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OVer twenty ytlt:\J:'"D Dt�O, clur1ng the 00Urf)8 Of thO 

aorly 1nveot1(!(t tionl!l into the chamil4try un4 pl\veiolog ot 
Vi tem1n 11, J. t .au !'onnd thnt the poteney of horbttge •ne 

rt�lr•ted to 1 ts Cfirotene cont�nt ond mtlinlN oe A reault 

of.' tho l'Ol''k of Moore, 1 t woe e£ltobllohe<l that thio corotene 

could btt ut111ze<J by on1mtlle ono converted into v1 \alllin A. 

1neo tlllo rt.�cogn1 tion ot tho corotones rJe prov1 terninu, the 

problel!W of the mo6e rmo n1 to or �·onvero1on in the tJn1.mal 

bOl.y have tlro•Jeed the 1ntcrcet of Jlllny oorkere. 

Until recently it �Pu conoidered th�t the 

11 ver ws o the nYJ in E�i te of eonvero1on. O"tport from the 
�omawhot e�u1vocul reDultc ob tn1nod �rom nttcmptcd tu vttro 

convcrr;1onG uainc 11vnt• r>repnrr-ltiono, th1c (\Qt:.urapt1on voa 

bdStid mtJinlu on the tnct thnt the :roodlne ot eorotone to 

vi tmn1n 1,-dcf'i cltmt �.n1a11o ro oul tod in tba ''lmoc t J.mmodlate 

npl)enr::mce or tlto v1 t,.�mtn in the 11vero. .t\t the eum t1mo 

little, 1:1' un:�, c.�rotcne ap\)a1roa in t�•� 11ve.-a hereo.o the 

:t 11J:lcnt,�ry trnc:to contt•1neti rel&.�ti vcly lu�ae nmounto of 

c11roten� emu 11 ttlt! vi tsnin. 

cceont �baervH·tion ho,· .. ever auggeet tht,t in 

oertoin nn1t�mltJ ot lau;t, the convarc1on tukco place in the 
t<-rJll oi' u a 1nteot1no roti'!Cl" tlwn in tho li vor. l�t the 

tlnto thto 1nvcat1gat1on 'vc,G co�nced 1 t hod been CtltObltshed 

by 1 eucl ond ltl. r co-\�'Or:-;ox'e that the 1ntc:at1nnl l'/ttll waa the 

m•lin 61 te of conv,�ro1on in tho rnt. lt oeemod poetJ1blo 

tbot tht.�ro m1r�ht be. cpetc1...:1!.� uift'erenceo una. 1t wa5 rocolved 

to dotcrmine the site of convcra1on ln otheron!oolo, ��tic­

ulrlrly ruminnnto , 'llld to invoctie;ate the on�.y100 eymterne 

involVed. 1 oring the noot t\'i'O yetJro rcportn hnve to�ppeered 

of �ork or �· c;l��"·.ilnr n·tt,•rc carried out by vortoua tonaa una 
1 t lu now uotnbllt.hed that the tmll Of the 1ntect1ntr.t 1s thG 
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main n1 te of conv4lre1on in 8 range or ex JCJrlment.-"11 r'n1ra9le 

nncl no ev1donco h.l� eo f'ar been obtuinetl of �) eacon l'1l 

oito. 'l'hcee f1n:11.ngs havo o1' ncccr�i tv moditietl the 

couroc or th1c 1nveet1gotion. 

r1or to the wrk of nouol und hili' toom, 

intor<:et in nopectv or Cllrotnne motaboltem hnd been 
orouoed 1n thiv 1 et>OJ'tment through ob�ervot1ono cugeoot­

lng the relBtive non··FlV&ilob1li ty to ruminnnte of' cn-rotone 

:!'rom ccrtrdn vr.:�oturcu. 'fhto pt�blem, toccthor "1 th 

other fDctora affecting the eff1o1enoy ot conv�c1on or 
corotcne to vi tttr.tin /. in rmntnantc.;, b.' fJ c l.J.)o been atnoied. 

1ncc th1e lnvost1�:r:otion 1u continuing ot the r,reocnt tit:Je 
tho rucul to ·,t.•oocnted hex-c. Are not cor:�plote in thamoelvetl. 

V1ter.t1n r .. r onrotene m.l.!'toboltem utuuleo hod 
not prev1ouo1y boon unc!ertnken in thio f·e Jrtnont eo th.ot 

1 t wse neoect)ory' to devote oomc tice to pert•oct1ng pf'o­

ccuurro cuch �)fl the ourv1v1ng ttooue techntquo ano to 

osti'h11eh1ng m11 toble r.'l.etbodo oi' tltH oy f'ol" v1 tnra1n A and 

ca-rotene in the EW't'lples btlndled. During tb1a 1nee11r.t1nory 

work ono while�t·w1ting tllo rn�r1Wll of nCJcoeooey t ppnrotue 

�md ohemtcols, a cl'lort 1nveat1eution into thf.l vitt•J:tin 

content o:r r�ow r�cnlond I:lutton nnd lumb wao unclcrt:•J.ton. 

':'l\1" woe t;)n extonelon or 't'or:c prev1ouoly ca rried out And 

1o dcocx·1bed in nn I' p,Jendix to th1 a thet�in. 

• • • • • • • • • • • 
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:Jotu,og§ �r :n.1��'tton ctt:_V1 t�.tm..tn r-. on4 <.:Arotgno 

.tn hn invaotir�ation or thitl type 1 t 1o ea£en­
t1Jcl thct i.hc �ctucd� ot• o · twy ahotlld be rcll blc , nd 

\.1 n �uta�tant-

late<) Clz,imo by over •1 v.ol"l{C�B tt) MVO cJ' .. .'CC:tOd the 

moy, tJa nil! bo ()lucueoed 'lnter, t>e r..ttributed tc oubt:tul 
method c.; o� ne Stly. It 11ne conG1dcrod nooeotnr-.v thorofore 
to devote oom13 t1m .... to u thorough c.xam1nnt1on o£ the 
moth()dn ev·.ilr·ble fo1• the cst1mt•t1on of v1 tmnn e\ and 

pro&cnoo or r�la ted aub�tt!ncco, tn particular their 

,, tmrvey or the 11ternturc ::::h.i\':ed thot, nlth.ough 

m.'lny o.r the wcthoda d.l.i't'ered in or.·mll <:lcta1l only, there 
v;oJ�e ln some coucv coni'l.1.ct1ng �totetl<-'nt� ,J:,,:tiettlt.rly 
\71th rceurc1 to tJ1-: ef'i'1 c1Lney (.J'f the vnrl\>UO c.xtrnctlon 

proecd'tre� snt the £Jtt•lJ111 ty of the v1 tomin on<S vro-v1 tamin 
undel' the (.;U'tc:rGiat contl1t1ono <ttrtploycd. 

'fho roflttltG of the Jll'Oo�nt 1nvoct1.�� t1on l)re 

moat conven1cntl:� a1set1Bead uncl<'tr tho follow1na he!ltlinge & 

( 1) , omvHrir,on of ntethode of: lJGOoy. 

( o) 1�ho c�t�eetL'Ot.)hotomutr.lc method 
( tJ) <.: olo r1 �� t r 1 e methooa. 

( 2) . ts•b111 t.y ot v l tumin A t:ma C4Jl•otenc under 
tl� con�t t1ono lJ11<cly to be encountered 1n 
th� prt.t11Rrt1t1on c)f cBaplee for ooouy. 

{ J) '•;xtrnct1on or the v1 tnM!n one r.c ·mr·•t1on 
into n non-t4C)lJooun Dol'IEmt. 
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( 1 ) comQL! r1 gon of :�hoqa o( Aecax. 

It 1 '' 1•unursllY l•eco{mieoo thftt v1 tom.1n A 

cnn be �otlMbted o� cnlort�\trlc, Y-�ectrophotomctrtc 

v1 rio,_w cthodo 1n ,mrtlcHl' r et:BOll. ''tl� th\! rclt�t1on hip 

uet ,�un lJiolor,1 c. •ll r,n(! nl)n-b:t olor' en 1 oo:.ayr.: 1 .. tllor Utin 

1• •o tt.1 r. ext t 

ffii.JCh ... r 1 t io:. net I'tllevr.mt to thit. 1nveet1t[Dt lull. It 
t11tt1 b\!'-ll .iully t•evl.cweu in t-uftcnt rubllt.'f'tione {v.q. 1 ,  21 

_3, 41 ��no no ott .... mot \1111 bL' mt,cto !wro to o1Bcuoo it 1n 

uny det�11. .r1efly the problem 1& �ouolV1ng itoolr 

1nto one of t!X!)rQSL1on of rvc•Jlto. 

wt:ll �atflbliohod cbomlcnl nne t>h.va1cml r.t�thode oy \'Yhioh 
the Vi. tnm10 / .. content Of tl Wide rnru;{O Of JDOtet"illlO et:m 

r. tlnd t to esters hovo been obt�•1notl 1rl n high ,;;tto�tCl> or 
purl ty rmd o·Jtlcnl conotcmtn ( � · cm ;�5 (or 32(\), G?O mu 

etc.) oecur�.ttol� octt:Jmincd. It te not tU!'t'ieult, thet•o-

f!1 rri cul t1co are bt'JWover 

e.Ypcr1onood ''h�n it lC'I otte.,.,tc(1, nti tt1 dem:tnOed b� oon­

v�n,1on, to convert these 1 nrotmtt'lgee to ,. v1 thr.dtl 1 

pc1't<mct •c" �.� x •l'UC'CJ(au '"'I th\lr !n Intemc• t1Gnnl fln1 ttJ or 
Un1 tu a t!': tuu h··l�t,•ICO�.·O�!iO tJnt ta u1nc� tho ' <:(''JnVoreinn 

1•hct:H'fl'• in u AQ 'U1oneaoy/F:�� A ttn;;.) vt l'Y w1 �13. TbOPO 

\,,l!'l:tt1Ctn.!"l f';l}tUir to bC (> ttribUtl"blO T:P.1lnl� tO tJ ].NCk v1• 
�rcc1e1on in tne blonaonyu. �y tho Jefinitton of UlO 
lnternu t1.-,nnl Lnl t of vi t ... ;Un 1\ ae the .biolo}_lc;..l oot1vl w 
t>i' 0. 6 rn1 Cl'Otr.rt}�£1 of •: CAT:l�;lle o: i)Ure j3 �'"'ntcno on�i tho 

U. • • �·nit HO tt\At Of var10U6 Jtoi'uremco . ile, tllODO 
bloloeic�l mcthodD o� assay, or t�hioh the curnt1 vc rnt 
growth nothotl ( �} 1a ,.t present ot'!'icitJlt ore �.�en<lore4 
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ebeoluto. on this bae1e non-b1olog1col veeoy motbode 

m•at therefore be rognrdod ne relative only ond th�rr 

acouroey 1e 11m1 ted to thOt of the blological ntothode. 

Ae hlle been pointed out bg Gr14gcman ( 2) thla poa1 tion 18 

not eot1efootory �no thO tanfteney at the prcocnt tiDe 

eootna to be to oecrlbe snn:Qrtioal t'lnall ty ot lorHlt to 

the phQa1CO-cllemicul methods ond to ueo the iJ1olo$1cr:tl 

oethode mainl:t for tha dcterm1na tlon of the rtJJ.c t!. vc 
potencies of the var1oua A-v1tomora. 

No11 that pure cr.,stnllinc vi tnl'lin /, le uvoilable, 

1 t xru•r bo poaaibl<.: to t•cmove much of the conf'lls1on nt 

oroeont ex1ot1ng, by ex,)r<:seing 4)0tone1eo on ,, P'Jrccntoge 

boo1s, tlwt 1a, dG m1lligreuan or miorogr�!.m.a IA'U'(. v1 tam1n 

1\ 1•nthor than in Interns tiont'l Un1 to. 

In genernl the agreement between blologicol (lDcl 

non•blologtct:'l methods, �ith11'1 tho l1m1to of oc:cmroey or 
tho £ormor, 1e good. t� number or wor!toro have i'ounc.l tlwt 
whore non-biologl c11l methodo u 1ff<H� umont:at thamoelv , 
the colol\1raetrlc methodo 8(�ree moat cloeelv w1 t.h biologlo­

elly (letcrm1neCJ vuluae ( 6, 7, 8) due to the prcoenoe ot 

oubetnncoe whi eh C1baorb 1n tho ret�1on in wh1oh a�wct.roocopic 

reea1nge ore token but wh1cb uo not 1ntcrt'ere with the 

colorltncti'ic eotiM�>t t1on. r.or this J' eon onu becouee 

olmplor, leeu ox�en 1vo op�arntu& te reautren, coloPicetric 

cctbode o:•e uood ln mt•ny leboi•atorieo ln prcrerance to 

uirect aocctroecopie oet1mat1one. 

tt \IY.) 8 �·) ,jorcnt thtlt 1n this .l.nvcoti eut1on mnoh 
ot the �ttor1el to bo w�enye� for v1tnm1n A �ould di�fer 

from aumplee normnlly ltt�ndled, in contfl1n1ntr 11 ttle or 

no interfertnr mot«.tr1t.llc n,l)nrt !'rom ctlroteno nnd 1te 

bre":J!(down ()l"od,Jeta. In ome rospocte therefore coti� 

nt!ona \"/OUld b� £1moler thon those normnl� encountereda 

ncvertbeleao the cr:t1r.�,,t1on of v1tom1n t. in the preccnoo ot 



thes� b�euk�wn pro�1cts ooee tnt�duce opeo1o1 probleme. 

P'ro.m the point ot view of.' etm:pl1c1 ty the epectroe001)1o 

N.ethod tl?J0r,rs� to off�r moat promiee. t.t the eer.:e tim.o 

1·t &o�rn�d uc.:�ir�Jt,le to bove tiVei luhle a rttl1ttble oolorlmot-

r1o m�ttwd to con£1rm. e r>ectro ucop 1o !'ind1nga and .tor uee 
\'lh�ro th<"� lutter· me-tttod woo not opplicwblfJt. 

( ��) 'i'hc : �)eetro">h�to..!,.etr1 c Me�h96 -

1. :_ tt1nt'�"rt11&t� tio_tl of' the Inet.M!DI;1nt. 

The tnetrumont n�ed f'Or the t'rpectrophotomctt-10 

Tt�Of11Jremt'"'nt& w�t a l'eekL"'en Model i) U !lhotoelectr1o C.UArts: 
:·.pectrophctomcter fitted with m Ultra Violet Aeoerum:ry r.et 
givlne t:ln e.f'i'oct!vtl 1!ffjvalc:.mrttb r�n£e of 220 to 1000 nm. 
'!.he instrument FJ:r'l"'ived r�ncl lrso sot t1P by tli<"t t.'utbor durlns 
tlult cout·oe ot• tne pre-&:.�nt inveet1gut1on. Two e1m1ler 
.moOble wul'e nvtd.lr.blc ln lleljf:cent laboretortee and prior to 

the u1·r1vol of' tht: uoove 1n&trtlmtmt, epectt•ophotom�tr1e 

"'at1w• ttone wcr·e aerr1 c:Hi out ulltne thtu3e, 'J'ho opertJt1ng 

twoccdut•ca followed we1•o, 1n oll cAeea J thoClO roeor�t�wnt\tJd 

hy the It»ilnu.focturors. <.ells wurtt enl1btttt,e4 tor d1r:l�ctteneee 
in light trt•nn:n1es1on (·md th..:ee eul1hrot1one were eh�okc4 st 

rcgu lnx· 1nt�rvols. 1\11 extinction f'1RtJt'CO ouote<l ru-.ve been 

correet�d for thcec d1rferencea tn tr�n�m1Ro1on ond roleted 

to a eolut1on tbiclm(jBO ot 1 cm, No nttempt �e tnade tio 
compare tbc three 1ttetrum�:-nto uoed beyond noting th&t et a 

numb�r of polnto over the .-ange ,o to 500 mu the ogreement 
in extinction v�lu�e wno better thon ! � ·• It hee boe!'l 
shown roc{•rJtly that tho vattlotion&� betwoen 1n�1trom�te mor 
bo ttJ1rl.y large ( 9). .Tn all cri t1cal e;.)oce thflretore, • 

wbero 0tH!h 1netrur-.:nt to inetr.,Jtnent VP.It•i•,t1ona Might o�feet 

.rmaulte, ect1�t�t1ont-J were repeeted ueing th� now 1notrumcnt, 

ntHl sll reaulte prcsm.ttl:'la rult!tu to th1a one model. 

AtttJntlion bli\e beun dl•awn by iWfl¥ wot:korc to the 

need for c:becking both the denei tJ ond w:lvelcttgth ace lee or 
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t:. L;�ectro•;hot(')matcre. Htiomuzo ot 1 te numorou& lntunoe 

uf;lon or movt o:r th(.ll h.Ydrt)gi!fi !.in'!Se rd.fL'ic!llt r'nu llf,, �.;rtu1n. 
i�h!jre rocr.n 'Jtion conl,o be uf!�<ttt�<l ( 4;l:. t·�· , tl!e .LJ.n�o!t... t 
37�,8, l�'?tL·.O, 466.1 �\l) thft tJC.VOl•.ngtl� Cl'U1!1 r·er,:tt,__;c, 

�greed to �1 tbin ·;·bout o. 2 MU ui the v:..�:ut .. l:. t'\..c •• rl.ed ( 10) 

.•. number of trtzmdr-.rc� l�Sve boen u1g�.�:t; tcc1 tctr: 
tho e·11b:r:�t:1.on r.):r the <1tm�1 ty Z3C£:tl6 on �wect�'Oph.otemetrio 

l'.lnd. rclete<! �·1bFt::lnco•• �otb j3 c�lrctune ttnv vi tvrrlln A 

t•lcohr�l or ltt' �tt!.::rt� (�r ovan n • • •  Re:r�t��nc� ,,ils) 

< '' �;e� r t1;l tH� tn co.rnrwrt u o� fur t h l t.• 1u r'f!Outt ( 1 , 2) • 

nonn o!' thetf) �·ul':lotrnce('; crm t.H:� l't�l!.nt•c6o ·::Hl e�tJ.a!'t:;ctc.)ry 

o11'1ce• HPrJ�t rrom tl•o uoubtt'ul ol�ts1tu•l purity a� r-<>t'le 
of the;.�ea pro�nrfJtJonu, tlw1r• otnb111 ty onu henco thu 

nnthr,.1ct-i1non011 m,llc_vlflluoh.vc't:, ( 11) nv. �� t'hf:n��l c�YA>-p-
cro�ol ( 12) have t1J.ao ut:\'!n ti\J��t.;eated.. ·\l ttwu .. ;.h these 
En.lb8tHJ1COO flOSU6W ... 1 thf.! �{iv.r.Jtt�sgC thH t tbe;lr p01:1i t.\.On Of 

max1mtm ��rJnorr>t1 ?n (;o1r.ci G. eo wi tll \. itfl t ot' v1 tmltln A. 

unlike 1norr.':'·n1c �'twlld.t:rao t.b�y c£rmot, b<" ubttctj.ned roN11ly 

pr�c:1tt1on J.n th� eont}truction �rf ar.i0Cti'V::'lllotom<.t�re t.mch 

e-� the t.H;�ekrJ···n moc�cl horttWer, ouc;geeta that the :.cttlnl 

oon.lo c:'llibr,.tt1onD thomecl v�� CbO o"' t�CCG�;,>tucl \11 thout 

cheek!ng ant'\ thot the r>nlv erroNJ likul_y to be "ncountcre4 
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ot>e thooo due tc tJ\c t'!�ll-···liFnlllt':nt of' the oculoe rt!ftUl ting 

�ro-v1detl 

. hyu1�ox1ao heAu 'ooen ,,.id-oly ut:Sed fle tJ u;.ectr-o;lhOtOI.,G'I.rto 
utunonrd �tnd OtJ 1 tc Qpticul <X>nGtt.nta hnve botm �'otuJ"'Ilined 

Y-11 th �'u.'.'- ioi�t oecuttoey fox- checking t� pl"lee! �c 1 nc•trument 
6Ua!• no the -.1\'fektlt.tn, t t Wt.Ul ,1o0d in th!e 1nv·Gvt1t,'IUtion. 

'l'he �lot1orl uivee t�o llif:lt1net pUflke in thet n"or ultro 
violet unu :tp >e&red to 6-d�f;u�tel�· cover tl!e s-r�n(;O 1n 

. crton ( 1 1 )  

I'C�OOIIU'li�THJS tht1 Ut'S 0,!.' .h 0.00' 1•! �Olut1on itl 0.05 ;� :.,�Ot<.:tb�o..1U171 
lrycll"(;Xine �'�I: t1 s tr.n'·' rd ::·.t\11 fi vtts : t'l (J.boot· ,tlon curv{t :ror 

thi G r.c h) tion with nmlccul�'r �xt1nct1(ftlfl :Jf (f;2, )6()!J, 20' 

rmd JJ:.;,o eol•rf.t2t>(Jitlnt to the J,Jointa; ot uuxitun r-ni� :1tinlmum 

nbeor . .,tion at 2;>'), <J(�.;, _::1�.5 :H�d �71.� mu �qwctivel�. 

" colution of ntllnr otnaciu� dlrt:>tPI1lto (o.oo, n) 
,.,oo prat,JI<ired 1ra 0.0!) H J:nM).t\l' , ''tl.t�b!Um l'¥ox·ouue, 
free frO&� CRrbonf.!t�. \'be l9lUsot·�t1on oi' thie 
110l1;tion naG r.�tc.t.·r.tin�d ovor th,t rong\i �-15 to 
1;'7,0 mtJ, J•P-�winJJS being t�en llON:tt'l� �V\!f'Y 2 mu 
nnc1 ev\Jry o. �· -c1u near the pointl1 u1' m•1 xtna �Jnd 
r"�1n1M. · I.., t�xt1nctiono neor the PEli(it n t )71• � w 
were outt-idu the nor11wl rnn�!e of tho i n u1.l"U:len t , 
tlU�)l!c&te l"OAdinge were trucen on a er..r�. •. p lo of tho 
f<Vlution �;.iluted to 0.0015 lf �·1 t11 0.05 H hyt.trold.de. 
1 a ne1st t>lY or, (!ould be dcte t•.rn1ned oolGeult..r (!Jt t1ne­
t lonG (': lculntc" 1'r�n th>J two L.'Olttt1rmn rrreod 
CM.iCtly. 

·xt1nct1( n vt•l\H� s .')bt r in� a \'ere l.!onv'-·x· ted t;) 

"".oleculat• extlnet:ton cooN'1clcnt o to t ·t v� t.hv C1H·v� t;,.huvm 

in F'l . .-,; re r. 
;. 1e 

so cloae nt the minims due potu lbly to U1 pr�u!cnco ot 



4SOO 

3000 

2SOO 

200 

1�00 

1000 

soo 

- ) -

rtbr-or>tion 1.Ue to :nch t1n 11npu1•1t;y woulo mot4t nwrkerJly 

'the re.. tor� ocl t•.) :xi. ut1 ·nu r!lin1r-u .• poin to, l'�l\ciuge �re 
tr>kon from PO t nl r.�oo copy 'Jt• tlu: i''lgnre given Ly· Uorton, 

curve. 

250 27� 300 32S 
WAVELENGTH 

P1s.1 - " :>oorpt1()n curve .rcrr not')Gflium t"hrormte 
(n • . J.>3 ;, ) in potnun1um lcye1ro.xi1.let (u.05t>�). 
t'roooes �\-' ,reaent check 1o1ntv fl'l'>m 
'lf:!·tun' u en rove ( � 1) • 

· 

• • • • • • • • • 

corr�ct.ly l1[rJou nu N)• u!reCl no u\ljuutrnont. 
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2. ,;hole a o.r: �··oJ.vent 1'9}' � ;>eotropho·tomet.r1g 
ISP.t1m ... t1on of '.'1 t�miJl_r .B.tl�l·otuB_!· 

tll� r:.·,�·ctl•o)hotot'\1 t 11 c: u.tinw t:t<..n CJt vl t..JI\\10 :. 

!he t.olveate in 110at oo..oa uae appear to be 

, .. will 
be 41aoueee4 later, .- '*'01.-aa o'Ule1' bna lMHnl tound 110et 

autietuotorr to� ex�attas vltamla A -nd rel•ted produo\8 
Obviouelr tbe prooe�r• would 

be eiapllne4 and loa•• 41ue to c\eattuctioa &.trlna 

ew·pGrrl�ion ot aol'Yc' awi4e4 1r petrolewa ethe..r oou14 

rererence \o tbJ.a eolYent ftPpeera w be tbat o� Baxt.el" 

sn4 Rob•eon ( 1 ') who t"'1n4 tha \ the 1nt.nll1 t.¥ o� 

abetJrptlon la 'tlw 8111110 1n th1a eolYet aa iD othllDOl. 

l"tnroleua ethel' le nol'Ml.� uae.t •• eol Yent tor the 
eet1119 t1oft ot "be carotenoid pie')IMI!l'a but 1' aMJMd 

unatli. tnblc tn the neor ul trn v! nlet. · 1ncc .1 t t t: not 

on r<!pe�tte!\1 t-:lut1ll91.1on 1.n :�lllv {mt r•tt:t::mv.Jry, the ll�rer 
b�ll1ng frncttcns �ilt b� lo�t. 

