en\lYe pro­

�an. rood tnt.alra tamtabed appnxtaull' 20 1 pnuta an11 100 111 .... 

nMi•. b•--•d all•-• ot otbllr 1111Utea\a wn prwlclecl i., the 

16 
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tnoluioa et a ,.,,i_, ooa\atnllll pftlllal7 oaloi• pnoa,u.,e. terrou 

1.Ua'-, atuta, rt.Nflarta, 1.btalllM and Y1'81lia D. A atnll au�at., 

• ,..... ... , neem• 1.s t.1M1 \bl ..... •t all toeda fed "· ... 

wt\ll a •neapomttaa ddNue 1a t• ,uat.lt7 ot npp1-ll\. 

On \bl buta of a \wo-11eek die\ ....... Jcap\ 117 NOb ••3-' prier 

,o t.ll• -,..t.w.\, t,he oosfflled die\ ef t,a ••n wu pl....i w r.r­
n!a 1800 Calortea {ealnla\edJ Wa\t, od lllntll, l,SO) ad \Ila\ ot be 

ua, 2700 Caloriu datl.7. Addl\tonal o&J.oriea n1ee1aar7 \o utat,d.a 

Nlab\ •re •nllM b7 aucar tn 'bffaapa ad _. a fondant, aade fNII 

norNe, oon •1"P and anitietal tloWbl. 1u3eeu nn •tca..l 
Nll'iM17 flNrt tftl'\h dq before bnaktu\, a adj•Ultl&U 1n ,.,.. 

and tondan 111\ab Nn aade Sa an a\MIIIP'tt t. IIMP wtlibt Mnnant. 

Coffee preJNINCI 11ltb d•tnenlilecl vat.er ud t.M •t.•r itaelt •N per-

111\MII ad Ul,1'1111 •1- ,i. lnMk• et ... 11 ••� •1111 neoned. 

081T f9lule aa3eeiil, S ta n..._, p�S.OipaW 1a l\lld7 ll. 

Tb• pro\eta U&d aapula •oat•\ et \ht tood ued in \bia up...s..n 
... .. ..-u:u.,, ,. ·- u tu, 111 auy I, in .... w:re •MIii• 
\o PNWU. too•• •re ..,..i,... w achll\a and \o t.noreue ti. � 

. eal.ori• to appralaa'-17 1000. One 41aU, aclcti\ta wht•ll ta..._. 
,11e Yart.e,, et calorie IOIU"Ma ... a 10 -· ...... 1.. If IIOZ'e t,ban 

2000 Calorie• wn •-•U7 \o uiakta ta. welp\ et tlla ••3MU, 
\be• wen ,rww.ct, u ill the prwlou e\wly, 1D. \be tea of •111• ad 

\Ile 1pe•1al. tolllant. •-•• ot it.a .._.1. IOllt.elnt ••tt• 11u 

lbd.MCI \o S au.pe ctailJ', ltn duatmnliaed •••r vu pend\t.ecl ad libi\u 

wltb \lie tntallll ot • •h •.1en ltetas 1Hcu•c1. 
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B1d,11td.q w1.\b dq Ii et \be ••eond M'taboli• period, S I pvUied 

"Yiuatn•frN• .... 1a per 1\lb�eo\ per clq .... added \o tdl• din, tau 

1nGNUlllc tJla lndtYlclul ,meta iJttakea w appnxtaneJ.T IS I• h­

""" alVttl• ,a1-• •\ill were no H\Mr \nan t.ho•• 1a 8i111J I, 

on da, 1 of t,M \.Id.rd ae\llNlt• ,.rtod, SO I eupped oookad •11 wblM 

were ai. ineluded 1.n \Ile diet per aa�en per clq, br11lpa& \be lb•..._ 
oalo11lated pn\eSa illt.ake \1P t,o )0 I• Acldt.t.l• of .... 1n and •11 •hi'­
,o \be •1e, ellulpd \be n,10 ot Ndal lo pl.la\ prneta frlll lal to 1,1. 

Wlt.b \he iall.••1• et • T1Mll1a and aS..nl nppla•a'i, a.a deaetbed 

tor ltad7 I, \be ci te\ prwidecl Neoam&lecl 1.Jnakea ot 8'bar at:rtena. 

fbe ••1l7 •PN1• ooment of \be dln, taolwlinl t,bat ·lroa eott•, 

aeoa•Nla and the aialral-Ti\allia npplta111t., ao1IRWCI t,o apprtrdllattel7 

18) 111 per panon. 

In Stl&d7 lll, ooaplded bl loT .. er 1'61, 8 t...ia ,r...._ •h­

denta pantoti-ted. In eJ'der to be at l.eut. Paftiall7 MIJ•t.ed to a 

ne\rioMII Divepn ln'HD a\ \lie oDN, of Vt• ..,.r1.aa\, tbe nb�en• 

...-• '° NCh&oe their pn\eia OODnllP\lea 1n ••U·•llN• die'8 w 
appna1.at.e11' SO I daU,- tor \vo ... a 3tan plat M ,111 beata1111 daM 

ot t.be .,..,. Die\ neoru lllpt, "1 ,. ••3eot.• tadtea'MCI an •••aa• 
oaloula\ed ,meta �ian tor t.be U...q pericHI et W. t.o i., , 
dail7. leoaqe t,bt ex,erilllnal. plaa vu \o •baata om poup of ••· 
�--• on a 'banl die\ npp1J1nl JS I prMeta *U• \be o-. &ftllP n­
oelYed • npplwdecl dS.t. ••Mtat»c So I ctaU,, a 6-dq pnlt•1Ml7 

period vu t11Plo7N ratbtr itaa \be ,_..,.  one UN in the o\ller '1ro 

•twliea wben l\ib�..U WN IN \be •- lenl ef pNUtn. Dur1q t.hil 
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tatenal all a\lb�en• NNiYM a die, oalnlatM to npp1J' !12 1 prouSD 

flat.17. TIii proMtll vu npplt ... h7 \be bual din a.,,i. ..... 111\ll 

,.a 1 •nuata-ftiN" .... 1n _. 38 ,  •laepped oooud •11 11bt..M. In ,b1a 

aanner aU aujecn1 ahoulcl ban NU in ••••lall.7 \he ,_ nate et 

pNMia mavt\ion at, Mae Nl1anS111 of tile tin\ uperS.M8'al pen.ocl. 

IaltTldul ,nt,eta and UIHli• bal•••• tor \bla pnlSat.n-, ,erlN 

appear ta t•i. ll 1n \a. Appelldtx. 

A\ the ln1Unten ot \be ex,el'illlln � 8 J'91llll wo•n 11en raa­

dOIIJ.7 _1-d, II to e&Oh of \bl \vo dleu deaiau.\ell u Diet A alld 

Diet I.  Du� .l vu \a ltual clie\ plemed \o tVJd.111 JS I PN'•la 
(17.S I et aatul. ud 11.s of plaat •t&t.•) ... , 1acl .. tq •tt•, 

....... 1a and atmral •llPPl-', lll III Npeelllll clall7. Tu t .... 

in \lie din wn 1ild.lar ,o ,11 ... •n• 1n 8\wt7 n ... " tba\ 'bnu\ 
I 

•t ,v111,, leaa full .... ...u ill---· 1n a;road mad ot bNt, ... 

1ntaar wS.\11 ...U -.,. •t •kia •Uk and dr, ••MP ••••• wre •• 

lo ,n,1.de \bl addl\loul ufal preie1n and • nplale iha owln and 

•11 wlalte ued ta \Ile nppl-Md diet ot l\aQ' II. 8llall llliareu•• 
la •"1.ap •t ftplalel ,.. ... add1\i...:l plan\ pn\eia. !1111 1 ... 1 

of clle\uf ta\ •aa \be •- u ta 8nq II ad ad�111aea\1 la flU.ll\1,SN 

ot tu dift...- tat.a 1IH9 aade ia an a\\� M ooid al\oa\ioa ta \be 

lipid e11111oat\S.oa ot \lie die\. u Sa ,nn.- a\wU•• d•lDlrallaed 

w&'Mr wu all•ed ad 101,-. and aqar 1n ••ttee, ••111 wlt.h t,ba apeelal 

tollND\, hrldlad at.ra oa1or1e1 •• DNCled. � oonwmaa Ylt.­

ata D, prtaar, ealoia pllNpba\e, tenu nlta4'e ud rtbotl&Yia bnqllt 

tile taun of all mml'l••• aoep\ p:NMla 11P \o taeir reoo•••dect ln'ell. 
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»ta\ I wa, tbe •- a, J>tat A eaoep\ tor l\1 appl...._ioa •1\11 

1.s 1 -.1�ata-.fNe• -ta wt TS & ... ,,.. IOODCI ... •lllte da1q. 

"- oaloalaMd pnlet.a ••-' •u SO 1, 6S per ••' ot •bla vu •f 

utal ert,111. tu ..,,1...., .. clln •-••rt.17 -»nt,a!Md aore -­

.. s.., Inn it •u plamlld ,11a, Ntlll 1roupa ot Rb�• wlll.d ira&Ht. 

\be •- ....- •t ldllllral \11811111· repl.at,S.oa ot ••tt• � 
, ... � , ......... ... , .. ·- 1n all ,,.u .... 

1a,va1 toect, tMl.lMIUI •n oena11, dftlbaaa, ,nu. w- ,..,., 

..... road et b .. t, '111keJ ltNui, llaUIAl\, 00\'ble elltlNe, lkia 

at.D, ...- ,-. ..  ,....., ......... 1,, .. -II, ontou • •• b ... , 

oanou, ...w, 1e,-.., a .  Tarley et trd:u ad �u..,, �u,,, ... 

1U"bllt 111e1 ..,...,... ai.-. 11s.ta .. na1a .,..w17 pnpoei11 •••an• 

and eoekiel .... ., , .. ., .. a1 dS.\ of \be ... �··· hP-, ,nan, 
balllRlt uu1 en,ap •••, ....... r • ..,. ... tD1' ta ,,..,. Ill. TIie 

•lenta ot \be toed• t111Ple,-I 1a ,a. dteu wu bued w.poa \betr n,.. 

