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I' '1':1 lDl:CTIOl' 

For 9any yearc , sub~titutes for butterfnt :nve been 

the snb.iect of P'!Ucr controversy . 'l~teir :otccet t·mce as 

boinr nutrition1lly e4unl to outterfqt hns often b~0n 

1ucstioned , T'.e import·mce of tl is proble:-~ lies 1 rimar i ly 

in its econo1ic anrl ~utritionnl sirrific~nce . 

A recent study of ublic ·•ttitudes tow'lrd d'l.iry pro 

duet~ co due ted ':J'{ Alfred I oli tz .lesert.rch , I nc . ( 39) fo r 

tte L·•ericqn •)·1iry :,s-;oci'l.tior , shows tl'at 4e .!j. per cent 

of t' o • opulrt.tinn ':Jrlieve•l tr·at huttor is A nore Putritious 

fond t' rln oleo:Jrt.r~ 0 rlre . Only (, oer cent trour-l"t tr.at 

oloo1nY"••oJ•ine is 1oro nutritious t•tl ile 27 . 2 er cent be 

lieved ••o:r ·1re about tlc ::>'\CJe . Tbe ron~inder• , Hl . l t. •er 

cr-rt , 'Jt,ted t!"t tre-r I'd 1ot .n.o\1 , 

''ll"''•rine t·1x l·n1s 1-'0l'c in force for sone ti 10 ~~~ ilo 

\ no·ot blc oll~ 1vere >ei"l·· tec,tetl as :1 ! u:01nn food . In 

'I l ~.:. tion to c e'1ic·1l r;"n. 1in tio:-1, 1n.r.y vestlr'ltions 1-'ere 

co~ltct.,•' t·lit- rOlts , c"lvl's , 'l.ncl LU1<1ns . ,,}trough trere 

H'lre c.lill con'licting resl'lt~ , 1;\·.o t!lx Jaws t-!Ol'O re.e·tler! 

n 0 !'lll'stituto" \·:ent o tl o "1"rJ..:et to c o·1 etc 1-•itr butter . 

~rv i~ventl ·nto-~ still 1un•tio"l the ~rcisio~ th~t sub-

~· "tutns "rc e ru"l to ··11tter , ~':troitiom,Jise . 

"·11y i"vro:--ti~ntionr, ('~ . 6 , ?l , )IJ-) h<.tve s'own that 

bHtt,r· co·Jt·1ins onn or 1oro "'roHtt f' 1ctors wbicl; h'lve · ot , 

9S yot 1JeeJ' idnntifio I . Cl 0 lien] tctrorls r"VC :'·1iled to 

idc,..tify '\~'r o · tl esc f •ctors , ·1ncl so otl'er rwt. ods lnve 
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bean considored . It is ::1 <Jnll k'1mm f::~ct th'lt irterrcl::l 

tions ips exist between fnt not~'olism and the 1et~bolis~ 

of other subst~ ~co~ . It r:n s been r' own ( 11 ) thn t diet'lrJ 

f'lt affects troe :net'lbelis·n of otror nutrie;-,t~ !1Uch as c•ll 

ciU."l nncl pr.osproPus . /\.ltl our;h not clo'l~"l y under·stood , it 

h1s been do'"'lO"\c tPntcrl (2r;, 37) thnt tl.e kidney rl~ys 'ln 

i ~portcmt role i:· f11t tr•mrcort ·wd ··1et•1bolis·o . The V'llue 

of uJ•infllysis ns P, 1etl ocl of inclic lt~n,- tLe ··wt·1bolisn 'tS 

'l l.Jrole is Hell lmo11n , ns \·: ·11 •s is tl e 1 ir:L senBitivity 

of rwtnbol c ayste .s to ~inute ·1urmti ies of so.10 subst ,~,cos . 

The posdbilit:r of detectin~ r'!'OHtn f11ctors or ot! .cr :· b 

stances trrouFll a stndy of cYcrete•' :net·,lo ite2 nee 1:1 

worthy of consideration in tl1i~ study . 

Recent >JoPk Hitr J.'lPer cl ro"'ltorr~rrv ·1t tl e l:nlver 

sit·r of 'Pcxqs (',C) bts lndic1tnd t' •1t cfl.ch in tivid tlnl l ~s 

fl. F!ooific urin'lry ~et~'olic ::~tto~n . 

been founrl tLc rattcrnc. of irln>'>tlc·'l tFins 'l"·' sci izo-

nrrcnics . It w s nlso f'o r. 1 tl ot. tf'1 1iot cL"ll"'.l ti :s 

pnttern to a ccrtaiYJ extent , nltl our:h tl is "''~" not stu-He 1 

extensively . 

The problem ropo~tcd r.c,·o is 'l study of uri.nc obt'd'10<1 

fro"! ril"hl:r ·nbred r'lts fee n i"l1ll and ve~et'll.Jlc f·1ts 

ar1lyzed by use of nper clro"latourn!hy . 

2 



.~ ··.I "• ') • T ,., ',,> ,.., r., .; 

Cl r 1ic~l ) ' ffrrc cen 

'l'l e lctin cl.o"1ical iif'feronces between butterfat nnd 

vor;•'t'lblc oils are no t so mucl• i,., the type of compounds 

'>'C~ent hut in tr.eir relative n ,ounts . I n "encr l, butter

'., t {IJ.O) con.tct ins cw" Lder'lble 11111"'ti ties of nll of tbe 

COOl. Jon f'ltty 'lci is wit! yr•i stic , rn.lJitic , and oleic 

'lcids redo h>.cttinr· . Ver-etnble oils l!J.O) contain ver:r 

·~~11 '1"1ounts of pn.l~itic , o cic , 'l".d linol~ic acidr . 

PuLtopf· t co•t ·~s slort c~o·n fn.ttv ncids , vitR:,Ir;s , 

~tarolD , rtnrl oU er fr1 t - 1 i .'J ntb~ t'lnces uJ-.icl1 'lre 1 ctrp;ely 

ctbsr<r L i' ·om v~"c table oils . 

ratt·i Li anal Oiffero"ces 

\:'on ver;etable o ls · rst '1' r C"c"'·ed on t·}e 1'll'>Wt ns 

3..1J,·tit\lte for OU't0r , c) 0'{ W6I'O l'GjRCted , e-ener·tlly , 

'l" ~fer.:.or fctts of lm-1 dir•o~tibility (11+) . I'his bo1 ef 

'n" n· r· o>•tcd by twr1: of ')oL'el , £!. '11 , ( 15) and Bl'•alcr"\O , 

ct 2l:_ . ( ?) . I n 1'1!>7 , i:we .. ti ·cttors in tl:e Office of Fo~1e 

T'cono1i.c~ of tre U. :5 . Jor.oPt 1ent o~' ;trricuiture ( lLj ) ob 

t·tlnr"' r1iresti"i'itics ,,f nn.·oxin'lt<'ly 95 pe r cent t'or 

!" 1013 , i L W'ls four~ t •t b:ttnr wqs q -ood snurcc 

of vit·niCJ 't 1-:1 ~ c1• H'ls q\.,~J'1L 'ro• ~o!lt vc--ct"Vc oils (1\ ) , 

In 19 9 , ·: lli·us ::tr'1 ·: ·•clcnt''l"' ( <:; 1. ) Dt"Co•nerrled th'l.t 
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nnrf"trincs bfJ fortifie:i >'itr 1:it'l·~ins, 'lnd _l . "'lis t·:•ts 

done it, A~erica as soon ~s tl·c lnw rcr ,itta~ it . Port~ 

'ied n·•rr:'lrine not•' c•tuals or exc cerls 'lVCrR"'·' butter in 

vitwJin A qnd D conteTJt ( 1!7 ) . ~)cuc l, ~ a l. ( 2 3) found 

tl•at the ]lydo.lo"'iCtll 1\'liln.bil ty of vit'l"lin I\. in oleo 

rJ'\Pr-orine H'ls 130 per C()nt , Hr·lc} cO" 10cl to be "''·ooci'ltcd 

11itl tl:e pPe~e!'lce of d·lc<l rencrV'l~ivcc. . 

In 1')1~1, Boer ( 't ) ~:mouncecl tl e dio,cover:r of a net.: 

f'lctor in tl:e ,;e)--•'lCiC 'lCicls of butte!' •f i c r 1·:·1 r CCSr'll' · 

for tr C "'OI' 1'11 I'I'01·.'t1 Of r•tts . In 1~~7 . he (S) isolated 

the fl0 - <'1lled r~ctor n.nd !'curd it to ~·a v·:conic ·\Cid 

(11 :1? octadecenoic 'lcid ) . 

more rivnii'ic~nt ~·en Geyer 'l'ld co - workers (Jn) cl·,l wd 

tl:'lt no vocce'1ic "cir could Le fol!n•l ir tl e co~· n \ '"'~c 

t'lblc oils . Trc '1Utrlt onnl •1r'1i'lc~rce o ~'lccnnic 

'1cicl r~··ml ted f't.:rtf.,r rcre·>r•r b·· ::'ocr , ct al. (6) , 

JCl<>l , .£.::,'\] . ("OJ, c:ulcr , ()t '11 . ("C)), ,J-1n'1c~ , nt 21:.· 

(3'r) , orrl :lqtl': , (3C). :'le•r all cnPc'u"-,•! tl'lt vnccer-ic 

ncid rl·tys no specific role 1.1 ;>r-l~ Llo to f'l'O'.'tl ot' tJ- o 

1"'\t . 

uno of tho fir:ct cl'li"t!J 1"' tlt st b11tt~r (\7) crt lG h'} ro,l 

it '1.''1 'liRf'ovnrcd t:-·tt c1 olA~t(•rol, t e co .0'1 sto .. ·ol o 

l'U t.r-rf·,t , ,-,s reJ1tc'l t0 ~u cn·o"clcro" ~s tl rou-r •he 

lcno· .. .itiov o c~ole ... t~eol - nr•ot'"'·n c0 -:c~~cs :':..Yl ---rc · ll"' 

of ',] 0o•l \·cs~oJ!' . .::.tu•tiO!:l ( 'J.7) , _en ~l Oh'ec1 t; a t ci ole. tcPol 

is s·rr•tr·ci'Oizec iP tre ho,Jy lnrlc or nrt 0 ,'iet'lry 'nl.;·l·.o . 

rtot" cr i ... 1port'!""lt cu si(1cr·1t1o", l'>'l 0.'-:. co 1"''1 :.·inr; f.'ltn 
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nutritionally, is tl:cir rcln.tivc cssc:1tial l'~tty acid 

content . Deuel and associates (211-) h'lve s!·own tll.n.t :1nr 

f'"1r lr:cn co'1t·1ir.cc1 .::'ro 1 2 . 3.5 to 6 . [)• per cent wLile but ter 

r·Pv·cd fro ·1 1 . 1 to L1- ror cent . 'i'hey were botr, 1'ound to 

c0ntn.in n 1o·1U~te n.:nount::; fur \"lost bunnn needs, 

Westerlund ( .50 ) reports thnt rats fed ~lrGnrine soon 

devclor•od ne ·ative c·1lciun bnLmc es but retained ='to re 

r' o::;nl orm1s tr a:-1 the r tt~ fed butt~r . Hori{ done b;r l)ut ta 

( '>6 ) ancl :Je , ct a l. (11) slowed tlqt LydroGena ted ver;etable 

fats n.n<l eocoa!mt oil Here not equal t o but t er in "1ninta1ning 

calclu.1 brtl•tnces . Lntc,r , leuel , ~ al . ( 22 ) r s rort ed t!.a t 

~ar~··rine cave sli-htly bettor cnl c fien.tion and sliRhtly 

m<"Pe o'Jltivo cnlcin·1 b'tl111ces tLnn butter in yonnr; rats . 

I r arlult rn.ts tl·cr" H'lS no ur ·-·renee 'lttributable t o d iet . 