1nVO et1CEl to the l! f.i'eCt Of ell n et� in the -..:Ot'li'l'Hli tl.on o£ 
the oolvont on the intonoity ot� uboorption. 

olven to V1C'rC Jrt.;><�red rrom f! er opl c o1' ,�ctr�.>ln1M 
t.ltbor of iJ .;iJ •. ln_· J.�•mt� 4; - i·o , t,O t'ol.lowa 
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. ol vcmte 1 - �. ·.-r .. �t1unrJ o L' � .... ll1r;g l"Fll'I(TM 
i;9-526C:• 5���,- �·.'·5\)C !'nd 6'- 67°t- roep"'ct voJ.3, 
obt1.tlnee b�· l'r,.ctlonnt1.n�: the ctHtlple. 

o.tv...:!nt -+· 

! olvcr:_Lj. ·m 'le •Hst.\llod on"e neing r�brn-t 
.tt�ect1onat.1n. colua.n, u.l')il!ng r-· .. n�e 4t - G6 '\ . •  

clvunt 6. � �.J l e ;mPtf'tct<l by rer;�.,tt."''-".l�l :...n 1ng 
-�·I th concent r·..J. t'eo t:\,lp.huric 1.c.tt, VJ •�� .. lne � th 

1'"!t·l1 · nd .•tt�tlll1nrt .t'l�on cnlciur.1 o.x1,1u ·�:. 
tleoor iu ... u bi' ,�h 1 bntcrt � 1 !;) • 

V1taa1n A al oohol na diaG01Ve4 ill the rcd1ot1llo4 
v•t�oleua ether (colv«nt 5) to give e non�entratlaD 
or '60 us/DJ. Allqoota ot tbla tolnt1on were 
diluted •1 \h the solvtnt• de•orl1Mt4 eboYe to et•• 
a ••nee � tolut1oDB eonts1Dtq 3• Go ug/JDl. (and 
1% o� aolvent 5 •blOh aar be M�lecteO). The 
appar�' •1tomlD A oootent or tbaa� eolut1onm tae 
e eti.Jiate« b� aeawl'l.ng the at1ncrU.()ft8 •' '25 • 
taking E�1 (,25 .a) oa 1780 (e .. later). Tblae 
meeeurom-m� ••• •• uelna a rot'ercncu cell ccm• 
ta1Diq (u} diatt.Uo4 \iith_. (aolvent 5) rmd (b) the 
aolYODt corre•ponc11ng to that in •h1ah the v1te1111l 
-" cUaeolve4. 

Th� tJppHrt:nt v1 trunin '' oontcmt� �;re .1.1utod 1n 

T�blc 1. 
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- i\p,:Hre.nt 'l'l tmdn A 
Het'orttne• c$11 oontn1ll1ng 
(") �tatllled (b) �orre�-

Qtl\cr f)(J)l�1l.ng 
r.o. · olnmt ( r.ol vunt f; '  l'!ot_v_mt 1 -

up/ml ug/111 
\ PotrolelJU 1\th<:X' - rt-ingc 

43 - 52°1: ;.. 6t,. .• �,,!;,. 
"' .. ctrolcut·l .th�r: - r··mg\;l ,. 

56•5 .,;. j;)•5°� )•57 1;. 59 

�· -·�t ro J. eu.ra ·.tl&�n· - t'"llngc 
6' - G!)0l� 3•G7 :.6� 

4· n.oa1dUfl t'l•om t.istilJ.ot1on 
or DNSplee 1, v. (tJ'ld ' �62 3·55 

5· C>nfsDitl petroletta •ttter 
. Ma lUH oa .. • Nhae 

48- 660o ,.60 ,.(IJ 
6. l"ets-olewa F;thor pUJ'lt1e4 

bJ �reeUac ·.s, th eulptmrlo 
ool4t waabiq W1 � oJJcaU 
8'04 4let11Uas troa Q•O ,.� 3•62 

• 

7· OM(!1Ml Pftl'Dlfta K'M• 
�.�2 un\reetecs '·75 " 

a. Sample ' plue 10J. benzene �Gt. "'· b1 , 

9· Sample } aheken w1\b equal 
Y01Uiltl � � �QQeoue 

,.,e ,. 00 ethanol 

10. OncU. e\111•4 Pe,t'Oleu�t Kthe• 
1'nm ·�� eruct• �-· 
bo1lilll ranp "' - 80 0 ,.o!} ,.,a 

1� 1e cl,ear tbl\t elllll •r1at1one in the 
compo$1t1on ot the tol�ent o�e not 1mportent oven 1n the 
near ult1-av1ol.et. �,...urt11lr4 {,.;1' th.e 1:-olv�tttt.! tH'.t <:rl11t$'in nr� 
1mp-ur1ty JJhich 'ppe:aro to 1tltet�t·ore ?tith tl'l-2- •.a�timrttl.on 
or th� ·.;i·t�.li.'U.n but thi" can b1l r�uowed i"Qr l;lf \UU.ng t.ne 
enme JiF.J.mple 1n th� rct'arcnc:e cell flnt.i provldot'L 1 t is 
c'l1etillri b�1�o1·er u�;;c, vetrole'JJn �tth�r ,;pt)t;<:�t'! to bu t:io 
s&ti�f.lllt:tnt .. y ��::. thf1 r-olvento tn more common \JGC J'or the 

evectroaeop1c eot1.nwtior. of vJ. tlll!Un A. U61ng �f.<)l vQr*ts 
1 - 5. s:1.m11m" e-•tit1r,nt!otu• were made -wtth G1f.1'ercmt 
oonceutr�t.Lone ot vi tiiad.ll .A l.�••r the .1'3\\8� 1.,&'J . to 10. eo 
urr/.m.l.. In rpll cnuee sn1•ee.ment between thu �ool Vt.:lntB 
wee ot- tho lH'J:t�e oroar tas thtrt fihowr .. in the 1: ''-ble. 

e ":lNF.\cly ttHtntionod petrolc'Um ether hno been 

'··nd 1 t "'*·e· used througbt>ut th � o 1 nvest1r;nt1on f>oth L'or 

v1 tamin t. ��nc'l. 1 te precursor. 

_ .. 
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,. �-wcet.rw-co,J1.o. ':OJ.U.:ttmttoJ .!.:.!lSl 
AbLorptl�rvc�� 

:,�inf t· th , tt•nJ.c!\H'l d.l\t.:l'1• :1no v:.Jtelll.'lt� �th�..nol 

. lcohol. 
t.UJ: ·l:l�tt t.t�· t.hL m.t'111fl ··ot..t•.% , ·)tn ·.n¥ ":i.th : l'tdll'' ���'cm 
V 1t10 •)f 17 0. .�,)' OJ !!J', u�,r: '- ' ' ;  Vc �, •• , u·o n�t.t•)•' !t:•·cJ 1t":r 

Vitnr:un .,.it �·1n ,lcr�llol � J1.'; tr!f', " ' ,... ( J� t'':>�vea 
rn-:-t_ji�oiut€! r.:th r..')j ( Jl-..01J!•T'E!d i'r'OM J'-r �t.Jt nol UJ I t�:ond1J')f 
ovc.:�r J'n(\ I 11+111Jr. t'l'f)(' !';'l.r'h),\f i{'}/\•t•fl ( .. f l("l'lf o'{it'tl') to 
• •1 V" H t.{')l'i(' t:-ll t [" � i (' ll ui �- 1 ' llf.:/ ,,,1. ' hi R V· ... t· r·n· Ul4.:J> ( llu t,-c;. a 
�1th �"tr..0111tt" ��th·nnl to ive c:nflC'OTtt� u, n 1f ',.} ltg/!"11. 
'l':,'l.! .-:-.L r.)rpt1on et" tllj,a f1t�lutlon ,.nd t• t.:olutil.>n a th(J vAne 
cnnecntl'nt.1.on in pt.trolwm. 4! th�r ;.rtl ��· t•eu r :'OM th\t vi tut�"Jin 
A coluticn uued 1D t.ho �rev1oua experiment, 1'/flO oeto1'111ned 
over the rnnge 280 to 365 JRU in eto"a o� 2 mu except nea� 
the point or rnttxllDWl abaorptioa where reAd1ft68 v1ere t�ktm 
�t 1 mu ln•ervela. Tho two �olut1ona wore ulGo u1luted 
to give s .range � ecmoentrttt1ona betw..m 2 aft4 10 us/al. 
nnd :t'ror.a tho reodJ.nga nt -' 25 Jr o¥ .tn�ee ooluUonu 1\h 
nomtnnl bttn4 wldtha or 1. 5 mu , &1� Ynluea were e�Jlaut.ted 
�or v1tam1n A oloohol in both eolvente. 

J:'qQ�n.o1!!· 1. The term • pctrolC'JI\ o�hm"' uueu throughout the 

theets in tll1e eonncet ton ( 1. e. a a R opcct rcaoo,)1c t..ol vent) 

re1'e�a to lhc !'6c11etille� Jro<'!uct, bo111ne rtm o flpprc.d:.otely 

tJ� - r.x:,o "'. 

2. '.i'h1s twr.t�le Me.\ be� dca�tc:ttGd b .. Air .r.il.\11 

� nd wae uoe\\ imt1edistel1 upon nrrivftla 
.3• Tbia eample, ttl�<' wppJ..1e4 by tlw r;,et'Jtm.'m 

:J'odak liomPrtn¥ ooneiated or o mixture o-r 90�·; (3 ond 101. cl 

1 · tH .. Cl!rutc:nc ent1wH1rma '.r:d ue-ct5tJI.!itt t(.;d &JOttifiL7 the 
r CTlt.i1 t 1 vi ty control ,. t • -p� I'(tx.1 .. :n ;. t tly .m! <.1 pool t i art. •'lH' 

o ul1ght ultet�ation of the tH:;n�ltivitv c:oratrol. 
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(, · ... r•ot""ne. :.O.tx.w C:lN>tono (l�2. 6 .rng) i'rom. u :r.s:-or:hlr 
o·cno.:cTt•,bt:. ""{:· f:1o.olvec11n l.>atroleum other to give 
·. c�mc�rt' Nltim tJf B�.� u;;/:nL 1'he1 t;ol�1Uvrlt�H:� 
f'lrrther utltltC<. to �."iVO 1. <:onccntr.tstion Of 1. :""6 u'r/ml.. 

n,, 1.h� ��·�r.or,�ur,n �-.,nt.up�d � t:. .:.,H '.'it• t�ln ver the 
.t'�me e  2�) to � � J mu. � '\mlu�Jo �tors ttluo e;•l0\11-

• tcd f!PI•l 1'"'''-l!!&C V 'I n1·�·i ��·"U:l. ci' ul.J.Utiottt.: 
contn1n.ing 1'ro;: ... . 1 to 7 t]f./t!ll. t 1.,50 Jnl .vith , n�mlnol. 
t. nd •. i(. th •;£ • � !!P.l. (See footnote q. previous page.) 

Cl) 
0 

z 
0 

1.0 

0. 

0. 

0. 

J-0 
X 
w 

0. 

0.1 

300 310 320 330 3-40 
WAVELENGTH 

350 

1:� - "lir.or·pU<:�tl \.!Ur¥8 roi• \11 l':Y.Ti\Dl -: �mn. 
ln .t'l:<•.i.:;, tilled ;:�etrolt:mn fJt.lH..tr 

360 

, ,-�----- �. c:.nu ot.n:ol\1t� t:thr..1utll •· � - ·" iv.O utn:t.l • 
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1•' r-:1�m ( 325 ltlU) vnluee oolc.-ulatott tram reAdings 
on rolu ,ion�· cont··i.ning between 2 nnC 10 ug v1 trt11'1n A 

per m1. (20 concentr.1t1onc tor e�eh caolvent) \?ere 17'5 
+ + 
_ JO �or nboolnte ctMnol nn4 1725 _ 25 tor vetrolemt 
ether. 1'.'lth1n the limitG of ox.H�ri�ontul error there-
fore, the v�.1oce �1'\��, be t� Iron au 1(1ent tc�•l f<H' the t o 

uoJ.vent& 1.n\l �:,.:roo �ell �ti th the i'tgul'"e vf' 17••0 oupt,liod 
uy tln� r.:entJf'f•ct•Jrcra for t.bc f'ruch1� pr,�pt red ulcohol. 

'i.'}lCre 1 at111 t OrtC C()ntrovercy OVOr thO truo '11� VDlUOO 
C!m. 

ror th� vi tnrd n but r-ecent wo r-tc ( tor ax,,m.pla 16) rn1ggeete 
+ 

that 1 t 11ee ln tho rnnee 1]80 - so. lt 1 o unltk:ol¥ thnt 
the vitsllirl preporntion ueed 1ll th1& e.U�tion e obaol­

utel.J pqre and tbe f'1SUl"O at 1750 ba• thereto re· been u ae4 

ln thie tn.-•tlgotton tor n 'nmln A aloobol in abiJolute 

etbf>nol eD4 ill petroleua eth.r, COD� '1ona belag 

caloulet.a in llliorogrou per llllllll tre Q 1Sll,1Pl¥1aB 

the ob•"e4 cutJ.ncttoD coeft'icdellt 'br t.be raotor i�/• .,00. 

1.0 
0.9 

20.8 
..... <{0. 
a: 
zo.e 
0 
J-o. u 
z ..,_o.• 
X 
I.J..I Ql 

Q 

0.1 

220 a40 210 280 300 3210 a40 310 380. 400 420 •..a .eo -480 �00 
WAVELENGTH 

i''ig.J - clbtJOrvt1on curv" for cnrotono ( :)(.>, /3 
und 10f r1. ) in red1e.t1ll\Jd t-etNtlf.."Um 
ether ( 4• 2G •·nd 12.78 nu/ml}. 
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The �1r.e ror the oarotone cample 1n potrolaum 

ether i s  mhown 1rt Fig. ,. '!'he point of mo nmum 8beorvt1on 
1f tor the mixture occ:u.M�ed nt 4-50 mu t�nCl the &; 0211 value cal-

culated rroza readtnge a t  thle wevolenath on eolnttona COilt81n-

1ng betw{lcn 1 antJ 7 ug/m1. (20 concentrat1ona) wo 2470 : '5• 

u o1ne the some tolvt�nt,}!orton { 1 1 )  ;1 vee a .figure ot 2500 et 

4'0 mu tor !3 c:&rotene but no .t"1t!ure oppenre to be uvo1lable 

for cL carotene nl though the nwx1Drum le ototocl to occur ot 

Jt�roteno conc�ntrat.1ono in U{!/Jill. htlve theref'OJ'ct 

bocn cxpreoeed in t er� of the mlxcd eam�le by mult1plrlng 
the obeervca extinction coetrtotent b� the tactor 104/2470· 

t.e 

1.0 

lA 

Cl) 1.2 
z 0 
� 1.0 
u z 
i= o.e 

· x 
w 

o.e 

liB·· 

CAROTENE 
(4�0 MJ,.L) 

VITAMIN A 
(325 M).l) 

z 3 4 .5 e 1 e t to 
CONC E N T R A T I O N S  I N  .UG/Ml. 

Aa ehOWD ln Figure �. eolutlona or carotene end 

v1 taJdn A ln petrol•• ether ober Beer' 1 tew o•cr the 

concentration range 1meat1gated. 1.1neer1 tJ wa11 not 

1nveat1gstec:1 s t higher coneentl'Sttlone ae the1•o wse e 

mnrkod decrease 1n repro�uc1b111t1 ot higher oxt1net1on 

Tho optimum l'ango tor tho 1na truoent coo 

• 
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between abont o. 3 and 1.0 uenal t.v unite. h.owlinge on4 

.ntt ( 17) obtained tho �eet r�prooucibilitr between o., 

uno o. 6 unite. 

4• :..qec1,Ac1tx or the .Jt'tctrophotometl1.o 
Ugthou tor Vi tv�. 

Tho ! root eet1mAt1on ot vitamin � by deter��n-

1ng the optt crll ltCrHJity .f n aolut1on at 32!> mu i o  bnaocJ on 

the aauurnption thot no o ther bUbbtancca �rdecnt in the 

t�olution ubsorb ot thin wa vel.cngth. Th1e OOt�Umt.>tion 1a not 

nornwl � juctiflod nnd 1 t l e uaua14J nccceGaJty to moke 

E-ome allo nnce tor thle 8Xtruncoua uboorption. 1-'or eumple 

lth tteh li ver o11a the observed �xt1nct1on i s ,  in etteot, 

reduoe4 br ebout i()f whtm converted to Interno:tlonal Unite 

to allow tor th1e lock o� opec1fic1 t7• 

The preeenoe ot lnt..tertng •tetttal can be 

detected fttoa an examltla tiOD ot tb• abape of' Ule all.-rptlon 

curve GDcl to fsotU ta\• thie oeer rmCl oo-wortua ( 1 8) haft 
euggee\ed tu plotting o� " ext1actlon rot1oa" ( 1. e. obeene4 

oxt1not1oD at &ft1 wovolength 41v14ed b¥ exttnotlon et the 

wavelength or max1mua aba�rptloD) . Thl• 1e a eonnn1eat 

syetan ainoe lt e11m.1natoa the ettect or aonoetretlon on 

the oppareat obope or obeorpt1on cun•• 

Koet ettorta to make a quant1tet1Ye oorreotlon 

tor tbe no.,..,i tamiD abeorption have bee 41reoted tower� 

deatrortna the v1tGm1n an4 eet1mat1ns ree14Yal obeorptlon 

at :;\. •x. f91' vl taaln A. A •tbo4 n1 table tor aoat eo lo-
tio De baa been deectribed bJ J.1t,le (1,).  AbaorpttoD et 

}28 n 11 ••aurecS rtrat OD the orlstul eolu tlOft ond agoln 

nf'tel' doetro)'1ft8 the "f1 t8lllln A br 1rrecUa,1oD w1 th ul t .. 

violet 11gbt. 1,rov14e4 light ot leaa than ,oo ., le 
excluded ther e ia 11 ttle destruction of non-vi tald.n me ter1nle. 

'J'L�.: method '"PVOOL'e to give oatil't¥�ctory rooulte 

in many ooae nna A row dote rr.1nat1ona wore cnl�rted ou' 011 
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l ivor extracts uo1ng it. In moot caeeo in thO preaent 

1nvoet1get1on however. the 1nterrer1ng matorlElle conetoteel 

ot corotene eno it. ox1dat1vo breakdown produate unc . ea 

would be �x�octod, theoe are aluo o rtccted bJ ultra violet 

light rmd tho method vtEU:I therefo n� fllJ tlDdono'd. 

l'rol!l thet1r ouEh.rvs t1ona or the r.thn!)('S ot nunorpt · 
ion ourvetJ ror varioua v1 tomin /1. oontntn1n.q r:w'(torif-llc , OAor 

t.nt oo-·,wrk�z-e ( 1!}}  bU[:t.,ICst(.'(l lJ rr.cthoc for <lot*SCtintr contam-

1na t1•)n b�aod on ... �cu. u t·tmlCn t1> ->f �lHJorpt1{Jns • t ;.oo { �10 

ru tioe ·,oorm/'�328m • ( _;310n/��,28trDJ) tlnd ·_,50a/328mu 
nro cnleuloted. Theec ohoula not oxceed o.r� , ( o. 91) e'nc1 

0. 65 rcapect1ve11 and 1� higher rnt1oe are Obta tneG lt 1e 

�n 1n41CGt1on that theme 1e sufflolent o.xtroneoue •tel'iol 

Obv1ouel7 

the nearer theae veluea opproaob thoae ror \he pure vt tol!lln, 

the creatu the l'€·11anoe whloh aan be pl.ooe4 ou the 11poat.ro-

sco�io eetimutlon. 

'l'ble method haa been w14elJ ue�e4 ( ') tor eorttns 

out aoluttone to t1hich c:.1reet opectroecopy ¥ or u,- not be 

np·�llod end l t  seemed thDt 1t IIIJ.ght be eatended � enable the 

1 rrelfffflnt obe-orpt.1on to be eet1Aated ond allowed for QUflDtl­

to t1velr bl oompnrtng the extlnotloo rotloa obtained troa 

meeeuNmenta at three ••elengtha wl th tboee ealculetecl tor 

pure v1taaln A.. . A correction or thia tJP• can ottl.7 be 

cnlaal.ated bl aaeuld.ng tbat tbe ebaorptlon 4ue to the 11\t.,.._ 

f'orlhB uteriol te UDNI' over t� •v•lOD«tb rense eeloct41d 

or more correotlr tbet the polnte oa tbe abeoz-ptton csu"Ve 

for the lrsterrertns •t�rtala oorreepondlQS to the •••lmgthe 

ahoeen ere eo-llneor. 

ovor a 11m1 ted wo•elagth ron�e and a method bau be eft 
developed tor oat1matlng tha o�ount of irrelevant obeorpt1on 
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OBSERVED C U RVE 
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Ccma1d•rtng Y1 Walft A alOOlt.Ol lD a'baolute 

uthonol., a b¥pothet1cel co ee 1 e  11�uatrate4 in Flpre 5• 

'fbo <1a.ahe4 l1De rcpre·.ente en 1clea11aa4 wne tor the 
1nter.tes-1ns oubt;tenoea whiah togetbel' with the vltalllD 1\ 

?rcoent ( dotted) 81•• the abeorpt1on OUl"Ve :tor the eolu�loo 

ehovn ae o tull lino. 

selected ea uu1t�ble nvolengtba en4 readinp g1v1ns 

ext111n1on co-ett101enta clonoted br the lot'•• 1� .n a1nd � 
reet)ootlve� are t•kera et tboee •velengtha wblch �preaent 

.A max. • ( ,A  ML - 1 5  m) BIU1 ( A ..._ .
+ 1 5  JIIU) .  The 

11beor:1t1ona duo to the 1ntertor1ns aubatc1noa at theao weye­

lengtha s�e denoted by ( x  • r) , ( x  + 2J) &nd x reepoct1velf, 

ao thDt tho ubeorpt1ona du e to vitamin A are h - ( x  + y) 

o t  325 mu, 8 - ( x  • 2y} 



aoterm.tned tor n ranf{e or coneent rat1<7no of v1 t��1 n  •' «lcohol 

1n t)oeolu\e etMnol, giving mean voluee ot 0. 846 on4 o. 771 

reer,ecttvelr. liubetltutlna the above valuee l t  tollowo thl.tt 
n - ( x • 2'1) • o. 84' ( A - { a ... 7) ) • • • ( 1 ) 

and l: - x • o. 11• (A - {x • J) ) • • • (2) 

� d� i ng these oquetlono ( 1 )  nnd ( 2) gtYBo tbe exvreeelon a 
B + c • 2(x • r>• 1 . '17 (A -<• +r> ) • • •  ( 3) 

whloh in \erm.a ot ( x  + 7) • the ll-S'OleYent abaorpUon at '2!> t.tU, 
redncee to . ,  

x + 1 • 2.60 ( a  + o • 1 e G17A) • • •  (-.) 

The ootual amount or liTOlOYeDt abaol'ptlon MJ 
conveniontl¥ be reclcl 41Hctl.J rrc. e araph OD whlob valuee 

ot: d • c - 1 .  '"7A ore plottect spinet & + r anc1 nb­

tr::Acted tt-om rea41ns A ( tftke ,.., '2� .au) to st•e tbe oxt1nct1on 

t\u� to vs. tatdn A. Altemat1veJ.7 eQUAtioa ( 4) IMJ be r•r1 ttcn 

to rc.l ve (A • ( x + y) ) , the exttnctlon dU o  to the Yl tol'llin 

)recent, otrectlv • 

viz. A - ( x + y) 

tvh<:noe A - ( x + y) 

• A • 2e Go (B + 0 - 1.617�) 

• 2. 60 ( 2A - ( !l + c) ) 

t�nd taking s�� ( 325 ftl) tor vt.temln A alcohol in Qboolute 

e thtmol se 1 ]'80  tl\!a beoOlllee a 

corrected eoneentrntlon or vitamin A 1n ua/at. 

a 104-/1780 X 2.(0 ( 2A - ( 1\  + C) ) 

a 1 l.,. Gi ( 2A • (B + C) ) 

Thl e  equation holae tor v1\ludn A t�lcobol' lra 

heolute ethanol onl,f, aince the eolvlllt and tho Btttte of 
the vi taJntn ( hee or eetlll'it1oc1) arteata t>oth the poel \ion 

o£ A end the ttbape o� the eune, but e1m11ar emtn t1ons maJt. 
w1 th new cOnst.ontcs cen be der1•od for other Golvente 1.-�nd 

for the vt t�m1n 1n eetur1tie4 fOrma. l n the cnee ot 

v1tt.lm.1n i. olcohol in oet roleum (fther. for exr.Hnv:t�, the 

rattoo '!',;1o1m/r;:,25mu ond R340�E325mu wm"e t'OUII \1 to be 
0.832 Hnd o. 756 reepeot1vel.y. 
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Hc nc o  B - { Jr -< :>y) .. o. a,� ( , - ( K � y) ) 

ond c - X • o, 75' ( A - ( x  � ¥) ) 
which by etmtlar culc:ula tion re4ueee to t 

.X ... 'f 
· nd oorrected eoDcentrat101l ot vi taai.Jl A. lll us/al 

• 1 '• � ( 2A - (B + 0) ) 

'l'he oatlma t1on o� v1 taatn A 1D the preeenoe � 
corotena 4ooe not otrar 9127 pftl"t1ouler d1tt1CNlt1oe e.t.noe 

although 08R)teno ao• abaol'b to eoae eahnt at '25 • •  thio 
can reedll.J be allowed to•• The ueua1 .. thocl ta to aeoeure 

tho 9ttnot1olllt o' '25 and �50 m ata4 rroa o tmowledse of 
the ratio a,2,.1.s,..,_ tor erotee to .OOI'I'eot tbe reo01D1 
t1t '25 111 ror tho abeorptloa ctue to caroteo et that ••e-

'l'bie cor-NOt ton 1 •  ODl� -.aUG bo-...e tor relet! vc4t 

pure ct��rotene elnce the ret1o 1a 1noreaoed br leoJBOr1Bet1on 
or ox1det1w aeco!l!l)oe1t1on end wbo" thta lloa ocaurre4, the 

uoe ot the l'tttio CBlculateo tor pure carotene loada to 

erronoouelJ high vttamtn A t1guree. Col'I'Octtlon t1gureo vney 
nnd valuee tor the ab•orpt1on dUe to ;3 cmro tene at )2!) mu 

relative to tbtat tl t  z..� !11.1 or n-on 5 - 10% have been ZO$ported. 