\rl\ln and Ml.ffl• T&l ... •lib. 1pe•1al a,Mn,toa to_. .,.. "11eir 

..... ,1-, ta, and •••ta •••'· Yarln:, lD Yqt\alel ... 11111._ 

"b ..... of \bl ftlat.iftll' bqe _.. ot • ._.ta tolllMI la ••t d 

\baa. TbeN eueflll.17 ••lectMKt toode wen 1a1_,..__. tat,o a .. , � 

6 ull7 .... ,. wblca were ••we• 1n tu •- ....... dul111 •MIi 

-�ol.lo per.loci. Calnlated n11Vi'\lft Tal- ad .... et 1>s., A 

-,1.QN tn 8'wly III an reoorct.l la Tabl.N IIIll url Jiff la the 

AppeDHa. la erder ,ut \Ile ••taa b.ablt.• of th• nb�.u alp\ rn11D 

•• ••lr •Nil. .. poa1Sbi., nit.able aaea NN ,rnYed eaob dq 1a 

adfttl• ,o , ... nplar ...i.. Tm ••�°" au au tbltr •all 1a 
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t.u •Mlbolto uli ot \b.e ht.ri\tan Departa•t, 1lbeft \be tooa Nre 

..,.1'1111 pNPaftd, aeovaW7 •i&bld and ••ned ltT anrt.,toa a\att 

..._.. and cranate nud••• wontq u.der •IIPltfflaloa. Appreprla\e 

allOIUlte of pJUU7 oalatu pbeepuw ud tenou alllfaie w-. ws,ta .. 

oa aad atad la 4Ma\t'7. Ia aa """"' to pftllOM 'better abffrp\la 

ot t,ba atMnl �. •• ••h of \bl aS.n.l au •• ,..,u,i. 11u 

ta\reclll.Md ta\• '\be toeda dwt.ac pn,antia. Tbe reaainder ot \be 

daU, iadiYidul ncp!Naa\ tor \be •'IPPleaa\ vu ni.pllcl ••• VUI• 

ferncl \O 6 aapnl• aad pa ..... f• eaflh IU�. fw ..,..alea WN 

lqNWd wl\h eaoa •al• A aolaion of tttaa!Ja I npplealat. 11u pre­

panel aid aliCl\W'8 tor \be clq were pipit,\• into t.1111 bnalctut tftl\ 

�.S.OI. Vtt.ud.11 J) vu nppllecl 111 a aolota., * .u.-u •t llbieb wen 

ptpnt,ed into \be bnutut. onu at.. 
,, •••b ..,.,.lna P•l'l• --balt ,or\iDM of all tooda aad b.,.._ 

.... (vt\11. tbll ...,,1oa of water, Ntt•, -•-cola and urstrrt.M) wn 
ooapoai\ed •• fNllen foU.1111 ,i. eflataa •al eaeb dq. Ai t.111 end 

ot ••ta 6-dq pel'l.ed, ..U.nto• wn tlla ... , ..,pldaecl ta a nata-

1.e•• •'-1 blendor, UICI aide law ,-led e..,..1.._. s-,i .. ot -• 
,.... ot •raarbe utMI dvllll tbt entift nu, were pooled tor aepua\e 

aul19t.a • .u1.-u ot the •Pllotal.11' PNPal'N oott .. •re OOllNt.Nt 

ooaoavaMCI and f'Nae11 tftr pel'lN 1. Con...WnN tr.. ea8b •••IN­
UC per.I.eel wn addM to 11T1 a poeled .. .,.,1u. An tdeat.leal proee­

clve ••• tell..., fer eoea-oola. AltftlOt.l of ... ._v uri.111 1a,i.a wre 

• lbtne11 Vtnllrop Llborat,ort.a, lew tort 18, I. t. 
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treaen 111\h tae daily addlUon ot a11N•1'1111 ••1J.e• t.o tva.lala a .� 

period oo.,..l,e. Ia ltafU.•• I aafl II t•• wre IIU'llld 1t7 1111•,ua 
of oll'Jld,M bJ ..,..i.. before bl'Nkfan on tb.e n.n, dq of eub perlN. 

Duilll ••ubolie a\*'7 ll1 \be oll'Jld.M ••• \alrea on \u lan ctq ot 

eaoh ,-rlocl f-1111111•1 \be .,.JdJac •al• !be •UIIII ta \ta. at wtd.•b 

oandM vu \aim ... ude in order to .tuiU\a\e ,erled Npv.U• et 

t ... ,. laplN HN tns• aa oollenecl, t.band tor N,-a,lea and 

beaol•llb .. tn. • nat.nl .. • l'"1 Ill.end• tor pn,...UoR ot a patocl 

IJOlpNite. Jlewa were aolJAned on 1'8.Ddard tapou (and ta aoaa 

tm,--, OD lot•) ud fi'ol• for 8111,aeq-\ aaaJ.711.a. 

Ponlou et \be pel'S .. -,o•l'• ot teocl, , ... and llrl• .... 

troalll and *Wnd tor tawN -111118. AppnprlMe ••'1• ot tae•• 
•CIIIPOllitN ai.111 vttb �b• pooled Nff• ud ........ ia coaeea\ralel nN 

drT ubed in chlpltea\e a\ sso• C tor Ila btva tor uaal,-UI • !bl ,..,_. 

ad Ina ••� •-•� •• wll •• an appnpriate n.llllNr of '-Pe• 

and lows tna ,11e •- lou \o 1.ne . u  hlanb, nre 11111Uar1J ubed. 

ill..,U et aolnlonl •t tJll8 aah fna fNCI• 008a-oola and oottN, 

tao••• vtae and ..... wr• ...i,sec1 t.. ••-1• 1t7 a ... u1oa,1oa 

(Tlwllu, 19S6, ad An...,., 1'60) •t \be ............. 1. ••• of t._ 

am Gill (USl). Tba ,.,,...aU1'7 ud &M111"M7 •t .t.1118 •\bod la 

illunrne.t 1»7 da\a ,...._. tn t•1e D.T ta ,. Appeadt.x. 

11\rosa •u deMnllllld on parU.o• •t all p•SN ancl peo1ed 

eGlll)NilN (GNP' --••) lt7 tbl •OIO l4'e1'alll •t.••• 



CJW'fD If 

BISUX,!8 

TM au�, •itb om --,t.t•, r-1Mcl 1n a•ll.en\ beal\b 

aad toll .... \Mir ONilaal7 ...... 1. aobedv.le �bnqlan\ all ..,.,_ 

..nu. One ••31n on Dia\ A of 8'tld1 Ill 11u fONMICI \ti clNp oa of 

tbe aper,-n flwtaa \be ftnal •'••11• ,-tN beM1lN ot a pn ... 

1a-...,111a1 llPIM• ... OllRia l#Nl1 NN M\ illfl111ated '7 \a.. ln-

protata dieUJ ........ appeaftlll NN no ........ \ban 'f'aria\1- ... 

\Ulder nozw.l •trnllatW•• laollJ*ia Yal•• '°le\ber wt.\h HJ.on• 

t.aultH, •ta" eblllp•• and ._111.p\lTe tat.J'llat.u al>oat. 1U3eot.a 

an tauct in Tulea %, ll, ad Ill. 

J.Nrt.q •tabelio lt.11C17 I wlMm \he din pn,1 ... aPPftdllateq 

1116 cai.i.. •d J.1t1t I a1,npa trail t•d •••-* au,, , • •  .,.. 

3-'• ••latllM ot napr often and had ditn.alt.7 ll&Snailda& \air 

lni\lal. ••� deapt\e tbe iar,. -tltl .. ot hnda\ eom11111d daUJ'. 

AU nlt3M'U bact • onrall •1n1n 111.voa• 1a11_, tbt •an 1tetq 

-o.137!.1tJ1. .&wna• Ital•- daM tor all au� are PNNnecl S. 

,.1e J.Y ... 1a11•SAu.1 ,enoc1 ba1 ..... 1n tui. nm, Appendta. '1'••• 

da\a ladtoa\e \bat 11bUe ,a. areaMr lo1a ot at.voe- ,_. all ••�• 

appuncl ta t.llll llftlll• aepeeia euntt.n ... � ta \a t .... tor 

... .,... 111t.h '\bl ...,,1o. •t ... 

I) 
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Dvt.aa th• pftltldur, taenal ucl \he· ttrn parS.ed ot ftd7 ll, 

\be n'i�•• neelftd appnadllaul.7 t.be •- IIIIOUlt, flt pNMia a, bad 

tblee on tae pnt1.nt ea,eriala\, t.e 'lb• •era c.a• ot 'Ml• din 

vu UION .... tna an aTenp ot 1716 Galoriea Ptr dq lo 1'7$. It 

wu lloped \ut. \be ld.Plr ••JV eonet. ot the din, tart.blr lnonaaed 

u ta h-'7 I ll7 teDda-'• woul• ''"-' wS.pt lu••• ta lacltridul 

al>JM\a •• pend., \IINl '° appnaatl annpa ...U,DtrS.u. After it. 

NOUII .,,...., \llftap aaalyata ot ville ad feoal -pl.N u wU 

u ,7 obaewat.itm of wetp\ 1-•, t.ba\ \be ••b3M'H _,. atUl ta 

•••'t:n ••ro and ld.\ro1• Ital.�, J I tlyt\llda-tne• -ill "" 

Mkted \• tlll din on daJ o ot \bl •••DCI a.W.OU• pertoct. !Id.a Meli• 

\la ..... _.d fer \1la YaHl.\ioa 1n ,,..la inaJal dvill& perloda 1 and 

I of hwt7 II (Tlllle f) . Aliboalb \bl 1MNaN la proteill ai�a 

••• 1111&1.l am a1VOI• balaMII did no, iapnft, \lien wu an 1.lllpNft­

... ln •PNl• bal-• realt4111 prtaarti,' .tna an iDWUHd ab­

a�loa ot t.be atanl. Jfapttata inku read•• a\ appraba\el.T 
the •- 1 ... 1 aa 111 l\9'17 I. 

11'NS• lo-• 1n \lit wlu iadloa\N \ba\ a tvUaer S........ at 

dt.nu,' protela •• •-•U7 \o uw.bliab al\N1t11 ....UU.r1• 1n ••• 

••3enl• u.nr.., a\ \bl bestantaa ot ,-.w J, SO 1 ••,,.. eooktM1 

•u wlkt\e wn added tio Vl• ••117 reat-. Wltb an anraa• ut.i,, atVO­

PD tat.a• •t lt.871. I fltOII t ... , ..-U,, dt.n•ect Ntlleen antul and 

'"'"8ble ao11Nea, alve,n balaDII btpl'ftN fNII a MIil Df •l.af6!.Jtl 

u -o.W,:.319 (tabla• , &Ill 1'1). In t.be la\\er - \bl ttUNtrioa 

uoeeded tmu.e 'b1' ... , I per oat and vu •t.tibta a rana• -,tw 
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ta�• wu aanUa17 iMN-d ltT appn1d.at411' l6 111 •ha ,nuta 
aourou •re .. _., ba\ 11t\ea\l• of \M Jlillatal bpnr .. ill GMaa 

et tbe --' ad4led. ._..s. .. balaw cbanpd ma -20.o!6.1 ag M 
1.1!6.s III u a NRl\ of inffe&Nd .. n,,\ie and ........ vt.nar7 

]Ma of \be id»nl. Iacltn.•al aiuo ... aad NpetJ1.a bal.W• t• 

all 111rt• aq be toad Sa table XIX, A.ppeM!a. 