"' c r.oe 1 for .ore lnfor.l'1 tion i s ovide:1t . 

i: ny .;.:w~c;tir;ators 1 'l.Ve •11de !Jtud i es Hit! l"lt!l on tLc 

over- n.ll nutritive V<~lue of butter' mxl :'larp;nrinc , 3o."1e of 

t1,e f ret trials , in 19'+0 a•1d 191.1, at t h e University of 

l:iseonsj' U'1C.er Schantz ( 11-2 , 43 , l1h ) <tnd Boutwell ( 7) 

sne:ncd to f'lvor butter . 'I'he~1e results WC!'e l><ter mi n i ·lized 

by Boutwell , et al . ( 8 ) Hhen it was found that butter wns 

onl:r su~'erior t·Jl en tr e 1iot'lry c 'lr oll ydr'1 te vl'ls l .'lc tose . 

~euel 'l~d co - workers (1 6 , 17 , 18 , 19 , 22) c oncluded 

th'l t l'ortl ::'ied olco•1rtrf''1rine is "Utri tionally C-.fUnl to 

'utter •,!he~ fed to rats Fit!- an o trer•.o~is e ade 1unte d iet . 

1'!-.is co elusion Has also sur orted b7 Hork done b:r i3a rki , 

et i!:_. ( 1) , m nlo n \0, et <tl. ( 3) , L'ulcr , et al. ( 27 , 28 ) , 
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qnd S4its (1~6) . As a rf"'Ult , tre co"l:nittee on fats of tl.e 

Food 'lnd l:utrition l'on.rd conclu 1e (!17): 

" Tre rresent 'lVJJ.ilqble scientific evidcmce in- ic'ltes 
thn.t When fortified oleo~ar~arlne is U8Bd in ll'lCC of 
butter ns A source of fnt ln " ~ixe1 diet , no nutri 
t onal ~ifferenco~ C'ln be observed . " 

SirilRr stud i es witr C'llvos irnte'ld of rn.ts h~ve not 

<tlways surporrer' th i s conc]u'<ion . '. ork done by de ~·Ian 

(13), Gullickson (32) , and Jacobson , et al. ( 33) round 

no ve~etqhle oil s other t· ·an hydro~ nated soybean oil 

~rn.t were e~ual to butterf'lt when fed to c'llves . 

A fltudy by Leichqnn:cr , ~t ~· ( 1S) ;<ith cl ildren ever 

n. rer i od of two years , concluded th~t ~Rr"Rrine was c~al 

to butte r in rro"lotin~ Prowth ~en used 'IS a t 'lble fat . 

6 



Or:e l•un lred Jr:rn ·uu-J:-n.Jl<';r , albino r'lts , ~~~ir;"hinp; :,2 

to <)[, ,O:I'A.'~s were rr1n oml:r A.s~i.·~ "'l , other than sex , into 

l < <"rnups . l!:'lch r:roup 1:a:· nsrdr~ned identical purifier1 

d et~ • it} trc excrrt:Lnn o<· ty• e '<nd/or .q_m·mnt of f'nt as 

s' n1 n in tnble l . 13utt"r 0il , '1'1'1 ·r-arine oil , l nr~ , soy-

b•qr oil , ~nd c~ttonseA~ oil w.rA fed nt 2" "nd lS per 

cen J e• els of the totn.J Hot "or 12 reek~ . '"he butter 

.,.., ~er'<P"ltinr· oil f'ro~' cur•l by sucti.on . 

Tn.ble l . s ign•n<mt of rliets 

lie t .at r.cvel 'ID 1 Type 
0 . 1 o . of 'at 

l l tlJr twh l'' .:c butLer oil 
ll tl rr:>u"'h 2" "; butter oil 

:l 21 trro l"'h Y' 
.,.., 

f'lqr>;'"arjnc oil 
;, 31 trr r,l 0 1r," mn.rrutr! ne o il 
s 'l tl ro•.-1• s0 2' l<1.rd 
6 51 U.r "']' 6" l<trd 
'1 hl tl I' OU,f"h 7 s oybean oil 
c 71 t ro.:··h :l ,- soybean oil 
9 ~l ttr'1~lr}"' ')() 2'"'. cot t0n<'c.-,rl oil 

l () 91 thr·>urh 1""1 3'; coLtonsced oil 

·' l<t"f"" ll"l'•unt of tl 0 bA.sol ·liet (table "' ···a~ nixed 

A.nrl 'tororl to b·' userl n~ ,, .. •rln•l , TI1o i'a ts an" vi ta"' i ns 

·nrc n 'Ad to the bA.sal li~t Just rr ' or to fee~inr . Vit -

n1~n~ n." ·h~ n in tahle l ware -rc~ixe~ with c~nein , ~nd 

· "" 1 ·rv· ls . 
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cqsein '>7 .e.> 
sucrose 66 .7 
s~lts 5 . ~> 

~jnl t 'ixture 
l!nCl 
K21' Oj 
Ca (J:2J~Oil-) 2 · ll20 
CaC03 
:1gco1 'ecc·. r:O: • JE2o 
.In.;o,• 
K2•il2 ( JC4) lj. • 21>li20 
iCI 
C'1Cl2 · 6l 20 
ZnC')'3 
Cu.iO•: · 51·..,c 

27 . 97,; 
26 . v;: 
22 . ?~~-~ 
lt .vs,, 

' , " -+ • 0L 1 J 

n . o2.~ 
....... . ,..,, 
r . • '11 ~ 
() . ('(ll; ; 

n rq .> 1: "~·5 
" ··""''} 

Tabl e J . Vit~~in ~ix 

J:'llirunine (hydrochloride) 
'1ibof'lavin 
J·yric'oxine 
C•1lcium <mt· tlJCn~t.c 
''i•lCin 
Folic neil 
Vito~in ]\ 

Vlt~·,in 1312 
Di otin 
Inosito l 

('C!'lde up to ?. ' ~,., f: l. 

( tl c i'olloFin·· vi t·• tin:; ;•,-,rc 
Cholire Ctlorido 
VitT tin ~ 
Vitam n A concentrate 
Vitn,-,ln D 

r;no mg . 
(y'>(' me: . 
)'1( ln[; . 

3 r:m . 
(, [;'1 . 

1 'l "1C · 
1'' '1(" . 

1. :; me; . 
l 'l ,r• . 

IS "1(; . 
\,i t'l casein) 

a.l tel' scpar3. tcly) 
0 . 1, of d i et 
ln qC · I 1 ~ Rm . die t 
2nnc r. u. 1 100 r;:-t . d iet 
~nr I . ~ . 1 1'1'1 "• . d iet 

durinr t' 0 12 ·•e0k~ of t' o ex oriment . :lecor s 1 er0 l·:ep t 

of bo,'•; t•eir:l--ts o.'1C. fe<>d con-,u "tion . T't e uri.'1e •·ns col -

lcctod ·n S'1'llJ bo' tlcs u~ · nf" s 1 q•r-e 'losti c funnel under 

fPozen until analyze<.! . "o ur · ne • rescrv'l i vo ·,•as used . 
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Cl•ro:-~nto orn 1 ic ~ of ur: ne 

: ·1per ehro·cato · ':t ·lie tecl '1lqu~:; J nve faun, '·ide 

~-nlicntion in analyAi~ nf biolo icnl flui s . Uro-ra~ty , 

or• tic f'l or• cLr>matop'a,lic .·tu y of urine , •as :1elccted 

fo:' this ~ tudy because of tloe 1P1'£::c ntllnber of urin:1ry con

•tit,.e...,ts tl "t ccul be -;tu•:ie 1, its 101·' co,t , and si 1ple

nen:- . Tie n~cenli~'_: r1'"'tlnLl , both one- "nrl t~·o-di1cnnional , 

'et: od" ,:evolo!'c<1 by the university of ""exas 

(ljl' >'ei'O USed 0 S <"Uides 1'1 1 V"] 0 nr· tr1e tecbni ,UOS , 

·,1 ·ttnar. · o . l filter ))'1 "I' 0 ;.:: l incher. ··as found 

to]·,-. ~o"t Uf'oful . Five ~11al"'' of urine vcrc t•un <n each 

sl f'' t \'l.tll tllc one-d'·'lenslon·1l 'l·"ti o•l , "'enci.l narl{S were 

1·1rl.e .'1n incl' apn,..t , one l.nch fro·>J Llo bottoM of the pnror 

t, "1"rl: l o r:p->t · bere nnch SP 1ple ' '!.!1 to be ap plied . 

~li'Jrnt l e·t lllnry ,lpo' tcs ·•el'e usc'1 to :J.F ly " . "1 :nl , 

aJ · uot. o' :1:1 l]:le on c )•encil l''l'l~s . -"OUr ali uots •rere 

l1CCl1 Of' t 0 !"11'!0 G!'Ot •l' lOI'i C'l.C', one to dr y before 

~p.,]yi>'l~ tlo next . TL<! u·e of tl is rroce 1ure l:ept L' c area 

of tl- ,, s • •>t n:• s:-1:-<ll a.~ r;os ~ >·1 o nnrl still allm-red for the 

n lir.·1tlN1 of sufficinnt vnluCJ.o of urine t o insure a eood 

1 or ";)-, ·• srots · ere 0'1"1 lotoJ .' •'ry trc p::;per Has 

~t'lrl~ · ir 1..l for· o a c:rllni r "itl. tl e R ots at the 

bot to ·• , 

c'·n:t:r .11. of frc"Ll.r prepared 

solvent • :1" arl. ed to '1 vinyl •l•s ic :iflJ-. , six inchcfl in 

c1 i'118tnr , , 'ch 1''1. .'l'lc"' on tre bottn··1 of n ·.·i a - mouthed 
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r:allon j'"ll"' . 'lTI-~c cylin, rlcn.l chro'no.tor;r·a:n \-Ja:; ~ l'"'~CG~ up -

ri;l·t in 1.llo solvent · iti1 tbe s ot:; r1t tne botto.l to nlloH 

R.sccn~ion of urin·• ~y constlt.r?nts t!it:. the "01\·cnt . A 

cuFnblo C'1:' , ,_.·l.icl• incronnecl tl :• loe1r:th of the jar o"out;h 

for the ol.romnwcra:l (s r:J plate 1) , ··~~ nn.<le !'ron u cnttar~e 

cl•c<'se c"'··ton . After tLe cP.p >Ta" ..,ln.cod on tl!e jar , the 

cyliw'er 1"ls left until th~ solvent r"ncrerl tLo t"Jp of 

the !':tpor . The tine rl"quired for '1Sc0nc·<on of trc :::olvent 

varie d from 9 t o 1 6 Lour!: , dApcndinr> or. he ty->'> of c;olven t 

and it~ '.''lter content . 

~ fter th<' solv0nt hn.l nscended to ~he tor of the 

sh(•et , the cylj_n·1or H~c rn"lov--:rl qnd nllnner' to dry at room 

temner·1tUl'o . I'he stn. los 1 oro ther po·1oved "Dd n color 

reat:;ent o:1·loyed to br':lr; out tl c cp0t~ . Color rcn,:cnt,; 

'..Jere rp ·J ic 1 to tl c r.L0"t by s rnyi• c or <a lJ..: . ;·in

hydr in t·as the color reagent used most gener11lly <Ji tr al l 

techniques . Ul cr~ - '· iolot li('ht was used before nnd r>.ftor 

color fevclop?"'cnt . ..11 of tl,.. •·p .ts 1 nrA outlinorl to p!'C -

vc~t Jo::;~ o..~' i""cntity by f,"~(,.,, .. . 

'1·o-~;: l0t:!"':ora l c1 r'O!it'l1-or·.ranr. wePc run inn. oi.1ilar 

.,mnncr . 0ne Sl1!:11")c w•s "l'1.cer1 in 11 col'ller of tl'c sroet , 

O!"\o i:-:c}' rorn ~ tLc el n;os . ·i ~-: 1 • n] '"'11 . nl:.: .otr of U!")ino 

t:o't")o u~cd to r.l'" ,,,ce l.10l'O c.l )n_-.ly del: -..~tel s,...·Ot~ • The 

fir~t ~olvont ~":· run lmwt:l i~c a:., the cyllr. •,'!' ··:·l<" 

re~tnrl"d so th· t tl:e !lee n :o;olv'lnt c •ul be r m 1d 't]1~ ·i:;c . 