( 54,  ;;, 56J . ��hreftk, L11ker and Ktng ( 57) au asest the 

.t:'1gutte or !W eet1matod bJt extrapolat1ag the results obtained 

wl th partially 1 coJJutr1••4 eolut1one . as o rollnblo rot1o for 
vure 13 carotene. Aa ehom in F11JUrtt ' , ror the mixe4 

�rotene oomple uee4 1n thie 1nvuettgat1on, the exttnet1on 

n t j25 r.n.1 •• 6.15f, ot thot ot �!P m en� th!s c<Wreotion 
wnR uee4 for the epectroeooplo eotlmAtlon ot vitamin A 1n 
the preaenoo of undeoompcoed carotene. 

<.' & rly in tho 1nv�t1gut1on thot col'ld1 t1ona on<J�l' t1h1ch 
conver�ion or cwxutene to V1 tmn.tn A m1P,ht bo C>XJe:cted to 

I t  V!lJs neceeeA�J . thera.rore , that motho<le ot r•eooy ehonl4 
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be 8 �plic�ble to thc�o mixtu�ee . :\ lthough 1'Clet1vel.7 pure 

vt t'�m1n COtJlo u� obtnln &d tree trom moat tntertoriq IliA tor1al 

by chro�togrnpbr, it •�• d .. lrod to BY014 tb11 oa a routine 

method �e to manltmletlYe c11�colt1ea enc1 the probl•, when 
only omnll omounte lllllht · be preaent, or locotlq the v1 tomtn 

on tha column emcnpt a Dumber o� btlft4a, oU or wh1ab, at low 
concentratlone, ehowe4 aimllar r1noreeaenoe under ul,ra .tolot 

lif.:}lt ond gave oD the estn�doct columna , a11111ar reeotlna wl th 

-&e vol1d1 tJ ot the or1gl�l aat:�UJ�ptiae that the 
ubso r•ptlon ot lDterrcrins eubllt.mo• •• lllloor o•er the range 

310 to '40 • wa& t"toa bJ eaUutlDa the reeo'fePJ ot boWD 
nmounta ot vttuain A ed4e4 to eoluttona ot partiellF dccoapoaecs 

c•) rotcne on<S by exomiallns the obaorpt1oD eurYee ot OXldleec! 

It la probable thftt the ebrtngeo 

occurring 1n tbe abeorptton epeotrua or carotene duriDS dooom­

pooltlon wlll depan� on tha con41t1o�. caroteDo wee therefore 

nllcme" to deeompoee under vel'loua oon41UoNJ. 

A eolutlon of 011 rotetae 1n peroxlde-tt-ee et�l other1 
waa wrpoeed to dull Ught at JIOoa te11pwature tor •ome 
weelus. � tm;.>lea wel'e w1 thtlrown at ln�ervulo, the ether 
removed ln tt etreoa of nl'Uogen ot room temperature, and 
the ree1dUe tolten up 1n petroleum other. Th• obool'(ltion 
epectre ot theec aolutlone wore meaeured over lhe ronge 
;?25 to 500 mu 1n a tepa ot 5 JllJ . 

�·he curvfil8 obtained rare a.bown in Flgul'e 6. It 

18 apparent that oltbougb there la eoae departure troa Unear-

1 ty ovor the rense being COilo14erod, polnta on the ourvea 

.i·'ootno�e . 1 .  The pel•oxtcle-:trco oolv c:nt wae prop4ll"fKi 1rrun.e4 -
1etcl.y be.fol'o uee by d1et1111ng fi-om cbarcool nn<l u tew drope 

of' o trong cknut1c eod.O aolut1on, ethvl tther which hod beND 
u torcd for ocvertJl l1llyl1 in contact w1 th thee� r·cnst:nte. 
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'J.'ho aflmo \:Je t ound to L'P��l3 to the curve• for 1 eon:ter1 od 

c�-trotene ct1ven b� Zechmo1ater ( 20) oDd to N061nga tskcm o t  

th� three wsvelangtba on petl"'leu• e\tutl' extracte o� eoluticma 
or colloidul earotono wbloh bad boen incubated foJt v11r,1ng 

per1 o�e 1t �7°1�. ( �ee later. ) 

1.0 

<1).8 
0 
� 
<( a:: .6 
z 
0 -
� 
u 
Z.4 
� 
X 
w 

.2 

220 240 260 280 300 320 340 360 380 400 4 WAVELENGTH 

- curvea ohowing the 4eoor:lpos1 t1on ot 
caro,ene at rooa temperoture to c1Ull 
11Hht. Nwlbora ebovo tba aurvea 
repreeent eppQrcmt oe rotene NmD1tllna 
oa oat1ma�ed trom the extinction raua-
tng at 4� •· 

• • • • • • • • • 

500 

02iog the throo point c�rreet1on proccaure, the 

l'OcoverJ ot vitamin t. oddec to e nullber ot partlr oeeom­
vosod or 1 ao&criscd carotene aoluttone wAa 1nveat1rr&ted. 

A lllxture ot' COl"'tenc 1tomera was obtainc� b� 
ttenuxtns o oolutlon in vetrolwm eth-:r 1'or one 
hou r with a trace ot 1ot1ne equtvoloct to �bout 
Z" o� tbo cnx"'tono. Known omounta or v1 tnlllin 
t. wet-e added to th1 e  oolut1on ono to the eolut1ono 
of onci aed tflrotene c10I:lcr1bo4 above. Opt1tnl 
uenet t1ce oi' theEe aolutlono were then moo PV!'Od 
1> t  '> 10 ,  325 : na �4n mu. 

1'yp1 C:"Jl !'C!.llll tta oel ectoa from r. mrmver of 
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h ena lru • 
_,to 'AtD 
1llll Jib 

1 . 7,0 1 .tU5 

1.095 1 . 1 20  

0. 585 o. Goo 

0·770 0.740 

o.8i5 o.eo5 

o.,,, o.eeo 

0·995 0· 975 

1 . 1 5()  1 . 2,, 

1 . 175 1 .1 20  

1 . 1 ,., 1 .055 

1 . 065 O. ?,O 

1 . 410 1 . 220 

1 .  fiOO 1 e lf.'70  

Yit:.:.min :.. rtscovel't:G _u�Lml ccrroctod Correeoted 
un- carotene ,_ po1nt 

correcrte4 onb • iaethod 
10. 68 y.86 ,.kf,8 

6.88 f>· l+-1 ,. 21 

�07 ,. , ,.62 

�97 ,..,., '· 55 

5· 58 5·02 5·05 

6. 1 7 ,.,a �85 

6.8' 6.27 '-a& 

a.o, '·" ,. ,.., 

7·7' 7·20 '-'' 

7·1tJt. 7· 25 '· 15 

'·'2 6.6' 6.07 
a. (,O a. ,a 5·87 

9·85 ,. , 6.00 

It 1 a  apporent tbot eat1.tao,ozt¥ "ooyer1o• were 

obt,�1ncd ln oll ot•aea und 1t ia eona14ere4 that tbe -tbo4 

io oui t&ble tor the e•t1motion ot vt,smtn A 1D the pwaenoe 

oi thle tJpe ot 1ntertor1Dg material. It Sa probable that 

the �etbo4 cou ld be extended to other tfpea o� interrerence 

And during the col1 ree ot th1a 1nv•at1ptioa ltorton tJnd 
tubb� ( 1 5) lntroduced a momewhe t e1a11aP method �or ttah 

oil£. In thia metho� wevelenethe are eeleoted above oDd 
below A. 118x. euob that tor the pul'e vltamn, the flbttorption 

n t  thoao po1nte i e  a deftn1 te traction � the maxtmum. The 

froct1on ehoeon 1e 6/7tha ot the Dl1lx111Ull J-1nd tor vt tenU.n A 

al cohol in ethanol, ror exonple, reoo1ns- o� token o' ' 1 1 ,  

If �beorb1ng 1mpur1t1oD are �re sent 
the rat1oc, r-:31 1 m!t�3!"'5mu 1.nd l�}5• 5mu;E32�lll'J wtll tlo grontol' 
thon G/7thn 11nc. tl.� the ir.c•, .lt,vnnt r:•bt\orptton i h  not ,::,.rn llel 
to t.h� w�vulength a.x1 a, tt\O two rntios will not ba equal. 



Mot•ton e,nfl r·t·:bb�' Cf'lC\1 lft t 1on f!f'st n J lowG 1'or thi & t'kpel' 
by pron.··rtion nn� then by solvtnf,! t.'ft equation w1 th one 
unk.nown, thu �.beorptlon due to the YltGullin A. prestmt ls 
cl et �rnl ne et. 

inee 1' ta b�ee4 on the .ame p�inatplet the 

n cmn.•nt�Y at• thie mtttho(l muat b• of the oeme ordOl" oe that 
Of the Ua;Jthod ulr·tUl<\t del0r1N4 Wt 0.8 N J'O-lt � the 
3eleot1ott of wnvelcnstha una�trlo&llJ vleeed ebout '25 mu ,  

the eelculn tlon, eve wben r•41uce4 to DOaogrnrt10 fora ( 21 )  

1 B  eom��t more tedSoua. 

(b) Oglprtmotric Me!bQAJ 

S1noe the or1g1nel work ot DruaoJ14 an.S iateon 

( 22) eetob11ahe4 that the subetonoe preaeat la 11•era Whieh 

�-�eve o coloration with aulphur1c oold •• n tealll A, eolour 
toeta bave bea verr thOl'CM'ISblJ lmoatlpte4. ID 191J 

11.osmhe1m l)ftd r.ru11Jlo1td ( t') ahowe4 that oulpl\qrto edcl could 

be replaced by a number or other r•s•t• end abortlJ aner­
�;ardtl oorr end 1>1'1oo ( 2a,.) 1ntl'otruce4 a oonoentNte4 Golut1on 
of tlnttmony tl'1chloridG 1n ohlorotora ae a rcmge:nt tor vf.tam1n 
A. A nur11ber or other eoloul' r•ct1ana bllve been propnec4 

( 50, 51) but tlua hae J-81Ul1no4 th,: moot wi<lel-1 uoe4 colo�1met­

r 1 c  reagcmt �l�lt,ough 1t <JooD eutter f'rom a. nmnbe� ot d1asc!­

vt;.ntagea. 1t 1 o  unatnble nnd Ull'O).enaant to h&nt!lo betns 

�xtr�mely eygrol!cop1c nn4 corroa14fe, the cclour prot!Ucted, 

: lthO'\lgh intense, 1 a  troneie:rtt commonelng to f'Btle ol�t 
!m�c61ately, the oolcur tormet1on 1 e  lloble to be 1nblb1ted 

b�: t nterf'er•in� eubutnnoee and the reagent 18 not &lp&eitie 

.f'or vi tomin A. 

r esmtto th1 i t  ttua beon u etK' for the eet1matton 

ci' vi tnm1n "'· 1 n thfJ noU•6'lPl"m1fuble £'as1 tNeo 1TO!!'l � wide 

r�rre of runter•1 >1le f'nd hQ& btren .t"our. d :�:� the m<:lj"rt ty of' 
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mod1f1ca t1onu to tl�a or1g1nnl method llovu b�n GtJgqent�a. 
Uoosn rtm:lent o.f the colott� cevelop£u by ;>hoto<·l<actx•ic meu r u .. 

\,)f3 ou�t,eoted by J)onn ancS ltve� ( 2!)) hna fV'iJUtl;' emhonoca 
the Jt•ectsion o'r tho nethod and tbO u•e o� an 1Dtern&U 

otll n tli .. rd n e  rccomm.enc.'lcad b)' Oiler aDd oth.r• ( 7) baa e111Un-:­
�ted oourcoo of erro� due to tho poau1ble preeenoe ot 

colonr :tnhlb1 toro or promotes-e. other aoditioattoaa ae 
d eooiJ1bed in rooent NY1 ft8 ( 2' Bn4 �) do no' uppaas- to 
error cny additional oovontagee. 

PertiOUl8PlV OYer the laat r .. 1 ra a\tent1ou 

hM" however been ctlreoteA to•r4a tbe J.ntrod\JoUoD o� • more 

��ome ot the older methoda haYe bee 

the oripnel oulpburle oc14 teat in the form of' the L1•b•r­
�nn-DUcbard reagant oneS tr1-cblGNoot1o oc:1cl (29) bAa slao 

eo tar none appear to ottu M17 zaorte4 

dvnntap:ee ov.et- the oarr-Pr1ee ••s•t but wt th the liON 

precioo metnodo of colour meaDu.em-nt Qow a•ailftble, turther 

·:- or.k in �his t11rect1on m1rrht be o t  value. 

The chief d1 aod•antase o� the C&rr-PJ'ioe 
rea r1ont 1n the preocnt 1nveet1gs t1on wua, howeve r, 1 ts 

renct1on "1 th c�'u-otene oneS 1 te ox1Gat1on produ cta. J obnt..on 

-,nd llt•umonn( 30) hove lbown · that the :lntonei ty of tho L#lue 
col()nt· pztoduce(l by carotono .Lolution� \lt:p�nd� on the etute 

per 1 00 ug 
of ox1dot1on or the.: esm,t�lc. :..xproee1ns r\Joulte a-� ugjoi' 
c..-·1 rotene, thoJ hevo ehown thut u ox1d&tt1on [;)roceec1u . the 
11 r> H"rent vi temn A 1ncreaaeo trOll 5• 6 ug for i)•Jre c!lro teno 

A t  the oame t1me 

obel 11nd . orbin ( 31 } hnve introu.• c(,fu o now 
retarent i n  the rorr. of glycurol 1 ,} Y1 chl.ul'Oeyt..tv1n \ t..... 1.!) 'l1ich 

chl<'ride. •" h<; n  nixsd w i th 1.1 tiolut lon o:C •i tttr.til< in 
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to u ".��rm.ttne� ttn ttt 1.- hooe;- wi1ich i �  t1 t .. .... lt.; 1'-..tr fr<Jl'il 2 to 10 
m1nutea art�r hll.xin..;:. 'l'htJ reagent 1 s  not llygroeeop1c r.nd 

i s  uon-corroai v". '.!'he eoloUl' 1ntene1 ty 1e however <lhlJ 

n bout r,n�.:. �.\Wrter that ot tho Ce.JlJ--Pri oe reagent. 

rn a la ter publicatl<>D ( �) the aD&e sol'kera 

rc '?ur·tctl ·tbat Mome aaaglea o� GllB 414 not reocrt witllwt 

•• r .c:t 1 ... �t1on·' bf dlat1111q troa aattaoor trtoblorlde. )(oPe 

rccentlJ �ellketh ( '') bu ahon that the eotl"'lq pl'1nc1ple 

1s a• and that the act1Yat1oza •7 be ac:OOJDPllehe4 aon ai.Japly 

by tho o ddJ. t1on o� �. �droohlorto ael4. 

l'<tl)g�Dt haa been ue-.1 tor tbe eat1taatlon ot Y1 taalft A 1n n 
range ot me turisla un4 bae bee toond to g1"fe reoulta 1ll 

eood e.gretn�ent w1 tb thoao obtalne4 upectroaoopienllV encS w1 th 

the car�Pr1ce reagent (8 ,  '�' ,5, 'G) . 

It ep�oara bcnMver Ulat •• ill tba oe• or the 
,,urr-,'riee �agent , OI1n la ttfteote4 bJ oertal'D 1�atertertng 

.Ule, 
I i s o  and Jacobaon ( 52) recentlJ reporte4 the occurrence ln 
blood vla�ma or rectore •h1ch iOt§r�ere with th• glJcerol 
,, 1chlorohJdr1n .reaction •1 th v1 tWilin A end. C�Al"Otonoi4e llfh1le 

nll �-Jnd K\.:lloJ ( 35) �x(>4tr1encc:d a1m1ler C11t'i'1cult1ee nth 

cxtrncte et fortified poultr1 ms ahea. blood pla ... aleo 

conto1na m.ot()t•161EJ 'llfh1ch 1n1.erf'ere w1 th tlle carr- r1oe 
reaction ( 53) und recently when �at�at1na vi tamin � 

in l:I3Shea e t  the l'IOC!'let8t ot the ·>0\lltt•y f·epftrtm.ent, the 
{ uthor round thl�t this t.>eagen't gave higher reoulta ,'\tul more 

co'llpl(;tttt recovari;:a ot Ctdded v1 ttuain uf'tor r:.s p<'lrt1!'J ="�lt1on ,  

uue �· p�rentl'J to the proeence of 1nh1bi tore in the unfi:l >cm­
if 1 .0 extr•:ct1. 

�'O 1nJ Ol'i��� t.t\ tn ttaa IJVr l h�tle l�Cgf"roi U£ the 

r-t1Ct1.on of' Gl H '" 1 th •. ub�tt•nct:e rwlutad t.o vl tHmin ,. •...n<l 

the ctn•ot.·nec. ( .:(;) .nd 1 t v. � � e  ttu:mi ht thut 1 t Nicht voooee 

eomCJ E�dvuntaeee ov-.:r th� srt·- :rtoo �·�·•lJent in th1� r�et>Oct. 
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r� voln ticm of en 1·nt c�.c. J !"l i-Jt' r-o.xj u e-free ethyl 
eth�r v•o v.: o x,,osed to r:1 rruae t>unlidht n t  .t''Ot'l.Ul 

t�mp..-•x·� 1 t1H>o• r� t int�r·v/") 1.1.1 two .. �•·�Jil..Jl.e� were 
·wi thol·lllv..n t?imul 'Ganeou&l¥ nnd evaporated Gr...l.)nr­
�:.�.tuly to d r¥neae 1n �j atre8a ot n1 trogen ast 
room t �lliporeture. 

J.'he X"tt �1due from. one GfHnple wa s d1auolve4 1n 
· pcts.•oleur.s othel' 1uu1 the ebaorptlon meaau1'84 et 

325 1.1 na J•!P mu. 'l'he other Mll1due 1788 takcm 
up 1n chlo�o:rora. 1 al. or thl• aolu t1on •e• 
tre�ted with � �. ot ODM act1Yate4 abortlJ 
t>CJi�ore uoo b)' the ad41 t1ota ot f1!!. bl4rochlor1o 
kci d and the oolou� 1ntens1 tr eet1t�etc4 three 
minutes after 111X1DS at .555 aa ua1ua tbe 
nreakmb\n 8peotrophotomoter-. A turtber 1 Ill.. 
ot� thtt chlorotors aolutlcm .... tl'eatoel 1rl tb. 
8 m).. of a eolutlon of' aatlt10D7 trlchlorl4e 1ft 
ch.lorotol'lll ( 2,... w/v) . O•J.na to the oorroal•• 
ne tut-e or thta reagcmt eo lour lntenel t1ea ••• 
mea eu .. ed on e. l.aboNtol'J wll t colortuunu 
( 37) �tttber thea on the Bee� •• the apeetal 
carr-Vr1 ce reagent colla ( }8) were not evau­
f1ble to• tbia tnatruaent. The colorlMter, 
which •• o1" the ctlr.ot r•dtq trPet •• 
f1ttea w1tb a rea nltel' and oo llbrate4 uatns 
aolutions or vitamin A ln cblororo� The 
tnetrumeat ••• ad�oeted to reec1 1001� trone­
atealoD on e OODtrol cell conta1D1ft8 cbloroto� 
A o4l containlq tile 1 al. o� oblorotol'll 
eolutlan together w1th two �ropa or aoetlc afthJ4r14e 
we a aned 1nto the 11sht poth an� · the reagent adoet 
ftoa a reP,14 dolt•ol'J pipette. Pe-rcentage trena­
miea1on ne aeneur• tbrM eecoude of'ter mhU 1i1oft 
or the reagent. 

The peroen,ago corot� deatroved wa a eatl.ated 

1\rom tho dec:reaee tn the rea�1np at .tt.SO JDU at14 app&rent 

vi t�min A ot �itferent otegoG ot deooDpos1t1on wne c�lcul­
n tet.\ .!'1•om the rewlto obt�1nod by theee throe methodo ot 

in ='lgure 7• 

The rceul ta o.t-e eX';)ree1Se� 1n ug/100ug oarotone 

It to oleer tbot 01'1! rncte with aooompoai t1on 

{Jrot�u ct.a 1n tbo esme WllJ ae the oarr-�rioe reagent, over 

\llhich it duce not �•pl)ear to poeaeea OD¥ adventogeG 1t1 thie 

The vnluee obt�tned tor app�rent v1t&m1P A p�r 

1()r) ·'tR of uncccom:poeoct carott:tu� were 6.!,. ug ror tl1e �. o r,·­
:-�l�iee t'eflr;-·cnt ,  16. 8  ug tor OIHJ ana 8. 5:! ug 'tor tha n,,�ctro-
eco pie m�thod. For the oolor1cne tr1e 1•eegcnto, the inereoeo 

ln tht& 1nvcat1gc t1on, \�hor� v1tand.n 

r� ht'u4 b�en est1!18ted u.v the o rr-�-·rioe X'CE1[.'t:Jnt 1n th0 
presenc� ot unuecomi)o�ed carotene, the ubovo !'1f\H'e of 6.4 ug 
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20 Jo •o 
A P PA R E N T  V I TA M I N  A 

P E R  100 ).lC C A ROTE N E  

P1s, 7 - Apparea\ v1 taa1n A a t  cUtteren.t 
••s• ot deeoapoe1 tlon o-r a 
aolut1oD or C!U.rotee aa eet1mate4 
b� th• o�tce reaset ( oune 1 ) 
OlycePOl tUohlorob¥d�n ( oun-e 2) 
and apecr\I'Oacoploellr ( cum ') . 

• • • • f • • • • • • 

During the eourae or th1a woPil unexpec'ed 

d1f't1calt1ee wero enoounterec1 ln the uee ot the ODJI 

stability aepend on the psftt h1otory ot the reegent 

�:nd t.l thou�h roprooucible rewlte cnn bo obtained br 

oco �ting a uni�orm toehniqoe �nd by repectedlJ ohecking 

o�ninet B v1 temin , etanearo, the rcagcmt mu;y not be e a  

eutief�ctory �e o t  f1 ret 1m�g1ned. The rc:of!ent hvc.'l t7ctm 
ueod prev1on oly in thle leborstocy for the e e tlmat1on ot 

v1tnm1n I• 1n the l i vers of eheop enc! cettle ( }9) l\ tJ 

n\lppltoc.\ 1 1 t gt�ve nlmoet no colour with v1 tBmin . but 
wlter\ d1r.t111ed ft•tliTl ent1monr tr1 ehlor1do 1 t t�ave tci 

rclhtj voly att•blff violet colou r ,  L�� { �50 :rru) ?W El'.i 

Pc otnote 1 .  ·,·Ju.� roH,. •nt •1perJ uc ': 'l''J ct1c .. 1 t t'' c, r.. ·• �rr 
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e�r:li}hs , . 1't0r ntor�ge for 8 to 1 0  montlw in ,, u•.· rok bot t l e t  

�wo teut. �c1 H'ior to u a; e  .l n  thill exverim.�lfl; tont� \:�t�e round 
t�) ri V C  i C':. lOHI' 01' lower ·1ntt.·n�1 ty thE.ltl lJL l'Or'C ! nu Of 

J, f kcOnd outah of Or.Jr r;sve, OD t.!Ctivution, 0 
1· 

tJtsble vJ.olot coloul' ,  t.1'cm. u� tcrrnirl1:1d ft ue!'ore, 910 • 
.. 

Afte� otoroge tor onl� a few weeke tb�ro vga � aet.atsble 

A 1'ul"thw aampltt of the eaae bvtch 
. 

��a activated bJ tbe e441t1on ot �� hv4rooblor1o oc14. rne 
colour iD thla "aeo we e muaeuru4 et 555 DJ ualns the beolanun 

It woe found '&0 be atnble to? about 
1:1 ve mJ.nutee a:rter which 1 t tade4 alo1f17. 

mu) value woe 1020 which ia at1U oonatderob� lower then 

. obcl ond . erbin' s £1gurQ or 1420 tor thia 1net�mant ( 32) . 
•enkath { 33)  hoe l"'\.��orte\1 thut on utttnding, th.3 act1 vn tin �t 

t:.tft'o<!t or the 11 .. oecom�e more �-�rkacl giving a gren ter 
1ntonmity bUt lower et6b1l1ty of oolou�. 

in tensity wtth a ct1vuted etuaplc.18 on stond1ng he a  nluo been 
Ob$0rfctd 1n this 1nvGet1gat1on but 1 't 8PP061'«� to l>e .followed, 

on etoratJe for ,J tow uettke, by a marked decres�e 1n 1nten-

ili. t;v \ogethcr w1 th the reduced etQb1l1 tr. 

lt ie apj!erent tbat the conui t1onto ltov�rning 

1..11e t�euct.1on betwom �,�at1vated glJCel�l d.hih.loroilyt��1n no<! 
vi tamn 

. 
!metric method wee reo.•Jired the ,;nrr-,)ri c!c r( t"p!mt hSe 

1\l.l euch eatlratt t1ons were � r riet e;nt '1Bi.ng 

m1P,ht be Affected by 1ntex-fer1n� m.ntaro1.uls, "" intemal 
c.1tandard \'10 o �mployod. 
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Al th:->HHh theix• ori(jin:ll l)Vf,)()lt to not ova1lnblo, 

1 t nppcare the�t other workera have elGo er1 t1a1eet1 the (\I•ll 
ra1:1gent ( 4()} but hnve f'ounl' tmtt 1 t ieoreaaee the oono1 t1v1 ty 

of the (.;arr-.:rlco reagent. 'l'hie obsenat1on hna not been 

cont'l rmea , the odd1 tion ot ODU in the propo1•t1on rocon•ru."ndecl 

making 11 ttle dift'erenc:e to the Cllrr-l.,r1cC) beyond o ellght 

reduction in col()UI' atob111 t1 • 

.. bc1d oorthQP have come 1nto t)J."'oinan e recently 

:to rengeDta ror vi tomin A. 'rhO reoction of ,. ,upcr t'iltrol'. 

v1hlch le Cer1 ved �rom tbe ulumintum ctllooto minere l 

tnontmot�1Uon1 te, hs e  been reporte(J b� on'Orol won.n 

(4-1 , �2 ,  ._,) and r.Otlmcn ( 41 )  hae ooggested tbat the reaction 

roight be uaed tbr the guanUtet1•• eatlmatloll o� vitomln ,· . 