?a ltwl>' Ill I. nb3M'• r-trM bual Din A UMI la wre fed 
appl-aW Din I. .A � aul.711a ot ib8 al\npa aad UI• 

... ta oomat. ot ,..., in ,ne --. to be UM t.a the -,.l'Ullln 
!ndioated \ba\ DS.\ A eon\atn.l S.600 & lllWOI• ... a1.a 111 ...... 
•1• per •• while ta Dul B \Ile ooaa, et iba lwo mariea\a vu 

T .6)0 . I ad 160.I 111, rupeftlT-1:,. Vala& \bl t1pliaa tor aeaneata 

ob\ailltlCI boa aaal,aia et \bl eott• Nffed chaJial 8'wl7 II (10.6 1111 
per 11,1 aUlUlMr •w,), lt QPMNCI ibat lt7 \be adclit,len ot J.S -,. 

of cottN to �, A ud  1.0 GllPI ,. Die\ I \bl ..... 1. in'MU Oil MOb 

die\ 11ould N a...-tat.17 180 111 per penoa per dq. tbia _, 

11aa alao8' 1,_.loal wltll tbe •an ia\aD ot ••PN1• charill& period• 
,. la and s  •f .,..,. u. 

UafcnaatelJ', wben •llf111"• ot \bit food aet.u117 aomUH b1' 
\la •• .1eft• luriaa -b period were aul,aect. �t, .& 11u found \o 

npJdl', on \bl &Yerage, 15k.9 111 •1-lml '*117 whUe \bl oomen •t 

Dtet. B ...... 11,.a Ill• !Ill aean nl\ftlA ..-en\ for \m two dlau, 

hoNhr, 11u ••'17 •lo• t,o ,11e Yalu ••---1.Md ,rt•r t.o \ht bealllnilll 

ot ,. �. Tu 12 111 ft.MNtp&noJ be\llND t.be. IUIPHl• eonent 



)I 
of Du\ .l and \bat. ot tile NPJ'N_..\lYe eoape1ite Ulll.,sed in anaaoe 

oo1il.d ao\ be tau, U)l'l.&SMd, b•tt one ,..,9»1• aplaaat,la a1pt. be 

\be u•• of old.oten bnu\ 1a \bl n.pnaent.a\1ff ..... dt. ratlllr \ban 

,11e \tm111 brN8\ 11111• ta. nbjeo\1 anull.7 r ... tnct dtlftlll •• a-

Pll1.lllln• Tlle addtt.lonal alt.&11., 1.a ...... ta ...-ata •-'-' ot Die\ 

I alibi ••• Nen ••• '° a dltf'eNMe 1a tile a!Mral oontained 1a t,bl 

ea• and lo\ ot •-ln ••d •1111.ac t,ba expert.a.at f'9ll '11n of tb• en• 

and -•ln Ulll1,aed pai.91' to \be tnitia\loa ot tbl ,, .. ,. 

A ftl\er ••• ••• 1n PNPUdion of t.u peNOlaMd eottN dvlDc 
lt.11111' Ill ta order t,o eltaillate •• of the ... !alat, wbioh bad plOYM 

objM\iOIIUle ,o \be 1u3MU on p,nS.O. at,wlt.ea. '"8ul1t1" de­
Ol'tJUUI ta .....nt ot aedimll\a\ton ai.o d••-.. \be ...-,1. oon­

t,ent ot uae •tt•• beeaue Ull.7111 ot t,hn aened dvlna IW.clJ' III 

...... a ...... 1. • ••• , of a., 111 per qp in ooat,rut t,o 10.6 ,. .. 

np toad la oottN Nlffd ta ••7 II • 

.All tmue ot ).S •• ot oottee t.7 aU nb�n, fN Die\ A, wl\b 

tbt UMJJ\t.• •f •, ud eaJ¥ 1.0 • .,. ,er ••7 1.t7 "••• n•tnna m., 
B 1,roq11, ,a. annc• •IM•1• •••' ot \be tw dine • JA.T!T.6 

aml l,..o!,.I 111, ftNlpeftlYelT ('falu Yll aad fIII) . Nt�ee\ 81, n­

Nifllll Dlet. A• wu wen\111ulatect lt7 NffNJ ti.retare, bar in\aka 

... ltai\ed '° 2.0 ••• •aS.17• Tata nd11n1• 1n t.be .. n .. ooUIIIPf,loa 

of one ••.1M' aoo.-a fer tile a\andard error of MIM•i• 111hke on \be 

'bual diet. IndiYiclul �alano• da\a tor au periocta appear 1a tel.el 

n ud JII, Appelldix. Ia _._. t.o ••P \be •t&lna ot ••�•• a\ \beir 

tni\ial Talua, 1\ •• .... ..,. ,o de...._ t,be toocl 1nake of one 
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JS 

nb3ee\ on eaoh of 'tile t,w dlna a\ �- ,e1t•t,.. •t perlod 2. !be 

tOOQ Nlllffed ai.n, 111\b �•1.r •alffl•, aap..S.llll alld albel• ooa­

'-' are llnecl tn fable II. !bl ...... 1.,7 tor oalorl• nn.ot,ioa vu 

... ,.._. aiaoe tbl die\a tvnubetl appru.taaff17 2100 cai..n.u, and 

•111• in \bl pr•t.ou a\wid7, lDdtYinal inkJala ot 1100 and 2)00 

Cal.oriel "" an autnaun to prnem wtpt, l• H• ln •o• ot \be 

nb�•• !be oal7 eapl1M'l• tw a • .._ .. au.rte Nq\d.nwa\ 

Ntaed \o lae tbe lUN- ta diekry pMela. 

IM&\IN \be cleoreue 1n toocla -,pU•d Q' l>let, A Nd.._ tbt -· 

n•t• 1a\aD of ••3*" JO to 11\17 166 1111 par cla7, blr bal&nN cla\a 

ure not, tnolated tn \be IINll •alll.• ealnla\ed tor ibla nwl7. Tbe 

T&l'inlen ta \be lntaa •f mpe1ia 1»7 ••�• Cl, •• w reeet.Tl.111 

Die• 1, aeooana tor tbe 1taadU'II error ot Iba aean 11111111•1• 1a\aD 

on \be npplpea\ed tlS.\. Sin• t,be upeata tat.lat of \hta nb�e\ 

· (..,,..ta\911' 180 111 ••Ui'l- raailllld -1.o• t,o t,bat, ot 1e.19n1 on Dl9' 

A, bl r  lNllanae data were tncludN in the •• ftlue1. MJ-8'1 •• 

JIii and •, wbo were i.d l>tat ,, bad an aftrap IIIIM•l• S.aa •t 

llk. 7!7 .6 111, ..a \heir eun\lon •t tile ld.aeral •u ••• aoN \ban 

J per c• ab•• 18'alalJ al.S&llt,� •1at,1Te bal_... ONllftH in � 

6 out, ot t.be 11a 1ad1.Yidlaal·ltalanee period• · (t•i. XU, .lppe•Ha) . JO, 

wbo vu not inoluded ta ibe n..U •an N41aue ot •• low aapeai• 

lntua 1te1tnn:tnc wt\11 t.t&e ••ncl •'-•11.• pel'led, did 10 t.no nt1all•• 

IIIPll'la bal ... on an intake •t 166 111 dat17. She •u, b....,er, 1n 

nnncl1 PNi\tTe ..,...1. belule d•bc \bl tin\ period wb.en blr 

intake IIU 1S, �. OD Diet, I, *1th 111PPlied 1'6.o!9.I J11 MIBlliD, 
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1111"11 1111at.iw balaDMa .. OUNd 1n \bNe on of . tbll ·20 t.mltTic:lul 

balaaoe period•, bllt aeaa\t.w bal_.. waa nner teuad in \bit - allb• 

3en aora t.llan once (r� rm, Appellllta) . JINa bal-• tor all 

nbjM\I Ntel.Yiac &a IIUb .. 17, Ill ...-ala tlail7 woe pNi\iYe. 

*•• oonene• t.rc111 -� pantotpaU.C 1a ,. '1lrN 1>a1 ... 

-,..S..nu wn ual1'IN t• ,aelr • .,...1. -'-'· D&\a nponec1 
ta Table .I 1boll \lua\ a1pe11• loa•• ta tile 11911NI •re ...U a1 1tu 

apened ••- ot tile 11111 u1aeli• ••ennti• ta blMd. Ttlt 

bllller aean tarnion i,, nl>3eo\a iD l\11q Ill pnlulbll' 11u not relaMd 

� ,tae •liclnl.T 1a .. uac1 aapHt• la\ake , ...... aut1en II lNt. .... 

aap•1• 1n ftdT II �  la n-, IU1 and nit� SB mn\ed al.wt. 

t.wtoe •• nob ta lftd7 Ill al\lMJlllb lier • .,...11ua la\au 11u \be •-

ta , ... \wo 1t.111H.H. �. \be •t.bo4 of •lJanlon ud ....... 

\tu tor \be atmral ta lfta and ,..,.. vu ••3"\ te 001111.denl,le 

error. ..,.n•lN•, n1.it.1 111dtu\e \ut. .._.1. lo- 111 ••• 

ae \N -ll \O M\ert.1.117 intl.• ... ...-at• NtilliNM8'1• 

._1'17, nl\ropa ud aa.-1• ..._., ot all •• cll9'a ..,i.,.cs 

ta '\be b•l••• nwlt•• an a1111UriHd ta tal• .u, and t.be cla\a ebt.a1ned 

111\ta \be ua• of tllll S dUf9nat. d1eu ta \lane ,1111 ... al•• ..,..S-11\1 

are ,-art.Nd 1n t•ie UI. rw ,11e ,_,. .. •t 1t.at,tntoal ual,ata, 

i\ Jiu been aanaN ,a-a, tne 811b3M\1 panletpa\1111 1a \be -,.rialaH, 

altboqta IIIIUlll. ta _..r, npre1a\ a rudoa a-,J.e fr• a PDPlllla\lla 

wl\b a IIDlll&l tl!Arin\ton. 

81.Doe \lln4t nit�, OJtB, SI aacl U, paft181.paMd la Sw.die1 I 

and Il, their 'balan• dau •r• aaal.Jled a\ainl..U, t.e de'Mrlliae• 



DmDDIW, MAGJIUllJK LOISBS II JBl8D 

(A•1 per Jfaann&l hriod) 

IIJ;II •• ' •  �¥a I 

.. 
GJl8 a.,o GNB 1.sa 

!C 1.i.o BSI •lltcil>le 

Ml M1l:1&Dle SI a.w. 