It t:n:-- !"ccc ~qr·' to c o·•rl~tcly rry be sl:o·'t .,_;tot• tl e usc 

of 'h•' fir,-t solvent or tl10 ~pnts l·'oul' snear and lc·1.ve 

10 
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Plate 1. Paper cbromatoo;rarhy appar a t us 
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strr ~lcr , t · r;nlJ - r3cor cd .nd c·· 1.1 c· 

for differ•0nce3 sscc~ tted \'it, tliotnry fnt ~ 



'l'he aver·' -e <"rn;:tl• r~ tes of rats fed tHo 1 evels 

of five cl:ifrerent fats 11rc c.> mm p;ranhicnlly in fir,uros 

1 nn 1 '? . Hare l"Did f!rowth rotes tdth less variation 

occurcd wit, ~e 20 ner c~nt r~t diets . A total of 16 

r~t·: rlicr1 du~inr- the 1? ue0''s o' t"e experiment. Of tlle 

:"fJ r1ts t' at t·."e ·c fed e'l.cl. fat . t~-;o r'lts died '.L t '.lero 

fed bntt"lr , t'.ree r·1ts died th'lt ·•c·•e f'ld !ll!lrr•,rine , rix 

on l'lrd, two on :::oybonn oil, '\n•l 1;l ree on cottonseed oi l. 

'"'ho timo nt •I' icl tl.esc deatl s occured is r:otod b r a (• ) 

on tl•e r·rowtl· r.'1to curve of OflCl rtie t. Tte causes o. 

"'"'!;]· \!Oro not detcr•1lncd . 

. \s nc'lr as caul~ be determineri , U:o henltr ier r•1ts 

'10"0 founrl on t'·c liets witll 'he more r,-,rid <"rot·th rates . 

'~1el'P. '-:ere il fe'·.t visible signs of' e1lt 1 disturb'lncer- but 

none '~t >rere co .... ~i·:t·,nt v•it1 i.n n !"roup fed a rnrticular 

f·>t li'lt. "] c n 1·•ller rn'o" Ol' t'be 15 or cer>t vcgetnble 

oil rli et~ , esreci ·1ll ' en t. t'l~Deed , t-rere often C( vcrerl wi tr 

0 i 1 . 

"'Le nverR ·e total f ocd comm 'l! tion for tLe 10 rn ti0ns 

is ~1 at:n in fi::ure 3 . h.ts tr·'l.t lied durinr; ti.e experi 

"!O'lt wcr•o not inclu' ed . In ellcl. c~se tre rats or. tr·e 35 

-er cent f'1t diet~ He:oe u. 'lbl" to c "13U:"'e 'IS ~uch A' tLone 

on tl' e 20 ncr cent diet" . 
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Firure 3 . Avernge tot.'l1 foo'i con"u·~e' by r ~t s fer aicts col 
t<\ininr five diff-,~ert typos of f1t , each at 20 
( •rhite b~rs) qn.l 3 :-;;, ( b) ack b.qrs ) o f t he diet 
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.~enol , o~e -~i~ensirn~l, uro~r~ms were the first to 

be run . The lst, t'th , 9th , 1 tl: , nnd 11th \·!eek sa1plos 

for e<1.ch r~ t >Jere run on the sno1o sheet for the SRlco of 
I 

con·•" r•ison . After bcinf.: c olored Hi tr ninh.tdrin , the prom-

innnt srots ~1ere outlined under tl e ul trrt - viole t li1;ht . 

~e 're uently occurrinr- crots were desir;nnted J;y the 

nu 'bers on'l ttrour-h ciJTr:t . -;'lc. of these spots is des -

cribc 1 ln t.1ble 4. 'rhe di~tRnce tr ~ t A. s;-ot is carried 

d ivi lo <i by tl e diCJt'lnce traveled by the ~olvent is l~mm 

'lR the Hf . vnlue . Since A lnr~e Vrtrintion in Rf . values 

WRB obtAined , a r~ngc or Rvornpe V<tlue is riven i n tho 

t'lblen . 

7Rble 4. Descript ion of spots found on phenol , one 
dimnnsinn'll uroPrnms (see plRte 2) 

Spot 
l'o . lf . lRn~e Color Ch'lracteristics 

1 .L5 - . 90 bright blue(Hn . ) J.rregular , fades slow 

2 . 75 - . 90 purple ( l'in . ) irregular, indistinct 

3 . 65 - .eo light(U . V . ) round , indi.ctinc t 

4 . IJ.S - . 65 purple Olin . ) l'lrp:e , <li.otinct 

5 . 35 - . l, 5 liGht (u . v . 1 round , not d istinct 

6 . 25 - .40 pur;-le(nn . ) indistinct 

7 . 20 - .25 bri;-:ht blue(U . V . ) thin, curved 

() .o5 - . 2" rur;:le ( nn . ) elonggted 

The spot s :1rc r3cJrded as nu1bered in table 4 in 

t~bles 5 llrnu~h 9 for the fir•t series . 
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fln te ? • C:x~:nples of rLenol ann ropanol - 'L"'L":lonia , one
nimen~ional uror,r'lm3 ;rith identifying nu"'lbors 
on visible svots 
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Table 5. Pr esence ( -c:- ) Ol' ::tb s enco ( - ) of s pots on phenol , 
one - di·,en!:lional , u ro rri'ams fro;n l s t , 8th , 9 t h , 
l Otr , and 11th vreelc S!fmple s from r~ts fed die ts 
c ont~ininc butter o ilv 

R'lt Sp o t l!Ul'lber 
no l 
1 -::--: ·"·-:h'··!'·::- _.;·--;·.::--: . -:-:-::-

2 3 4 2 6 7 8 

2 -::--::--::--:· -:·--::-"-"·-:·- ..... ;•.:· ..... -::-::- ·.·· -::- -:·- -:·--· -::--::-

a ·"··'' -:: 
5 - -:·--::·-"·-::-

"··""--;:- -·:--"--"--: · -::- - -::--::-::-::- -::--::--::-~:--::-

-::-::--::--·:--:·- -::-::--::--:·--:· -::- -::--:--.:·--::- -::--::-~.--::--::- -::--::--:.:---::-
-:·-· '··"·" 

6 " .. -::--::--::--:·--:·- -::-::--::--::--:· ." . .':-::- - -::--::-::--:: -::-::--::--::--::-
7 ·' :- .· •. -: ~--: :- .. -::--: ·- -:· -::--:: -::-::--:· ·"·:·-: .;•.:•. - -::--:·--::--:: -::--::--::--::- -: :-
8 -.. __ .. .. 

::-~· ".:· .. ;;. - -::--::--::-::· -:·--::--::--:· -::-
9 .... : .'',''"·:.--:·- ." .. " .. "··"·-'' - -:·--::--:·--::- -::--::--::--::--::-

10 -··--::--:·--::--:: -:·--::-:·--::-:: - -::--::-·:--"· -:· -:·-:· - -iF'"·:· -::--::--:·-:·-::-
11 ·"·'' .. _.. .. . .......... ;-.. :·- ·"·-·:--·:--:·-:· -::--::-:·--: - -::--::--::-:· -::- -:~·::--::-::-

13 -::- -- ·"··::- -:·-::- - -::--:·-:·--:· 
11 -::--··· -::- ··--::--::--::- -::--::--:·-::- -::- -: :--::-::-
1 5 " -::--;·..;:--::- --:-::--:·--::--:: - -::--:···"·::- -::--::--:·-::--::-
16 ........ "--:· .;• .......... .. -::--::--:·--·:--·· -::--::--:·--:·--::- - -::--:·--:·-::- -::-.::--::--::-::-
1 7 -::-::--:·- ..... - -::--:·-:·--::- -::--::--:H:--::-
1 8 .. -::--::- -::--:'. ·---::- :·-:; .. " . .''.'' -::--::--::-.::--:·- - ::-:·-::--:·· -::--::--::~:--::-

20 ...... . -- -~· :· .. •;.:·.--:•. -::--::-:· .. ;:--:·- - -::--::-··--::- -::--::--::--::--

· .. · 7he five VR,'les ! 'or one!. snot nt\1'\ber repre s ent tho l st , 
Cth , 9th , lOt l , nnd 11th 1-i<JCk Sll'1p lo s , res p ectively- . 
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Table 6 . Presence (0 ) or absence (-) of spots on phenol , 
one -dimension~l , urorr~~s fro l~t, Bth , 9th , 
lOth , 'lnd lltl week s~ 1ples fro'! r'!ts feel diets 
con to. · nir-r ·nn.rg1 rine oir::-

Rat 
No . 
2l 
22 
23 

~~ 
27 
28 
29 
30 
31 
32 
3~. 
35 
36 
38 
39 
J,.o 

1 
- -·~-.;:.:· .. " 

--~:-~·- -: ·--::-

- -::--::-:· 
·:--::--::-::--::-
- -::--::-::---· 
- -::--::-·:--:·-
- ·"··:·--::--::-

:- :· ~:--::-

-- -::-:·--:· 
- "--:·-.· · .. · 

2 
.;:-:·-·" . 

-:·--::-:·.;·-·"· 

-::--::---:--::--· 

-::--:·:·" .. 

-::-·· . .-· .. 
-: :--::-"-"' 
-::-·--·•.: .•· 

-::--':-·:--: -:· 
::----· 

:'-''-·"· 

3 
"--::·-"· 

-- ·--::-:· 
--·::--" - -::- '·> 

'": · .. ;:--- ~:--::--:: ::-:." . .' '--: :-
-::--::--::-··-:· 
-::--::--:· 

-''·: · .. ·-.. · 
_.._.. --- -::--::-
-':--:: ---· .. ·-

'·"··::· 
-·:--::-·· - ·:--::-" 
-::--"·'' 
"-·:·-

.. ".;: -:·· 

6 7 8 
-··--::--:···"·-::- -::- -::-::--::-::-
-"-"-::--:·--- · - -~ -:: .. -::--::-
_ .. _ .. _.._:·---:.:- - -::-·: :·--:·· 
-::--"--::--:: ~:- - -::--::--::--:·- -:·-::--::--::--:: 
-::-~:--:· ... -::- -::--::--· .· :• 

- ·:·· .. ::--::--::--::-·:· 
-::· .. 

·······.;· _ ;_ ... --:·-
- -::--:·-:·--- -::--::-

-::-- .,-. · .. · -::--;; .. · -:-:.- -;·.: 

... -~:--:·--::-:. -:·--::--::· -· -:·--· .• -::-: 
-:r-: .... 

:·--" ...... -::-:: 
-::--:·--- -:- -::-
·:-:·-: _. 

·: :• .. ;' .. "·::~ 
.''-"·:: -::--::-~:- -::-

·· 'rJoo five v nlucs for onch :;rot "11L1bcr r ·nrn:Jcnt thl 1 t , 
Cth , 9th , l'lth , ~nd ll tr Hoe!: s·npJ.os , r- '~pe ctively . 
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':''1blo 7. 

1 

rcsoncc (0) or !lbscncc (- ) of srots on jbcnol 
on.o - di:r1ension'1l , uro.-1'2113 fro''' 1St , 0tl~ , ')th , 
lOtb , 'lnd lltb FOP.]: s'1."Ples fr om rats fet~ diets 
co·1t'1ini:1r~ l'lr 1·::-

oc ru"'"!ber 

- -:· _ ... _ 2 3 ..... ¥ --~--

-· 

":·--:·-::- "--:·-· .. 
- -:.~: :·--::-

. -::·"'' -:···"--:: -.. -

. -. ~ .··-

6 
··-::--::-

-"··''·-:·-:·-" 

-::-::--:·--::-·· . 
.. ~-- ...... -::-

-::--::-~---:·--::-
_.. __ .. __ .. _ .. 