/lcti ve ted bentonl te 1\aa al. eo been WS«"'" ( 4,..) • Theae 

earthe, when ebakcrn wltb eolut1ona or YltGJdn A 1ft non-
poler aolventa ,  etve on lntenae blue eolour. 

le etable bllt camot be eluted oe woh tJtoa tile partlclea 

ot the eo114 end can ont7 be •tl!IOted bJ C011p8riaca w1 th 

colour etonCS&rde or by mesne ot o ren.eotlon trpe color-

1moter. 
. 

would probabl.7 comp&rc ravourobl6 w1 tb tNb3ocU•• oolor-

1metr1o oetlmat1orao but ren.eo,1on ..,.eur•eata are not e a  

rol1oble oe Objeot1 ve trnnell1• 1oft ree41DQII. 

involved la epparentl� a de�flretlon � tbe v1tamln on the 
surtaoe ot the �rt1clee dUe to tbe aotlon or a4eorbetd 

eulpburlo or hydroohlorto ao14 end 1• tberettore comparnba 

to the rosotlon with moat oolor1metr1o r•genta reeultlftg 

in the :fol"JJOUon o� aflbTdrO •1tllllin A (45) • 

forDBt1on botween this subetonoe ono the oclaorbetl oc14 
reeul ta 1n the uppoornnee ot the blue colour naG olut1on 
w1 th polnr solvent (Jives a �ellcm solu tion preeumnbl1 

The rooction botween 
vi tnm.n A nnc.1 tho ,, upor J�iltrol" eusseote n rapid 
1nd1reot method for:· the cot1met1on of tho v1 tatBin PfWtic­

ulorty 1n the [lrcGcnce o!' lnrc;oRmounte o� intori'oring 



cub toneen. 

'rho 0 l)OOrl)ti<)n Oj" tbe 80lUt10D 1n l)(4 troJ.cua 
�thcr 1 a  mwl1£1Jl't)d ut IL IMX. tor 'fitamln A und :ror 
' ·nh:/c:tro v1tmdn ' . 'l'ho eolu t1on 1 then tr.;,n toti "1 th 

n n etivatoo enrth wbiah aOaorbe the "f1tnmJ.n ono .>ceuiblf 

uthm· tnpur1 t1oc. ·xho vi ta!n.ln 1 a  converatoa to the 
r!ti�tlro tom und um 1 t 1u unl1kol.V that other ���r.� tor1t.ilS 

nornnll:l not.>CJC1 ute<l \\ t th v1 t&l'!l.in A woulG oc o.t!'ootud, 

ollttion with u .>olnl' t.�olvent etvee n eolut1on oont•d.nins 

the 1m&>Url ti es un<:hml(Joa on4 the v1 totlln ll tn tbe onhyaro 

torrn. 'l'he nbeot'.>t1on of th1.D flolut1on 16 thoo Jl'le&aul't-4 

Prom theDO roo01ne- and a knowledee ot the 

nbeorpUon ot pure v1 tamJ.n ,\ end oabv4ro •1 telliD A 1 t 

tK)Uld be poea'lblo to cAlculate \be DJIIDUat ot •1 tardn A 

but the <1U1'1ctal� 10 tat- hne bo011 tbo OOII.Plote elution 

ot tho llln.'hldro Y1 taD!n /, Dnd thle la a till be1q 

1nvoet1t,"ete4. 

It 1a amer�ll1 C!IOnce4ed that �otb �1 tamn . 

t•nd coroteno flre un•table to hent ond 11eht nncl moct 

"rorJmre recoOMcmd tha' oll MDl�'!Ulotlona eboUld bo earr1e4 

out in dull U�t and tbut unaue ll.Ofl\ ohoul4 bo ovo1clo4. 

'� idel7 <1U:terent lnteror-etatlona are how .. er placed cm 
thc ee proviaoe 1n 41troren\ laboretortoe. F.st 1rr.a t1on8 

nJ-e ctH'rloo out 1 n  l l lumtnnt1ono rnn21ns trom tlull ro4 

llnht �1th nll ite "ttcnunnt �1t�ieult1ea to br-leht, 
unuhaded lln:�l1ght while opt-rot1one anob &e oolv�t 

I 
ova.)or.nt1on ure eu t•r1oc1 C'I\Jt �,t · tumporoturee ronFJ.n� ft'Om 

U!C! Lo1 1 1ne point ot: tho t:olvcnt at norm�l preo .. tu•<ut 
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et.cp of o norm;l axtll&at1on procedure "eo therCJi'ore 

invetltlgstccl to uutermino tho •·mount ot light nne1 hest 

i>et'\u t!C1ble \'tl thou t riek of dcu.J truetion ot" the vi torntn. 

( tt) 11 .Jonifi eet1os 

5 ml. 11 aple uf' n �.tolutlon ot vt tnm.ln in 
ethanol wo� �ubjected to tho fb1low1ng 
trco tmente -
1 .  Hooted 1n •:. boiling wotvr• both w1 th 100 ml. 
or 10f OCJU couo potaDo1ma hyt1roXltte tor ono hour. 

2. l�etluxed w1 th 100 m1. ot 10$-"' ethnnolio 
potooh ror one hour. 

ln no cooe "fl& uny oeetr'flct1on of the v1 t&mJ.n 

doteetoble provldeO llsht was exalnd� Repeetlng the 

experiment• with eerotene Dolutton• pwe etJD1lar reoult•• 

( b) ff!O$ pt aROJ\Jll to Lllb!• 
A eolut1on cona1atlns ot a alatun or vltaml.ft A 
en4 carotene 1D petroleua ether •• eapoeed to 
C1ttuae aunl1aht ot opproxl•t•ll •ooo tDot 
cen41n lfttenal tv for eo• boure. t.teapl .. __... 
•1th4ram a t  lntenele ana eatlute4 epeotro­
ocoptcellJ tor carotene ond Yl tallln A. 

ln o almS.lor o.xper1mODt aolu Uoae ot v1 tomlD A 
in petroleum .stbv were plooo4 at <llth.reat 
dlaioneee .troll a wtndow through whJ.Ob dlft'uae 
t.•unl 1ght wae 8hin1ng. £oaplee were lle aa�e4 
at tntcl"l& la for v1 tomn A. 
J .. ight 1ntenc1 tl ee were n.eaoured at the tin.ee 
ot enapUng ualng a Genorel l.ectr1o �,boto­
electrl o �x�osure Hoter. 

No atto.pt woo �lde to 
contrn'l the l tght 1ntene1 ty ,  the object o'f tbcs ll:xPez-
1mont being Dr.Jl"013 to obte1n r.tl illea ot the noount 

?'heae rowlt& refer to pu re �tc!"1nlo tmc2 

the roteo of Ocetructlon wlll obviously be o1ttet'Cnt 

'vl th Y,lllrtly oJd.dieoa oarnpltto or in tbo prt.! ecnec c1� 
Hnt1-ox1donto. However 1 t would vppear thnt 1n moot 
ea see the loes ot• both v1 tnrtin /1 und er' rotane vrlll be 
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neg11g1blo providoa the 1>roduct of the time or oxpooure 

in t�uro by the light 1 nten�1tf ln �oot condloa aoeo not 

o.xceod tt Vtllue o.f about 100 et rooa tersperoturo. It 1a 

not neceaCJory thororore to tete the oxtromo preooution ot 
workln�in dull re4 light b�t ot the Qftme time lar�e lo ee 
v1ll occur unlceo the norr:UJl ltlborntory 1 llnt:'11nat1on 1• 

deoanpoel tlon tn crCReee �1 th t�J!4JCrature, C'..OiJVl�'O r'H;v1 re 
moro col!IPlete p1-otect1on uurtns eaponlt'1cat1on flnd eva P-
orntton o �  nolvente. ;o foot csnclloe bee been found to be 
e convenient lovel or 1llumtmt1on while bandltq oerotene 

otld v1 tetnin A oolut1one, ond then may tiAre4r be ezJ)()ae4 

to thie 1nteoa1 tJ ftlr a t  lea•' two bour.a witbout loae. 

eo 
' 

e o  eo I HOUR 

70 70 

60 " 15 0 
z -

z 50 � 50 
V I TA M I N  A < 2 HOURS -

< :1 
� .., 40 � 40 
er 1200 
� 30 f. 3 • 

zo 

I 2 3 4 
TIME I N  H O U R S  

fis.(! - t•ccompoei tton or a solution or vi tomin 1\ and 
C�'rotene 1n ;>otroleum ether bJ 11p;ht o t  roolJl 
tcmvoruture. I•'1gurea repreacnt �oorox1 ate 
li ght tntens1 t1ea n t  t1mee or oam�ling in foot 
ctfJndlee. 

f'\s,9 - · uconrpoe1 tion vf tl eol,,tion of vi tsrnin A in 
patrol(.Uf'! ethor oy 11ght o t  room tUini}Ct'n t'tlre. 



( c) :..-v,al¥?r1Jt1on o f  the olvm! 

�fter extra ettns tho vitQr�n rron the 
ooi)on1.f1ca t1on ml.xtn re 1 t 1e &enerolly nooeea�Gry to 
evt.&>ornte the ether eolution to C31'yneea ond to tnl-:.e 
the t"Cca1dUO U p  in 0 OU1t�Able oolvont for A()tsOy. 

eolut1one ot vt tom1n A and � rotttne in p croxiae­
f"ruo ethyl otlter were ove.vol�otou to dl�;,rnoao 
und�l' tho v�r1rus condi t1ono d<H,Cl'1bed in 'Jit,lJlo ,. 
•rlle rua1ou ea were tsken u ;)  in :.Jetroloutn <� thttr 
�no vltomin ,, And cc rotcne eot1t!tetc<Jr fl<H..:ctro­
scop1coll�. 

hvePCJgC 1 ecovoey r.e �, 
Me-thod of l�vopor�1 t1 on 

:tln ll red light a t  room temper-
r.l tur6 in a et ream ot nl trogen. 

Du l l  red light a t  55°C •nd the 
lnet trocee remo'let1 1n a otreea 

of nitrogen e t  room temperature 

Dull red light ot 5'00 OD4 takeD 
to t�ryneoe on wntor bath without 
: 1  trogen. 

ru11 red llltllt to dn'ne&a cm 
boiling W8tor both ( 5 alne. 
boa ting) 

Fs1rlr �npt light ( 1 500 toot 
Cflndlea end teken to dl'Vn•• At 
55°c. !�oaure to 11 �t enl 
heat 1 6 minutee. 
Fairly bright light ( 1 500 toot 
cane lea) ana tnlcen to dr,nne on 
bo111ng water bOth. &xpoaure 
to light and heot 5 alnutee. 

\/1 tam1n A Corotene 

100 iOO 

100 99 
-

9' 96 

9• 89 

a, 9 ... 

80 at.. 

I"l''m the reeul te 1 t le apparent that the t•P­

cl't!'t\trc of the Wllter bath 18 DO' illpopt'RD' l)JIOVit.\� the 
lol't tro cos of the eolvcnt nre removed �t l'Oorl tcr pertttur 

1n v lltr ,.•vm ot nitrogen. Ap�rent� it lo the film ot 

UlCJtt:.!r1ttl lef't On the ttask V�h1Cb 18 rrtOOt &\18COpt1blo to 
oldclotion or dcutn.tction by hoot. 
to cnrr·y out tht: uv :.por•t•tion 1n vury <lull 11trht. 



( ;J) f'"jrlraotio-g of the Vi tflmiJ\ nn51 f.,eP=';!rAtlqn, into a 
}ion-n m1 eou11 o 1 v ont. 

t.t tha Lltnrt ot this tnveatli!Atlon i t  npr>e'•red 

thnt v1 t8min scv!yO ¥7ould be oarr1�d out on tJ number ot 

or•mnl.! vu1•t1 eo lrtr'l.y l1vera. 'rbi& rJepeot of tlttt 1nveetiR-

CX;;><.!rim�nts �re briet•l.y re(J()rted hero uincc th�.--y etro o'£ 

6omo inter�at in tha�olve�. 

-
( n )  �traet1 on. 

It �>Jt•t' found tbbt s��onl:flc:wtlon ofi'crel: the 
rroet convenient �tnd ef:f1c1cnt Jtlothod ot ..<tr�.�ct1ng ttearueu. 

)r:ov1dod he6t1ng .ie continua� until 1 ll the ll1Ctt1r1n1 �aooua 
into aolutton both ethoooUo ozad ooueoua potaah on equvl� 

. olu'tton ia normtJll.v aore rop14, bow�er. iD 
thu cthonolie modiu� and mat be eocolerate4 br ustns � 

\ oring 8lendor to wepcnd tho t1ot�'l$ 1D the alcohol. U 
th1e method 1e u•e4, . the Blcndor jer net bo t1lld4 w1til 

J1 1  trogtm and tn-eoaut1ona taken to uolude au oqgat �r1ng 

the eomm1nu'\1cm otberw1e• httaVJ loeeca ot v1 t811irl ore 

11ablo to OOCUP• Thee& loo�• are not oonftned to tho 

o otunl blending t1ma but hoYo beoa t"oun4 to oontlaae et tho 
rAte o£ up to ten peroent per boUl' on a tonc�1ng at rooa 

temperature tollow!ng commtnutloa. 

( b) Wtatr1aot&og ot \ho VitglB tk9Ush the lr.&-vor. 

noth trom the polDt ot vlft ot the �etolon 

ot t�le v1 te�llin end ot do,orm1n1q Ule alD1mJJa aample mtcb 
moy be r&gnrded oo NT>Neeatattve, i t  1a ot lntcreat to 

know thl- ulotribution through the 11vm-. 

·.e.rc cqt .:;'x-on the liver 1;n d �1 v1dcd into socttono llfcie-Jl-

· ' 1.  tmn1n contont o:t� thuno 

ue1ng the nothod o1: •"'ialluq • no noct'i'er ( l�G) . 
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BOTTO� TOP 

SECTION 3 

F lg.1_g -

SECTIOt-1 4 

CONCENTRATION� 
I N  J,lC/CRA� 

�latrlbutlo» ot v1temin � 
tbrough a ahee�• • 11•� 
P11\n•ee r�reaent aoncetre­
t1ona tu us{p. troeh weight. 

• • • • • • • • • • • • • • 

In tJ<1�1 tton e number o t  random eornplee or vnr1ouo 
\':t:!ehta were aloo tla ayec. 
vor1�• t 1ona 1n Y1t nm1n eont�t tJN Mown tn Tobl o  � 

t A B J. S � 

le 
j ondor.l o••mvloo dOBOl'lbed iD 
t.�'ig.10 

1 2  1 gm corca uclecte4 &' l'andoa 
1 2  5 sa eorce •elected ot r.ond<XIl 

1 2  eom�.,)lue t'•mglng from 10 to 50 tt.m1J 
\'halo li'lel' rtineod tmd ea time tod -
(; t.S a t tm<"ft1ono. 

22� 
2,6 

231 

2¥> 

238 

2' 

48 

1 3 

1 

6 

n. tu1·e !'r�:r� point to ,>oint «·1 th �� ten lt rH'� 1' 7' :1 rrtX1 tcr 
'·'U r tll er, 



... 

cnnt(:nt 1.n the 1 1  v e r .  

( c) 

The v1 t»min A eonteat of ttlrt�ote prapar d t'rom 

three uho�� 11 vcre wae tl8t1mated ueing e number ot' tbe 

r.\ethoos gnve rcaulte 1n oloee agroematt. 

d 
l l roct e:! t 1tnF- t1on ot :S�5 mu 
uo1ng 3 point correction 

V1 

neotx'l.1 ct1 v e  i rruc1otion teotmQue 25.8 

�lycerol a1oblorobJdr1n mathou 2�.0 
Corr-.Jriae recgent - ua1DI 
'l'lntomote:r 2,. 2 

... ,. rz-,·J•1oo reascnt .. photo-
eloct J"to colorl!.,eter 

one 

1 �·9 10. 6  
1 5• !$ 10. 2 

15.8 10. G 

1 6.0 1 1 .0 

1 !).0 10., 

:e e11 rcnult i e  tho mean ot a t  lcaot thrco detar�inat1ona. 
( d) 

The ueuol method tor enraettng the Yl tom:tn fftom 
the eapon1f'1ea t1on mtxturo te by uh81t1Dg re�tctlly wt th 

Th1a method doca not lenu 
1 toulf rt�l-liily to the aeaaJ ot large nullben or ortmplea 

s1neo, os uelllortbed bU workua aueh ae Oaor ond otbora ( 7) , 

1 t tnvolvee Li tcd1ou• eeri .. or un1pulat1on&, ''12. 

rep .... n toti l! xtre.ct1one wi 'Ul, ether, tlto •ebine o'£ these com-

bin� CJl tt�ec '-U , nv thl..ll' Llz·�1ng oou evnpor•:1 t1on to J !'�n oo. 

t ther m<.thocG �u· e cdupl�r. d1opt�no1ng w1 th u nunwur .of 

the £tep& ( e. �· ' nvlo& ( � 7) ) but !'1Ve low rccuvt:,•1 er:: nt 
the v1 tt'ln1n. 

( 48) sug�ectod '! ni:thot:. t o r  bloo<.l btlsed Hl � uittfJle 

o�trnct!on \'1 1 th i,>t'! t rol ·mn other f)fld th1e motho(t huo b m 

u p  ,lice) to l1vor cxtrt1cte by \.o llup un., Hotti"i''CJ' ( J,.G) . 

'l"OVt eeO the ttaltt tJ  011 to b e  C1Xtrnct0d to H<• 1 H�tod tO 
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contAin �ppr•o.ximf• tel.y 50;· othc�nol and 1u elud<on i'o'l' About 

tro ninutca w1 th an Cqtu�l volume ot p<!>troletn� ethoze, the 

vi tamin ic qu�ntitAtively extracted 1nto the epiphwoe an� 

ainco th ·�re 1e no change in the relcttve volume• o� the 

luycr.s , 1 t may be (..'S tlMl"ltCd bJ Wlthartiwing an flliquot Of 
the <�ther. �hie ether oont o1ns 9 traee of ethanol but 
1: n �hC>\m in '1'6ble 1 , ia n ev  ertl'loleea n ao ti efac\ory •pectro-

ecop1c �olvent. I' hoa been f'ouna that the ethenol , weter, 

ether rr<�t1os nre not orl tlcol and -� be varied bJ at leaGt 

1 0; wi t.hout spproolablr a:tteotlna the relatlve volumea or 

the etY1c1tmcy ot extraot1on. 

repid IH'3Dtit'at1on or th«'. two l&)'ore giving 8 clear ap1pheee 

Vlhioh m�.11 be eetiaated immedtately wt thout preltalnttl'J' dry­

ing. The reports bJ earlier worke� ( �,,27) tbat �ctrol­

aum eth�r waa not a eatlatector,r extroctsnt ane that tbo 

vi tamin could be completelJ reoovQred on11 after a large 

number ot oxtruetlona, OllD on17 be a ttribUted to the uee 

of a lcoho l, wter, otbor ratloa w14e)¥ 41tterent tro11 thoeo 

The erttctene,v ot thla elngle extract-

1on woe checked for e range or conoentrat1one o't carotene 

ancs v1 t8Til1ll A. 

:�tondl'lr4 oolutlona ot c•rotene and Yt tamln A were 
prep�.red in ethanol. Th ... were diluted to g1 ve a 
eerlee of oolu t1ona contalniDI troa 2 to 10 ug 
vi tfllll1n l ... and 1 to 7 uc etl'Otette per llll. 10 ml. 
ali guote ot thee• eolntiona were atxed w1 tb sn equal 
volume or water end obBlten w1 th 20 llll. ot putroleum 
ether. �nmpleQ or 'he epiphualo la7ora ware w1th­
ornwn and eet1m.ated epectroacoptcallJ tor vi tftm1n A 
or c sro ten e. 

1 ccov��·1ea averetged 99 ror 'both a�rotune ancl 
vi tmn1n A v1i th o uev1ot1on of .!. 2 • The method h'1El been 

uocd extr.mC� 1vely ttwoughout thia 1nvest1g�t1on nnd hoe 

prov�d most Stl'tiafs ctory. ! t  1e simple nnd convenient 

and heo given reliable and reproduc1olu r ·  Gults.. . It 

brcnke tiown howc!'v<:r in tho presence of more th.�u nbout 5 

mg. of rst per ml. or ether, nnd tho percuntoge of vi tcU\in 

cxtrncted docJ-ell ae£1 ro .Jldly ae the omount of rot 1nercsoea. 
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1nc<.: ,,an:� of tho smn;ll�s to bs ntanyed did conto1n more 

th:1n th1� nr.wunt o f  frtt , efforts weru mt.H h .. to overcome this 

uiL r.i1vnntngo. 

The fate may readtlv be romove4 trom eolution 

oftcr scpon1f1cat1on to troe aa14a b1 preo1p1tnt1on aa 1n-

eolublo aoapa. It waa toun4 neoeeaar;y to ahoko the aoQp 

with ether s1nco o portion or the v1 tUllD 18 alleorbe4 on 

the �rec1i.>1 tate end at thla atege a nullbOJ- or the e�p• 

tendoa to remain iD uuepenaion in the etber la,or. Th1o 
�roblcm wae overcome bJ the uae o� z1no aalta ea preciptt­

anta. 'l'h<t z1nc aoape leave a olear ether laver, bu,, 1n 

oomm.on Vl1 'th moat o\her aoa pe ,  are eolable 1ft ether' onc1 s1 ve 

nn oboorpt1on 1n the 325 mu region. Thia abaorpt1on 1a 

not lineur OYor tho range 310 to � mu eo that a correc,ion 

cannot be ���11od. Copper alao g1vea u a at1ataotorJ pre­

cip1t�ta and 1a epito ot 1te pro-oxlden' propertioa do oe  
no' cmusu G l\'  cltoompai tlon ot the v1 1aa1n dlal'1ns the ahort 

t1mo of contact. 'i'he copper 8081) la reac11ll r•o•G4 f'rom 

eo lu.tion in tho ether b7 ebalcing Y1 t.h cUlute •LU10n1a but 

the ooppe� ooapa ara so eolable 1D \be ether tbat there 1 a  

su tt1o1en11 OJ!UIOftlua eoep f'oraect tn th1a Hftotlon to intcrtlcre 

w i th the extraction ot tbe v1tam1n. The v1tamln A paeoeo 
1nto tl\(.;. ether wi \h tbo copper aoapa but 011 ahaklng thie 

eolution with emmonie aome ot tbe vit� ia r._eAtruotoa 
into th� hyllropht.l&t! due to the proaenae ot re�t1v � largo 

amountu of or.unon1um eoopa. Tbe method Oooe not thor�rore 

n··;,:Jt:Dl' cu;>able of ttxtcme1on to ta 1r- aonto1n1n� td.xtuz't:s. 

• • • • • • • • • • • • 
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� }-( A I· 'l' � I< IX 

l'J&e ObeJD1£B,l Conversion ot (fnEQtsmG 
to Vi tnm1n A 

r.1 ttle 1ll known or the nteobaniam or the convcr­

oion or c9 rotene to vt tem1n A 1n the aalmol bo4J• t.t tb.out 

conr.rl do ring recently l'(lpctrte4 biological n14enoe · whl eh will 

be ultumaecd lot or. tbo etruatUI'O or Y1 toa1n A 8UB808tS thot 

1 t 1 a  ror�od through the t1•1on ot the c:«a'l'81 double bond 

or !3 c:orotono, one molecule ot which would then st•• ono or 

tVJo oolecoleo of the vl tollin 4epon41ns on the eourwe ot 

the renot1on. Alternat1vel7 the breek ooal4 oocur At l.tny 

other t1atil.c bona, s1 vlftS oDe loas cha1n molocule which then 
undorgoeo degrada tion until vitamin h le 10� A reoatlon 

or t·t1o lotter tJPe woe oug�-eeted. bN J.iorton ( !)8) in 191,0. 

�io tvoulcl nppoar reoeoDeble tor a 8:fmmetrlcel molecule 

vuch oe j3 carotene but lt woold be et:t.tlault to oxploln 

tho biological oot1v1t1ee or co�otene conta1Ding onlv one 

(3 1onono ring on tbie aawmptlon. In tb•e UD8JIUiletr1ca l  

moleculee, tJ proteren,lal et,act on one o r  other termlne.l 

ring oyatem would be expected l'endering the carotone• 
b1oloe1eoll¥ 1nact1ve St the ettDok were on the 4 tonono 

ring or ot acti v1 tJJ equal to /.3 carotene lt the othor 1'1DB 

�re conaemed. Aa bite beeb pointed out bJ lfUD-1' ( 5') , 

in the o:dd8t1on ot et carotell4t with alli8Une l)erllillg&n.ete, 

1 t le tho (J tonone rtng which Se att�talced �1elcUnc on 

••pocr,rotln&l eontetn1ns the J.. lonone rlng ( Go) .  d._ 

ourotcno meht be exPOcted to bobeve e.t.llliltu•la dul'lng 
tho procoa·· o� 1n vt vo oonTua1on nn4 therefore be 

1nuct1vc. In taddltlon chemicol theorJ 1e ln f'avour ot 

f1es1on �t tho control bona ( 5' ) .  