SI 2.lJ JIii a.to 

IS 1Ja6 IS J.J6 

1.n!.6J 

J8 

•� .. 
JO 2.16 

• i..,, 
PK 1.so 

Ill 17.1'0 

Cl s.11 

.NI ).6f 

18 2.10 
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Ail 
(1) whnbar ,hen were -, alpifleaat. ditf•NDM• aonc t.be m.vo1en 

ud upe•i• btlaaHt ob\alftld �n tbt , ... clt.\a wbioll ••• aploJN 
dv1Ja& \be two •t.udl•• and (I) 11betbu• t.beft •u aa, in\erMt.1• 8IIOIII 

perlocla. baJ.711' Of YarianN of tba1e da\a 1a 11"'1 1a fable Xlll. 

A •Scniti._ d itfenaN (P < .01) wu euerred ta ait.rqa balaaee 

when the eu3eft8 NNlYed \bl diet n.ppi,taa JO I preW.a rat.her \un 

\be one ooakillilll 20 I• The tlutenn .. ill ni\ropa balu• a-.Sned 

vi'tll tJt• twdt.na ot diet, •urtnc 1n oalort• ooeen\ and tlll WJ'ldnal 

addition ot S I oueln •• not •tcaut•an• Jlqmal1111 balancae Sapr.,... 

ataatn.o.U, (P , .01) witll \Ile te•taa of ta• die\ deaignaMd •• lltsh• 
lit ropn ()0 1 pntet.a). ,at. there •u alao a aipifloan tMNue 

(P ( .OIS) la •&M•i• 'balanoe 11ben •• diet. clitterin& ODl1' in iu 

Id.per oalert.e content and \be Wl'lltnal addition of S 1 -•in ••• tecl. 

Addt\1on of 'Use S I eaNin cl1111q ti. lalt. �• cl&11 ot period 2 

ca-, Il) bad no appannt, etfff\ 1lPOll .,. ..... rnea\ioa. and 18'er­

ao\1• aaona period• vu no\ en.cleat 1n UllJWb ot ••tue•• In tba 

n\lQ' ot •-1• re-.itea, ta•nw, an tnennton uona periocla ..... 

,...., and perbap• eOGld N upl&t.Md 'b1' t.ia. addlt.1oa ot tbll ...U 

aomrt. ot •••in lD the aeeond period ot itae t.n-ltvoaen, I� 

die\ (Pe.rt.ode l and I, ftlld7 II) . 

11\ropn am •&n1•t• bal.aa• data tor au n1'3taeu wn AJ1M1Sed 

na\Sntoa1)¥ tor ctUtenDMa wllitll alp\ be Ja'...,,t. •• a re1ult, ot tba 

'f'&rUM• ill OOJlll)Nl\loa ot  Dina • and I •• .,.. , ... , • .- ... , Ill 

and tbl d in  feel duiq perlocl1 J, la aJMI S ot 8\lldJ II. Aaal.1ai• ot 

Tariaaoe ot tbeN da\a ta r ... N .. 1n Tabla llY. Vaill& Danlan'• 



1'.llU llll 

Al.&LJSlS a, YJ.RldCI OP ll!R<XJEJi AID JIAOll&Sllll BALA.ICIS Im sums 
(Ill, SR J.ID IS OJI TIRBB DIBTS I11PL01ID D STUDlBS l AID II 

Sovee ot ... - .. MSC 

Bloob 2 .JS 17S.76 

Dte•· 
LI-LC n LI-BC 1 .1, 1.1.,- <r.os . 1.n> 1.,n.S1 

• 
T.71 (Jt.02S • s.,a) 

ta n  HI 1 1.1., ... 
21.Ja (W .Ol • 21 •• ) 11.ns.10 

** a.6.21. (F .OOS • 10.21) 

Pert.Ilda X Die'8 7 .3) � Sk,.60 • J.lf (r .OIS • 3.10) 

Bloaka z 1>1.eu la .]6 1 • .-

Error ll .02 . < I Pooled 18 (2S8.26 error 
dt ( ) lena 

-»t.n CGIIIPU1,Nna an Ol'l.belaaalJ IM-LC repra•••• diet, Gt a.tJ' I1 UJ-s r.prueat.a din •t 
perloct. l ud 2 ot S'1lq llJ LI NPftNa\a diet ot a rlr' I ud tbat. ued chlriq perlod8 l and 2 et 
ftlldJ' .IIJ RI repr--,• t,be die\ •f par.lttde J. Ja• S d 1'11q II. 

bdf dellotea ••cnu of ir .. , •• 

°a NpNNa\a ..an aqaare or ftl'i.allN. 

Cir 1a the Yarlaaee ra�to &Dd 1.ndtca\ea •� or lMk ot l�. f; 



ANA.LYSIS or 'ilIUCI or ll'IIOOIN AIII) MAOIISIUK IALAICI 
,oa STUD! II (PIIICl>I J, la, S) 

8ouoe ot 
Tarl.aaN 

.um SIUDI Ill (Dms A AID I) 

2 11.w 11 • .,.
.. 

11,Jto,.,a 
(1 • .-u,.11) 

1,)17.1) 

••t denote, cl ....... et fr11doa. 

'o. depee •t tned• wu la\ , ..... ot IIUetq data oaln• 
la\ton on one ••� fer •• peztod • 

... NPftNU• aan 8'UN or YariM•• 

., 1.• tile Yer1..mta ra\io and iadlea\el 11.plfie- ar laok of U,. 



Kul\lple Raap Ten (heel ancl Torrta, 1'60, p. llJi) \o •au o..,.,.s.aa 

IIIIOlll \naUIIII\ •••, \he 41ttanneea abcnnl w extn la7 tlle r \en 

NN ae fOllOIM t 

11\npa Bala-. 

(P ( .01)* Din I 

(P < .01) 

(P < .oS) 

"!!l � (pl'I.NI )1 lfa J) 

ftwlJ' II (put.oa >• a, S) 

.lnal711la of nrl•• ut .. \be a,11,.,i., clulp ua pertol'IIN on 

tbl al\ro1a and •anNi• dat..a tor ab3te\a led Dia\ A and m., I \o 

deMnd.JII wbnber th.ere wre perlM tmeraet.1- PNNa\. Tblae flat.a 

•an ttaa,, al\laftp \lie dltten ... • ta atuopa am ...-•1• n\en­

\1- wn •taatnD• (P < .oS) 1n ta. ••3eetl fed \be•• \vo clteu, 

no eiplf1oan tmer..u. .. -111 perioda wue pnaen. Ault•la ot 

Yartaa• of tbue dna ta preHMN 1D !ule D. Tbllae nalll.t• •an lie 

lll't,upN\ .. \o •an \Ila\ \bit ab�fta bad afl3•'- \O a 1-JWO'ela, 

ta an ettan \o atnildM Ill• etten ot Ul• ...u -•• ot •acne­
•1• ta Din I oYer tbat 1n Din A and to detend.118 \be •••• •t \bf 

lnon&Nd •PNl• r•ntoa on the ·•ppl811111\ed dS.\, VSJaa17 and 

teoal aapellu •••ntoa -,nuecl u peNata&• ot imake wn atwu.ect. 

Nean •l'l...., ...., .. 1 . ... u.1 and .s., per oeat, ot tile int,u. llhile 



TABLI lV 

AIALISIS or V .A.RiilCI or llTROJII All} JllODSIUII BALAIICI 
ffll Dil'f8 A AID B (mm? Ill) 

8ovM ot 
Tuiaaee a-
Dtau 1 .. ,..., 

I �, 
Pert ... " 
Peried1 a 
Die\1 la 
Pert.OU X 
184' .... / -
Ila\ IJ 

,..,. .. 
2.-. a.a•c,.or.61> 

.)6 

.16 1.111• 

.11 

.11 

•u dmn•• ........ ot tned-. 

J,188.78 7 ·"·,, .... .61) 

w.10 

s21.,o 1., .. 

147.,0 

16Jt."-

'a. depee ot tnedoa 11u 1o11, l,eeaue ot ld.utag clau ..i..-
1a,1oa on one at&b3Mi ter om perl.N • 

... n,......\a •• •flUN or Yarianae 

ca, !a \be ••1- rat.lo and iat1•••• atgld.tto.-. or lack ot 1,. 



\be teoal exo""toa ffffapcl SS.J and 142.S par oent, t.r Dlet.1 .A and 11 

napefti•elT• .lu11'•1a of ftri.aac• 1• toud in Table DI. 

Tblae da\a tndlca\e t.bat. tb_.. vu no dltteftnoe in VUIU7 ua• 
ne111111 exve\ion of \be ,.,,.,.., JUint&ined on \be '110 clS.\1, bu\ a 

dttteNBN, althoqll n• aiplftqn, •1ned 1n teoal. aapeala. TIie 

laok of 11pittc ... al&bt. be ellJ)J.ataed lq t.bll •UIPl• ,i.e. 'lbe :re-­

nlt.a of \llia anal.79U of YaJ'ianoe oan be � to 1\IIIN\ taat 

inoNued ....,.,ta ab1e...-l• u well •• • •11111.\lT lara• !make ot 

•·PM�• 11 r••-•1• tor th• atpd.ftoaat tnonaae (P I.. .OS) 1n Jlal• 

nMia n\en\1on 1n IU�eot.• fed Die\ B OTer tbN• NNl11.na DS.t A. 

kit.aatea et tbl 11Mar Nla\181111\tp 'bet.wNn aivecea and ••1•· 

11• balwe and "--- peN9JlMle apparmd, Dit.repll &lid Np .. t.1111 

abaol'f'lon wn obt.alnld �7 \be 1\udard prodan aoaen\ •-• (fteel 

and T•ri•, 1,so, P• 18J) ut.q taa• t•ll•iaa tollnlaa 

� • tb• tndepeaden\ Yarlat.e (llit.nc• balanoeJ n1VOCen .. ,.,_tea) 

1 • th• depeJlden\ YU'UM <••..,,..1• balaneeJ a•peeia &H..,_tea) 

lxs.T • \lle e1t.taat. of \be liuar uaoota\ten of tn1, •t and trai\ 7 

L, Z: • \he au ot 1qun1 ot dffia\lou trea •an ot trai\ a1 

'[,I • t.be aua ot acaun• of tlff1at1om tra •an of trait 7 



Tilt& DI 

AIALt8II or f .&JWICI or UIDU! All> 1ICAL JWlD8IVK 
BICRITIOD 1Clt DD!I A All) I (mml IU) 

Sova• ., 
•artaaoe 

.0101 

.oui 

�t cteut.ea •PN• ot tn•••• 

0 

'o. d•PN ot tr••• ••• 1.11, beou.ae •t ata1ta1 dau. Mln• 
la\S.. on one ••� tor •• period. 