7 8 
-: :--~ '. -:· -: ·- .. -:·--:·--::--::--::-

.". -:·--:·- -:·-
-·~ -:: '_ .. _ _.._ -:·--::--::--:: -::-
-"--:· .... ;:--:: -::--;:--::--;·-::-

:·--·:-:·-::-:: ·.;· .. --:·::-::-

•,;·.·-::--::- .··--::--;:----::-
-::--:·--::-::- -::-: ·--:·-::-

··:.··--:: -::--::--:·--:· 
-::-::--:·--

: ·--:~- -:. -: :- ·. 
-::--::- - -:·--::.." .-

:-, -::--::-::-

· .. '.~.'l 1 e five v·1lues !'or c~tch 3~·ot nu:nbe r represent the lGt. , 
· tr , 9th , .,,'th , n.nJ lltl wecJ; S't"lt'les , rrspectivcly . 
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Table G. Presenc (-::-) or '1bsr.nc0 ( - ) of sDo~:.; on ho'1ol 
one - r"Ji.1GY1~ionnl , u:eo · '1..-rtf· 'r·o l l:..t , [tll , C)tll , 
l Oth , ae1d lltl : vJeol~: sa1;los L·om r~t: fe. ;jot~. 
co'1t'1:"l.i.n · -;oybo·m oil·::-

;(3.t dpot ; tL tbcr 
J:o 1 2 3 
61 ;.-

4- s 6 7 8 
-:;--::-:: 

62 .. .- - -::--:: ··-::- -··--· -:: 
63 -.. ,. __ .. ... .. ·-:·--::--:· -:;-:·-·· .. -::-
6ll -::--::- ... 
6r' -:·- - --- ····"· ·-· ----.. ::-·:--::--::--::-
f.,( .. .. _ .. __ .. 

· .. ::-··--··.• - -~:--::--::--:: -::--:· " ··--::-
67 --:· .. -::- - : " .. .. .. ---. -:·--·:-::" -:; ::--·--:·--·-.. -
60 -::-- .. -:· .. .. ·:-::--::-
69 -·· _ .. __ .. - .··--··--::- --·"·-:·-- ·,-- -:·:· -::--::-: 
70 -.-· . .. ·" .;:-~···" 

71 .. ... ·,· 

72 .. .. -::-
73 .. .. ,, ·····:::- -:·-:.-::- · .. 
71)- .. .. -.. --.. -
7:; ... .. .. .. .. 

-::--:·-::- -:: 
··:· .. •·--::-

;~ --- .. --- -::--·:-
-:·-:·. 

79 -- -::- .. "·-:.-... 

-::- The five V'.tlucs for o-ccl srot nu:1be · roprcs ~nt tho l:·t , 
Gth , 9tl• , J!Jth , and llth Hool{ snr1 l'·s , respccti.vcl;r . 
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~~ble 9 . rc3encc ( ~) or oboence ( - )of s~ots on hcnol , 
nnc - d imension•l , uro~r~~s fro, ls t , ~th , 9th , 
lC'th , rmcl lltl wc·:lr s al'lc" fr om r'ltS f :d diets 
co•t~lninc cottorsnn~ oil* 

<nt 3 ot Jfu~.ber 
Ho . 1 3 4 5 6 7 (l 
bi -:: -::··"-' _ .. _ - - --~--:: -::--·:-:-." ... ::--::--:;. 
82 -~:--:· " . -::--:·- .' .. -::- -: :--::--:: - ~:--: :-

f'l, - " --- -::- -GS -- -:·-·" - ·"--:·--:'-" -- -"-::--:· .. -; ~--: :- .· :--::- " -: :- -: :- -: :--: :--.. - -: . -:: 
56 -::--::-··-·-:· ... __ .. __ .. _ -·· - -:·--: ·--:·- - -: :- -::--::--::--:: 

137 -::--"·"·-"·" -::--:·--· .".•: 
r - -: :-"-·" -::- ::--::--::-.'·-:: 

L - ·. - -::--:·--:·--::- -::--:·_. ....... . 
90 ---:·--:: - --·:--:·--··--:· ::-::--";'-"' 
9~ "•"· -::--::--::--::--::-

93 .. 
91~ :• .. ::--;·.:· .. ··- - -::--::--- -::--::--::--:···"-
9) -:·--:· · -::--::--::··"·:· 
96 ....... ·.-· .. :·· ·"·:·· .-·. --···. 
95 - -··--::-:·· ·· .;:- --.. - · .. ;:-·· 
')'' 

100 ::-.::- -::•-"·" -:·--::- '"·" '-;' -:~- - -:: -:· -::·. 

.. 'l'l'c fivo v~lue '; for c rlC lt ~ ot ·1u·1b r:r r epr esent the 1 st , 
uth , 9 tr. , lOth , ·end 11th lveelc s.'ll:!]'lcs , res pee ti vely . 
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A secon<l seriec wn~ run on tl.o fln·ne 9am· leo \S before 

~<itt propnnol - am~o':lia as the so)v~nt . They liere cxn • .ined 

undor tte uJ tra - violet J.ir;ht both boforn nn~ after treat-

'llent Hi tl• ninrydrin . 'l'Henty S! ots 1;ere exn'Clinerl and recorded 

in t ables 11 throup-,h 15 in the ~wmc "1'1nncr ·1s tLo first 

series . A description of the e spots a pears ln table 10 . 

Table 10 . Description of spots founrl on pronanol - n"lrlonia , 
one - rli!'lension'll uroD'rans . ( see -late 2) 

Srot 
No . ':f . flnnf'e 
1 . 25 . 98 

2 

3 

I+ 

5 

6 

7 

8 

9 

10 

11 

. IJ'l - . 90 

. r-o - .er; 

. 75 - .es 

. 70 - . 7'5 

. 65 - . 70 

. 60 - . 70 

. r;o - . 6o 

. 55 - . 65 

. 30 . ')') 

.25 - . 35 

Color 
yellovJ ( U. V. ) 

din,.,.y , H~' , t(U , V . ) 

pink(J!in . ) 

rurple(Nin . ) 

~<reen ( U . V . ) 

blue(U . V, ) 

purr1o(llin . ) 

dinr;y, li··lt(U . V. ) 

rod(U . V. ) purrlo 
( l'ir , ) 

. urpl o ( llin . ) 

pur .le('Tin , ) 

12 .25 - . 35 brown(Nin . ) 

13 .25 - . 35 vel l ow ( Nin , ) 

lL~ , 20 - . 25 r>urrle(Hin . ) 

15 . 20 - . 25 purple ( Uin , ) 

16 , 20 - . 25 ~reen(U , V , ) 

17 , 1') - , 20 red(U . V, ) 

18 , 10 - , 15 blue(U , V. ) 

19 . 05 - . 1') blue(U . V. ) 

20 , 05 - . 10 purrle ( Hin , ) 

ChBr<tctoristics 
sm'lll , round 

round, not •llstinct 

extends fro>1 ·:o . 4 

associated •·1itl• Lo . 3 

t.l in , blen<l!l 1-!i tr·· l'o . 6 

thin , tlcnls 1.:itl ro . 5 

smal l 

round , not distinct 

curved f1round l'o , 9 

lll.rr.e 

associ'lted wit1 c:o . 12 

as~ociated witt. ''o . 11 

visible only )~en not 
covered by 11 or 12 
thin 

of ten covers 11~ a nd 16 

thin , of' ten l.idden 

not distinct 

thin 

round 

not distinct 
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Table 11. lrcsence (·::·)or abnence (- )of s·ots on 'Jro
panol - a.'ll'lO'lia , one-cli:'lCl18iOnal UrO[;r 'lmS fro"! 
lot , 8th , 9th , l Oth , and llth Heeic sanpl es 
fro:~ rat8 fed diets cnntainin1• butto r oir::-

Spot !:u:'Jber at 
No. l 
1 

2 3 Lf 5 6 7 8 9 10 
- -::--·~--::--:·- -::- ---- -::- ---- -. ·,; --.... - ~:- ---- -::--::--:-~:- - -"--::-:·--::--::-

"-:l-·:·- ··· ---- ~~--::- --- -::-::--::--::-::- . -.- --- -~ - ~:- --
_:·.;:--::--::-3 

if ·"··. 
') 

····--·:- ~:--''--"~- - -----.. -
6 
7 
8 
9 

12 

_ ... _ .. ,._,._:·-

13 -·:·· 
llf 
15 ;:-;:--: 
16 -::-:·· 
17 ...... " . .". 

··-::--: 
····"·-:· -

-::- -.. -. ---
-::--: ---

19 - -:: - ::-:: ....... 
20 _.;·-;: -·:--::--::-

-" -::- '; ~- · .. ·. 
-- - - -::-

-:~-- ---
-::- ----

·--:·.· - - -

-::-::- ---

-;:- ----

-::--::· ---

13 14 

3 
L~ 
5 
6 

~ 
9 

10 
12 
13 
l if 
15 
16 
17 
19 
20 

- ----- -:·--:: 

- -··--::--::--:·- ----- -- · . .-·. - - -::--::--::- - -:·--::--:·----
-::-::- -:· -::--::--:: -

-::--::--:--::--:·-
-::--"--''--"--::- -

:--:·--··-:· ··-::-;·---· 
·-·---- --. .- -.. --. - -::--::-· -''·-)'-." 

-::--: 
-;:--"--::-·----· : :--:~--: · ... 
----- - .--. · .. -- - - --· .. · -"·-:·-:·-
-:---::-:·. - -::--::--::- -
_ .. -::--:~--::--::- -. -::-
.''".'.'' .. "· "-::·"" 

--·--:·- - -::--:·--::-- -::--::--:·-:· .. ··-
- -:·- - -::--;·- -- ·:·- --

:--;·--:·:·. - .--.. --,.--.. -

- -:·--::--::--::- -::--:·--::--::--::-
--- - ---· ..;.: -::-::--::--k - :·--::--.:- -

-~:- ---- ··-: -
-·-::- ·. ·-·----

.. :; ... -- - - ... ,_ 

-: ~--::. -: ... : : ~ ~ ." .. . -. . . 
-::-::--::--::- -: :- ·:--::--::--::-::-

-::--::-::--::--:-: 
-::---;:--:: - -::--::--;:-;· 

Spot ?:umb e r 
l S 16 

-::--:·---· 

. ::. -:~ ·-: ,_ -:' -: ~-

--:--··-::--::- -
~: -::--:·--::--::-
-: :--· ~- -::- -: • .. : ·. - -:·-::--::--·:-
-::--;:--::--··--::-
.. -::--::·-:· 

-::--::-·H·-::- ·.----,:•.::-

-::-~:--:r::-

-:·- -:·--:~--: ·. " 

~:- ----

-::--:: 
-::- ----

::-~·- ---

-::--::----

17 

-::-:·.:·.::- - --·--::--:~-::-

-: ~--- • .. " : :- -:: 
-::-.;:---. ·,-·,.-

-::--:·--:·--::--::-
1:--- :·---::-

-::--::·-''"-::- ·--::-::-

:-··--··- ."'--;:--- ·-·· .. ··. 
.'--::-:.--· 

-:·--: -::--::--::- --p···· .. ·-, 
-:·-:~-::--::--- -:~-;:--: 

-:~--::- --- -::--::--:. --:·- -·:-::--::--::--::-
-::-::--::--::--::- -::--;;-~~--: :--::-

--~-::---; .··--::-

18 19 20 
-::--::: _ .. _,._ 

-::-->"-::--::-
-::--::-..;·-:H:-

-:·-~:--::--::- -

-::--::--::--:·--::-
- -::- ~ :--::--::-

~H:--:·-~ r-:: 

-::--:· -::--::--:·- ~:- ----

-::-::--;:-::-
-:H·--::--::--: -::-----
- -::--:H·~:-

--- -::- -
~:--:: ::-::--:~- --.. ---- -::-----

-::--::--::--::-::- ·,.-----
.. ·,. -:·- -::--:: -::- ~ :- -::-----

... - -::--:~·::--::- , _. ___ _ 

'Tho five va l ues for 0'1Cl' spot '1ur.-be r represent the 1 ~t , Clth , 
9th , lOth , ::tnd l l_th week samples , res p ee t i vely, 