:..�l)erincnta 1nvol. vlng the chomicBl t�esion of 

th.t e f.�Cntl':\l b1Jn<..1 \re thert.!!'Ot'O or 1ntcn•ont o1ncu they 

nny oueceot 1JOBu1ble couraee tor tho 1n v1 vo ounvc1•u1on. 

l·lUntcr t'n(J i ll!mna ( 61 ) br•ouuht noout thi� \.lOgrs.dntion 
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retinene. '.i'he optimum tompel"oture tor the poroxldo oxldtlt-

ion wns }B to �.o0e 1Ult1 nun to!' ( 62) conetClera the uee ot 

hyorogen peroxide e clooa epproaoh to biological cond1 t1oDD. 

ne ottributoo tho oxtremelJ poor J1olds obtn1D84 to racononco 

einco 1n extended conjugated eretoma eaOh double 'bollCI loeoa 

eome of 1 to double-bOnded oharoc�r to the ndgbboul'lna 

�1ngle bone� on4 tho et�eot abould tnoreaoe towa�de the 

centre of the eret• ( 6') . tr lnttee4 the 1n vi� oonvera-

1on doeo pt'OOtletl t!ll'ougb etn11al' Naotl-.., lt la po oS.ble 

that tho goometatioel. oonftS'I•at.t.oD ot tbe (J oarotene moleeule 

or somu t"orm or 1Ddllce4 polarlaatlan • ., render the oentrnl 

bond more eueceptlble to attack en4 eo iJloreeae the �told to 
t leoat tho 507 n01'11811Jf obtatne4 blologlcallv• Hlghor 

homologues ot HUftene dJ.d not t1el4 rettneDe on tr•tm.ent 
w1 th brdroeen pepon4e ( 62) tncUoo tt.ng tMt the aldeb7ct• le 

tomod by t1a11cm of the c�tral bond or oaNtene aJ14 not b¥ 

&ruoo(;)eeive dcgrndatton. It: s-etineDe la ,_,raect, lt ahould 

be roodil.N rodUoible to \'1 temiD A lD tbe anJJDS.l bOGr end 

rooentl.J Glover• ooodwin anct uorton ( �) ban c!CIIona tnted 

that thie re4actlon oen oocuP. 

Ooaa and uc?arlane repoatocl Vle bfdl'ogan perold.de 

oxldotion ot �rotene ualng oealum te\rod48 aa ce tal,at ( G5) 

ond found thll t the reaction proooedod to \'1 tnmtn A alcohol 

ln yialdc of: ,0 to lh,. ot: the theorettoal.. Ther eona1d01" 

th�t ln the proaence ot the oatalNet the oentral bond te 

br-olten by Bimultnneoue epoXide an4 41•s11ool tomntlon to 

give a oompountl ldenticol wl th that poatula ted �or the 

Oonni�zt�ro intermediate. Thie 1n te"aeelate, a ccor�ing to 

l·'rcdoohal"�r and .�ouboetfer ( 66) then unc5ergoes �oorrsnaa­
m�nt prior to f1eo1on y1 eldlng on moleculo o� v1 tAm1n h 
ond one molecule ot vi wm1n ,, nota•· . 



n • CM • CH • R li. • OH - 0 - CH - R ( I 
OM 1 on 

R - CH2 - Otl -" HOOO - R 
V1temlrl A n lcohol 

Ox1 dot1ona w1 tb bJ<lrogen peroxt4o at low temp.. 
. 

<treturea are cone1c4Jeve4 to involve tbl tree b¥ctroll:l1 ra41cle,. 

• rm, an_, 1t le probDbl" tbat the oxt.&atloa ot unooturat$d 

hy<lrocorbo� , which 1a nccelel'Gted b¥ oatat,ete euoh ee 

oBflt 1nm tetroxtde, JIJI&J aloo take place througb the eame troe 

r,-dtcle, 1 te tmmec11ate precuNor 1ft thla eaee being the 
relntlvelv unstable tter-ec14 (67) • 'l'lm.e lt eoaaa Ukclr 

th8t the contrel bOnd ID18bt be s�tocked bJ the h74ro�l 

rcdlclco to gtye a gtrool. 

involving tree mr«roJt�l reaiolee lt le not acommon ror 

chuln breakinl reaetlone to occu• roeultlng lD the ��ntton 

of dl-glyeola or epoxlda • 

- cu • en - + • OH --t - yH - OH -
OH 

- C.R - �;Jf - • . on  � • OH • OH -
I I 

OH � 01l OR 
� OH • OU •  + H - on 

' / 0 

It le pcael ble therefOre that thMo bo J!leactlone 

eou 1(1 occur togeth.. al vtq tba eusaeatd llatormedl:lte. If 

the course ot � reaotlaa ie oe euggootoe1 bJ Ooec an4 

.'4cl"tlrltlne, lt ohotJ1t1 bo poaslble to t.eolote tl'olft the rcact-
1 on mixturo , e compouna wblcb baa beon reterred to ne 

c• vi tsm1n A oo1d , ln Qpproxtmately the eaM �enti t� ec the 

vt tem1n A 9leobol. Th.ia nc14 h88 been egntheeieed bV Arone 

Bnd vttn Dorp ( 68) . · It h.ne f) nuud.mum abeo.,.pt1on u t  31r.; mu 

\'f! th t; loe r ·: vul.\l�J ot ncout 4·�!>· 

'\.'hie suf!meets on 3lternvt1V0 course f .. or the 1n 

v1 tto convc.re 1on ont1 lH::eauee of thio and the unm:mol type o£ 

�cmet1on involved, the work of lioso �md t!.c,·'u rlun� was 
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rcpooteu. the roootlone vero corried out ut e tampcroturo 

ot 35 to 40°c , tho or1g1nul wo1•kcrn having foiled to record 
th<.:1r temporllttn•o, 

� cl'rot(,cne ( 50 mg) waa &Ueeolvo4 ln pe�ld.4e-tree 
ethyl ethet- vrev1oue1J dried over an)\V&'oue eoatum 
tulvhe te. 'l'he eolutton wsa ac1CSed to ea))Jd.roua 
uoc.UUJ'l 8\.llpbate ( EtbOUt 10 gm.a.) lD 8 tlGik ttt\ed 

1 th a reflux condeneer and otlrr1na ctevic:o end 
huatcd to eboUt ,.ooc. Oealua tetrouoe (about 20 
Mg) wne acUJetl tollowe4 atter abOUt 1' 111rmt• 'bJ the 
d ropt�1&c nch11 tioft ot brdJtoson perox14e (2 al. y;J, 
�olut1on) through the oondenoer with oonatDftt etir-
ring. The he ttng waa contlnuecl until the colour 
wne? �1 achtJrged ( obout 10 minute a) onc1 aurt1e1ent 
BOdium btcor-oaate eolutlon ••• then ec14e0 to 
oettJ'oy the unreaote4 pcrox1" e.  �htiiD the etter-
vusctnoe bad cea•ec:J1 alcohol 001ltaln1ft8 a SEll 
or.tount of oqaeoue potaeh woe added. Atter 
thorougjl ohaJd.DB Ule lowett 1e1•• wae cl180erded, 
the otl)er wuehe4 ee\'el'al t1raea with water, tJrle4 
over nnhydroua eod.lua eulphate Oftd evaporated to 
d ryne e e  undor nitrogen. 'lhe rea1t1ua wne take 
\l J in petrolauta ether and 1 te obeorpt1on mo&aure<l. 

Typlool curYea for tbe pJ•oc:tuct oro ehown 1n 

t.O 

•• 

. I 

MO MO MO 
WAVE L E NGTH 

400 

i ' l.q • ..ll - 1.'�':.'t c� 1 cur•ves for th1.1 pro� 1ut 
af th� o.�tidution ot /3 eu;rot(:JnC 
w1 th ll:,1c.rogen ;�rox1c1e ··na 
om:'l1um tctro ... iuc. 

• • • • • • • • • • • 
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Tbo curveo v.rc oll or the WJme gonorol s.hOpe 

ohowing n chor� mnximnJ!l u t  nbot.tt 325 L'lU ,  o point or 

inf'lect\.)n nt nbout 33)  to '40 mu onc:l n aeeondary JDAx:itDl!ll 
or point of influatlon nt tJboot -,70 nru. The eurvc• tJl"o 

n.:;ru� v·l th that publ1 ohec.l bF Uoae And Me'Fftt'lane, th• (Jmo.ll 

<..1:ttfc renc...:l$ being due Pltobt.ably to eligbt varletlone 111 
tl'le ren otion procedux'ea. r� proGuete pye lll'-D.•e bluo 

coloure 1 th the carr-.�rlce l'OAgeQt bu t  the 1Dtene1 tv wee 

not n& ereu t ea wool4 have been Ol(ltected ftDtiUlli'lDI the 

cucorption at  �25 mu to be ent1relr vltQaia A ,  aa4 the 

b ln(IJ colour tade4 more olowl¥ than tbat dUe to •1 taaln A 
olone. · nr thur tbo cunea obtalne4 m-e etyptcel or the 

v 1  tmilin indicating the preeenoe or other a�batanctee 

t boor•bin� in the regloa ot -'25 mu. 

The pro4\1Ct wee tbeNtbre chrol!alltopapbed on 
ralumina ( :I. · .u. :tor Cb.roJD&topepbJ) to ¥1•14 t!Wee "thcr 

,..,J th the , ·urr-£�1 .. 1ce I'Oogentt ttU thrco bantae pye colours 

vor:: :.>imilutt to tbat given bJ Vlt6111D r.. The baade nro 
elu ted, aie �olvod 1n potroleua ether anG \belr abeorptton 

curvee mc�uurod 48 ohown ln F1sul'e 1 2.  1\ watt llJ)parent 

tru,t the zone g1v1ng the abeorptlon c:unc(1) eonta1nea ooet 

or tho v1 tu!Di!l 1. antS rechrollft,opopblq thle aolutioft f!tlVe 

'· llloro oe1."1n1 te �oM whoae obeors>t1on oul"9e ( 4) �loeelJ 

rc�mblcd that o� v1tfua1n A with a uld.mua ot '26 - '27 mu. 
'l'hc lJluc coloaJ- obtained on tl'•ttna thla aolutloaa wtth 

t.hc .. arr- 't•1ce reogoa' appeaNd to be ot tba e�me. bt.'tC Q 

tht1t pre;anco4 bl tbo pure vi teulliJl and hc!G4 t}t ftbout tho 
t..J1'l8 rBte. It 1a -probSble that eortG1D loaoe ot the 
v1 tumin occurred ,.uz-lng tbe pur1t1.cat1on but even ullow­

ing tox- thoo8, 1 t aeeno tba\ t  tho clflira ot ,o to 40. 

conversion of' O!J .ro t cne to vi tmJin otu.ted on the '· orr-

·ri ea colour in high 1nd o figure ot 1 5  would be more 

acctJreto. 
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The cou rao o� tbc reo et ion � be .rollO"Ded 

from : 1 f;ure 1 3  which ehowa tho abaorpt1on opeotrn � 
ca.l!\P.!.l-tl ir·'t�T\ et lntonsle dur1nS the oXidation. It 

l t. . • ') .:, r�nt that 11 t tlo action tpltoa plaoo until n !"'tcr 
the l�chll 'thm of tho h�·droeen �t:roxiOe wlu.tn thcro ia 8 

!�t.t,,!ll J.ncroooo in tl\e obwrpt1on i.n tho n·tt• t• ttl tr>J 'Violet 
�:1 vine 1\ �Jt'Vu ooJ!tu1thnt oinil.ar to t.hat o£ tho final 
p.t•oouct. 'i'bo tret.tl"'.ont w1th b1oorLoncto :me! 1>0trJch coos 

how&ve r n 1 tor the ohn po or the cur-ve oltg:htly t.luo 

z·oa1doo frotl thoee wttt.'lh1ng we thcn�1"oro cxtroctcd 

novornl t1nce with ethyl ottter ,  ac1<11�1ed nt th byOrochlor1o 



The proc,!u et 

ohowecl a ��<:n�:t•n l Ht.cvr. . . •tton ovfi1r the tttmp-q inv�et1f:(8tUt1 

( 300 t<:t J;OO 1W1) .d thmt th{1 oppca�'-!'neo � :my peok 1n the 

elutttd und d. ot.� ,.  v�<.. J.n ���troluurn '-:lthe.r gfive Mt hbeot•t>tion 

.tta ld : .. ll:.u 1• t h\i(JU t ,:.G� l'Sl Gnd nnothet' save � tO�:tJdcaua t:at 
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t�.togea in the ox1d8tion c� � 
carotene wl th 1'\ytlrot:en pcrox1du 
und oam1um t\2tl'OK1de. 1 - ;; 
tlurotf.!nca, 2 - h c �nt�d. to 1;0°{·. for 
1 5  mina. w1 th osm1iti; tctro.xide, 
3 - 1 ?  mine. �rter ndoitton of 
hyd rogen pcrcntlde, q,. - exc0oe 
p�roxidc d cH .. tro¥ed b�f ecuJl\U'Il 
bi cerbcmHto.. 5 - 1'1.nt"l product 
��rter she kin� ,.,i th potHch �l,Jt1on. 
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!�vcn 1£ t.ila \Yholu of tht) t; 1Jnorpt1on ftt 343 fll.U 

had been tlue to thfoJ vi ta.min A t•cid, howovor, 1 t �ould 

havo b�en equ1 valent to leeo than bolf the �11 'em:.Ln A 

i eolo tcd .. Unleeo the neid i u  un£tuble under the coJnl1 tione 

of the C2{ ,o rim.ont t1uo t.o tb«t corbon¥1 group con,3Uga ted with 
the ' oublt.' bondo, �heee obeorvetiona ot'f'et' no auppo.rt t·o� 

Gf,EH· rtnCJ ' 'al·'nrlanc • .u Sllggeated meohoniflm. 

1!'n:•t· 1UJ:n pt.Yttox1 ut> �cpl..t3 c0{1 oemiua tctroxi:iJe .t.n 
H Tt'llr>l.n�r of h,•,-orcgoo ·�aro::d Ge o.:J.it\8 t1cna �hi le copper 

l�etlat1ona 

C3rr>lcd ont uaing thc.sc:t reagonta. ,'.l.J,\OB'b no reaction 

o e l!t1 �ret1 with cop-, er cull)hate Bnd wl th vun. tl1ua pentoxiue 

tlle rcsct1on opb)eared to t'ollow a CU.:tferent couree yioldlng 

m.einly proo.:Jcta obeorbine belolt 3(>0 m wi tl1 12.ttle flbeOl'P­

tlon in the 325 mu region. 

It hnd btnm GJasul\le4 that the prorlu et of the 

ro::ctinn !.s tn tnot v1truu1n 1'... '1'hi s  ie b�ued on 1 ts 

Dbool'pt1r.m mn.:d.Jmm nt uuout '25 nu und 1 tG rm�et1on �1 th 

'!'het'4t it. tlw poeaibJ.l:lty, howavor, 

tlw t tlla PJ:'O�luct might be the di-glyaol. fOt'Il!t:t(l by the 

• da.l'ti,...,n of two h.yaroxy sroupn to tllc c:cntrnl double bond 

oi' j?J ea NJtene. 

+ 2. oH � l< - en - nt - n I I 
ou on 

'!�his compound doeR not D pptwtr to ht•Ve been 
r!repvred but 1 t 'I'OtJld be ex�eeted to MVe �ilys:icel 

propGrtien ,,ery e1m!lor to the)ee of vi tontin A. 
�bpovntion f'or tha el ycol would b� in the :25- mu rew1on 

r.1lnce only conjngJJted doublP. bonde f1ft'ect tttti :JOlSi t1on 
of ;\. ( 11) , the onl� ei'fflct or the r.ooond set ot . r:'lli .X.... 
!'1ve ""'Jnjugtated double bondo eop1lrated 1'1-om the .!'iret 
by three oingle bonds being to Oli�rox1Pately double 
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ln addition the glyeol would p�obAblr react 

e1n11 arl�r \»i th colort.mett•i o reugantn oo thtlt 1 t would 

be d . 1.1'1c."•JJ t to 6lo t1ngu1sh 1 t from vi tam.in A . 

I t  bholl1L1 bu pos 1blo t., di st1ne111 \h cdlcai cnll.Y 
between the ;::l:rcol Hn<l v1 tondn !. �no t.h� t1im.�l�tJt ll.ethoa 

fJV'}�r\id to b� by o.:<.l.<.ii siniJ the com.nmnd 1 th �rio1Ho 

li' the COli! )0UJ1(l iCI 
t.he gl.�'COl i'r)l'r.lt1cl u�r thu udOi t.lon of two h.;ltlt"C)�l g.t'oUtlO 
n cr�en thr.J c:ontrnl t.l01lule bond -:Jt f) oarotune it r-.hould 

y1oltl en t.rc.:!Lt»umt with iH�rlodic :•o1d two mol�<rulea of 

r-etlnt�nu ( vi t.Nmin /_ cldc.h¥de) tlt.ur<:oe on o1r.lilo_. tr utnmt 

v1 tr.•lrtin i '�ould be una1'i'octe4 ( G9) . 

e�1od1c ec1d ( 10 mg) d1eeo1Ye4 1n o �ow 
m1. of ethtlnol vao aaaed 'o an cnhrl ether:' 

I}Olu tlon ot the crude product ( approldtnetoly 
G lDC• celculste4 oe 111 tautn A) obtained tram 
the o:d<!nt1on ot ;'> carotene ueing ot).mJ.um. 
tetrox14e snd h;r dJtogen pOl'Ox14e. After 
atnndtng 12 l1oure !l t room tempe��eturt>, thu 
rcaetlon mixture wa. o�'rooted sever 1 timee 
v·i th di lute equcoue potosh. waahed with water 
nntl driod ovc1• anl\vdroua ood1um oul"bote. 

'l'he Abeorption epectrum ot thie tsolu tion cUd 

not dli'for o1gn1f1cn.ntl.y !'rom tb.nt ot tha originlll. 
tHWO.xJ. dO orleiatJ.on produ ct. 'l'he peak in the .�25 m 

region �& o unch�ngod nnd tlutl'e wee no 1nel'BDBe :ln 
ntteori>tlon in the .r�gion ot /\. max. t:or retinon�. 

tlJo r.lycol on�\ 1a moat p�obablN v1 t-amln A A id  ort; 1nt.lly 
aug��eatoo by uoou om.l l.'.lcFerlano ( 65) t�ltl"OUf(h the 

t.'lochnnie� ot the l"ec�ction btU.\ not �·ot boon QJ.uoidntcd. 

A t.i  wi l l  be di acuorted ln t, r tho el._:col 1s of 
oomt' intm"est us t:t �)ooa1bl e 1ntermed 1ote i n  the con­

vorl)L.,n Of cHrotcmo to V1 tamln t\ in the nuimel boey 

\'11 th 0 Viulli to o C't«#l'Winlnc.; 1t� vro-vJ.tutaiT• v c tiv.i.ty. 

In tht: elnc1dot1on o'J: tho Gtru ctu!'e or tho er rotenc.:o 
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Noutrnl -potao iurn permtlngnnatc 1tl 3Cetone 

1a corrnnonly nued nG r� m11(.! rcn(!ent f'<a• the forro.£�t1on or 
;tl.ycc·tla t".l"\.l m etltVlonic oompounda but 4oco not n,o� ,un.r• to 

It waa &uggoat�d 

{ 71 } thnt this 1•engcut at low ten�.v�rr.� tureo zrdght 

vref�Jt�ntinlly uttt)clt the centrflJ. double bond o1(3 cta·otcne 
to (:;ivu thtt 1'C qu1rcd glycol. 

;3 cnrotcne ( 1 00 me� ) weo ( i s�olv�d in 
rect1et1 ll�a ncetone ( �0 ml. ) �ne the 
�olut1on c:oolel\ to -5 c. 1 0  Jftl. or �q'J 
ooueouo ooltl t1on of potoeoium porm.anga.nato 
( 2 1nr/ tnl. ) ,.m �  �-; l1t'l0il ntHl tho mJ.xtn�c hel d 
Dt -5°C �or t� houre. htter f1l�6r1ng 
off the bx·own &rec1yl tlltl$ o-r m:mgoueee 
.,1oldde ,;hioh formed during the couttae o£ 
thtt r•ee c:tion, the acetone "OfJ removed in 

u otrcom o� nt trogtm and thO reel due tnken 
\JV 1n petroleum ethe.r. '.rhle flol'ut1cm 
abe.orbe4 !wavily below obottt. ,00 mu but 
gave no 1nalont1on ot a peak in the '25 Sl 
region. 

'1'he ool\)tion \\'�$ ahrontPtogr.r.t phe� on nn 
Alum1n1um ox1d� colu'mn on� the �brome toar�� f�ovel()ped wi \h p�troleutn other cont�1nifllt 
5( }Mt!Uume. Tho extruded oolumn ,.ns �1nted 
w1 tl'l t\lltlmoey t .r1. chlor1. de eolu t1on f\fttl the 
bnnda givinn- a O(l)lornt1on with thl n � e�7t;::ent 
rntt,·h.l nicHll;t s�pP-ratec.'l �nd elHtet} wi.th �.- thr..nol. 

,\bout flY{ ot the carotene woe l"tlco-.et"e6 uncbartged 
orHl nonG o!' tho producto showed abl!orption (.1'(3t;ks t·bo11e 

�0 mu .  

rC8ults. 

in m1et · �th¥1 ether ot iolline &nd •'t�rcu 1"1 c oxi t1e, 
l•$!j Ct�t r0f':l<i3.!y wt t;h untta tur,teo �ompoonrls to �i ve u 

h,.:,.J l'01odnt1vn ,)t"ov.uct ( 72) which "1t'ly l:!'i!! con•<="rtea tc 
the di-gly(.."'l uu tron bt ent w1 th oqu �:�··e potn,..h ott 

OOl!ium d CCt.t.)te ( ]J) . 
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t1 cnrotooo ( 26.6 ng. ) woe dleeolvod 1ft rolat 
perox1do-f'ree ethyl other on4 the oolttt1on 
cooloo to ()bout 10°0. Prcehl.y ps-cclplteto4 
nerc:urlc ox14e ( 20 �·) woe ocS4e4 tollowoo b� 
the Oro'Ptfloe adC1 tlon w1 th contlnuel •bekln3 
of a solution 0� iodine ( 12-r mg. ) oloo 1D 
othJl ether. A rHpld reset on took plnoe 
�n(i otter uuout ono hour moot or tho carotene 
colour hod bgen dlOchnrsed and no t'reo iOdiDe 
oould be dctt.'!Ctetl. 

j fter t1ltcrtns tho eolut1on uao cxtrocte4 
oeveral t1moe w1 th aqueoue votoos1ua 1o41«e 
to r.·�ove aercurlc 1od1do, vosbcd wlth wetOJ.', 
dried ana evnporntod to drancao. The reeidue 
Wt" e tnken up 1n otlwnol cont:J1n1ng ;· aoclluJG 
ueetote and tho oolut1on boiled unlhw retlux 
tor ono hour. ; .n eoollng VIO ter uaa oclaoG to 
re�oa the alcohol cono<Jntrat1on 1lo obout '!Pf 
nna th0 eolu tion oxtroctcd wltb pet�lcu� etl�r. 

1h1o p,. troloum othor oolutloft obowed a general 

:1boorpt1on ln tho ncnr ultra violet u!th & broad but 

'rho ronet1on 

ie being invcJ)t1gete4 turth• 1tl on Rttanpt to lnorooae 

the y1ald ot thie oompounel ones to ef'tcct 1 ts pur11'1eut1on. 