°a re,r11••• •• aqun or •art-. 
'r la tbll YarlaaN n\to and tadioa\• •l&ldft•- or i.t 

ot 1,. 



l_ Xi' • t.he awa of \bl prochaeu ot deria\iou boa aeana ot 

traiu a
1 

ud 7 

lt8 

r!u • the Ht.S.\e ef pel' out Yuia'1.• Of \Tait 7 du to Tari• 

.,1.. la \rai\ •t 
TH ltnnr Nla\t•1ta1p 'b•••• at\npa balaM• and aape•t• 

1talanoe ud be\WNn per oeP appllNII\ uaer,t,ha et niUOI•• and ...-­

ala are aiftll ta table DU. J'roa tbue da\a it, Mn 1- obffrnd \bat 

1811.,....._ m.l\ed ba1iilleen aitl'Opn •• aapeaia bal .... la aU ••· 

jeeh al!llpt, tn tbo• fed JJln A nrlnc 8\ .. 7 lll. On Ulla dla\ '-

1ubj•o\a were Olll7 aUcbU7 oa '"• po1t,t.•• 11de ot at,n>1en "'1Ul'brt.• 

while on •• otur clleu \be nh3.99'• i.ere ·.1-.r 1a •1a\tft bal••• 

or in cletu1Mll' ,..1,t.e bal .... 

11\ropa aNo,p\loa attee\ed aap1aia abaor,t.toa •ianttieaat,1" 

1a 1e�eeu· �d Die\ I durill& l\wt7 Ill• and \Ill ctepellde ... ot •a&llNi• 

••�t� l1POA lli't.NIC altNl'Pi1• vu end ... ed ai.. in �  111b3M\a 

noeln111 'both dteu eaple,Jed 1D n.17 II. ,.., 11,,1.e 1.111pon ... , bn-

•••r, Mn be plaMd 11Pon tbe renlu ob\aS.ult nrlnc ih• ttn\ \w periodl 

of l\wl7 II atace Ulen • .,. r ... r obN'ffat1ou naUable tor e\at.l•t.1oal 

aul.1aia and \be diet OMpOli'\ion WU ounc-.t 001U1idenl,l7 d1U'ing period 2 .  

!bat, a nlattoulltp a11Md 1Ml1i11Nn t.be wo  Tari&tea (alVOIU 

and ...-,ta alnrpiioa) •"1'bl period• J, lt, Uld S 1n -�• p&nlol• 

pa\tnc la h11d7 ll and 111 \be nb�• feel Dta, I 4vtaa 8t,lld7 Ill la 

et ,antni.r tat ... t 11.noe lt vu t.e \b•e diet.a ,1111, t.be prneln ot 

-llent, ,ul.t'7 bad l>MD acldN. 



TULi DII 

BLA.T IOl8BIP BE'.NUI IITROOEH AID JIAGB8llDl IALAICI 
AID BITWIIR ll'TROGIJI AID MlGlilSIUJC APPARBIT 

AISORPfIOI QI ALL IXPIIUMD'lil Dms 

,, .. , and din 
1'*'17 

Stwd7 ·I  J63 20.SJ 

1""'7 II 

Perl.ode l and  2 .16) a.1• 

Pel'locta ), la, S ·'" 11.1, 

.,..,. Ill 
Dt.\ A • 717 61.,. 
Die\ I .l.JJ& 1 • .-

!n!E!• �f!!Ul'!!l; 
a I r•17 

r
&s,7 

. �271 1 • .-

.1,0 61.'6J 

• ?SO S6.Z • 

.uo 16 ••• 

.,11 ••• 

-.-. •• repn•au t.be enta• et the linear ueocta\ion b.-•n 
Div .. • ala aaa•ata balanoe and betwen a1,ropn and aapeaiu 
.,,.,,,t ... 

� deno\ee \he e8' tute of per oat Yar1a\ion of aape1ia 
balance due \o Tu1.a\1an in ai\NI• bala .. ud ot •&nui• abaerp-
\ioa d• to •u1.a\1.oa ill niVOC• abaorp\iea. 



CJW'llR ' 

DISCUSSIOI 

WbeDtlhr •'-olio _ halaaN nui•• •• Men wet in an etton 

to de\enaina ""'� fer aa. panioalar art.en, ti. prae\t.ee 

baa Ntm to •11PP11 tn th• clin all nartea\1 UNPt- \bl one oder s.­
ftltlplt• ta reoe-Ddecl aaout. a. hob a pl'OMflue •re than 11kell' 

... 1m arrr mane, ta....ia,1-111,� ta ae\ahoU. ai•h MT aln. 

I\ ••• oall' NOaw no d1etu7 alloNllOe of llllM•l• baa been n._. ,, 
••• (1a,10M1 Aud_,. ot S01aM1, 1958) t.bat tbe atmral au 1.,,i.e. 

-\1111 tu low-pl'OWta din led prudol.•-t d,rla did not eonkia -­

ne1ta (leMfteld and JIHaNU, 1'60) . tall 01.nan .... vu n.,_.ibla 

t•r the d ... nnra\ton tbat wb• dt.\u7 ...-•l• •• well •• pnMSa 

wu cleol'Mlt«I, rnu,ton ot \be aSmral 11a1 1.S.podea\ flt intake. 

PreMole1oent obUdftn were in put,tTe ai\r•• halanoe on dlete 

•l1PP111nl 17 to 22 I prOMla claU.7 • . iltllOlllb a da117 intake of JS I 

pl'OWta bad bNll reparffd a1n111al tor 111\ropa •IUllU.ria in adlll.\e 

(lie,... .!! !!•, 19h6). \lie p0Ntltilit7 oould an u iporN \bat �• 

rel.ti•• ..,.,. ot atrNral aarient,a ill tbe reetrtned diet ot \be 

ohUdNn at.pt baTe tnnaenoed v:t.U1sa\1on ot al vopn •• vell u 

llinlrala . Coueqaat.J.7, ta. die'\ ued in tbll ttrn aperilleat ot tile 

adv.l\ ••1'111• wu alaoa\ tdatloal vith \bl low-pn\eta din of the 

obllclnn eaep\ tor the addition et cott•. 

ratlllre of '111 adulta \o aebieYe nivo .. n eqnl.1bri• on a dall7 

t.mau ot ).llla 1 ••• in qr...- wi\b. tu •olk of Be1nect .ti !l•· (1,1a6) 

so 



Sl 

•tu> foud t.ba\ 2.1&1!.0it I alVOlen per 8'UN •'- (beNafte ntvnd 

t,o u a1) of ,.., nrtaoe 11u •-MIT tor ... UD>ria 1n adu.t.a wb1t11 

.... ,ld.N ot \be attnpa 11u ...,u. .. ,, -,. Tba •an •vi- area 

ot ,a. S J'ODI 11o•n panS.cd.pa\1111 la •• ttn, ape.S..n 11u 1.6) a1 

&ad tu, ot tu aale ab�en, 1.18 a1• Aftn.p 111,,... .. 1n,.- of tA• 

S ·--· 'IIU 1.,1 I per •• , while ,bt t6 tile un WU 1.U I per •1• 

'fbe one ••3en ••• a1veaan balaw .,,.., .. llad ..,_US)lla bad a 

•vfaae area ot 1.1t, a1 •• ••,aNd •lt,b tbl au ot 1.6) a1J tluft­

ton, lier pl'OMta iaue aon aut1 apeM 1d\a t.• "4\llJuen pro­

,_.. '7 a.11\ed n al. (19") tlaan ctt• tb.at of tile •lier teu.le nb-- -
�en,. Thi ob.Udna 1\adied 1t7 Solaotleld and Jlarrell (1960), beeaue 

Of \belr ...Uer l,"7 tiae, Weft n•1:t1JII on tae D'Oqe J.JtS g 111\n­

l•ll per a1 on ,m ln-,re\e1a din, 11111a 1• aunut,laU7 .... \baa 

••• Mt.as 1-,pllN ,._ adlllu Ua \he ,,. • .- nwl7. leoaue 01&UA1Na, 

botllmtr, nca•tr• DlVIC• aot Olll7 tor \1••• repair bd alao tor b.., 

srn\t&, \heir ablltt.7 \o 1ton alvo .. a wban tlle -�r1.,, ot \be achal:te 

wn uable \o appro .. b e4111UJ.utu 11111' be an 1nd1oa\ioa et l,nter 

n\riaa\ 11\ilua-tton '7 1'bl ,,..Sn& oqailll. 

Stnoe ••!pt, lo• and Jrolenpd m1a,1n al\repa b•l .... an 

aoo0111PD•• 117 t.laa111 breakdwn wBll 1- of ...,. ...,...  .. l!.kelT lo 

oecu.r, \be 11e1a\t.n ...... 1. bala .. obNned 1n all aujen1 •111'1111 
,. ftNt ..,.rtala\ wu aot ...,.... It 1, •• b• .....t tut tile 

nNll&l.7 •sa,t•• 111\Npa 'balaDDe oa11Nd priartlJ' lt7 exte•tf'• vlul7 

1-•• ot nl\NPn vu 1J&dica\1Te of breakdoa ot b8Q' \tine and \bat 

loa• of ..... tu ••• auooiatecl with \b1a bnu.dMm, Ulen aarnion of 



apu1a 1n \tu, m1.DI atch\ be _,.., \o be lllsll. .A.Ohlll.J', b.ellffer, 

utnu,' lOHtl ••n � alt,ta� ld&llllr tllan tho•• of nb�n• in 

1t,U7 II vbo naelled IIIP••t• eq,aUSlfrS.•• Iu\Nd •t appeaial in 
\ft• urilll, uxtaua 1 ..... et •1-t•, •&41ePt in om ab3M\, HClllTN 

ta t.ll• teoea. Tld.a tan le dlttlOlll\ tao nlDMlle w1� "1'le unal 001111•p\ 

of '\iuu breakdova. Tbt •rt.at.a ot ...... 11111 111 \u 1UV0-1MMtitnal 

van, ball.,.r, oamao\ be tr .... •tueq \o food in&MM• ainoe a fair 

... , et the at.mnl r••••• \II• ....U 111\eniM b7 •au of \he •11-
\tn �.S.8'•• Poe111tq 11ban. pro4'etn iaau u vo lOII to allow tor 

nttroaen .._1li1tr1.111, ••_.,.t.oa of 11ap.e1lml ,....,.0..11 ot eouroe ta 

adftnelJ attea\tMI ill 1oaa 1IIMldtJ].aiMcl 11&11Der. lpeftlatl• regardiJII 

a poa•Dle caa• tor \lrl iMN&e.S �Mal loaa• of apee1a 11ben nes•• 
ttw ai\rosea balaaoe eatna leada • a oeu1deroion of \bl breakdown 

ot pnwtn nan8 u •• u u \llat of 1Md7 ,1u... Prneta •••• are 

p•nll1 a,1\111141 to 'be 1a tile tona ot eaa7111111 wlllob 0111 'be -UT 
llJ*o)19N \e RPP17 \be u!ao ••SAi• ......... , tor aatnt--. ot •••--, . 

tial 1>... \111 ... wlllll prowtn inkke �alll beln . N91lr•-'• Slnee 

•IMli• 1w are klWIIII to H •••Ml7 tor U\1Ta\1on of Ta.riou 

••JM8 and, ilaentw•, an oi..i,, ueootat.ed vi\b \hele Ol'laal• oat.a-

178h (IIMin\,n, 1'6)),  1\ u oonoeiYable tut •• tA••• ••JIIN are 

bnkea don to •11PP17 \lie •""1nd aatno aotda, tu ••� -.­

••1• ta aeereMMt ta •- 111DDer t.nto \be dlPISttr• van and la ion 

1a \be , ... , •• t,o poor a1tan,t.te. ata .. ao ltt\l• 11 kno111 ann 
vau,on ot t,be aino aotda and aapaaia aoroe, \bl 18'•at1ul .u, 
it 1a pmaib:W iha, the inu,er\ •cum- 11uld be �be ••• tor bo,h 



s, 

Dll\rt.8'a. U 11&Gb a Jarpn.._u wen tn1, laek of oJr'taal IODdl'1. .. 

tor aatao aoid van.tpen oou1d prnen ••ane•t.• •torPtlfa '8•••• 
fHal ni\Nala rellllu talrl,' tOn1'8a\ naudl••• ot lenl ot ,nMia 

in\alal. 