25 
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T~ble 1 2 • • rescnce (-) or ·b~enco (-) of ~pot~ on pro anol 
a~lDni a , one - d i ·wrs i onnJ uror.r·t~·ls fro.'l tho l::t, 
8th , 9 t h . lOth , and lltr wePk saMp;j.on from rats 
fed eli o t ::; c· ntaininr; mar,c:nrino oi l · .. -

i.ht 
rro. 
21 
22 
23 

~~ 
27 

1 2 
- -··--::. " -:-~···" 

- ·-·· -.. -· -::--:: . --, 
---:·--::--
-::- - -:·--:·--::- -.... ::-::-

:· :·--:· -::-· 
2G - · --- -- - "-::--::- -
29 - -::-----::----- ,; .. ·:- ·"-"· 
30 - --::------::- - - .. -.. 
31 - -:--;-. ··-: ·· -::--::--:·--::-----
32 ........ _ 
3li .. __ .. , .. ':· -:- -- -:--':-
35 " 
36 -::--:: -- -:c -::--::-o·-::-----
3fl 
39 - "--".-; . .--. --:-::-::----:: 
1•0 - -::----,. .''-' --.--

(cnl'tinuocl) 

3 

-:·-;:---- -::- -: :-::--"-::-
·-::- -::-

::--::--::- -::--;·-

-~:--::- ---

-::--:·--:· 
·:'-·"·'"·-:·-:· 

-::·-" ---

-:·· ----

8 
:-.:--::-· 

-::- -· :--:·· .' -:· ---
-:·--: ·"--:·--::- :·-::--:·--::- -

-::. -:: --- ~- -: :--:' -::- -::--::-:. 
-::--: -:·-:·.:· -::--::-: 
-: . __ .. "--:. -: ·- .. -: :- ·"· -~---:. -·--:·- ---::-
-:·- -::-:~ -- :·--::--·:--;· - ~:--:·-:·--::-:: 

- -:·--:·--:·--:· -::--:·-:• .. "··:·· -:H·--::- -- -::--::--::--:·--
- -:·-:·--~·- -: :- - -::- - -::--::- - - -:·--::--

•"··:'-"' 
-:::·.:·: --- -:·· - -::- ----
-- ·::--:·-::- _., _ _.._ -- · -:--:· 
-::--::--:--"'-·"· -::--:·--::--:·--:· 
"·:·-::---·-::- --. . .. .;:--~·- ---

-:·- ----
- -::--::--:· -: :· - ::--:·· --- -::-: ·.'--"--::· 
.. ··,_··.- -:.--::--::- ->:: --

J pot ,.u: bc r 
12 13 15 16 17 

21 -:. _. ...... -~. -: :-
? ... , ...... · - -.:--:·---::-·:-
23 .. -::-:,.-

~~ :::·::::::::::::· 
- ----::-::--::- -:·-: :·-"·"··'' 

-:·- -: .· '· .. .,, __ .... 
2Z --.. .. .... -::-::-
2u -:·- ---- ---::- -- - -::--::- -;:--:: ·"·:·-::-· ·"· ·,.-- . -
29 ::- ---- - -.--.c -- - -. -::--;:-::-
30 -::· -- -- - :---:,:--- ---::--::-:-
31 -::- ---- --- -.. -- ,;.:·--:;-::--::-
3~ .. ------
34 , ..... ____ --- -.--, --· ·,--, 
35 
36 ------- --: :- - -:· -~--::--- - -::--:'-:: -
) 8 --- - · - ----·-:c- -
3 9 ·" - -... __ ·--· - - ::--::--::- -
40 -:: -- -- _ .. _ .. __ .. -- ·::-::-

-::--::--"--:'··:·- ·.· 
- --·-:·-:.:·" .. - - -::--':--:·-:: 

:·--::--··-: ·" ·.;••:·· 

-:· .. ::.:·-· 
-:·--::--:~--·-

.;·-:·-

---- -::-

----- -· --:: ----:· 

---- -::-

·::- The five v nlues for cacl snot nunbflr rcprcsc-'!t t) 
9th , l Oth , and 11th 1-1ee:c sa:-tpl es , rc:;pocti vcly . 

9 10 .... ;·;-::-
" -::- -::-
-::-::-::- . 
-::-::--:'·-''--::-

-:·-:·.-::--::-
- -··--::-:·--:· :·.·:--:·-;: 

::- '. -:: -~:-

_.. ·:·--:---~·..;:-

··-:;-::· 
-:·--:·--:·--::-

::-::--:· :·.::--:·- ·· -::-
.. ·-::--:·-::-::· 

:·.::-:;.;·-::· -::-::--::--::-
- ::--::·-::--: ·:-::--::-::--::· 

19 20 
;· .. :·- - -::-----

-:: ." '."···: 

. -:~-:: ... -:· 

- :·--:· 
-: ~--::--: :- -: : . 

--.. --- -:· ----

l ot, c th , 
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mnble 13 . l r~Rence (o) or absence (- )of spots on pro~a ol
o:~wni'l, one - 'i11onsionnl , uror,ra"'s from tr o 1st , 
Ctl: , 9tr , lntr· , and 11th -1eel: sai!Jplos fr•Hll r a t s 
fed diets containin~ lard* 

:lat 
No . 1 2 3 It 
[~2 -
L~"-
1·.') .•· .. ··-··· 

·"··:: --

1!.6 - -:·--:· --
)~7 -- -:~ -- - ---- ---- -::--::- ---
119 ·.;· -.. ----- -:·--::--- :: 
5o -- -::- --
Sl 
5') - ··--::· -- - ·:-"·-"·'' 
56 ----:·--::-
57 -:·· ·•. 

!Jpo t 
5 

Ju.tber 
6 

·"'·""· .. , 

-::-"·'' ._ .. _ 

7 
-·--::- -- -::-

-:·--::- ---

() 9 10 
~:- - -::- - -::-

-::-::--;;--;: - .... ·--:--·:-::-
-::--::--::--::-:: 

- -::-:· .. - -----
•· .. ··--::--: -:· -::--::---- -::--·· - -::--::- ---- -:·- -::-::....;:--::--::-
·"·-:: ;•, ::-::- -·:--:·.--.. -::-::--::- - :· -::-.:•. _ -- ·.:· -.:--::--::-

-::--::--:···"··" -:'·-':--::--:·--::- -::-~:--::-::--: :-

- -!~-::--:·--::- - -.. --::-:·-::-
-::--:·--::··:·--·:- -"-::--:··. -:: 

-::--:~- --- - -::-::--::--::--::-
-----:: -;: 

5t' .·.- - · -:·- -::--:·---- - -:··-"· ::- ... " .. ·: -:· ~:- -::--:~- - -::- - -::--::-- -::--::- -::-::--::-~:--::-

59 -::- ---- -:·-::--:·--::--::- .. "-::-::--:·--::- -::--::--:~·-::--::-

60 ---::- -- -:·--::--· -::--:: --- -::--::--: · . - . .-·,.-·, ·, - -::--:: " -::--::· --- - -::- ~:-::--::· -::--::- -::-~H!· 

llat 
l!o . 11 
42 " 

1 '1 13 

'-J.l~ -::- - -:·-~· - .. _ - -::- - -:·--::- -
4S ----- -
)~6 
1f7 ·, ---- - :: .. :· .. ;• .. " 
119 -::·~--- -

. -:·--·- -:: 

-·. -:;-::-
so · .. ·---- --· -- - :·i: "-::· - ·· ., .. 
<::1 ·"· ---- - " ...... ,. -::-:·--::- ............... . 
r;s -::----- -
56 
57 .... :·..: ·:·· - - ............. ----" 
')C; 
59 . - ·.;,, -
60 

"-:·-.··:·::. 
-::--:·--::-
.... ;·-~ •. 

- ::--; 
';·.~·--:· 

17 18 19 20 

··--::--::- -::-----::- - -::--· ." - -----
.. ·-;:- · .. ·--- - - -:·-:·-··-::-

-:·-::· 
. ·-- ·:.- - -::--:: - -::- -.. ----

-:·· -::--:·- -::--~~-~- -::--::- · .. -----

-::--:: .. ;·;· ::--:· .. ·· .. ;:- - ---- ·. ~:- ----

- · ·.--::--::- " -;· ·· - -::--:·-··.; 
·. .... - -::--::-:·--::-
........ -;:-:· ·-::- ' -::--::··.· 
-::-· -,··· -.:·, 

~~ '1r c five Vl l ucs 1'o:-o e<:'IC}J nrot nuJ1bcr ro;resent the lst , Ctl"· , 
9tr , l Ot! , :.n'l 11th Hoek sA.mple s, respectively . 



'~':1.blo 11•. . 1 r osence ( -::- ) o r <tbsenco ( - ) of spots on propaPo: 
D..""'t10nin , onc - tllt'lcnsion~ l , uro ~r'l-1!, fro:1 tLe l:.;t , 
uth , 9 th , lOth , nncl ll tl• Heel·: s a.:,._!plcs fro 1 r'-'.t3 
fed dlcL· cont;.·,inlnr; ::;o_rbe~n oil· .. 

Rat 
!!o . l ;> 

. ··-::--:·- - -::-.;:--:.--"· 
-::--.-

..... ;:-

- -~- ---

:>pet 
)r c; 

-.: --- .... 

::--... .... -::--·· 

tbc r 
6 7 () C) 10 

--· .. 

_ .. __ . --
-- -::- -:·--: -- :· 

-. ---- -::-:. 

2U 

61 
62 
63 
6JL 
65 
66 
67 
6G 
69 
70 
71 
T'-
73 

-- ··-- - ---- - -:~:- - ;:-~·- -: :- -:·--::--::--:·--:· 
.. -.. - ~---:~ --- .. 

·--- -:·-

~l 
7Z 
7o 
79 

13 
61 - ---- -
6~ 0 ---- - · - -~'(0 

63 ···---- -
64 -::· ---- -
65 -: :- - --·" 

- - ·.;· ·-, -::· - -::-··-::--::-

..;:--····::---·· 
66 ._, ____ - -::--:'-.'' . .' ---::-;·-:·- · .. ·- ··· --
667 -::--:: --- -c .:·----::- --· .. ·.. --·"··:·- - -::--::--:--::--::-
69 ::- ---- - . - -- - -.. 
70 -.. ·----
71 ,, ____ - ::-: _ .... --- ':-: - ·. 
72 ,. -- ·. - - ·, --
73 ~---- - --- --- - - -

7
74 _ .. ,._ .. _,. _ - .. --.. ·,· - ----··· .. 
6 -::·---- -- ·--::--

H .... _ ... :;.- -·-::, - : ::--~:.:-::- -.--. : -· ... 
79 · .. ·---- - · .. ··.- ----·::- -:'-." .. ····"· 

. '·"-:: ·-:: . -.:-
:'-' " "." .. ", _ .. _ .. • .. •·.•· 

- -:--:: _:·--::. -· .. . 
-::--::--::-::--::- " 

-::-:;· ·--::-
••;• · . .. -... -

:.----. . ...... 
·-.. :·-· ·-::- ·;-:: -

.,rot . ·.t- r 
. 1 5 16 17 1!3 1') 20 

-::--:~- .·:--::-::-

-- ~ -:--:: 
-::-·· ~~ ----

............... " ............. •; - .•·.-·-:· 

- --- -- --·~: 

·.:-
-::·-' -i:--::--·· 

·-:··-::-

·:c The five v·tlues for C'lCr s. ct '"·, bcr l'enrc:ocnt tLt L·t , th , 
9th , 1Cth , 3-ntl 11ti Hco:. S'l-lplC'r; , "OSt.ectlvc 1y . 
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~"ble 1$ . r ·e~encc ( 0 ) or ~bsonce (-) of s otn on pro anol 
.q 1 !onia , one - .i. i mer..~~ionn l , uro.·1·nr.~s f ro 1 the l s t , 
GtL , 9tr. , 10th , :1n 1 11 t.r· ue.;~c snm lgs fro'! r~ts 
feu diet:; co .tllinln · cu t.Lonr.ccd. oil"·' 

12 t 
Fn . 
Ll 
8? 
Cl~ 
G5 
r6 
87 
lv 
G9 
9" 
92 - · 
93 
9' 

1 2 

-::- - -::·-~· -::-

- ----·:·-"· 
<'r' 
1/ -----::-

-:-- -:·- ---

.-·-:·--- -::-

-:·- ----

96 
9u 
')9 

--- : -::- --- ·"--::- .. 