• • • • • • • • • • • • • 
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Si H ;, P T I·; R ± t.t 

XJw Vonv��s.J,o.n �t (:n&·o�oo. IQ V.t.'fnmln...L. 1 n �lle · qi,mal >Jo�i:• 
· 

( B) The .!4t! o[ t�O!lV�£§!1pp 

'l'he t•ola of: the oarotGI\('0 �6 �reOUl'l'SOPS or 

vi tetnin . roe e titl.HJ li eh eel obout 20 y en.-o ogo by Wl�l¥ 

wot'i( oro in tb1 El f1 o la ( 7lv-7'J). 

r�·,,orted a high v1 tn,�1n A otorngo in l1vore ot rata 

fed fl caro1!ene-rloh d1ot. At the Gl)J!H:!l t11II! the 11YOl'il 

t!ontolnet\ 11 ttle cnrottmtt tm t the converse tJo true ot 

09roteno ono llttle v1tom1n. 

h9V., l>�en amply C(')nfl�ec1 bV t!Oboequ�t work�o, were 

considered bN Uooro to lndtoote the Uver e� the rdte 01-. 

oonveraion or carotene to vltsm1A A. Thl o conclu oion 

1e conatatont wlth man, other flndtnge reported ln the 

11 ter�ture. For OJCamplo t anmase or poloontns ot the 

liver ueuCilla l"'Wlte tn aeoNneed bepettc storage ot 
v1 ttlm1 n A ( 8o, Si ) ona on J.apatred abll1 ty to OODY.-t the 
ctn-otene to lbe v1 tamln ( 62) . It was conc10erted that the 

trona:ror ot tbe provl tamln a.croCil& the W!'ll of tbo 1ntoot:lno 

dcponded on the formet1on of a wat••aolublo, dlttueeblo 
eom.,lex with b!1e ect1cl8 (00, 83) .  !rbe OfJrotene we them 

trnnavo»te4 ln the form o� � ool�otdal oolut1on (64) 

to tho 11 1/or wbere 1 te oorworsion to v1 t�mln A thl-ough 

the flCt1on or the et\Q'JnO •• erll"'teneee'' 'flf\ 1)  ae .. um.oii to 

occur ( u. e. 85). 

i"to tUrcot ov1eenoo ot o eat1eto ctory ncture bDa, 

�o"evor, borm aavanod 1n eu'ot>On ot tbie conelueton. 
tf the c:onvereiott aoofJ oacur 1n the 11 VC!- throu;;th enr.ymc 

sct1on, 1 t should be poeetbl� to demonetrats the t'orm­
�tlon of' vltmun A in vitro by 1net.lbot1ng curotene with 

whole 11vere or liver extl'aota. In 1931 Olcott ttn4 

tA�ccnnn ( 86) clullncd to hnve efi�ected the conVEJI'ei(')n bp 

incubott.ne colloida l  CGrotone with fl'c&h rot live.- t1seue 



or 91th nn AQU80Uo liver axtrsot. 'fhey noted a d1a-

lilppea rnnce ot crH--otene f.l)nd the tormnt1on o� an t,bfiorptton 

bond w1tll a mtodl411Jr.1 t�t 328 azu oharnctorletle ot vltomln 

A . Theee chnngeo d1d not take plnoo when the ttcaro\al«lae·· 

bnd been 1nact1vatod by heet1ng. Theoe f1Qdlnga were 

cont1rmec by Hlr1ent1 onu l�all1 (87) trho detected bv tbo 

t;tJrr·-Pr1ce reoot1on, the :fort!l1\t1on of v1 tamt.ll A when 

collo1aal caroteno �e 1neub&ted with �1nood dog liver 

and von Euler and Klueemonn (88) working with oxtrnota 

o� cow 11vere reported an 1ncre8ae in tbe nbeorpt1on et 

328 mu on incubation �ith carotene. More recentlJ 

�i1leoo, Ahmll d and lla BUitdar {89) obtained poott1ve rocrulta 

with rabbit 11vero uradereo1os enaorob1c auto1Ja1a o a  
ln(lioated by the ttlet.\pp8!irsnoe ot carotene ond the 

�ormotton of vitamin A eatlmated ooloriaetrlc lly. A' 

the tJnae t1mo, othcsr- workera, ual.ng elatlott teobn1Queo, 
. 

hfive been tulable to aemonava te '�llY 1n vt tro conve.reton 

of onrotene to v1toll1ft A. t.rhna Ahmo d  (90) end use 

fmd l'�.rummond { 91 ) could adt deteot the �ormot1on ot 

vt tomin A on tncubotlng corottme w1 th cot llver propor­

otlona ond negot1Ye reaulte wore aleo .reportOd bV Dru ono 
nnt\ llnc�ulter (92} �or robblt l lverD �� when the 11Y8J' 

aolla were ollo•ed to toko up carotene �m tb clreuletorJ 

ayatem prior to 1ncubot1o� 

In the nbeenco ot tllroet ev14onoe to the cont�orv 

hcmover, the liver rer:elned, uatll reccmtlv. tbe generol4t 

accepted e1to or oonveraion ond the 41acrepenc1ee between 

tho reeul ta obto1ne4 tr the various. workere llave been 

ottr1bute4 mn1nl� to spoc1ee d1fferenoea. 'i:heee 

· d1f'ferencoe ln cru•otene netobolism ere well reoognJ.ee4 

( 9�) and the negBt1ve resulte with cot livera, tor exomple, 

eould be oxolntned. by the inab111 ty ot theae tlnlmo·lo uoc:ler 

normal conditione to ut111oe carotene oven vhen 1 t  lo 

�dded to a v1tom1n-dot1c1cnt diet (85) . The orlg1nol 
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uortc o� Olcott ond !(CC ann ( 86} was cr1 t1c1ee4 by WooU 

r)nd Koore ( 93) who allowed thnt tho t'<>t-llV) tlon ot vi tar.d.n 
1. bnc1 not been conel,tn1vely <!etcbl1ehe4. In oll other 

eo sco VJbel'e poet t1 ve retml to hove be m cl tmed, at the 

m.oet only troecc ot vi tnm.tn 1\ t.p·)ctJr to hrtve been fomed 

ond t.ttcee in v1 tro ex�>or1mente connot be ro��ul'cietl ao 
pr0\'1c:ting eont'ltut1ve evidence ot eonvere1on 1 n  th0 liver. 

��f:t•orte to tlcmonotrt!te thu conv<31'e1on 1n the 

11 v r oy· expe r1il'\<:.nta o1' s a1fferun� ty ve aleo suve 

conni oting rettUJ. ta. In 1 930 ��olft, overbottt und 
F.ekelcn ( 95) , lltling o method o1' pBrtiul hepatao�. 

olsi%1'1e'' to hove der"on otruted the 1.rt. vivo eonvoreion ot 

oerotene to vi tomin h tn the 11. vcr ot rt•bbt to. A 

port1otl o t  tile livur f'rom v1t�m1n h-uef'1 t!1ent r••bb1 te 

wao romovod tind lt8t�AyecS �or tile vi t�A�tn uot.na �n,lm.ony 

tr1 chlo:�1<.lo. Hhu .on1mnle then reoot.ved an tnj eoUon 

o1.• corotene into tbo c1 roul�t1on nnd tltteP �llree dfl,e 

tho v1tnm1n oont�nt ot the r�eidu&l liver ttaeue wo• 
c! eteminetl nno wno tound to be eonel<lerttbly h1ghar then 

the 1n1 tittl e!:mplc. These f1nd1nge �ore confirmed by 

�,rununond ond >1aQ'� al tor ( 92) bU t  more recent 1nvoet1gnt1on 

into the phyetolosteel vnlue ot carotene tH3m.1n1 torecl 
et.horv;1ue tbon by the oral route hPve given coni'11 et1ng 

roi:ulte. Thue r.unsc, l..cnae, �,tcenbock nn<� ooumM ( ?6) 

f'oun<l that vi tomtn A-dct1 c1cmt ratu could ut1l1ae intra­

pori toncully or uubcutttDOOUBlJ 1nj cc:te4 collo1dol cArotene 

or oily oolnt 1onm of cerotene &Ul 1ntUcotea by t'eetor�t1on 

or grovth nntl the cure of ophthalmia, but the nr!'..oonta 

requlrod wcJ'c tcm to one lmndred t1mee no greot oc when 
the cc�rotene wae £1:1Vfln orally. tlo ltvor etoroee reaultetl 

rr<m lrtrrre t.ntol<:ee ot� :>'ll"enterr.,.l ea r"tene nnd fl�·,rt1 cloe 
ot the 1njectecl f)1gmrmt , wht oh were onlu pnrt1 (1flly tvn1l­

uble to the mn1mo1e , wero found tlt the e1 tes ot 1ajuot1oD 

�nd in other tienuoe. In contruot v1tnm1n 1\ wae 
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ut111eed obout ne e�f1c1ently when injected as when 

given or::-tlly. �hooc \'J01'kere not� thrtt much of tbe 

1hj0ote<l carotene coulCl not be trnccd; 1 t wue not 

�on'Verted into vi tnmin t, or ex cn .. ete(;.. .l��ceord1ng to 

•rcnUtrflll1, Gh··me1 Nltl 1� rnh. rt ( �7) holfe?Gr, intrn­

mu aeulsrl,y 1njectea caro ten� Ctlt'l oo utll1 £ou ;>rov1de4 

.1 t bae beon wf:tet ... at�.�oill v.ed ( u. l'• by oolutit.'ln 1n 
"TWeen 80 • ) ,  «nd thtntG 1 o  �.� ru.)liJ trtml:it!Ort 1'l"om the 

uite tJt inJection '·nd ;::fi'\ ci •. nt c<mv<:,t>t:iion. .. 1ru11�·sr 

re5Ul t 1  were l�!Nl"tef3 bV · l tl'L ( 98) 12nct b:; Vlnet, 

.:?leru.d.er < .nl\ h�;oul ( �.>)  but ecn1�ll �t1ng r�sulte -wez-o 
ob tainod by itoklina , oalakhoveid ana �odl·ovll ( 100) . 

The f1tld1nge of r,cHtH! nnd co-uorl�ere lUl'Ve uuen 
eont1rmo<l by � ()xton, 14ehl (jn<l I'euel ( 101 } .  ·rheec 
worttore, in 1!\n extena:sive 1nveet1g&t1on ulso \H :Jing rate, 

�xt0ndOfl tbe Llrcvio�u:J oboervat1ontl by clumonstretine tllat 

the clepoa1 ted col"otcm0 wa s  unr11 terea nnt:l wao atcreoohem-

i � ll,y identical w ! tl'l the CJrigtnul JUfJter1�ll. l''rom their 
f1.n,11nge they considered thAt thu convere1on ot earoteno 
to v1t��ln t v� o en cxtrm-hcp� tic tunct1on und suggest� 
the \"Yftll ot the intestine Ele fJ possible f.ii te. 

It 1 e  indeed di�fieult 
'
to oxplnin the non.evutl­

Hbili tv of the 1njoct� wrotene 1!' convereion Cbec oeour 

in the �iver but the poeetb111t¥ remf,1n�d that o lthoulh 

the cerotene d1i reach the l.iver, 1t might do eo ln a 

oondltion or mnnner unouttoble fbr converelon to the 

v1tsm1n. The ca rotene in the blood 1e conG1 0ere4 to 

ex1ot 1n th� torm of a colloidAl solution ( 84) oo tba\ 
thG etate of the cD rotene in the -plusmo aol uoo� bJ 
neuel nnd h1o co-wor1tet•o shOUld bo similar to tlaa t ln 

no:rmill tiboa, but <rttm when tble solution ts injecrted 

into the heort, the oart;,tonc nccu111.1lctt0e unehunged and 
1n n reln t1vely ncn-l-f'ltl llable t'o.r.•nt in tha 11v0r. At 

the C'�lllo time ther� 1 e ov1oenco o1' tha ex1ete nee 1n the 
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blood of tlor.m &fH.ta1ee of o ecu"'tene-p.rotu1n com.plox 

( 101 . 102) nnd _,oe,l'bly only o�; .rotene in thio toro 

could be convert et! to the vi tnnt1n in tbd 11 vcr. In 

fJddl t!on only Cl l"'tt>ne wh1 eh ronches the 11 v�r 1n low 

eone<.mtrh t i ona !.:li�ht b� m<� tnbolieed. Aa hri6 oeen 

�porttld recentl:/ for v1. tnl!l1n :, ( 10') , higher oonoen­

trn ttona m.1aht L> e  t:ik<m u:, ··nd rc.1tn tned 1n tlie l�pt•er 

cello j•Jst & �  ny r:: th(lr �.,re1!rn t:ubet11noo ( 101� • �'be 

lo40�enoe Cf' CUt'Ott'nC from the l'Jt)Od nnd liver ti (J 1 .. UO 0� 

u numb ox� oJ..' tl:Jeciee douo hr.mcvar ef'lnati tu to strong 
t!Vhlvnce auo1nut the liver 86 th� wirl �1 t� o.r convcre1on. 

If carotene 1o trune�r;.>rtua to the liver 1•nd tl"c-motorme4 

there to vi tom.in A, 1 t ehould l>e L>l'eMont in r.pprec1t bl 

t'mounta 1n the olood <lf H ll cpoc1.ov ttn� to G c:tu.•W1n 
�xtent in the livers , unlees the procoae of convere1on 

1& rmtf1 oiently rflpit'! to [lrevttnt the �ocunwln t1on or 
ony prov1 tsmin. 

Tn !i .3UbU�41nt publlootton, Motteon, ,(chl. end 

1'au cl ( 105) showed thf'lt !'ollowtng tho orel ntlminietrattoo 

or ct-�rotene to v1tom1n ."-de:ticlent rnta, the vttnll11n 

f1rf!t nppeere<\ in thft intttetlna1 wall Qn6 that ror Dl}l1ro�-
1mnt aly tour boure the QUD�titJ in the well of the 
inteet1ne we& greater tban In tho liver. 'l'ho t"O'Ur<to 
ot tht o vt tnftlin in tho "11 ot the 1ntoat1no could not 
hnve been tho liver e1noe �ollow1ng v itarotn euppl�ent­

vtion, the wall of the 1nteet1ne con,�1ne little vitamin 
even vhen hepatic stottaa vore high. 1 ur1n� the l)roccoo 

ot ea rotene ob(jorpt1on there we no 1ncreose in tlte 

prov1 tamin c::onttmt ot the 11 vere wherene •tlVl t ot the 

1ntoet1nal uello cllcl 1nereueo. 'ihu�e oboervat1ons 
cl�rJ.y 1nd1Ctlted tbe wall of tho 1ntCf)t1ne n u  tho Di.te 
ot conversion und thia wtHt eoni"il'mod by ' . 1ese, t;Jehl and 

nwel ( 106) who otteoto4 th 1n vitro convoro1on ot 
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carotene to vitnmin A 1n the 1ntoot1no$ or v1�sm1n A­

deficient rnta. These workera u&etl o eurv1vtng-t1aaue 

technique in �hiah the 1nteet1nes were removed rrom rete 

")n4 incubetce \11th collo1dol carotene under onoerobio 

eondi t1one 1n fanaer-r.Jocke eolutton. In oll en .. ea 

some vi ta�1n A , a s  �etected b� the C(lrr.-,.)rioe reagent, 

tt s "  ro l"�"�\6d. 

These obeet•vutions proved tll'•t .rot• the rot 

o t  least, the me1n eito of convcr�ion ot corotene to 

vi tomin A wns the wnll o r  the inteatlne Bnt! tho evidence 

eo rar pruRer1tet1 w&e ageinet eny a pprec1oble convoreion 

Thie tdee or conve�teion in the 
wall of the intestine w�• not howevo� ontlrelf new. ln 

1 ?4-1 },o p;>t'r ( 107) , using tluortteoeot m1eroscopv , 1nveet-

1gtJted the rate or np:>earance of v1 t,m1n A 1n vnrtoue 

orgsne or vitamin A•deploted rata �ollow1ng orol udm1n1a• 

trnt1on or carot ene. In a number or casoa bo was nble 

to c:setect churocter1 at le •1 tom1n :.. tl\tos- ecence ln the 

1nteot1nAl w&ll botore the liver en� eusseat.a that 

convorG1on could oaour 1n the to rQor organ a l though he 
eonnidcred the 11ver to be tho �otn o1te. Tho f&ct 

that tur.all nm.ounta ot ae rote-ne odm1n1atcre4 bJ routoe 

o ther thnn the oral oppe�r to be convertec!, llight bo 

�xplf;ined lJy on e.w;cretion of tb1a Cf.lrotcme into the 

lumen of the 1ntcat1ne n-om which 1 t  c��ld bo re-flboorbect 

and convertea in the ordinary y into Vitamin A. � ·�on 
?. ohl Dn<l �·· cru al (101 ) , in auggeating euoh o llOCbanlem, 

�1owed that t�ceo ot 1ntreper1toneolly odminietered carotene 

C!ould be re covered in the Sfl etl'01nt( et1nal troct uno the 

.fneoec. 

Thuo px'ior to the ool!l.ltcncement ot• tllie 
1nveot1gut1on an!'ly 1n 1948, i t  hOd ueen oetttbl1 Dhe4 that 

1 n  the rat the w•!l ll or tho 1nteet1no vncl n<.'t the 11vel' waa 
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the mQin site or eonv�ri1on of carotene to vitamin A 
t!Ut thlo hue no� been eon:rtrmed 1'or ony other ape.c1ca. 

The po �1 b 1 11 ty ot a�ec1�e di�rereneca ooulC not be 

overlootccd snd tH9 ont� t•st>ect ot this otu tl1 o-r the ecrotate 

metabol1am of ruminont a. it woD ot interest to 6eterm1no 
wht!ther tho wall or t.he lnteotino woo ulso the n1te of 

conversion in h41rbtvoroue on1nllls which ox-o entirel)' 

depcn.,ent for their v1tam1n p, on tlu,g biologically aot1vo 

corotenoiu pig�wnt& pru��.:nt in herbt·uo. 

In th1u 1nv�at1g8 t1on only llmtt&d 

roe111 t1 Ofl h.ave been uveilable tor h8ndl1ng �xperimcntt:Jl 

unimolo rmd i t  hue boun neceastu•y to t•c&tr1ct moot or 

tho oboel�t1ona to eheep �Jt the &1to ot conve�a1on 1n 

cattle hl'la ulCio be'-"'tl 1nvect1gotod slnco the!io an1m»la 

app�e.r to olffer Mf\rkodl.l 1'rom other herbivora 1D tbe11' 

&beorptton nnd u t111zot1on of corot•ne. Thue tbe blood 

pl.'=lema or uhcep contuintJ, per 100 ml. , 25 - '' us o:t 

vl tomln A uut only bbout 1 - 2 us or carotene and thooe 

levcle &re norm�lly indupon�ent ot onrotone 1nta�e. 

1\l thongh the: vi t�za1n I, levels in tbe bloOCI of cattle 

�t·o or tho QtHJHl order, the etu•otcnd c:ontant tB8.V bo uo 
high �:.Ul 1 .  5 mg/100 ml 8DCl both the vi tollin ;.. F1ftd oHrotene 

lavel D vrJX•y ll.l th the u.io tt1 r#' �rov1 tomin 1ntulto. 

A&eumin�r the conversion to o ceur in the 11 Ycr, 
the c:nrotcne mu ct be transported to thAt or�n from the 

1ntoat1 ne a1 ther o1roctly in the ,ortnl 'bloot.l or 1n<1lt•ectlr 

bu thG J.ymphotlo x>oute and the c:,tete1111 c ei r.eult�t1on. In 
the lrttter cnec 1 t ehould be poec-1blo to aho" the pt•eacm.eo 

o1' corotene in the int6 atinol lymph nna th� ()yfltemia blooO 

plt:A ema would nluo be! expected to contntn come carotene, 

tha · � ctuel lev�l ocvunding on the rete or ube orpt1on b� the 

intcot1ne rJnd the rote or removal from tbo ayatem1c e1rcul-

ot ton by the 11 vor. lt howevor, the �ortol rou'e 1e 
1nvolvod, curotono uhould be preaon• 1n tho portal blood 
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but 1te preeenae ln , or ubeonae 1'l"om, the uyatumto ploemtJ 
would de vend on the ef.:f'i ei ency w1 th .:h.l eh 1 t in I•umoved 
i rom the £JtWtol blood \Jy the liver. Unles� the t•nte ot 
:'o80l't)t1on Of the pie tmlt by the 1nteetlnc OXCOttdS thL'lt 

at whi ch 1 t  is re1noved by tho liver� no c�t'otene wJ.ll 
rcech tho eyntemic c1rculot1on. 

On the other hnn� , if eonvera1on occurs 1n 

tho wnll or tho 1nte-vt1ne, tho v1 ttfr'•1n . .  l.'ortnoe "'ill be 
tron�portod from th�re to the liver by ci thor the p 1rtol 

or lyomvho tlc route or both, nnd the Ot.l :'i)t�ne will not 

ap�>cu;� ln tne blood or lymph unleu� the rt'te o-r t1beor1,1t1on 

cxceod& tbo rote o:r conversion to the v1 tl'.min. t·hia 

e.xceGH!l Cl\roteno f'IW:J be tr�netormetl to vl tamln A tl t  o 

tHIIOOmlory site ot conversion o� 1 t .mny ti" treut•d merol¥ 
a e  t• wuste prodiJct ond dQCOt..1poaed in va riouo tiat::uea. 

cnrctcnc ond v1te�1n I level s in portnl Pn � cvetemie 
blood ona 1n 1nt eot1nal �nd non-t ntestinel lymph, would 

£HPt)ly 1nfor!nt.�t1on reBerd1ng the o! te o't corrve:reion oneS 

the code of trLmo�ort o� the vi tnmtn or provi tsmin from 

the 1nteot1ne nntt cxperinento were t.hert"foro ca.t-r1e4 out 

to deteTn11ne thcoe leYel e. 
( 1 )  Convert:iion or. cru:o�t:me tg 

V1 ttJmin A 1n thg f}4•!l!• 

The comvr•rison of portnl nud syotCHllie pltHUll.O 

lcvelo ttJ r. mflt:h� on Dn snf'ethee1aa4 ohcop l.\nl! in or4or to 

u acentuMto rny �1f':fcrenoe e ,  an excoo5 'l� rel\�1ly A oeox-b-
oble curotene vat s  !H'OV1ded by 1n,1e��t1nfl the provi tsmin i n  

t) coll•.:>ienl otfll te into the lumen ot th� 1ntcat1ne • 

. •rcp:u��'> tton or Gollo1dfll ! orotme 

A aoturated aolnt!on of enrfJt ene ( ea .  20 �Qg) 
W1'8 i:Jl'OpR�od 1n ethAnol eont.r�iflinr. o;.trtthvt1a 

J tocopherol ( cu . 5  mg) � a  Ant1-ox1dont. 
The raol\ltion wacs rnn alowly 1 nto •t 1stilled 
"nter \1h1ch hFtd been boiled t."or oo?!le timo 
to expel d1eeolved OXJgen nnd cooled to 
r.bou t ]'OOc under n� t,rogen, 'the collola&l 
c:Jolu,ion wae boiled untie� reduce� �reesu_.e 

, 
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to remove tho oleobol. cooled ond 
fil terod. 

Collection ot �Uood. tompl�• 

,, &hoe� w�o RMOthceia od by tho 1ntru­
vcnotHJ 1njeet1on or aodium pentothal 
( 1 p. ) , un 1nc1s1on ri'!BdO !.) lGJlS the 
right contnl ox-oh nnd tbo collo1d8l 
solution containing "���oximately 20 as 
ot carot�n� 1nj eetad into the lumen or 
tho 1ntcat1ne o t •1or1oua pointe alon

'
t: 

the jojum1m. .Blood ea.m.ploa wero taltat 
,,.t 1ntorve> l o  from the portel nnd jugulor 
voinn un� ci trote4. Annethue1a wu c.  
ma1ntn1ned �uring the lntter etegee of 
the er.v�ril'tent by ether 1nh8lot1on. 

petol"t11nnt1gn o� cnrotene 
and VI temln A .  ' • ' -
Tho plsamo eomple• were e�trocte4 uti1nu 
the mothod doccribed b¥ Kimble ( 108). 
In ordor to dot€�t emsll �ounte o� 
Ce\l'Otcne, Ut) to lf.O m1 BOil".,> lee or l)ln&ma 
were used. The petroleum cthot• extract 
waa ev�\��:.ret(!d to l1rynes• ln a etresm ot 
n1 trogen. the ree1due taken up 1n 5 .ml 
petroleum �ther and the enrotene content 
eatiuusted. /\n a11quot ot th1� eolution 
waa thon evoporntod to d.ryneel', the r esidUe 
diacolved in ehlorotorm and vitamin A · 
est1nuted colos'1 metr1o'llly tH�1ng the photo­
oleotr1o mothod and 1ntomal &�tttnderd 
e..lres�y deocribod. 

'l'he vitc1!11n .;\ levcla 1n the port6l end 07&tem1c 

plRo�o �mploe ore �hown ln T&ble 6. curotcoc coula not 

be cloteoted ill meseuronble omounte 1n f1tlJ of' tho sru:tplee. 

The 11m1 t o-r the metho4 4oeer1 be6 for o:.rotene in blood io 

considered to be:: about 2 ug./100 ml ot plasma. 

T A B L E ' 
er 

0 26 25 

I '2 " 
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1 1 22 

2 .28 

3 2lt 

• 



- 61 -

Go.llect1�H'l ot Lymph �.&'C:JHlee 

Inte&tinsl nnd non-inteatinel lymvh glond� 
vero r�mo•ed f:t<)ll � number of ehe4:itP 1mmccs-
1ntely following slaughter. Three groups 
oi' similar pnstu re-ted onimala 'WCU'e uae4 
lilna wfi"ici�nt wortl 1ncluaoa 1n u�ch tn•o\lp 
to prov1 �e flUOUt ,. ml ot bOth typtU� Of lym�b. 
In eaeh group tll$ 1nteatinttl g�n4o. which 
inalncted duoclenal, J e3unal und 1leol, "'ere 
combined end r1 e muoh lyll!l],lb ea pOS t11'blo colloctod 
from thons. ..tn tllo sBJ'AC WI!J:f , eampl�$ ot non-
intestinal lymph �epe colleetod t�om va�iodc 
other glan<ie mo1nlv aubm&:x1llnry ond PM170.S �1 
from the eeme enittal&. 
Prel iminflcy �et1mot101la ot eoroteno ana v!to!lllft 
A were carrioc! cu' ue1ng a muthod tlil'ai ler to 
thet '� lrea6y deectr1bti4 for blo()cl pl.B$!18. �oor 
reooveriee or vitamin J�. �wdGO n e  internal *t.en4-
ar4 intllested the 'J;>raenee of colour 1nh1b1 tore 
1n amounte gJte�tev tllan encountered tn blool 
vlaenta, 111nd tor the lyll!ph etuupl()e tho Kimble 
method waa mod1t'1e4 to include ea�on1f1Citlt10ft 
oe a eec:n�tb\itd bJ :c>ai•rieh, v, 1ee an cl l!Ugbee ( 5') .  

Ae mlp,ht be e�lecied br !1• abeence trom the 

blood plt.t tU.IlB ,  no cnrotenct could be deteete4 tn l.ltl¥ ot the 
The vi t&n\1n A content 1E.t �hewn 1n 'rablo 7 • 

1 t 1 8  ,s 

2 84 '5 

' 1oa , __ 

From theea reeulw it appoore tltat no apprec1oble 

nmount or coroten• 1& tNinspo!'\etl trolft the intestine by 

L 1noo during the 

Gbsor"Qt10ft ot CBro,eDe the vi tn!Un A l�el is h1gher 
tn the 1nteat1nol thAn the non-tnteetinnl lymph �nd ln 

the vort8l th�n in the cye t em! c  blood, i t  must be con· 

el·u 4ed tMt the wAll of tha 1ntest1na 1e the main e1te 

of oonvevs1on end thet the vt tsm!n fot�ed there 1 n  

and PQrtul 1 .. ou teu. 'L'h1l1 ai te hns been �on!'il'JlUh1 by 

1n vi t.ro e.xperiment(j C:4 1m 1lm r to those l1eecr 1'bo4 tor rate 
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by '!:>t!!ee, Vchl And f>ouel ( 106) . 