Dau tor t.be firn t,vo pat.ode of the , .. nd � indioawcl 

\bd ae�Mt.1 0011.ld aot, reaoh nl\NI• ..,.ufltrla lt7 an iUN- iD 

ealon• and -. adctttS.on of S I eueta M tbl ort.at.111111 die\. an an 

al.llNt 1..._1.oal •an inake ot ••peela, bw .... r, tM bal_.. ia)tl'ONCI 

atptttoan� (P < .OIJ) and •-d pantaUJ Nla\ed w t.h• .w1,1on 

ot o-ln to '\bit dS.t dvill Ule ••IODd pel'lcNI, lllnN a 1t11U1lat, 

pertod t&er8"ion (P < .OS) •u pre1eat, •ll• ...,..1 .. llal.., vu 

_,.., s.a ,.,.. -�--· llbo ,an1c1,-, .. ta •• tin\ qpe1'lJll&n and 

IM>lll aentw ot •• , ... nd ••7• Wilen •an b41••• tu •••• Pltl'iod 

were 1tudied, 1' .,,. ... Uni,, t,ba\ -. paned ta'-1-ao\lon wu du •  

•rilld ...._ 1a 1111111111111 108•• tor wat.tb illlNuecl .,.,._, • ...,. 

\in 4vt.JI& pert.ed I of \tie , ... nd nlld1 wa1 NQOllllble. flW •enc• 

appann ••Ol'Ptloa illpnt'ed ma 28 \o ,a per ciu\ au. lriul7 .... 
t,ion n•laed olo• \o SO per ••• et tba int.au. lo period 1n'41trantou 

a\ •117 \bit were obllenect tor n1vo1en balaw nor for M1Wla baJ.an• 

hflJll t,he nucH.e• ot \be lan a:pedant,. 

IMNubl t.be ••111' pm•tn oozment. ot t.lle dte, t,... 20 \0 JO 1 

l,J t.he .. ctit.lon d oueln ud eooDd •u wbiw ebanlect � pnpor\toa 

et at,ropa hnll•ltlt• 1,J" udul 1ourcu t.roa one-�1.Jtd ,o •111-balt. Va.en 

tile a\lb3eet. •re feel tlda die\, •11111•1• Nlaaoe ae ••U u nit.ro&• 
baluoe illproirN dpUioaa\11' (P <. .01) altaao11111 \!M •an 'aapeata · 



inuke inONUecl lt7 o.n11' l? J11 •aU,,. J>upl\e t.be f•t, \ba\ a1V91• 

balaaee 11u nUl .U&ta\17 aqni'h 11!.t.a a • an of -0.110, the anraa• 

appaND\ aape1ta •......-1 .. illpJNw .. fNIII J8 \o 1&6 par oat wblle 

\he aan U'UU7 aan\toa et tbl 1• dNPJNMI baa Sl ,o !ii per Gen 

ot \be taalra. On an ••• clatq •11111•1• ia't,&D ot 11, 111, I& of 

\he S .. 3•n• aoas..ncs an ••aall po1d:t.lft •IM•la balanee 111UI • 

... •t 1 .1 111. •• tile •o.1eM wbo wu s.n •1•1.,. �•1••• waa an•· 

a1l7 reoet.YU& Oll1J' 161 1111 •PNl• tn ooapartNn 111\b 18) 111 toi- t.b• 

o�• (Tale ,1, ,. 30) • 

..,_ !l !l• (1,SJ) tou4 \bat S ot 6 ••3ena neaifl.Jll 182 111 

• ....,1. ••n ta M&a4'S.Ye 'balaaee on a die\ h.nalaldal 6S & PfOt.ln. 

Tlut •••nee appuant Mpeaia abav,t.lon -mnec1 w kO per oea\ with 

\he ... n vlau7 exuntoa a\ SI per ••• ot the iaUll.e . Tbl tatataen 

and l••n N\en\iona ot ,tae 1d111t1�a1 ta \bele ••�• wn -ootat,ed 

with \be bi.plat, aad 141Nn feeal ....-1-. !be ,-aa 'MOlllm 1t11111iNI 

'7 Lff-'• !! !!• (1f61) NM1Tecl ...... t. tnt.alatl Of l TJ U )10 J11 

boa clle\a fuabll!Da proffia at. a eomMD\ 3-ftl ot appNUllltel.r' 70 1 

clat17. AU •3.eu wn ta Ml•'lff uawia 'bala .. on an iat.aa ot 

l?J-181. Ill, and balanM did no\ 'bMO• PNi\iw le all ••.iee\a util 

\b• lffel reaoblcl JIO III daU,, • .la t,bl 4t.aar, aap.NSllll 11u iMNued, 

te8&l loH• alao iacsn1Md alt.M11gb \bl ,..... .... 1011 .......... 
. • 

Vila \hi baalre 1IU elnned baa rr, \e )10 111, lltlNnr, tbl teeal 

-,...ta ftll&illld tba am. At, \Id• pa:r\lnlu ,meta and upeaia 

lffel, apparen ••�ten ot tile aiaral wu at,lli&aU,, UfNl'ed and 

U'UU7 eurnton "" �. Poait.lYe balaDM 1n ell au� · 



aoo111P1Dled 1J7 a rtae ill the ......._,. uerftlon of aapeattlll •flUNW 

\bat ab�t.• ot tlle atmnl wu peat.er \laan tile .... lenl\1 ot 

.... ala •Wlolia aped.MIit. •• t,e l•ioat.e tbat \Ila rel&Uft 

aounta ot upaia and pnMSa fed u ••U u \Jut lffel ot '\he .S.nl 

itNlf aft.o\ a .... da al,aol'P'llllt 

In at,-, Ill all aa�na •n led appnaiaMq \be - aolllli 

ot aa1111aia tl&U.7, Inn ,rot.ta vu npp11 .. a\ '1lo ctUtena\ lffela. 

to tuue aU.npa 11111U11trla th• 1-,nt.ia c.ts..t, •••taaat.ed u 

D1.n ,, .... plannecl ,. hnd.ala &JlpNldaiM11' )S I pnteta flaSl.J' w1\b 

tHIIUll, acntna eonriltned b7 utM1 and wcnalt1• aourcu. With a 

ealcm.• oon\en\ &le•• ,. \Ila\ •t tb.• dlet. -,10JIMI la '11• ,eooad ..,_l. 

•• and a prehta lnON•• ot S 1, all •3 .. \a atbined poai\1Te 

ai'"8en Nlanoe vttb a •an of o.U.8 u .. .,_ .. wltb -O.UO tw t.he 

1an tb.Ne ped.oda of t.be PNl"illla .,..,. Thi ,u,.... .. 1a alVIIJIID 

balae• vu aot aipd.ttaat,, b•••r• Tbl •&a•l• ••en ot ,._ 

diet wu a1T °' altllrU7 lltp• \ban ,ut, la ,.l'J.oda J, ,, S of n-, II 

aact N\eat.u ... u. -· .a., and ,.a 111, re.,..m17. 

!bl SO I ,rot.ala 1Wel. ot Die\ I vu r-lMIII ,tarO\l&b \ae ..Wl\lon 

of T .S I pvltt.ed -la uad TS I ooobd •u 11bi \e \o \ba l»ual »tat .t.. 

TIie au.,._. fed J>Sa\ I at.talMcl a ,..s.,1w dVOS• bal .... et 0.106 111 

wbioh wu • Said.ft._� peater (P < .oi.) ,ban 'Ul.a\ •f ••�--· NNl1UI 

Ds.t A. Vt� an &YVap ...... ta isake •f i,6 Jll1 ib.e IU�eftl OD 

ns., I bad a •• .... ,1. balan• of +IJ., 111 'lddeb 11&1 •� 

peat;er (P < .OS) tMa \Ila\ •t \boae on Va.• alternate diet. !be.re 11u 

ao dtttennoe Mtw•n \he ,__ti&• ot aqJINia intake aon\ed la 
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\bl ur1M of \be \w prn1pa et -�-., \be •ftftl• lteilll U and U per 

Nnt. for Dte\a .l ad •• NIPM\iTel.7. TMN ••• a ditfeNJlN, --.... , 

be11feen. ,,_ •an .,.. .. abaa,p\Soa b7 tile n.l,3Mt,1 fed Dt.u .l and I 

a1,1un1ta '111• dittue•• vu aot. atpd.ftttan, � d1II ,. •• 

,-,1e af.H. tba •• .,,...., &Nor,t.S..a tor nb�• reeelftlll Me\ 

A vu � kS per eea\ •• • ..,.... •lt.b .58 p11• ••• ,_. t.bo•• fed Dlft 

I. .&ltno111ll \be ab�na r-lft.111 l>S.e\ I in&NW eli&llt.lT aore UI• 

Ulla, t.be an.at Ut1N\ed ill •• t .... wu leu. !bN• ree\11\1 t.lldi• 

oa\e t,ba\ iMNued ..... 1. NUD\ton 1a •• .,.. . .....  111.111 ·J>ie\ I 

ua du.e v isn&IN ablo.rp\1.• u well u t.e a •liallU, 1upl' int.Illa 

•t t.bl ahlnl. Lnlrta fl .!l• (U61) .iao toad \bat •anuta s.a­
\&ke aal __...ion are nla'Mfl, Ian '11• lenl ot \bl IIS.Mral. •anne\ be 

UN to pndln lu ....._ton. 