--- -:: -
100 

(c mtinuo<l 
.l:lt 
No . 11 J·> 
61 <· ---- - · 
82 -- . -
Gt - ··'·. 

13 

e5 -::· ---- -·:· .. -...... - -----·-:·-::-
sc, 
87 .. 

---:·-:· -
-- -:· .. _ -- ---. -

lL · .. ---- -- ''·:· --··· 
[: 9 .,._. __ - ': :·--:: .. ::- -- .. 
90 
92 -::·-''··:'.''."" _ .. ·.-:-:· - --· .. --
93 ·. ---- - ·· - ·::· --- ·:---::-
9.1, -.. - -- -- · .. --- -- -::- - -: :-

95 
96 ·· - --
9[ 
9"J 0~~ -- - . - ----0 

100 .. - · ·.: -

4 

-::--"-:'--"-·" 

" - '··"·-::-

-::--" .. ".;· ... _ 

··-: - -::--::-

-::-· -: .-::-:: 

l it 
.. .. 

---::- · .. · 
- -::--:--: -

. ·"·:·· -:· 

-::- - -:'·"·" 

-:·--:·--··-· 

·.: .;' .. ". 
-::··"-' 

.,po t humber 
5 . 6 8 9 10 

~-·-: _. -~F·-:·--::-

-:·-:·:·--··.·; -::-· -:·-:·- - ~---::--:·--· -:: 
- -:·--:·-" ·:·-

·"··"··"·':-:·- - ·"····--:·--::-
."''·::--::--·· -:· - -:···"··" ·"·-''''--':--::-

-::--::-::--::-:: 
:- ' .... :·--:·--"-:-:: 

-:·- - -. -:·-:·-::--"· ' -·~-"-·"· -- -:·-·"--::--::--;: 
·;··-:·" .. -::--"·"-";'-

...... ____ ··.·:-:·--::- - -::--::··/·:.-:: 
." .. ;._ .. _ ... _:• 

.. -::-:·--::-
·"- - ::--::- -::-::- --- -::--:· ---::- -:·:· .. :·-: -:: 

--- -::--:. -:···:·- - ·'' .. ". 
_ .. __ _ 

:·.;· ......... .. 
-:~--:: -::-- - -:: -:·--;· -::-··--;: .. :·-::-

- ·: ·--: :--:·--:·· -::--;:-:.-:·--::-
----- - ·. -::--::--::- -::-":--::;:--::-

3pot :u.1ber 
15 16 17 18 1 ') 20 

..... - -::----
·"·" -::--:·· 

-::- -:· .. -~:- ---

"·-:·--·:--:·-:·· "·-::--·:· .. ;·- -- ·.:·.;: 
-:··-""."." -::- - -·· .. - .... _ ..... ;~ - -::-

-:---:·- -:·· - " .. _ ----- .;•.:·- ---
-:·:·.: ·.··--::- -:·- ----

" .;• .......... .. - ::. ·:·-:· -::· ----
·:···· .. "-:·- - -:·:·-::--:·- ----- - -:: "-''·:· 

-- ·::--:·--· 

-:: - - ··:--:·· 
-::--:·--::-::--:· -::- ----

-·:---··::-·" 
·"-''· :--::--" ... -:-:·--:: 

· .. The five v 1lUC2 for eqc{ sr ot !1U tber r3 · r o!:'e"" t 'Lhe lst , Dth , 
9th , 10tl , ·•n.l 11th >!e el: S'l~ples , res ectiv e1y . 
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The tl lrd serie r: ( nhenol - lu t di no, tHo - .li~:ension1.l) 

Has run on the llth week s:rnpl e <; first . The re:-; u1 ts 1-re 

recorder' in 'lble s J 7 tl.rou""h 21 in tr.e sa::10 m'lnner ·t:; 

before e~ce~t th~ Rf . v~luos for 1uti1 ine we re me~cured 

to the rhcmo l front . Tho 20 S''o ts ex'lmined are den cribed 

in T.'lb1e 16 . 

T1.b1e 1 6 . ')escri ction of ~rots f.,und on _h eno1- lutidlne , 
tHo - di~<>nsion"1 urovr'l.!11S (see pl .to 2) 

)po t Avo . .<f . values 
no . lho'1o1 Li..t+idine Color Ch·'r'lcter·i:.; tics 

l . Lo . 70 rod ( U. V. ) distinct 
brown( Fin . ) 

2 . 7S . so blue('L , V. ) covered by No . 9 

3 . 70 . 65 green(U . V. ) cove r ed by No . ll 

4 .70 . 95 blue(U , V, ) thin 

5 . ss . G5 blue(U . V. ) sMa ll 

6 .t,o 1. 10 blue ( U. V. ) b"yond phenol fr"Jnt 

7 .25 . 40 b1ue(U . V, ) small 

8 . 25 . so yellow(u . v . ) Stn'lll , rnund 

9 . 75 . 50 pur p1o {l!in . ) covers !;o . 3 

10 . 65 . 65 , u r<•1e ( ;·in . ) just below Ho . l 

ll . 7S , Go purple(Hn , ) covers No . 3 

12 . so . so purple ( Hin . ) l:{rce 

13 . so . Go purple ( / i n . ) s'llall 

l l, . 25 . 20 purple(nn . ) _ong , th in 

15 . 25 . 35 purple(!Tin.) lon;; 

16 . 25 . 55 rurple ( llin . ) lon<>, , thin 

17 . 20 · 75 purr 1e(nn. ) l on.": , th in 

18 . 20 . eo yellow( U. V, ) ll':in 

19 . 15 . 40 rur rJ e ( l ln . ) yell ow tinge 

20 , 10 , I, ~ ur:ele( ''in . ) t h in 



lla t<3 J . ..:Xa"'tple of phenol - lu;;idine , t1-10 - dimensional 
uror,ram ;:ith identifyinp, numbers on visible 
s-.cots 

31 



Table 17 . Prese~ce ( ~) or lbse~ce (-) of n ots on he~ol
lutidine , t..·o - dil'le~sion'll uro ra:ns fro 1 tie llth 
Heek sa!'lples f,.,o1 rats fed diets containing 
butter oil 

Spot 
No . l 

1 
2 -::-
3 ;: 

~ 
6 
7 ;:
e -.. -
9 -:: 

10 ;; 

ll " 
12 
13 
14 
15 
16 

i~ 
19 
20 

-::-

2 

-:·-
-::-

-::-
-::-

Table 10. 

Spot 
no . 21 ..,2 

2 
3 

~ 
6 

~ 
9 

10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 

.::: -::-

::-

-::-

-::-
-::- -::-

-::-

Rat ~·u:nber 
3 6 7 e 9 1o 12 13 11f 12 H, 17 19 20 

-·~- -::- -:· .. .... -:: -::- .... 

-::- -::-

-::- -::-

-::-

-::-
-::-

-::- -::- -::- -::- -::- -: .. 
-::- -::- -::-

-::-

-:·-
-::- -::- -::-

-::- -::- -::-
-::- -::-

-::-

lresonce ( ) or 1l1sonc8 (-)of s.ots on >rcno1 -
lutidlne, two-dil'!engionnl uro~rams frol'l U a l1tl 
week S1"lples from r"'~S f<:>d diets c0nt'lir.inr, 
>n'\rpnrine •>il 

Rat Nu'Jber 
~3 2!~ 26 27 2E 29 3" 31 V 31~ 35 36 38 39 

-::-
-::-

-::-
-::- -::- -:: 
-:: -::-

-::- -:·- -:·- -::- -: :- -::-
-::- -::-
-::-

-:- -::-
-::-

-;.-

-::-

-:· 
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Table 19 . Presence (~)or ~bsence ( - ) of spots on ~~enol -
1utidine , b·o - dirrJcn.-ional uror,ra·ns from tLe 

1 -::· 
2 ' 
3 
l, 
5 
6 
7 
8 .... 
9 

1 0 -::-
11 
12 _ .. _ 
13 
11> 
15 
16 
17 
l F 
19 
:'l 

llth veek ~n.m.les fro~ rats fed diets co~taininn 
lard 

Rn t 'U"lbe r 
'+': ·,s '6 '.7 49 5o 5155 56 57 58 59 Go 

-::-
.;•. 

-::- ~-

-::-
-.. - -::- -:·- -:·- -::-

-~ -::- -::- -::-
-::-

.:• -:·-
-::-

-:·-
-::- ·"· -::- -::-

-::- -::- -::- -:· 
-:·- -::-
~:- -.. - -:·- · . .-

-::- -::-

-::-

T'lble 20 • .r•e:Jence ( ·") or absence (-) of s~o t s <m ~r-;enol 
lutidine , two - dimensional uror:rarns from tlo 11 th 
·~ook sa"Jf les from rAts fed d iets cont.lining 
'lo: ben.n o.il 

:;not r\a t N•:.mber 
~l61 6; 63 61

• 65 66 67 6~ 69 70 71 72 7~ 7* 76 77 78 79 

3 

~ 
6 
7 e 
9 

10 
11 
12 
13 
l ie 
15 
16 
17 
lL 
19 
20 

-·:-

-::-

-::-

-::-
-::-

-::-

-::-

-~-

-::-
-::-

-::-

_ ... -::- -:: -::- -::- -.. - -::-
-:· 
-::- -::- -::-

-:·-
::- -::-

-::- -::-

::-
-::-

-::-

-::-
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Table 21. P re<'~ence ( ::- ) or absence (- ) of s •nt s on rbcnol -
Lutidine , tHo - ,l i:'lension·ll uroc;ra.1s fro.n tbe 11th 
;;-eek sam]cles frorn rat~ fed diets cont'lininn; 
cottonseed oil 

Spot R11.t 1~u·1ber 

No . Dl 82 C!! 85 (l6 57 Cl 89 90 92 9'3 91[ 95 96 98 99 100 
1 .. _ .. _ 

2 .·•. .. ~:- ·.: -::- -:~-

3 .. .. -::- .'' -::- -::- .. 
II .::- .. -::-
c; .. .. -:: ·''· -·:- ~:-

6 -, .. ·.· -.. -.. .. -::-

7 
8 .. 
9 · .· -... . · · .. 