In col•ryin� out theao ttxper1mcmto 1 t 1 ""  

neoeoeery to con older the conlit tiono whleh nruErt b f)  

oat1u£1�d to eatcblieh with sny �egrec o f  eert�inty 

the conversion ot C:JI'\.ltelle to v1 tomin t.. 0bv1o,Joly 

the mere cJ.lan.,Jv�:J l.•t.(nco of carotcme ie no 1n(l1ca tlon o� 
converuion to the vi tum1n o1nce conditione under whtoh 
tlut 1n vi tt'O trnno:t'on:tt'l t ion ;u1ght be oxvcc�ed to occur 

f<Jlao t'&vour oxidativcs dacompos1t1on. 1n1lurly Dn 

incroooe 1n tha t1bt:1orption nt )25 mu Ol' in the colonr 

given by the ;c�rr-.. >ricl3 roogent �o� not neceeosl'll.y 

inoioato vitamin A &inoe nonblolog1cslly a ctive ceoo�­

poei tion .,z·odu cta tllao give thoee .re3et1ont- ( a•�e Figure 

7) .  
l t  1e eonoidercd that the following condi tione 

must bo eat1ot1ed bctoro the rorme t1on of v1ta�1n A can 
he estebliehed coneluolvelr: 

( 1 )  Aa o prel1mina cy lt ohould bo poaeiblo to dcte<Jt 

the vreeence of v1ts�1n � bJ a mathbd e��c1f1o for tho 

vi tamin in \ho pr��cnce or deoompoa1t1on producto. 

( 2) The vita� should be oo�eroted rrom the rea ction 

mixture 1n a cuf.t! o1en'l¥ pure atste ll·u.1t the tox•met1oh 
o� an abaor�tion band ohoraeter1ot1e of vi tdmin A uith 

h peak nt nbout '25 w ·oan bo tlemonetrnted. 

(3) A colorimetric O&S t1mtl t1on ot the v1tuD11n ultould 

g1 ve � t .. i r,ure ln agreement ·1 th tht\t outa 1nod uvec:tro­

photomett�i cellY un<J the t.l la�orvt1on curvta ror the !)rOduat 
or the colos�1netr� c rettc't1on should be Ciiltl1lut• to tl'lct 
l)l"Ocluced \11 tb the tJ\lt'O ''1 tuutin. 

t·eual ana hio eo-workera estim!li.Ou thtt v1 tallin 

A formed by the � o rt·- r\c:re reagent. .tn a wbeequcm.t 

�ublico tion •:etteon ( 109) drew nttcntion to the non­

a�ec1fic1ty ot thio reorrent an� repeoto6 pnrt or tho 

work o� l:.&t taon, Mehl and f'eual ( 1 0!:1) . In these 
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experiraanto he was nblo to tet&t8bl1eh the 14tmti ty ot tbe 
• 

v1 tamin formed by 1 ta fluoreooence. by 1 ta nbGOrption 

curve und by the formation of e e1ngl� f'luorescing bond 

in a mixed ohromRtogrom �ith puro v1tarn1n A. 

In the oxp<.•rimente reported here the three 

point correction p�oc�1 ure waa uueo to detect the 
to rma t1on or vi tam1n J In � number of casee the 

tl\lxtttre obt&1nad was chromatogt'ophed to ;;ivo a relot1vely 

·t7Uro l>rodu et wh1 eh wao ident1t1ea by 1 te E*beorpt1on cune 

and 1 te ret�� otion ui th U'lye&vol a1chlorohynr1n. 0111t wae 

uecd in preference to unt1mon;v trJ. clllorlde utneo the 

trnns1 tor1 nature or th$ colou� prodUced by tho latter 

re�gcmt rooc.hJl'9 moeeur•cment or 1 t& IJboorptton curve 

n t ftieult in ep$ctrapboto�etcrs of the �eckman t¥PO• 

ln�.�t�ign of Tl$!181 

Intcat1nea wel"e removea tX"Om aheop oa 
x•api(lly f:tG !')Oot:tible following sltrughter 
a�d placed in ¥ both oonte1b1ng Rinler­
I..ocke eolut1on ms inb1ne4 fibout '7 o. 
!1ect1one ( opproxlmately 2 to ' feet tn 
l ength) wore romove4 from the j e3Ul'Nlll 
and tbe conteote n.uehed out ws.t'b 
l<inger-Loclce aolut1on. <�olloidel 
carotono ( a bout 20 ml) ·�e 1ntroduce4 
ln�o ono section trom oacb an1�l and 
atter 11gat1on nt the enda, tho tieBUe 
woo 1ncuoatod anaerobically in H1n.ger-
� .. oolut oolutio� tor 2 to ' noure at '7°C. 
corroepondtas eoot1on& 1mmed1ete1� nbove 
�nd b elow that 1ncubntec1 were taken aa 
eontrolti ond se aared ilunedtotel¥ ror 
V1tamin A. 

rte!.1flle!1pn, ,ot y&!!JHp, A 
l\tter 1ncubat1on the eollotanl ooroteno wne f'luehfXl out •1 th o • .,, eal1nflt. The 
aectioJ)e were coneJ.nuted in tbo Yu�inG 
blenOor under n1 trQgen wt th otbs.nol con­
taining � potnao1um bfdroxtde. The 
ouepeaw1on w&e tbon r•ctluxed until a Cle!!Bl' 

FO<>!,�ilf 1 - The h 1nger:"-l#ock• •olution emplore4 h84 
£he 'o . ow1n; oompooit1on 1 todtum chloride Oe·91J 
Poteasium chlor14e 0.042%� �lcl�m chloria• Oe024%J 
��odium bltor'bonat.e 0.05� ; Mognl!e1um chloride 0.02fJ 
Ulu coee 0.05%• 
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eolu tion wuo obtb 1netl ( 10 to 1 5 mina. ) 
ond the vi tam.in A extracted into 
pe;l'Olcum other uu1ng the mothod ttlren4y 
aeecribe<l fol" 11vor eantplee. V1 tal!lln 
A waa eutinsted in the control oeot1ona 
.bY the eomc rncthoCS. 

!n these ex"eM.men tn 1 t ufl e touod t!w t tbe 

etabtltty ot the coroten� solutions v�triod 1 th tho 

mothoti of P,reperut1on untt �· uniform proc�tlure wee 
'l Cloptc<J. 

�""repqrotiog ot co.Usz1Ml; '·Ji!:i?J!m.C? 

'rhe apporatue ahown in 'f'ig. 1 '+ hailc been 
:found t!Onvcntent t-or the PJ-epor&t1on or 
�ll quunti ties of colloi.dul oarotene. 
The ro�1 red smount ot carotene 1e 
tUacolv. ecl in tho minimum quanti t¥ of 
poroxide-tree et�l etbor uno "ddo4 to 
ebou t 50 ml of othllnol 1n tlaok A. 

ttor 1 aolat1nn the tloak rrom the ro•t 
ot the O\)p81'8tue b� tGp D ,  tho etller 1 
1·omovac1 fx .. om the solutiOft by gentle heat 
applied thrcm� tln clootrioall.r heote4 
coil ot I'Ce1e'tenoe w1re <l1pp1ng below 
th aurtace of tho solution. Dlllht 
ouc:t 1on ie ep.,l1•4 ot c ona etbonol 1a 
tsddets tror.t n to maJ.nte1n tb volume at 
s \Jout 50 ml. Ap�roJd.ma telr 200 ml 
o� c'Uotllled water v.e.e plaeo4 in neelt 
E ancl bo1 1ea tor BOCl\. time by menne or 
a a1m11Rr eluctr1 cmll.y he toel coil to 

0 B 

f•'1s. 1h. - A�>oortlt\Js uee<.t for tho �ropnrntlon 
or colloic:1al esrotooe. 
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e xpel s s  completely os pooeible dieaolvog Rir. 
Tho wster i u  ullowod tQ cool to r;bout 70 0 tlhd 
the eol\Jt1on of O$l'ot•ne 1n ethanol 1& 1nttto­
duced alo�ly through the ca�1llary tube � bJ 
o�n1ns t�p rJ nnd �P£lly1ng F,lentl" au ction ot o. 
'l'ep » tu e��1n closed und tbo �olut1on in E 
bo1leL'! under reduced preec�Ure to remove ethanol. 
'l.b(J oolloit!e l  carotene le nllo.,ed to cool in 
the l� le�k nnu la w1 thdrr.rwn a� r�u1rod tbrough 
H by 1ntroduotns n1 trogen t� t  o. The eolut1ono 
vtex•e UWEJlly prepared to conta1n about 40 us 
�t)rotene per .ml. 

�'t"c•v1c.'lo-' r)recoutione ,a.,re tukm to �xelude sir 

1 t we �  founo t'OB tJible to vro&:!uco rclu ti vel.y stable coUo1&.t l 

tWlu t1om u �1ng th1o t.lpf)flrnt,u�. In eomo osees cl tooophe�l 

Etquol to {:bou t one quo�ter the v1oisht of tlte crflroteao wa 

included a e  fln anti-oxidant. 

It wae not poaoiblo to del.)lote the nl'le0p � 
v t tnetn A before slaughter or evGn to maintain them tor 

a short t1me on a ellrotene-troe diet. ln most etlcoe 

therefore, enrotcne r;boorv,ton w�e p.roc:eecUng at tbo time 

ot sloughter vnd the noct1onD eonta1nod appr$C1oble 

quanti tieo ot v1 tttm1n t\ tme cm.�otcne 'before 1ncubot1on. 

/ .. large·. nu.mbor Of e:xpt:U'ii4Gftt8 were C8W1ed OUt UliDS 

e8G1lona of thte type end ,Oialttlna p.-e1tm1nal'J apenaate, 

tbe 1noubeteo tiawee eboweo conalat•t inel'•••• lD 

�� taatn A eontet or up to 1 � 

tbat thie •• oleor n14eoe or coa•valon. iD tlle wan or 

the tn,eatlne, 'be tnoree•• we.re e•al.l am \ha reeo1 ta la• 

comtnotng then tboee reportt4 bv W1••• Mebl and l>.ael ( 106) 

'W1th "1taa1D · A-Oal)lete4 l'ata. 

It tnla poeaibl• bowner to oeJ.-� out a r• 

eXPer1men'o OD 1nteat1nea fl4o� eheep whioh hal4 bota ftt . 
n pooa:- q'tu111 t1 ba7 ot low oerotne eon�et ror aoae. tt.• 

pr1o� to elaugbte�. control eeetione taken fra a1x 

ot� theee eheup avoraged 7• 2 ug of vi t•:�rotn A. l<'ollowtng 

1ncubat1on w1 th oarottmti the vi t&m1n �\ content o� e1r:dlor 

tJGCttone .r«nseo from B. 5 to 27.' ug; \f1 th ��n averege vnlue 

ot 18. 9 ug r�pt•eoenting nn 1nerooae ot H)21>. 
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The 1dent1 ty of the vi tsmin A fome4 ln theee 

exper1monts wn� c-ont"trmed tlpech�oecopieall.l" ttnti colcn•1met­
r1clillly, 

The ether extraota eonto1n1ng the etude 
v1t�m.tn A :rrom the incubutecS aoc�1one 
"Wero oembined, Wtiished -.itb wntor to 
remove .traces of eth.'lnol , 41'1e<l over 
anhydrous eot11um eulpba te and evai)ol't\to4 
to a bout 20 ml ltn<ter reduced preeauro. 
The nbeo•;Jt1on ctu'Ve of th1G aolution •• 
men1.mred ano 1t woe them ebrom.a tographo4 
on a ool,uzt\n ot 1 • 1 magQeaium once - HJtlo 
f.upercel ue dO$Cr1bo� by !Yattoon ( 10�) .  
'l•be chroru,togt-P..� W#lG ol1V�lope� \¥1 th �trol­
eum ether ecnt�tntq '7f benzen� ond the 
v1 t81'.tin A bAnO, det uoted by 1i&l tl\Joreuoenoe 
untlor ultra v1ol�t 11t!ht, & e9�lrated mealvlnio-· 
&lly and �ll.ltod w1 th jjl('Jtroloom ether eaturt. t­
cd witb ethonol. A�ter measuring lts 
oboorpti�n wne the oolution wes eYapot*atea 
to aeynee e nn<l the reai�e token tlp in 
chlorof'orlll. The v1 tam1n ;, oonten& of tll.i8 
s�lution wo n  �at1mete4 oolortmetrioallr 
ua1ng activated g�corol d1chlo�on,dr1n• 
In ad41 tion the abaorpt1oll curve of t.llo 
ooloure4 oo.mpaund tormed w1 th \.1DM 'WirH'J t.(la. 
meet a u rt.�. 

The t:� belor-ption curv• �or the original petz-oloum 

ether extract 1" ell.cnm in lr1gq.re 15 ,  curYet 1.  
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t).Jrv.a 2 g1 vee the ob&orpt1orl of the ?IH'if.1 ed 

re3embleo thn t or vi tamJ.n �·· IJn<'l application or th� throo 

polnt correct ton proCAl1ure HflVtJ an r.1pparent toto 1 vi tomtn 
t, content oi' 38 ug ( lfi';' recovery) ua i l luotrated by 

p�oeflnt in the or1�; 1n&l und pnr1 f1ed GOlu t.1ons l'tlnp ·ct1 vel1• 

1'he total vi tu�1n ' content oot1:i1&ted col.;,l'1m$t.t"l,w.J.ly w1 th 
Uitli wo s  88 ug ( 86 raeov�ry) r:;nd the nbnorpt1on cut�ve o£ 

v1 t'lm1n '' ( 32) . 

lt f!W.Y be conclul.'lud thot in ru1.ecp oe in rate, 

the wall ot tb0 1ntcut1no 1e the me in 1 � of convotteton 

o r  ceroteno to vi tvmin �\• �bortl1 attor th1G �ork woe 

carried out other workcra repo�tGd cont1r�t1on of the 

f1nc.l1nge ot na.rel t.md hie oo-wor-k�rv :rov tJStli end cimllar 

renal to for other Oil�ci.ae. 
rota heo boeD reported «>� \;loveze, Goodwin end Uorton (110,  

lattu •ner• eleo tmmt th• .... terto lJa:pbat:lcw act 
tat.eatlaal wua ana coatenta o� plp Goa84 w1 th cero'ene 
eo.ae boul'a beton •leuab'• CODtained •oil larpp 

s;taSJ.8• 

raulta ••• alao beeo obtalbet wlth ,.,. ara4 P18• bJ' 
ThoapaoD, Bl'etldet co�t•• Oeftlul7 DJlG loa ( 1 1 ') Wbo Mft 
8lao 4.c>lutt .. te4 the ernot•t ebecrptiorl o� oo11o1M1 

cerotee. Thief' worlrerl 1Mmt10D t.bet •• earl¥ •• '''' 
� 

the 1Dtut1M •t becm au.-teo l:W waper ( 1 1�) oe the 

e1te o'f ocmYera1oQ in w!Mtlea. The � .. ulto eo tar repoJ:ttd 

to! "'* bave 'beeD Ob talDe4 wl th n tomlft�OpleU.:l en 1mB le 

bUt �•tl¥ �Jeuae a�ad Pieroe (1U) baYC sh.:»wn that non-

de-"lcrtod reta without bepatto c11'0Ul8tlon were nble to ; 
con"tert earota• to 'fitaatn A tlluetra tlng th•t tho 

tronotormat1on io an �ro-bo�t1c fUnction and the t the 
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&1te of convero1on is no' ult ere<l uy tho aof1o1enay &tat• 

ot the t:inim.stla uo eC! �Y o thQI• \'torkcn"s. 

Fe.11ure to c.eteet esrotene in the poa.ttsl or 

eyetemie blood pla$ma of' sheep h8s been connrmcta bJ o-oodwlD 

�ne creppry ( 1 1 5) whe exten�ee the oboer.atlofte to soeta 

Tb.enc rorkct'fi el�o �l1ow� that the vi tnllift 
:"� content or the lym�h withdl"Gtm from goote grov1 c1e4 wlth 

a thoroclc cannulae 1ncreoeed 6rtcr feeding eorotene 1n41c­

o t inu convereion in the v.oll ot tt1e 1ratoe'\1ne. 

�rh1.e lo tei' Y-ork baa becm .eum.t'!l!rl&ect 1n t• oont 
. reviews ( 1 1 6 ,  1 1 7  � . 

h &(':tf .l'd1Xtg tl1e trnnsi)ort of �i tumin ,, .tl'om the 

inteotine to tho live.l', 1 t now t'lppoar� thAt tht) l�ll\tlho t1o 

r-oute 1 11  tbo 1lt.·.n�$ lY"��,ort�nt one. Kdc:Jl ntld eollere ( 1 18) 

rouna 8 mor:ted increase in 'he vi tomln A content or the 

t!Uodeml, jojuntll uncJ ileal lymph tallt•wing oral tHlmin1e­

t :re t1on of eraulcified lwlibUt-11ver oil to bullocl<o, At 

the eeme tblo, no 1ncreaoe in tllo por,ol a e  coapel'eO 1'1 th 
the Qat -.le bloo4 vs. ••Ilia lnel •• noted. Ita po1nte4 

out b7 Ooodwin f'lld oregoq ('15) a1a eapel'lmat or the tJpe 

alread.Y 4eacnbe4 in wbl oh  &)Orhl Bftcl ••taio vltaalD A 

ttnd earctne l�ala weN OO]IpaH4 1D eft aoa•tutleed 

eheep. le open to tbo ctP1 tlo1• tbat •�rpttcm Pl'M•M• 

in pnenl ere ro'\sl"ted - ann•tlleata an4 tNU• o� etrni'Al 

hour• 4\lnt1oa. Tho ditter.no• ln l"4d.• noted dUPiD8 
the cerl7 a tea• ot t!\e ua.to»i�Mat ( Ta'ble '> an bQ!tJ..,_. 

o1p1naent, e1us an auppol'ted 1»7 t.be ob .. natlone or 
Goo41ria &Dt G �tepey wbo, ualq eaDecl.oaa goete, f'oun4 
eUP,tl,r hlaher levela 1Q the portal t.hen in t.he evetemic 

ple- tollo•1na carotene adaJ.m•tN tlon. It 1c voss1ble 
therefore \he' eo• t�ax.pon oow•• b)' both rou too tlnd 

the v1 tallin A abSorption aq iD taot por&illol thot ot .to�e 

( 1 19) . 
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In »n nttemot to determin e �hethar th� convoraion 

coula occur tt t  :m� point olong the 1nt"'ct1ne or e 11a1te4 

to tl pnrt1culnr recrion, whole 1nteot1nes were incubatctd nth 
coll o 1 oo l  caJt·)tune uointr s mothoc."l e1m1lttr to tltot alA:dUdy 
ueeor1bcd tor tho ohO['t r;ectionc. 

variable reaul t6 tiu�: ·)o cti1ble to tnjln'y to i)ort1on tl o r  tho 

to obtuin , .fl 1nu1otl tion o1' 'dtc�o cnrr,tcno n t uor�t1on .,nd 
C"Onvart1 1on nor:rwll:t o ct..'ttrrecl by oo t1:"!tl tin[ ·11 tamn !. 1n 

the 1ntoat1nal l.ylut.>ll tl"nLtD. 
DuoaenF.tl1 Jcjnnnl ond 1len l lynl t>h  glandD t1ere 
rcmovod .t'l•cnn -4· peeture fed ohcav 1mmud1utt!l.J 
tollO\ting slaughter. Inou!'�1ciont lymph 
could be obtu1net1 from cvch lbnd tor· oaocy � tbe 
t:tfl3urnpt1on wt:1s l'l!ade thot the rP�tio ut l1ml)h to 
gl��l'Hi t1Gt'JUe wcu1 l'elti t1 veJ.y conu ttua t un#J whol• 
p-lnntltJ tttch•e no u1yed. A!'t10r :,.r1nd1ng w1 th uDn� 
ooeh glttocl vlfl o HOtJAyetl �E:' .. J lJl'O tely for vi t.�uio A 
naing the mothod £�1roody doac.t•ibot:. t•or 11 v.r 
cn131ploo. 

Por pla snw �>nu l)fmph sOL.WltlO 1 t �G .round that 
pttovided the Q>:tt•ncrtm ht•d b(..'t'!n cm.)Pn1!'1 cd, 
reoolta agrc�1ng to within ubout .. er ot the 
.:�rr-?r1ce n.cures c:ould oe otstc1no4 us1118 
the tllroo point corroc·t1on PJ.'ooouure und th1o 
apectroeeop1c m.ethoc1 •• therct1·oro ueed 'Cor 
the lJmph gloDC:Se. 

The reeo1te obta1ne4 o�• ehaan 1D Flsure 1 6. 

&ltloe onll re�llt1"Ye ttguree were reQU1raa the awerase 

v1 taaln A c:olltcmt ot the glan4a troll each eheep la aloro­

graa.a per £"Ill •• coloulete4 an4 a comperlean between 
eheop made br expreaeus the vltaata A c:ono•tratloll {ua/sa) 

1n ••eh alnd •• e peroen'-e• ot the mean tor the eDt•L 

Thee a peroentas• are plotte4 •sawt tbe l'elat1Ye poe1 tloft 

ot the f6,on4 ttl<mg tho lntoatlne elao 8XPreaee4 � a 

peroentase. 

Ow1nr to the vor1at1one in elze and number of 

the elAn�a th� rolnt1Ve �001t1ono 0�0 plottGO GB l1ft88t 

tho lcmgth o'£ which 1ncUoate tho relnti ve si z s of the 

'l'ho low level of vitamin A end the cnnnll eize ot 
a numbor of tbc glanae l1m1ta the rel1anoe which cnn bO 
pleoed on 1n01vtdual a a���e but the result• obto1ned rroa 
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the four fiheop indicate tht�t oltllourr)l there i c  eonw 

carotene absorption over the whole 1nteat1no, Wlximum 
L�btJorption oc<..'Ur in t.ltc upper E»nd lowot• portionm. 

�:t!'or·te to L'tslwut tl'),.e 1n vitro eanvero1on 

exi>eri:nt:."ntc ua1nr- ctr.u161ous or oux•ott3'ne 1n vloce ox' the 

colloi t nl �oln t1 onl'l n�rc unauococc.t'ul. The eorotene 

wae ciCtlolvttd in e nulW:J.:: r o1' t•u tc or ratty oc1do and 

·�:. t>Crir:ento \"ler corrictcl 

uut ov\.r tlw gH f'A�nt�C G.o to 8. 5 ua.lng various e&mlla.�1 !'11na 

syutel!lu in �"··t· u��'Jlul' tl1� oil-ol\llc ocld-t!OUium cttrbonste 

ana o .�.cl c sc1c1-i.lilo w.·l t-zm.>noa1.earnte uyE.1tema doecrlbe4 bV 

Ho convC'l"eion ot 

corotcne to vi tLit\1n ;'. < .. '� •. mlt! t.J� oetuLliGhed on6 atrt'icultr 

woG expcr1encod �:1 th <loc.'Otill)CU'a t1ort of tl\e corotene.. 'l'hie 

ucct:lernte<t tlecom:;on1 tic..-u in \hts .>N:Lmco ut tl\ t61 and f'lttv 

r. tto�t�;1to htJVO t<l&<o been mv<1e to ef"tect the 

t'lnd homogenatoe p�epnred trom tbe 1nte&t1Dom ua1ns tbe 

methodll d"�crlbod b¥ Utlb1'01t, Burr1a ana f:tou:tter ( 1 �1 ) .  

The t1eaue prel)tutation& were inQUbated w1 th ooll.Gl&ll 

onrotane nt pU vauuee between 5· 5 ana 7•5 but in no coee 

hne 1t been J.)0061blc to aet.abll•h 'he t�tion ot vi-mta 

A• l•1 tt1 the ttewe el1oea there �• eoM e\t144Klce o'f 

conversion ot ca�tone to v1tam1D A bu' 1D QUQn,1 t1ee �o 
small to r�llo� conclusive 1donti:t1oat1un � the '()roaucte 

one 1 t wu s  not poa51bltJ to 1ncreoae the vie let. In v1ew 

ot the nogot1ve result thoee OlWQl"lt.lento ore not re�orto4 

1n detoil. 

( 2) "onv�rcion of · �ro t<mo to Vl tum.in 1. 
ln Ct\ ttio .;;.;,;..,;;----

Ho rec<tnt 1ttvea t1gotion hua b�en reported lnto 

tbc �itc o� converc1on or cot�tenc to vi tamin � in oottle. 



- 71 -

draining !�om the arna11 1ntce11n� 1 &  the �n1n puthwny bJ 

which or•'ll¥ edminiataz•e(J vitamin h reacb.<·o the gcnerol 

cll'culntion. Lt scc1r:a reneonttble to t;)8GUliUt that 1f 

v1�om1n � ie formed rrom earoteno in the 1nt�ot1nol wall 

1t w1ll bu tran6vortea by the eftme route anC the vitamin 

'' level in 1nteot1nal fJnd non-illteatimJl ly�ph. fl�ro 

thet•erore coJ!\P�.rod. 

t.o t·lre.EHly dc6er1bed tor ehe�p, ti&Japle::e ot 
inteet1 nttl nna non-int<•stinfll lyMph l'1ere 
obtll\lned t•rom r1 ;:meture-:t'ed bullu c:tk imrnod-
1.td;e��� 1"oll4�\dng- ulnutthter. Theoc r.el-e 
osoo1ed for vi tamin A ue1ng th-' mocl11"1od 
·�tmlJle l'!ethod. �uff1e1 �nt lynph waa obtnlnotl 
to eorry out the oee:oya in uut)l!cate. 

'l'ho inteotinsl lymph oomplce containuu 142 and 
1 59 ug vi t�m1n 1� �or 100 ml and the non-1nt ust1 ne l l�8 t1nC 

W ug per 100 ml. lt 1e upporent thflt ln cu ttle au 1n 

other cpue1oa vi tnr'\in /, le !'ormed in '\ihu w&ll ot: ths 

tnteuttne. 

t1esuee �nct olood plceme, carotene wo� �leo 9�e�ent in the 

t��estjn6l lY�Jh, the two R�mptca noeayo� uverag1ng '45· us 

per 100 ml. 

la ca'tlc aHl d1 ot1net trom other apec1e.e •heN 

11ttlo or no caro tene poa6ea acroce the wall ot tbo 1nt•etlne , 
the po81J1b111 tJ or D oecondar, cl,. ot �nveralon wat be 

oona1dere4. In v-1ow ot this poealble epeoi• 41tfercmce, 

the 1n v1 tro expctrimente ot Oloott eatl Uot}amh (86) on4 

i 118ot'h Ahmn4 end ll& mm�r (8,) wet� repa1tod uelng cow 

l1vere. contruy to tbu eol"l¥ ftndiap ot van Uler otul 
JrluaGmnnn (86) , the torDil\tlon ot v1tamtn ·A could not be 

Ii.' thcwe 11.1 no �etcond�ry t1 te or ccmvereloo 

in ca t t l e ,  the Cll rotene in the t 1e suel> �� not repreaent. 

ne i c  1�I't:QU f.mtly G\l {)pooed. �s lnrgs Dotontinl �emcrvo ot 

v1 tsmin J on w.hich the • :n.lm, 1 1'"1 y rJrnri tnt m:iy he :nel"cly 

a wete vrOflu ot. 