81.aoe won id.th ..,.l'lllll8'al. antaal1 bu bdS8a'8cl Mia\ a ldp 

,rotetn 1mm 1a ...... '- aeecl tor ...-•l• (._.. !l !&•• 1'6)1 
Col.1>7 •• ·.,,,,., 19Sl.J a.mt.on !! !!•• ltS6J ._.._., 1,A) and perhape 

clNreuea t.111 alia..,ttoa ot ,. atmral fNII tbe ....... t.Jaenbal 

van (r.nean !1 !l•, 1'601 ••• and INIE, 1,ss, look •d CapJ.SJta. 
1'61) , JIIIM•l• ab--,,\loa '1 nb3en• on Din I ld.,an baw ••• •· 

peo\ed W d•NW• ,-zt&ape real.Una 1a a Mp\iYe MpNt• balaM. 

On tbe ••r band, HICaaee !! fl• (UU) toad \bat t.elnuhl -.  
pnteta tntue ot athll\ au� ll7 a41clit4.on ot ftltou nppllMIIU 

-.Nqll\ *"' a 1ipiftca8' iapnrtlllltt8' 1n apeata DNIPU•• flaeT 

PNfaoecl tllelr r•� wl \b tae 1t•-• \ba\ JbJ'ia eollld.1t,7 bad 

been toad to be 1..,.UN in 1-1•'1.•• _.d•t111 &lpba aa1ao aellle 



ST 

and •lJ.118ftM \hat oaloi• ad a.-,1• alNae,p\loa Id.ah' •• tuUJ.\aMd 

\btl'9'7. tbl ut.b•• pre881111,Ji' •oaaicllrecl their uperlllla\al din l'dlll 

la P117'a" and, •�• bllla ill ...,allule .._,s.-� Tbie 

UIUIP\1• •- .1111\lfielll l,N••, altbeqb \bl ..... . _. not ..... 

tlM, \bl dt.t OODV.lllld bread ot 91 JIii' om\ utno\lon 1a entoui, 

ooutdffabi.t qua\ttlN, \t. . Nlilml oe•ia\t.Jlc •t•tl.7 ot a fixed n\loa 

of atlk al.NI wi\b DNM, "w.\ou, uct ff1ftllt1N tn -•• attut.en 

\o np� 1aJ \o 70 I PNMill d.U,-. tbl :ntla\loMldp M••n tltp.rw .. 

_..,ta .,,..,,s. and pftW.a baMI Sa tbe pr-• ••• enlcl no\ 

b&Y• l>••n nlaW • a blall PlaJ'\a\e i..1 ill •• dlna IIIP1o19d e1aee 

•1111" an.• brude aJII ...ala wen ued ad no\ in larl• ,ua,tts... 

Blcaue ....,.1. oont.en of •••le MUa la rela,tT•ll' b1p ._ 

\o it,1 1.llptr\aat n1e •• an anl'Yalltl lea ta IID7 -JIil• .....u.-, 
p&n1nlarl7 ta •noe• lllnlTt.llc v.elPMIJUl71a\loa (ll'noa ad 11wDI•, 

1,JI) , 11 ..... Ill a,t.raniTe pqdtll1'7 \ha\ aapu1• .. Ori*S.. la 

abanoed .._n \be •1- aelda ill •• ...U ln\ea\bl ue in \M rat-to 

1'•\ a11i\ed for pnt,eta ._....ta . .llliaoa alld w. .... 01aer (U6J) baYe 

toad in a,-rtanai. ntuJ a \bat, no\ •al7 le -•le llaareue peat.fl 

wben •a ,nwill ii fH b•\ alao Ula\ aabao •SA• tna thta aovoe an 

ben t•r \be ••leratton ot RIA a.ad JJHMta Qnbleu ta tbe Uwr • 

...... � eu alln11d.n bu ••n a1'nn \o llan •1- aold• la nob a ra\t.o 

ad oono..Vnloa tJla\ i\ t, the ..-.ta _, rapt.GT lb•ned• . Tu 

obalna\loa ,., J'OIIDI •-•, altlleqta ta •li&ll'11 nqattlYe n1'"8ea 

balaaoe on a JO 1 ,roMla dta,, • ...,tbtrd of •tob. vu ooarlbl.tect _. 
•u will\• and _Sa, o..U a,,atn ,-1,s..w •lllN1• 'balaDN on •nlJ 
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182 111 au., &1111 \an *" ••• a ,-1,&e oornlnl• •t • TS bftllNa 

.,,_.at ait,ropn and •put.a abNrP'iln nrtna 'Mita •eoontt -,.r1.. 
•• avtlll\llall \bl ,-aaus.,,. \u.i ...-eta ueer,\1• 1, atteeMcl 

"7 \be •tao uld ,a'Mn. All •• Id.,._ eonela\l• ot .fl •u ol). 

aernd bn1Mn appal'lln attfta•n aJICI ..... ,1. u�t• ta nb3-'• 

ted llS.\ I 1D \be 1u, eaperllllat.. Amlldaa \bat. •• 8'ated a,potta,u 

of an lalunla\ialldp 1tn11NJ1 t.llil aa1Jlo aoid pot,ena ud ap .. ta 
alltaa\tan t, tne, tibl Id,._ •••nbd!on ot •u w111te and ouetn 

tn addl\1on \o lS I Jll'ft•ta, .... balt •t wbiob. 11u trOll u1Ml aour_, 

w111d aooomt tu \tale hllber •ft1'19lat1on.. It pNt.e!a of ex..Ueat 

""11'1, 'beeaw ot tu nptJll\7 Gt lbNl'P'\l•n, iapforea •111r1l• 

upt.aa ud a\1.llla\1.a b7 Tin• ot awlerated 11111ela ancl -1• •11'­

tu•S.•, .,nen tbe qul.1\J •t \b.e prnetn la Dia\ I •cnwl baYe Miked lb• 

..,....,s.na tatl:111- ot a llilMJ" pnutn 1....i. -,.n 111111111•1• .. ..,. 

\ta, Ul etteot, obNffed la -,.rtaat.al USMJ.a (Fe_.llt\ ..B Jl•, lHOJ 

IINd and IMk, l,SSJ Book and 0-,llal, 1'62) � ,....,wct br \bit n• 

aulta et \be awdlaa wt-Ml preMelNea\ ob.tlAna (SOutield and llw.Nll, 

1'60) . I\ ta aln P•ld.lde, of ••••, ••t bnur ••oa,,\loa ot .... 
·1111la ooovt1 wt\b.S.a • otlriala ft.1181 ot ai\ftPll t.a'Mke ud tba\ SO a 
pn\eln t.U. 11U.hin \tlla nap. lieiolt.Nui.lta !i !l• (1'Sl), ......,._, 
tOIIH \ba\ on an 1nt.aJa of SO 1 ,nMia \blltr ••�n• n911Nd 161 aa 
•PN1• •&1.ll' t• a •11&"11 poaittT• •an l»al-• ot U.6 Ill• tbS.1 

..,., et apeat.a la •uW•"'l7 aore \llan lb• 1'6 111 11hlob were 

ntn.otaa, tor an aftl'ap balanoe ot +IJ., aa a\tat.Md l:tJ tbe .-Jti1th 

ted J>ld B nrtDg t,be 'lliN na•7. 



s, 
In a 8'11C17 ot t,he t.llfl•nM •l prwetn 1nake upon ...-•1• ..­

�' ot \he rat., Keukel' (1,A) tCNIIII \Ila\ al� ... ebffff aal\ 

taale• fed a lit ,.,. -- ••••in du, •••irdlJI adequ.t.e ...... 1. 

1•1JIN more tun �- on a , per oent 1-•el of ,.._.•Sa, ••• •• aaa• 
nNi• ••• re., .. ,._ tlle raitou, t.bl rak nNlYS., oai, 9 ,- •ent. 

cueia gatud appnaieatel.7 la \lae• •• acb u �• on ibll lltcl»r pro­

�ta bllue. Tba n-.r oonelwtacl tbd a h1&)1 pMela intake 11111t. 1a-

c11,1a• thl aqn1ala �\ fer ••• JIIU'PGI• otbar \ban '11• toaa­

tS.• of pan ot \ba av.a�.,. ot naw ,s..-, o\berviH, at, lean u ••h 

wt.ab\ wnlAI bffe b•n piaN on a 11' per •n prot,ein dia\ u on tbe , 

per •••• Ia YS... of Ude ataclJ alld o,bera t.n 111aiob � of ..,._ 

•l• deft•lealJ' ooCU'Nd a.oh UN npt.G7 llben clle\a wn no\ oai, 1n 

1n Jllllllel& bn al10 bicll la ,rne1a < ..... 9 !l•, 1'6)J Heinl .. !l 
al., 1'56J Col1>7 and h7•, 1'51), \lie po11D»Ui'7 11 IIIIPIMcl \!Id a -
blab abo add lffel tn \be bl.Nd oauu \be a..-,1a poola to nlew 

pan of taetr ldlllNl ...._, an apprMlable IIII01IM of wtd.oh la 1.ore'Md 

ta• tu •• ,i •• van ud l•n ........ t.lle ,..... A.S.kna !1 .ll• 
(1,s,> , "'1111 ..... b&T• aJloa \la&\ an ..... ql,J.e ...... 1 .. ,..1 Gina 
ta \bl ..... and \be ••lnal. .... 1., •t b1lllana u well u ta oo .. nt..-e 

\l_, 1Jrta, ud •Oft ,s..-· of \be abdoll1nal ... 1.,.. lllpartaau 

1fi\ll poriac n.,a Oil •peal• defl•len die\• (hla•,b ll ti•• 19fl0J 

Dllolalonll and God._,. 1'111) and \ta. nw,, ot •111••1• detiei-7 ta 

aan (rs.u,..ald ad 10Ulllll, US6) ctn nidenee \bat aapeat.a cte,-lu 
ta �  bom are tba -t la'DU. and \be om• lbiota llake t.he ton •all.­
Ible ,o otlllr ai\ea ta \Ile bodJ' dalUI U.. of ..... .....WI la 
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MMNU7 tor antYation ot em,-. i•••d in the toraaUon ot _..., 

ta 111d••11 ot &11al• and tat., and ln relea• ot enerl7' ,._ a1Jao 

actda u wU aa lt•b& ••emtal tor tit.a- lf'll,ilMNlta. Tbll 1nonaNd 

need tor ••JIIU \o M\alrl• •• alda\1• and OOll'f'erat.n ot aMP 

atno a•td• ht th• blood a\ftlll, a n111lt ot b1&b JNMtn t.aue, 

eould ,-aDlJ' oaue -. labile ..... .ta poel to rei.u. cpl8'1\1N 

of tbe aialnl ter -'ln\ton et e&Ultq ••JJIU and a,a\MIU •t 

ota.r •ata11"'• ta wbitb -.-as.a tar• an s.a..,..i pan. 

. If a llip •1.Jlo Mid lffe1 la t,ba l,lood cleel -- \bl ..... 