10 ,. ·,· 

11 .. ..:·- -·: -~ :- ~:-

12 ·.· 

13 -::- · .. ·.· 
l )L .. .. .. 
15 .. ·,; -~-

16 ... .. .. 
17 -;:- -:.- -:·- .. · .. 
18 ... -:·-

19 · .. .. .. 
20 .. -.. -



lt ou··!' nc stril:·n~ •U 'f0r nee~; r,et·.-1ee!'l tLe five 

''lt ""O' 'G 'lre ~,'oYn by t'l, t•'lcG , a nu .. ber o' inter:J tinr· 

ob~arv~tlon~ cqn be mn 1c . Tfo ~ifl .. ';rcnces ··hich appe11 ... 

to : c C'lU:lecl by ietary fat 'l!'O listecJ beloH , 

Difl',ronce~ ~ou;cd in tl e ,l'enol, one - di!"lcnsionnl uro··rarnG : 
1 . ~bse~ce of spot No , 5 in butter SR3ples 
2 , AbsePco of ~ ot ''o, 7 in lst 1-reek butter s::t!"lple~ 

l)i r •CJ'e"""cos fnund n tl·e Propnno 1 - '1:1 "1oni 'l , one - 1 i men:: ion·ll 
uro;.r' .s: 

1 . Ab,-'lnce or s At,; 11 :J.n" 7 i!"l ~ni"l'll fats 

-i" ·,...r C·' 0 fo""'1<l in i e ·l1r:mol - l ti -J·' '-e , t' o-rli!'lension'll 
uro~r·<;.m:-: 

1 . b"r>nco o s.ots 1 ·md 1< in animal fn.ts 

liJ'!"et'ences th11t tiOr'e founrl in tl o t•10 - db;ensionnl 

n.nn lyse:~ ve,.e tJ:- e o'lly ones · tud erl fur•trer . 'l'bo ')tl. week 

c' ., '1C'" "" ,.., run 1·it; phenol-lutidine ·md ex •r1inod only 

i'ol' 1.o two srotc ·n !UCJtion , lor s' 1c v.nkr.oHn rco3on , 

" ur lo o 1() .1 arpen.ro<i in t' o l"O ••l ere spot nu 1!J r 13 

1..-rns '·)U. d. This ~13. e t1 c eX'1!:'lin .,tion vcr~r di.l'ficult Zor 

t' is "rot •.n' alt" ru.-h tbe rcoults son"'le' t:-> be ni!"lilar 

to t '" 'ltl tvFJ.-,1: so .ples , it wn~ felt tr 'lt ti:ey could not 

be <l'lt.OF"1.ino<1 'l.Ccurate cnoun:r to rocord . It Hns found 

tl ~t by r_vcrs·r~ ~ e order of tho two solvents , tho smear 

coul 1 be el min'lted, A.~ t: nur-1 !=1pot nu"!bcr wo•r; lost with 

b:,· rovn.·~ '10: tie order of solvont~ ·-~,1 exa'"linec for s_ot 

nu.\r,cr 11_ . ,.,. slt 1·nrrry of tl e re~ults obt'l.ir.ed on \.,e. e 

ttJO st otr; 1r. e·1r il in tn.ble 22 , 
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Table 22 . Porc,mta r·e:; '"'l 9th , 11 tl , 'ln'" ] 2 th \·/Col: sr> "lplo s 
that C<"nt-<inod ~I'Ots Ho . It a!ld 13 ;ri t]:l tl" e r>heno l
luti·' ine t wo - rli:1entj onrtl 'techni 1ue 

Spo t l'u. 1ber 
Sam les 1 

9th week : 
butter oil 6U 
m'lrr:arine oil 02):; 
lard ~31~ 
soybean oil d9,~ 
co ttonseed oil 69 ;~ 

llth He ole 
butte~ oil o,; 
m'lrp;'lrine o il 1 2% 
l ard 7" '" soybenn oil 39;~ 
cottonseed oil 5'3 ~ 

12th week : 
butter oil 
marp;arine o il 
lard 
soybean oil 
cottonseed oil 

I dentification of upnts 

1\ddi tion of Knmm subGtar c~s . , 1 tl.oush Ilf . values 

obtained f~o·n uror:r:n.s dif'fered ~ li;~r,tly from L osc obtained 

from other chrornato,";ra::ls , they ;1ere close e"louo:h so tl t 

',y exa.'1inin;:: results of otter investir;ations (4G ), s.Jmc 

i de.':J 'lS to t l e identy of rq:.ot'l could be C!eter:nine,, . 'I'hoce 

i dentiti es were c~ecked by addin~ the known substqncos to 

the urine spot before chromato P: r:1rltin.r; C~nd co::~pnrinc the 

result:; •,Ji th the rq~ular uro~rqm , 

De c ause more tr rtn one substance F'\S thrlU"rt to b" 

present in mo~t of the o~c -dimensionnl spots , no identifi -

idon ti fied tr i th this motbod in the tFo - " imensional series . 
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r•ble ?J , A1ino ncids identi;iod on U.c rhenol - lutidine , 
t>Jo - 'i"lon::;ional urorr~"'ls 

I dentity 

1 0 valine 
11 leucine 
12 a l anine 
J.l• r~lutnmic acid 
15 p;lycine 
16 serine 
17 t'lurlne 

~.e identi 'ied spot· qre re~orted in t ble 23 . It is 

·uite :o~~·'hle tLat otter subst·lnc es are resent in some 

of tte~c spot::; , especi'llly tl ose coverin~ lar~e areas . 

3elcc• i.ve c ·lor rc"rcnts . 1'• clve selecLive color 

lcvelororr , described in the appe~dix , wore used on Lhe 

phenol and r ropRnol - a~n.:nonia , onc - <Hmensional uro~ra:ns . 

:'hn nnotn trn t uere foun· 1 •.··i ti tl i~ 1etl nd are sh>wn in 

tRl,lcs :0 1; n•1 i 25 . Host of t' one s ots 1:ore not visible 

\dtl: n< t cr rin>ydrin or ultrn - violct l i f"l t , so tl c:, ·Here 

no t oY.:·' ~ · ·1cd j n the first tv1o series . 
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T~ble 21. . Substances tl''l.t Here fotmcl >:itL variou11 color 
renr:ents on the rhenol , one - di,Jensional uro-ra''IS 
(Rf . V'llue!" '11 rer1.r in br»clwts aTJd color re'ir;ents 
are de9cribed in ·~e appenfix) 

Color 
fleqrent 

Azi 
Substances Found 

none 

BCG all acid excent bnsic Gpots qt Rf 1r. (. 15) , 
(indicator) ( . 70) , nnd ( . b5) 

Hr:S 

!!yd . 

K2cr2 07 

lniC 

ri'C 

Pic . 

P- J:Oll 

showed unlmotm >!ti to ( . 70) , nurple ( . 40), and 
yellm1-blue ( , 10) 

gave creatinine Bnu unlmo~m blue - creon ( . 20) 

shovled ure and unlmm-m e;ray( .4 ) ond yollo>: 
when Het( . 22) Hhich is idontico.l to spot Ko . 7 

none 

tryptamine 

urea 

urea 

urea 

creatinine 

alanine ond unl:no;•n lin:rt s rots ( , \')( . 251 



"o.\>le :5 . 3ubstances tLat were .round wl tl· various colo r 
rc•1<:;ents on the propanol -anLnonia , o!1e -dimen
aionn.l uror,r"l.l"'S ( ,l.,. . Vll] uos a :;:ear in bracl:ets 
'lnd the color re~re. ts .o.re described in tl e 
ar endix) 

Color 
~eq~ont Substances "ound 

Azi none 

ncr; 
(i 

; yd . 

:nc 

Pl'C 

Pic . 

all aci~ exc~nt b~sic ~pots ~t 3f 1 s (,15), 
,, cator) (.)C ), rtnd ( . 60) ~lso un.kno,·m purrJe spot 

(. GO ) 

histidine nnd unlcrwt·m yello,· - rreen- ~rown 
(.75) and \,; .. ite{ , 20) 

un1mm-m yello•.-! (, LO ) s1.P1e <ts srot No . 2 

ure•1 , phosphate , t 1rtrnte, and un!·nouns 
broun(. 7<.,) 'tnd bratm Hllen Het (. 75) 

none 

trypt.e<,lne and unlmoFn 1o1i lte spot ( .65 ) 

unlmown yellow- r;reen 'l'en \:ot (. oO) l'Lich i s 
the same 1s " ot No . ;~ 

urea nnd unlmovm rose colored s > ot (. 50) 

urcn and chloride 

creatinine 

unJm01om brovm( . 5Sl an(l bl'!ck( . 00) d icr is 
identical to s•ot No . 2 
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Co_"1.T"'lr · ~on Q_ sol7·o;n~~; '1n·l colo:- r~~~ents 

·:'lny L1 i.ffeJ•cnt solvnnts unLl cn1 or · nc:ents have been 

re rtnd in tLo liter· tu.•c to be u~cfuJ in nnper clrcna

tor;1"" 1 ':/ . It \!fl.~ tlJOuc;ht tl 'l t :~no• lcdr:o 'Jf tr.e lr useful 

no~ s i;o U c uro,-r'lp:.ic·J.l • •·•tllo<l:J l oro in rlcs cri bod 1·:ould 

be of v·,1 uo to furtloer 1 •or 1 ~ . l\ 11 o.' U·e sol v0nts ·md 

colnl" r('1.,..."'1t:, co.1rar~d ~rn ,.lc~~cr"b0d ir. rc u...,neniix . 

~01\~~~t,... . T,·o ~ ·">l'ler~f'lOV'I'1.] urocr '1.~n~ . ~r·c USt:!d ..i..n tl·e 

tr · ·1ls . '1.'1 e f;Ol VPnt~ i;. ~ue• t." CYY'J , f'l 'C u ... eel ~::: ~.:,he ~econd 

sol vn'1t t0 hcnol 1.!1· 1 : ro ''1.'1 J -n.M ·1nl·1 . •l.lt c rc~ntl tine 

uror.r!"'tr:t!1 t-~c-no exf!".:n: .. ~ under ~-' , ... ultr - 1• iolct li,~Dt firnt 

nml tlon' •cnted 1·Ilt1• ninly1J•in . '[']·oy •ore jud["ecl on the 

number "f s.·nts ~.c ar·1tcd ~'nd tl•oir rii:ot~nctnef13 • . \1ino 

•1ci 's 'ln<l f)uor'JsccPt co •poun " · Ul'n .iu·1 ·r.: ·•o; nr••tllly 

boC.,P:lC tb 1CC t\.·n cl:1r: ··cs lf eO"'ll OtU1d"' 1 oro YlOt n l\-:rtyz 

1 o r<>~ults of t: esc tri'llS 

ur-c·l~ Jn ~~blc 26 . 

Ccl0!1 PORr'3~1~S . 

used in ~l 1 ition to tho.c u··c<l "or i'cnt.iflc'ltjon . Isatin 

'~' vo~ v·,ry !"r•o <1 r esults • ·i tl r ur-; '1 •ino ·;clds but only 

fair rror1vltr. on uror,pa·1r; . Ii. nlro t<"'ld" to f-ed' 1uitc fnrt . 

Tl•c so 1iu.1 :;nlt of 1 , 2 - n'1pLtlco uinono - 1•- sulfonic acid \o!a:J 

use 1 ir RCV'1 r 'll t:ays . ,~uint b, ue 'lrul .·recn eo].rJr:· ' i th 

poor clolinia'.;ion >'a' al' .. "l:rs obtalnc . i:eitl or of those 

c0lor rcar;cnts i r:: nc useful a:~ ninhy'r·n fop urorra::1s , 



Table ?.() . Co·,~,,rison o.:' cliffcrent so1vonts ~<hen used 'lS 

the second soJvont to "1 enol and proranol-
a 11onia in chro~'ltogrn.·l ing urine (solvent::; 
1."0 ·c3 c •ibed n t,_·.n '1 rcndix) 

lst olvcnt - •henol l ro): 'l.nol - N1! } 
Amino 'luor . A, line ·:' luor . 

:3ol vent .\cids Cmnp . ."~c ids Comp. 

A., - 1 ic good ._:ood fair good 

:Ju. \c fair r;ood poor fair 

IluJEt poor fair poor fair 

Bu;;;tAm ~ocr poor ( oor poor 

Bu:.;tHCl poor · oor f11ir coed 

Cro. fair poor fair poor 

~;t . poor poor poor poor 

·~tAc fair poor poor f1.ir 

;tA.~l poor poor roor poor 

·;t!'Cl roor fair frrir fa.ir 

I-Ac f air f'lir f ir fair 

Lut . good 000d f<tir good 

:·lo . poor f<J.ir poor no or 

/h:\c . ;ooor poor po0r fair 

pl .'lc, ~oor f1.ir poor fair 



SUl·["\ ,y 

A study las been made on the eff0ct on urinary met~b

olites of rats fed curified diets cnnt~ining vari n1 s edible 

f At s, One hundred Sprarrue - Dawle y , we11nlinp; rats were 

assi~ned to ten d iet s co ntain n~ butter oil , ~argn rine 

oil , lard , soybeon oil , 'lnrl cottonse0d oil, eoch at 20 

and 35 per c ent of tl"e diet for 'l 12-~oek period . 

Grol·lth rates sho>;erl tLa t r ats 0:1 the utter ,liots 

".'li ned qn averar.:o 0f 240 r;ms ,, tl-o rats on the cnarc;:J.rino 

die ts gainer] ?.07 gms ., l a rd - ?Ol r;ms ,, soybean bil -

21S rons ., 'lnd cottonseed - Hl5 c·~s . Tho groHth r q tes of 

r'lts on tr•o 20 per cent f11t diets Here conside r 11bly hiclle r 

th~n t bose on the corrc spond i n" 35 per crnt fat diets . 

At weekly i nterv a l s , t~e ur ne ~as collec t ed and 

frozen unt il ti-ne of A.n'llysis , The uri~e wq~ 'lnqlyzed 

el"ro~qto~rarbically usinr ascen~inr;, one - Rnd two-dimen

sional ctromntor;rapti c al t cchnlGues . fh e nol , •ro· anol 

A'n"lon ia , anrl Jutirline ••oro fonn<l to be tloe solvents "hicr 

hn.<l tr e rren.tc"t appl ication to L'bis 11 tudy . 

fl. nwnbnr O• the srots found on t·he one - •1imen~1 i ona l 

~attnrns l'"re idrntified usinr vqrious c0lor reac;ents, 

So'Tie of the two - di:onens i onA.l srots were identified by 

adding kr.o•m substances . Tl•esc spots included a nu.rnber 

o:f com"Jon ami no acids A.:o·l otl';er co"""'on urjn'lry corstituents 

such as urea , creR. ti n ine , 'lnrJ etc . 



A conrnrison was ~n~c of tte relntive usefulness of 

solvents :1:1<' color re•1r:·'nts found in t.he li ~ erature to 

t' o uro~l"' ph icfll techn ,ucs UGo·! ~n t is ~ tud r . 

Sffects of butterfat , l~rd, ~r.d vecetable oils on 

~et~bolism of rnts has b0en studied by nxamininv metnbolites 

excrete1 in tl e uriYJe . Of tt e uri"lnry metnboli tes sep

arntnd , usin~ Rner chro~~torrnrhy , two appe ared to be 

qssoc1nted witr n d'fferenco in •1int11ry fat . 

'"he so two 1etnbol i tes wortl "loL idrmtified . A•·prox

imntcly ')0 ]J()r cent of tho urinE' Ra""lples from r:1ts f ed 

ver.et'll:1 'l ol I~ co"lt·1ine~l t e'le t1;o 'lt' ViLol' tes: Hr ere as , 

~ ev 'lf~e"rod in only nbout S per cnnt of the samrles fran 

r'1.ts fed nri··v\l fqts . ':'be i:nrort~nce of " ese unidenti 

fied compound" to the i'enltl tmd '!et<tbolic f· notion of 

ori 1'11S hnf not 1JCO"' "etcr:nin0 ' · l~urther stud;,- is needed 

to crnrnctcrize the ~etqbolites nn1 determine their role 

in ·"etnbolism. 
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~ .. n:: 

Cl·rom~.ton•·t '- ' :1r 3olvo"1t~ : 

'hc;r ~ ' 'c:;crll:ec: ln a"lp ·o·:i .1Bto oruer of t!,cir cr:cctivc 

nor-s in so, 'll'~lt inr.r anrl tlolint'o.i.inr- V'll"'i0U3 urin ... 1ry COi.'l:l-cit-

uent8 , 

l. ll enol ( d-,,;- 1 ( L~G) : c hcnol .. ,, t1 r 

n "1lCOU!3 nolutin!'l cor.t"lininr: 6 . 1 · sor iu, ci """':.tA ...... ., • 7 J 

r ot~ssiu~1 iihy<l.rogcn rto~!'h'1te . 

,..tr· r, 1nol 

n!'l'' OJ'r P'1rt 1 a,..,_ :0niu'" r y ro::i 'c , 

3 . I.utidi'1c (Lut . ) (!tf.l : 6r; 1l. 2 , (, - lutld'"lA '1Dd 

15 ml. Hl\tcr . 

!~ . o< - icolino («- ic . ) (12): '( -1- icolinc a~ C. "'1, 

H'1tor . 

s. 3utanol - .. cc'"·\te (llu c) (3(,): 

1 p8.rt ~lncinl '1C~tic '1Ci~ , nnd 5 pnrtu l"ter . 

6 . Dutnnol - ctl..nol (Du,t' (\il': n Ml. n - b Lfl 1 , 

2" 11 , 9•; • etl onol , ,nrl ')(I '.11 , PO ,f'lr , 

7 , Ion1 ro7';rl - '1cct'1te ( I - !•c) ( 1 ~ : 7 ' i so• rnr:rl 

'1lcohol , lS ~lacial ncntic aci· , onri lS~ vntor . 

G. Cr'l~Ol ( ::ro . ) ( o(,' : . r > ;;~ 1- Cr ~ol 0~, 0!10 rort 

T'henoJ :JOl vont . 

9 . :OutA,-101 - oLJ-anol - · ·11. n~'l s >lv •!1'.; ("u :• ... ,) ( 1,L) : 

iJ, , 1, n - but•1nol , 1 '- ul . ,;;. et' anol , «nc!. 3" 11. concc·,-

tra t<>c1 " c •oniu:.l ry·'roxido . 
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. ,. , 0 1..:_, 1 ~ l •.. · 1 0 l. e +-o + e bottJ'l of n . 'l. to 

. '1 .. 1.l.ir0 t 'P'IQ,), .cro . 

1' . - ltf1l1( 1 - ~~ '1. 'l..Cl -

'l ' (I l . n - JU' \(ll , ~ 

n . U '1 •0l - l -r' .·oc 1 :J'' · c ·tc; ('I L I : 
., ~1 . 

0 l'CSUl j_ - c1 r .., t lr.i : 

( () : ;· \' :1·al >>t <1 •• ·e re 

1 . o l t'1 JO ~ n 1o~t s·1ti'1f' c .. r y . 



c ~oPn · ~ .. pour~J int:.o n 

., () r 

cc ir:, .'1 /, C' to 1 0 OYC"" ~0!' r~ GO 7 Ilnut.) .. . 

~ l - \'l let 1 · ·· t ,. ' . . .. ) . 
} "l ' 1' 'T' t, ... l..l_::· t ,l1l.c , c :;nr 

.:.r c or~ nntod . 

3 . rrar~cn (I: "n) II l i in .. to a \ ~ 

i" l lr ~" t )f'( "01 ,., ~n t 1 '1:r 'lCA,..iC .. c {~;1V'l 

.1'0""'• .. c•Jlorc r r' ir I") 10.:.• :; lfo~'l' 0 1 tj. at l 0 
" 

'or 1 i~, c~ . 

( )l) : G c rowt·nrra.l~ '"!'0 ·l" •o' f'i·~t into 'l ·oJ:tt.Lon 

co •'coi, in· 0 . 3 r'l . 0f •:ocUu1 1,?-nal'l>tr o uinonc - 1t- oulfonatc 

in 1 11 . n" ... 1 •.r· d.:.lu~cc to )r 11. . Gl 'lCCt0'1" •nd then 

l ~11. fo., .. 3- ·in.~te [ _ ') 0 '1C' t n:~ "Cl'C' .;,r. <:d 

into l {', " ' .. "red ~(' 1,. t. 0'1 0 l. 
., 

:"\0 li l- l Y<'"o i e 

() 1 .n1 . of 

t l "" r r·.eo -~--r. · t . ~. o•r 

t t. un 011v.:ed t., Jry 

'l 1'00 '"Jl'lturo . 

c ~ 0~11·1; . 

(' ' . 

r . r \·,.- 't1"'S o .... t,.,ter~. 

::1 · n . ..,, ":r~ yelJ (1·! t, ~' l"'C '"' r v:ir ·. 



7 . 1 ton0l - h:,rpoc: Jori to :·' ·'li~O"t. ( J"C' ( 'LB : After 

3 ... 1 P .. · it}' r', 1--·cnol in c;r.;; ethn.nnl , tf1 P chron'lt.O["r~ms 

Here ,. c 1 ~n 1 ::;·r'l~,'ed l··'th r' . r; ~, iU71 hy ocblorite . 

C. ~ - ''c-q:;l tl ol - h;rrocl lor · tc roa,.cnt ( lTC) OcL) : i1 ') . 1 ,~ 

colution of ..<. - n:1pLtb ol in llT ~ o tlitu·J r•y<lroxi•'c • ·o~ sprayed 

0;1 thr cr ron.1 ':o.~r'L'l nne' all'"·' •ed to dr•y . ·~~r., second :::pray 

w1s co.Jro~ etl oi' one volu ·1o of --; . ;: :1 ':ldium Lr c.cl1lori to 

on~ vol1..t.1c o · ,- .... t~::. .. or ,...t1.11:"nl . 

9 . E"o.ncros'll -pe.,n ir:<'lcn.tn" 1',::\l''lD'; (3C'.J' u,c) : I 

• 
1
j ::1'>1 ·tiol" i n 'J":; etrnrol ncl,iustod to ~ blue-croon 

color 1ltl dilute :'r.c1.:.u:'1 lq,Jro--lrlo 'I.V u;ed as n spr1.y. 

1'1 , "ro~ine rea"nnt ( Br ?) ( bG) : 0 , r: ral . of lii")Uid 

lJr"'·tiTtO H'l q,l 'ad to S'' ml . of n;Jn.cial acetic acid and 

')(I rn.J . of • e.tcl' . ,\ f t<'r ::l''l''l'rinc; tl.e cl-r• nto-::rams 11ere 

ho~.o~ ln 'ln oven qt S0° for hlr"e tn five ~inute~ . 

11. .,zido - iodi·'e r<'a:_-ont 'I' ( 1 L) : 5~ "ll. of' fl 

" . l:·~" ... ·~in,io~i.~c::l1ln Vrt:"'" 1 ~or! :o5 1l . of 

<Jr' r.t' vnol co"lt'li:1in; 1 . ; ;:-; 1. o" -o J i u."i azide . 

L' . \ere ,. · c nitr'l tc - ~·l'lor.iun rulfi e re'l~:,cnt ( r ..o) 

( 
1

• [ ) : Cl r>cl''l'1 tor-r- ·~s ·.·oro di; C<l int o a ') . 25 il solution of 

10I'Ctlr>ic n 4 ··r-rttc in <· , 51: nitric acirl n nd t h en r,cat0d for 

l' "linutcc "t e-. o . '.:'hey \.'era 11' Y.t \ ~O!'e by dippin- in 

- . '~ r· nitri c aeic1 and then in \Inter . After dryi '1;· a t roo!"! 

te·1')'ll'''ture the she"ts ···ere r'i od in 'J. oolut i on of one 

p•,rt 'l''1:1oniw-.l S'l' fide and four ''l!'tfl W\ t0r . 

1 1 • • i cric n c ir1 rca;•ent (llc . ) ( llC\ : CJ· ro r..ato>;l'ams 

1·•erc s·r'\yod ,.·th ~ . . 51: ~ulfurc aeirl nni l'e'lted fo r on e 



hour nt 1ono . 'l: ey 1 .:::ro tl.on · "' yc •:. tl 

of l'ic r ic 'lCi }.n '"', et an 1 wh · ,,• \J 

before u~o · tr o:to " 't:r i'-s vo' U.O:" of 

h.rdr oxide , 

sc • ' ti n 

t 0 o1J 

• .. .:un 

11+ , Jlyn r o1y ,iC roo {;OJ1t (; 'f I , ) ( 
1

< [,) : ,:'j- 0 ~. 1' 10 rr('CQdUrQ 

uan fo 11mJO 'lS ui!:r 'J e r ic1•'c 'lcld :· "' ·r .t c--c t tl.e 

p icri c RC'' S"'r~·r '''"~~ o lt od . 

1• !.,.. •r~·po ( 1 ) : 

.\fter "' i r inr in . rope.-•()) t • cl •· "'!·>t t ':lt 

11~0 for 10 minu 3" . "'1 011 t y .,, e ~..1 in J ,.co o11c 

1 6 , 'otons·iu:n 'iclt'O"lt~ - f0'1a 1 "'('l r 1 o ron~•nt 

(i~?Cr207 l (I~Sl : ~'1-.o clrc 1•'.o ·r[Unn C'"C :- rqyo•' • 'th 9 •tr-

() . 1 notn:-;siu."l .-J.ichr~ 1·1to 'ln·~ l 'lrt fol' naldol :;'o •tn 1 t' "l' 

rf''lted 'lt 1·1') - 110 ° f or r; n nu'e~ . 
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