•1• ,-1 ar pool.a '4» nlau• tu8'1\S..a ot \bl 1••, a 1arse pan et 

11bio 1a ...... tato �. tnenilliLl t.raei tn ,i. dilentn·  �UtN 

ad l•' ta tile t• ... U NDdl,tou are utannble for ,..-,...,-s.., 
t.blln ,llta oollld uplaia \lie ••• tor inereued ...... s. .. S..ue when 

\be :i.wl of pnMta la tatp. !bat bSIMP ia\alm d•• 1Mn&N ilhe 

aollll\ of .... •l• abaonecl baa 'betm ab.ftn '-7 Bo1a (1'61) 111\h JI 

ttvo .,.,1e, on nu. Ife clellou\n.Md a b11bl7 11plftha\ •om--
1a,1• ltet.en 11111111ta tnm..W ur•• •• inen1nal ..u and 

\be conNnlratton ef \be e1:rftla\Slla •IMli• al.tlloqll tbe Nla­

\loald.p t.a. an 11.anr. Gnbaa !! !!.• (1'60) ban tllu\ra\4MI ta 

nwll• on 11..... ,unp ,. •• •t r,,,18, Ilda - tMnued, non­

lilllar .,.,.ta •t , .... lllineftl 111\b b.14'l• ta\aa1. 

lo 11ptft .. \ eorrwldlon be••• aapeala &lld ait.ropa bal1nee 

wu obleffN ....,, ta \ba 111b3"'1 fed m., A in tu '-ird espel'lalll.\. 

Ia \beN 1ftlll 110Mn ao bad a •• nl\ropa bal•- of .o.llal on the 
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JS , ,roM!a tsaa, \lie Oll'NlaU• Hflll•n alv91• and ..... 1. 

bala11t11 ••• o.,,. Ia ntav lltl'd•, a, Vala 1-el of PN'•la iAlan# 

62 per om· ot ,bl TaridlAm 111 aapNiu balanoe tcnald N nlated w 
\he Tartdl• la atvo,- ,a1-. Tld.1 ..... 1a,s..a b••- Yu1.at1• 

ta nlt.naen 811d apa•ha 'bal.allM• aipt 1.adS.ta\e \bl\ \be leYel of ,.... 

\eta lddoh u 3�, ...._. to '"* .. 111'"8U eq1111ll,1-la Sa t,m 
...,. ot PN'•lll wbiolt. ,.... ••• tlalt ••t ettHla\ nus.s•t• et 1111• 

111111a. If \Id.I 1--,.,nat.ioa t• \be ..... ot eonela\lon Nllf•a 

MptllD alll nivoaea balaMI tw ··�-- led l>Se\ A 1a eorr.n, 

\hen Nftlt,1 ef UleN apel1.lan• lqpa\ ,1aat \lie ...... of ftl7 

1" ..... 1. tntak•• tor ,rea11eleNa:\ 1tri. fed J.n.,.....ia dtau 

•ould • ••lalMd l,J' t.be re\8'1•• wuat,a at •peal• and ,rot.eta 

ta .. lMMI (lelutfteW uad llamtll, 1'60). tllt.nr-,flT• ar- •t pmein 

tvm.ned "7 a IIClllll1 atucl din UT ftPl'-11\ \be lffel a, 11bifdl an 
.i,, 111,...- l,11\ ai.o U&N•t• om be ••" ettletn\11' •t.tUsed 1-7 

h- ad11lsa. 

Ttae r...iu troa u. lut •• u,ert.Mnu 11111•' \hd •pe­

al• anabolt.111 in t,be edt&l\ aay be atteeW 'T t.bl fluliV and t,bl 

..-1,,. •t pntieba ta •• •1.t. Wllattwer t,lla •-• ot \lut taprw .. 

•p;a•Sa n1e,1oa in 1u3MU fecl a diet, Na\N\ed ta pntieSa, \be 

cla\a obtataecl troa tu• ,,..._. -,.l'llllna ..., l t, eleu ,batt a ,.,.. 

1&\loa o011111d11& pr.W.. la •••• 3'1\ 111fftolen to aann ecpdl.l• 

brla d- zaot, recpd.n u wa ape11• tu ,..1,1Te balaaN u do 

peopla repl.ul7 tll&Mttaa a ldp-pn\ela dial. ltaee t, .,,._.. ffl• 

den ,1aa, ,. nNd tw •11N•t• •- •ar, 111\b ,i. leftl •t ,mesa 
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la \be cite\, tont.tioa\ion of dine wltll proHt.A-rtu fUPP1'Mll'8, a 

po,-1.w PNl"lN a, \bl praen\ ,s-, PNbaJT tMN-• u.e .anat. ot 

•auat• _..d fer politt.Te balanoe la obildna and �• beyud 

\bl qua\tlte• pNti.-lT .. ttated la7 •ana of Ital- ...Sl•• -,i.,. 
taa oomroUed die\a. It te PN•llll• \bQ tu won ot S.0"1ar .e !l• 

(1,S?). wl\h J'MUl8 ooU.,e wo11en an. •U•eeleoied clteu 11Y• nlclalle 

et \ld.1 1......- ..... . . 

. . ........ 1, . ta .,,._, \bat \u • ......,. ot .... ,ta ln\au 

intl. .... ., t.1111 •\•olta. of eJlperlwl\a1 atMlt C...tall !1 !l•• 1J5', 

lnbl ad lal'bert.u. 1'SIJ Bellent.eta !! !l•• 19'0J Heaara !! !l•, 
U60J Taplq, 19SSJ flt.ale D. !l•, ,1,S?a ud US?I») and it.au it ta 

napnect . tbn \1111 atw-al aq line a 11tdlar ettMt 1a tbll hulian 

l>NJ', oanhl ccmaidentia Dtlllda ,o M 1lfln \o ..,. otJt_,_ 

wbt.ob at&ht •--.• tbe qUMiV ot ti. ldalral _.....,. tor oP'lal 

pbp1o1•s!Nl eoad1'ltal. 



Clf.t.PID ff 

fbe 1ntl11eme of laftl •t dteUlj fNMia on nUtaa\laa of 

•••••l• tn renrt.a\ed dteu vu 1111'.ntcated la \UN Mt.lbol.to 

1'alanoe aperlaaa. ,.�MU wn 11 70U& wo•n and om 1RJll ... , 

t.w •*3•'• ,ant.olpa\tNI in all ot tbe -,ert..au ud \w ot.blr• 

t.oek pan ta wo ot tbe 1t11dlaa. TM nwH•• toulned ot a ••n .,,.._ 
ltatur, adj••• pel'lod t.U111ed 1t7 S IIMMoJ..1• i.a1 ... penlll• ot 

6 4a71 eaab. Du'M WN pla ... \o 811PPJ.7 ,ro\eta at ,.,._nl lolf 

JArnla ad aapN1• ta reevtet.t aOllll\1 11bilb ,._.. u •al7 O.• 

a\u\ •• ponible. OU..r au,rs..u "" pnndN w aee\ NOGlllellded 

..U.ancea \hNqh IA• u• of ainlhl and Yi'UIISD •11PP1NII_.. v1,b. 

\lie e--,ttm of ..U .,,1.,au ot "rtt.allia-tn•• -s.a. duu 

ltd7 It Sa� were aatatalMcl on a dle\ •PPllial oa -.  

ffera,e, 1Tl6 Cale.rlM, 10 I ,met.a (ne-tldrd tr• 
alWllll ....... ) aact 166 111 ··-ta .u,,. :Wit.la. 

\DI .. tau• all ••.1tou IIIN ta � ... ,1 .... 

attropn and .._.s.a 1tai. ... , \bl w•nll ••• 

•1111 -0.81'!.k)l I and .a.a.la!M.7 111, ... ,.ntw.i.,. 
ftU, llt Su1t� .... lTN •NDS...U,- \be •- din u ta 

St.wl7 I ....,,. \bat t.be t9ed lllPPlS,M an ••aa• of 

1'1S CaJ.eriN. WIien ••illl' lNI and ... lliYe 

m1nu7 88N\1on et nlt,nlft 1t1 all ,. J'01III& ••n 

6J 



lndioa\ed \ba\ ,i. n\1�ftl N.N la ... a\lft ld.'U'el• 

ba11a11, S I  -.t\aldJl-tne• Weta and $0 I ... _. 

es1 whl\e were aMecl w \be bual. din. !la alPPle­

llllnt nuecl the ,...ill ad ...-•11111 l#nla \o JO I 

ud 1?8 Ill, N.,...,lTel.7• 1fbUe \Ill 8aJ,arie iat,alll N­

ll&ialMI ••• t,o 1000 clail7. Vbea p"'91a, .... balt 

et •Id.oh w ot aataal •ill•, and •acwtaa .... 
........ • , ••• lffela, a1'"8a be].- .,,,...... 

eqailtbrt.u w1'"1 a •an o� .o.ue! • .su & •�• ....... 

at• balanN bee- petal��·, �. -� lleba 7 .1!6.f Ill• 

,,_,. Illa s•-• nn •h't ... tnt.o tw &nllP8J one IJ'O\IP re-, 

oeiwcl a baaal dte\ � )k I net,elJI ( .... balf 

fNII utul eoun•)• 18S aa •pa•l• and 2000 Cal.oli.e1 

daU, • wbile �• *• 11aa fed ,be .... lNlaa1 dS.\ np­

pleMBMd •Ub -..1,aata-tne• .... 1n and oooad eu 
11111,.. n. npp:&.•••'-• cttn, 1MnaNd ••1 ,11e1n17 

1n oalorle ._NU, ..,,u.d appndaat.eq SO I ...-s.n 
ancl 1'6 111 _..1• claU7. la�• ta lte\b IJ'OllP9 

MhiffM peat\m at.ve11a and •pan• bal.aeM .  !be 

poup fed \he bua1 dui ud an weNU ld.V01'41a Nl.ulM 

ot o.J.kt:.ula I lfl\b a ... DNl• balaaoe ot I.J!J.o. 

TIie 11'0\IP reoetYilal \ba nppl-\ed diet aawn41 

aare poa1'1Y• bal•- ot o.1CJ6!.311t I and IJ.,:,.J Ill• 

tu tan tla\ 18S 111 ...... 1. cl� W&8 aaqu\e tor ...u at.er­

a&• in adu.lu tect dteu r•vta\ed 111 ntvo1•, in oonvut \o nw11roa.1 
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n,-U tn 4'be llMrahN that app� JOO -a te ••••••1 tw 

eflllllJ.ltrilla la -�M\a r-lfllll NIIIMtadN aU•aaW et PM•ta, 
nnql.J- 1111191"8 tJa, aap11t.a aUJ.aaUon ia a1, ... b7 tile lenl 

et dinar, prfAeta. 1'1.chtnN la alao pNNII\N wbioh •-NU -·' 

\be ...u,,, •f ,rot.la ln&NMd 11 an 1.at1uadaa tanor ta ...... s.. 
altlozpU• aad ""4iatten. 
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