J•1ollO\.'Jinr th� ucmonctretiou eH· tn� e t!"ttC:t'Jl'�l 
t•oteti�mk1t•.J.P bc�two,:!n viti'Hliin - ·  llOd j'J oo"•otGnfs , r�.u.t.·r�r, 

ne1t'enfJt�.'it't .�ntl ehrl1 ( 1 �'-') t�.ggefltei;1 tlvAt the tx·�n���­

'torrnHti,n 1n tho •.'Jl'i�� l  bod� ooot,.rre�1 through o 

cymTMttr1Cf,\l ol08vaue of the 'f»'OVi tt1min moluaule, onra 
r:.1o10cula ot j'J ea �ttlrtt! t•1'\1luv, ria" to tw n�J>leoul�la of 
v1 t r:ndn • 

Cl�ys tt:1.1:.1nu vittclnln ,•. r"" ff �)t'\Wliil9�h.l n<.l itl'> u 1olog1®l 
pott!UC:/ ''J •tete�•ffll.t"'"d h,V t.� �lU.IiUJtl:r Of \YQt•!-:a�e ( 1 j, 1 2lh 
1 25• 1 .i·6, , i't>unu to oG apot•Ox!l:'iltel,v dou'tJll'J tt.ut ot· 
eaz.ot�co. 

• .n� .illt ul'tle.l tif.'Hlitl i.htit ot v·1 t.1!1A1n A 1 a  
detineO t� e  tbe violoeLefll clOtivity oi.' O.b u g  ""U."clj? 
onroten$, 1. � 1 ugj} ca:r·otooo ia cquivllll�t t� 1 . G7 l " u .  

vi tl.\mJ.o .r. 
1e Etl{mm etrionl to �: ive t'lc 1UO.Leaul<.Ob t.)l' vi tntuln ��. , 1 us 

(!> carotene woult:1 cive 1 .07 \J(l; v1 �tA.tl1n .J., i.�t<:. the blolog.i.oo.l 

�otancJ of' th!e Qur)nt!.tJ oi" �1 tamln A lilli) t  be 1 ,. G7 !.;.;. or 

t UJ •1ta�n A ebould b� �quiYQleftt to 1 . , �  z.u. 

It the eleavogo ie aQlDetr1col one MleGDle 

or f) esrotene could gtva onlr cme molecule (Jf vl tosala t.. 
1 Of! j?> oaroto� 'tlOUld t<1Ye o. 5la- us v1 tataDll) 11. tlJlel tbJ.a 

-wcml.ft be equtvftl.at to 1. 67 I.tJ. or 1 uc vt tcmtn b. aaboul4 

'lw. �t'fAl(lftt to 3.12  I . u .  

f.L'1w s from theoretical ClOJUt14et�'1ona thO 

b1o1og1Cft 't �otGncy ot -v1 tnmin ;,. arMuld be:; CoJQttul to oJt 
tlotlhhr that o� /) onrotene ti.ap"radlng on ;;:hQ th.u� the 
ell';0V!l�e nf t'tle Vt"t.)Vi taJ.ain r-'Ol&4ule it� �:;'W110'tr.ic.flll or 

v1tfl'ftl7'\ ·• p'!)tcr��i�$ Men�, irttc.1erh..l1l an\1 . mJtlJ•d ( 1 25) c:on­
clttdut\ t�'l •.:1 't·t.ltn� �m fJ.Ii!fmrlle·tr.�toH.l t�:;ll t i s  1rt'Volv�d or 
thtJt tho j3 corotenc 1� not con•erte4 qucnt1totlvolr into 



vi tam.ln A in the ontmul body nnd favou red the formcu­
explvnll tion. 

Ae ol.reodr mentioned clesva�u ot the eontrel 

.. � ouble bond ot j!J "arotcmo 1e supported by ehcmloel tbeorr 

ontl b:/ the b1olog1ct)l act1v1 t1eo ot the O&YB\etr1cal 

oorotenea. In n.dd1 tion, J.f one m.oleculu of ;' Cflrcitene 

r1veo rieo to onl� one mol�culo ot vi tamin A ,  the 
�Xt)0rlmcntnlly determined b1olog1Cill potetnC1Be Of ' • 

3 · 5  x.v. per us v1 tam1n A eould only be explllln&cl br 
esfiuming eomplf:tte ut111eation of tho p cor(')tone. 

le ample ov1den�e however , ot incomplete ut111ant1on ot 

� carotene unuor b1o-oooay conc' 1t1ons ( 1 ) .  

Attention ha e  troouontls lJcen Or-awn to tho 

nocoet1 ty ror �n odequete vi t&m1n ·� intuke in blo-eeeoNo• 

The e't£oct o'£ tocopherol on the ut111eot1on or v1 to.min 1\ 

'-\fld oorotcmo hve been reviewod by fti�kwm ( 1 27) 1th:o con­
cluded that tocopherol exorte s areator �nergtst1c etreot 

on �  oa rotone tbon on vi tamln A· The lover b1olog1cal 

act1v1tJ ot p onro�eno could the��eroro be c.\ue to s.uu.trlo1ent 

vi t.a.aS.n R nnd KoebD ( 128) hoe recen� aboWD that wlth un 

ndOQUate toco�hcrol intake rate con convot � aaroteae 

quuntttattvell' to Y1tmatn ,"•• Thla oboenatloa npporta 

tho tb�rr ot ln v1vo conv.-aton or� ODnt•• to •t uld.n 
A by cleavaoe ot the central double bond. 

BDnter ( 62) bae GUgaeete4 tbot the 1n Y1'f0 
. 

conversion pJ:'Ooeeda througb the oxt.Gatlon or the oonval 

ooublo bond to retinene or o product cften�nrde converted 

to this. Glover, cood�tn ond Uorton ( 64 ) have shown 

thot retinene tulrdn1otereo orally to rote 1o rapidly 

r�bsort;ed una convcrtod to v1 tumln A J.n the woll o-r the 

inteatine end cona1der that tho 1n vivo trnnntormotion 

ot (J oarotcno to v1 tnmin 1� 1& more likely to proceect 

through oxidation of the for�r to retinene and reuuot1on 



- 74 -
ot thie to v1 tsJdn A thnn bv direct hy&-o�tic !'ioeton. 

The ox1d0t1on ot j!> ®rotcn0 to rotineno CD1 

proceed through 1nt6ntccUstoo ouch ne n <11-glycol. 

H - t R • l·H - i� ---; R - t.lt - CH • R � 2 I! - CJJ • 0 
f I 
OH Oil 

retlnCifte 

J 
2 .u - c�c.n 

vt tr�m.tn 1 

lt 1e tor thia reocon th::lt ottempte have been 
�ado to prevAre th1o glycol s1noe the on�ume suetomo 

involved in the trf\nef'ottmDt1on ecm be fiJtud1e6 moot 
conveniently thr<>tJgh tho vos.-touo 1ntormod11ttoe. 

• • • • • • • • • • 



- 75 -

� H A � T E � IV 

Thg !it�b.1;). tl ot: caroteno tonrC.tJ Ol(.14gt�on 

t;ur1ng the course ot the wortt dasacriboa 1n the 

_;,reviouo chapter 1 t vme r�iunc1 tho t oo t•otcntt wcus unstDble 

1n the �)l"O oence of variou s tat&, fatty u cidJJ nnd their 

converelon o1'· oorotene to vi t�,Jcnin A utdn£r �.Jtmule1ono 

euch ne raight be enooun · croc1 111 tho !nteatlne, the 

etao111 ty of carotene in eolut1ons cozatHining these eub­

stnncea nnrl the erroot or vnriou& unt1•ox1dants •• 

In order to 61mp11t� the �rocedure end 

to ob w tn r-eaulte more rapi dly, tho docom��oottion WD e  

1nvee t1satod \1nder aceclersted oontS1ti on�:� u t  100°c with 

forced aeration. Liquid �oraff1n .o oboecn as an 

1nort awlvcnt , the eubetenoee under teot being o�Oed to 

var1oue conoo.ntrt1t1one o'£ onrot ene 1n th141 �olvont. 

A number ot oxp�r1mente \'lero ul&o c�rried out using o 

aomple or �1111 hvdrogen&ted coconu t oil oe Golvcnt • 

.tn both coaeo it we&:� toun(J th&•t the etob111 tJ of the 

ea rotene 1n the controle .. e extreme).v high and "r1ed 

•t th the oattotae coDcontret1on. Tbe problec or the 

1nntab1l1tr ot the o�roteao omula1ona wee largelr 

overcom.o bV the uae ot I'J4�nenateo coconut oll • •  

tmlvent but the abnormal bebnnour or the eo lutlon• ot 

ee-lrotene 1n pt-trotr1a lllld the b.v-'rouena te4 o11 "" 

1nveet1gste� turther. 

In recent y�orR cono10e �blo attention ha e  

becm pu1d to tho et('b111 ty of v1 tnm1n � 1n vnrioue 

solventfl t1nd un(Jer c11:ttcrent con«51 t1on¥ o� etoMgo ond 

the npect.rttl �hrmgec \Yhiob occ!ur on itorml 1ot1on ana 

OKidt) tion hElve been Vt11•y :fully inveetigflte<l ( 1 ,o). Tho 

behnv1otlr ot cnrotono under s1m1lor conoi t1onB bfJO e more 
l1m1 ted practi c�l upplicntlon and oJCOCiJt 1n roltitlon to 

tho keeptns quo11tr or carotone-conto1n1ng natural e&ta 
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euoh Ao butte�te t, hue not i>Gon etullied to onr extent. 

· l'ho onrly work of :4cr!licholac ( 5 6 }  opvoaro to be tlle onl¥ 

deta1 lod mtudy of' the aecom�u1 tion b� 1 rtoodtutton trut 

Wile conec:rneu mainly wt th the 1n1 tiul 604 lotter etssoa 

or t.hu destruction. r.ceompOD1 tion nt higher tem.peroturoe 

in vu .. �o solvents Ooeo not op1>8'fil" to hnvcs l>Bdn 1nvosttgpt•4 

in �ny detail. 

·'£!Rorotion oi'., !..Olutiqpe 

The carotene uaed in thia 1nve .. t1gat1on WfUt a 

!;t1 �tur� or� CAroteno ( 8� ) uno J.. et:t rotene 
\ 1 0 )  tU! pror)t\ red oy tb& t�r1t1eh Ghlorophyll 
ro. lt wne u sed 1--H) em:h)l ied \Vi tbcrut tur•theP 

pur1f1eat1on. A uampl e · ��ffl o t�oebly opono4 
ph1el wee 61stol vet\ in b)croncle-fl'ee dh¥1 
other, ond �11quota or thte aolut1on add�d 
to pbnrmeoeutiool trrA(ltt 1 tQ\.ltd p8r&tf1n { tUt 
def'inad in the Br1 t1uh .,barmocopoeto 1 ''2) to 
give tbe re�Ji red eone�trct1one of onrotene. 
The etbor wee removed by wo rming under 
redu ced nrereure. holut1ono ln hy6rogenote4 
oocom•t oil wor� prepDred tn o a1m1ltn� manner. 

t'l e.torm&ps tA PJl a� 

t.gparerrt cmroteno wae detemined spuetro­
acop1dtll1 by IDG�urut'emGnt of the n baorptlon 
a t  4-!P tttU of olt quot o o'f the uolutione 
aut•ao� diluted with p�trolcum ethar. 
lbsorption epectrti ••�• &l&o determined 1n 
a number o-r ctutea. r•dinaa bolns tnlten 
normal1J' at 5 1!1U .S.nt01'98l& anc1 at 't • 
ln. ter'Yal e 1D regtoma o� rapid change 1n 
obeorptlon. 

Dtqpapopitiqp pn<ilf to&SH 8G£!!USD 
The atablll t� ot the vanouo aoluttona •• 
stucUo4 in e swtn oxtcatlon Tea'or ( �'2) 
under toi'Od aC'OUon at 1000c.. Lars• teat 
wbea oontebdq about :,0 al ot eolut1on 
w.re placed in coppett thiulee d1JP1Da tnto 
• bn th o� bo1llna water. IDlet -.bee uewn 
to ttbo t1PO. oxtea4e4 to the bottom or t�a• 
teat tllbn anG thl'cmp tbe•e Atr •• blown 
at a oonatant ueeeo preeeure or about 1 5  ,.. 
Yftereul'1• All QUote "" w1 thtlrewn at 
intervale, weighed, �1lutod to suitable con­
ocmtrotiona w1 th i.>Qtroleum ether. una tho1r 
optical dt."Tta1 t1ea meawred. 

Fogt�ote 1 - ?re De red ••nd lnJPpl!et1 by � b�lo Lta. , 

AucTclont1, 1oo1ne va llle 0. 1 .  
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Curve-a ohowine rates of' decompo@i t1on ot corotcmo 1n 
11QU1G psroft1n. 1-'lgureo 1na1 c,.to 1n1 t1ol cn1•otono 
concentrations in us/ml. 
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Uo1na puro�r1n 06 nolvent, decomponi t1on rotes 

wore c1eterm.1nca �r o range of· cvr·otcne concentr& tions 

i'rom 4 to 203 ug/ml.. ( F11J)Jrea 1 7  ena 18) Tlto reaul to 
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ebown 1n the t�o �i�1roe aro not ent1 r01y compDroble 
since 1 t ws1o ncoooaory to ueo t\"JO d1ttere:nt eamploa of 
psr:tff1n t!ntl the oeeona �C'II\tple ua� tor the higher 

4one�ntrnt1ona ( F1g.18)  gavo a sl1ghtlJ lonaer 1n�Jct1on 

The Ceoom.poa1 t1on cunee are 

nll howevor or tbe eam• genero l ahnpe dlowina •n 
1tHhl<lt1on period, the lWEtth ot whiob dflt>6'n48 on the 

ceroteno concentration, tollowa4 b¥ n ropld outocuta!Jttc 

Ciec:om.poa1 t1on. 

Proa the1e reaulte lt wu otn,.,Nmt that an 
t.'XtremalJ1 etr.eetlve ent1-ox1t1ent we present. toh1'betCJ4 

( 1 4- ) h&o de&orlbetl o Mothod tor the pur� nca t1on ot 

potroleum. etl\er by eh&k1ng rcpen tecUy w1 th conccntJ•ated 

sulphuric eel�, refluxing w! th csust 1 c  bO�n end u1etil-

11ng �rotn lime. A s&ru�lle nt the t;>ururi'1n ( die�olved in 

petrol�um ether to lower tho v1aoo&1ty) W&O treated in 

thie. WDJ except that the d1at1llotlon ••• omttt� 

Ue1na the pro4ttet ae oolvent the c!eeolllPOol tioa ,.., .. 

were aeoturte4 ror e .. r1oe ot aarotene conoentnt101la 

1'ro. 4 to � u«/111. coaplete ileatruott.on or the 

esro,me too1t plooe ln ,., to () houre wttbout o�a� appar•t 

ro1et1oaeb1p betwom tt•tNotion t�ae an4 aarot.w 

conoea\l'atloo. CO.pereble reeul.,. weM ob\elno4 uelDg 

aa aolvent, para1"t1n wh1oh had betm wb3ooted to 
t'UtDOtlOD at 1000c tor ..... 1 up. 

Tho <Seoompoe1 'ton 1D hydrog.net•d oooomat o11 

wae not eo �ll.N 1nYeetignted duo to d1 ft"1 cult1 in obto1n-

1ng further CJUPi'l1Go ar n sui tal>ly .hYt..rosenuteL1 prot!uct. 

The ream lte ol:toinf.!d aiel however 1!'H1i ea tu thut tho 
induction perio d devcnda «gain on tt•o ea rotene concm-
tru tion. 'rho docotnpot..1 t1on curve& l111'fcrad soetCVthn t 

t'rom thoae obtl}1nod uBing 11�1cl p:Jrflt'.r:tn ;md \'1ere 

e1m1l,,r in �t>hopo to those repor-teG 1:or vi tomJ.n A 1n 
ahork 11 vor o1l ( 1,0) . Th� 1n�'ct1ou pori ode -ci th 
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the h.vdror,enatod oil were much longe,- tMn w1 th 
pora ·r.fin nnc the BUtocetnlrtto et<l(Je le&«J rupicl end 
docreen1nB ln velocity morkedll toward• the cad o'f 

the !'Motion. A eolutlon oon,alnlng 100 us/al., tor 
o xnmJJlC!, eholfed Dn inttuct1on �rtocl or opproalll8telr 

50 houre ancl complete de•trucUon of the cerotce o� 

o tter o t'urtber 20 hoUI'tl. Dolut!ona below !J) us/111. 

h 1«1 not reDehe4 the e!Hl ot their 1ndu ctlcm pettlooa 

o�ter 8� houro oont1nucue ft«JrAttcm e' 1oo0C. TJl)l08l 

p o intB i e  probnb�y �ue to u var�lng n1r preeuure 

th:r•ourr.h the tuben reoul t1nrt t'rom outldctn fluctu&t1one 

unaounto1•ed t) t tho time ·theao ln tte1• �XtJ�r1.cn"n to were 
oarr10a out. 

f'�1Bt 12, - {,Jrvee aoow1ng rntes at 
<.ieco1Jlt>06:i. tion ()'£ c�-ru t�nc 1n fullif 
hydrogcm&tc.hl cooeonut oil. l<"'igut•ea 
in<U cnto 1n1 t1tjl �u·otene conean-
tratione in ug/ml. 

• • • • • • • • • 

:·,r:J�· lJ. �Uicn t 1 t ieB at Sfl tlll'f'lt tll1 fett� �e1dJ5 Or 
their <�et�rs exert c Buu·ked e·f1'ect on tlle EJtot..111t;y 

, 

of cAr-otene in ptir:ai':!'itJ uolut1on. 
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( 1 34) bRve recorded tho rapid destruction ot: etu•otene 
in the oresence of estere aueb e o  •tb11 etearflto au4 
in tho preeent 1nveet1gat1on it woe round that th9 

tJdd1 tton or Y, at punned metlwl otea.I'Bte to o. paraffin 

li10l'lt101\ o� oat-otene redueecl the tndUct1on tlme 'o about 

one 1'1ftb while en equlvalant smount of' puPlt'1ed utu� 
�ted t&tt7 Bci4 euoh ftO JQ'r1at1o or eteer1c ret&ttcet lt 

tc.' nbout 1/1 2th. i'he etrecta or the &641t1on or 
vnr-toua aubatanoea on the etocompoo1tton eunee ore chcnm 

1 n f.'ltru z-e 20. 

I 8 100 
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�'&gtf2 - \.illl"Ve� showing th.e ef"tect of vsrloua 
8\) · & en coe OD tho Nlte Of de<tODli,)001 t1Gil or 
carotene 1n pu�f1 .. 1n. 1 ,  .:::ontro11 2, 'Yf! mothJl 
aterlrf'J ter  ' •  w: nteoz.•1c a.c14!J J .. , 5: .. ley'rtot1c 
o c18,J �h 1or. paraffin aubjected to aex·ntlon a t  100 o for oovorsl drA,yu; G, 50 ug ;' bCD%0:71 
peroJtide. Ini ttal Ct•rotene con a<mtration 
7 urr/nl in ,�11 oasea. 

. . . . " . . . . . 

'J.'he at)eotr-•) 1 cht'� n£-,ea� occurring durtng the 
uettt.r·uotion ot carotene n t  100°c in l1f1u11.'! j)Sraf'1'1n 

ttt•e shc.rwn 1n �'igure 2 1 .  ThifJ �olut1on conta ined 
1n1 tif,ll.y 1 1 .5  ug/tnl. 'l'he ch�nt�e tG king plu ce �turlng _ 

high tellHJel•ature OJ.ia.Jt1on f'• l"(! tlt ... tile tJ�)!!tU ecner l type 

�u those nottKt tiHr1ns thCI r.•low c1eeompo�1 tion ot• e 



- 61 -

eolution of et�rctcnc in tl13l <.·tlwl.� i n  unll light o t  

r ur1ng the l�tter �tng(ff) 
ot �ccompo �ltion ho�ev r ,  ther� 1o 8 more �dp14 1n�reaee 

tn the ext1nc�1on rtl t1oa 1n the short� nvelengtba ' 

the h1p:h teraperotu1•e. 
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iiSt21 - �peetral obanS .. oaourrins dQrlDS �· 
ioompoal \loo ot caro,ene n t  100 c ID 11QU14 

paratn.a. F1guree ehow peroetap carotene 
l'ema1D1DS at •oh etase. 

• • • • • • • • • • 

From the reaul te obtA.1ne4 1 t oppeara tbllt both 
&olvcnte oontoln neturo117-oecuPr1ng ent1-ozldant& n4 

r. .. i 

the etab111 ty of the carotene def)ont!e oo 1 te conecmtrot1on. 

In th� eece of 11quld � ruff1n the �estruet1on ot 25 to 

;o; of the Ctl!'o tcne cot•reavondo to the ell d of the 
1n(\uct1on pe1•1ot1 nnc1 �t:ly lJo tu:-ten £la tJ n�ooaure of' the 

etalJili ty of the Cll�otene. '!u k.ing )0 dostr•.Jctlon 
n e  the end ot thl! in due: Uon �>oriot. tl1<.' r:ttab111 tif is 
o1 rectly p!'·opol"t1oual tt> tho lcger1 thr2 or the earotone 

<.�ncentmt1on u �  to 50 ug/ml. 110 ollown in Figure 22. 

Abovo thte concentrtt tion there :le  u r. piu deviation 
.rrom linearity. 

h 
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F1s. ga. - holmtionohJ.p betwee·n 1n1 t18l. carotene 
eonoentrnt1on snCJ t1mo !:of' �o: deet1��1 rm .  
T1moll f.•l'Ot4 �'ig'lU"CJ 1 7  lt>tted fJ �tlirt&t cnrotene 
eoncentr·nt11)n ( curve A) mHl loe .. cona�t.rc tion 
( our'¥o B) and times t�rom i· 1g . 1 8 agslne:t log, 
cronccntriet1on { curve C) . 

• • • • • • • 4 • • • • 

Tl1tf1oult1ae hsYe 1:1.- r(fportod in obta1nlq 

etable eolutlone or oaro,ene 1n o11-. lih1le the 

eta b i ll ty 1n 11 quit! pnrat:r1u 'INJ'V not ot Llr••ent b• o� 

more �han o eo 6emic tntweet ttue to the poor- ab•oro"1on 

of peratf1b under normnl �d1t1one ( 135) • tt le 
eugg�sted tbot cons1 C!erll t1on .,bould b� g1ven to the 

ueo of hy6rogansted coconut o11 t.ta fJ �olvent tor 

eorotone tor !'eoding trial an4 s 1tt11a1� work. Ita 
n6d1 t1on to the h1gh at�b111ty orcnrotone in thta 

solvent, it$ other phy&1ea1. propo r t i on rntlk6 1 t h1Hhll' 

eu1 tabltt i'ol" th1rr pu t·po�e. 

1t'he oonoi t1orHJ �Jf' Jecom�?<.\ai t ton of the <� rotene 
in these ex!i�l"1 1nEmta dt i'feNld entiroll' 'f":•om t110e� "lreeoJ 
1nv�et1gtl te<l ( cha pteP L) b'1t it 113 o,. tntereot to note 

tbet thu r.1b11orpt1on in the r�r1on :') 1 0  t o  3J•O mu i s  at1ll 

rclst 1vely 11n��r. 
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!)\�1rp1d.J''UQt:$1gn npd. (i!EO,!U! Uetnbgl1a 

Aa n re.ult ot .ark over thu ln e\ 20 o4� 7eare, a 
numb or of aepect• ot v1 tomin A met•boliall havo beon �ound 

to b� 1nt$rvela'ed with tblroid tun�tion. The rGlat1on­

eh1p between tblro1Ml aot1v1tJ ond corotene motebollaa 

haa ul o been ateneivel¥ lnveetlgated but with c:ont:Uot-

1ng ,rooul te. 

The ttl r}3 li terattnre is conceme<1 mainlY wl t.h 
r:-) inic:.-Ol ObOerYStione GUSQeOting the £l(U!Oe18t1on 0� 
cD rot1nnem1a or high pltulma carotene lwelQ with the 
hypothroid etate. �ore reoently contrOlled loborotor, 

e.:x;><:.ri :llcn t n  ha.ve .;11ven ec.:u 1vocol renultt.i, come \torkora 

r�ort1nB th3t the !'omt•t1on of' vi tf.lf'l!rt !1. ft•on ct'�l·otene 
1a iml)airod 1n a hypothyro id concH tion on(! enhnncod 1D 

h¥t>Ct'tbyro1tl1em, while othure rtnd thet the thyroid 

etate lwo no et'f"oct on tho converolon. 

Uoor4en ( 1 '6) was the 1'1 nt to uu meot the 

S$�oe1nt1on ot carot1neemta with mo�bo l�c d1aturbano ... 
'rhil' obeorvat1on h!S• been conttrmeo 'b1 eubeequont 

worltern ( 1 '7, 1 ,a , 1 39) ano 1 t e ppeertt that carottnoana, 

i'l thou eh Pll \.tnmtnJ'lOn con<ii t1on, 1u �-ref"'.?ent�· t HH3oa1otett 

wi th t\v�oth.Vroi t•1am ttnd tttrtt when the thyroid diotuncttoo 

!o o llev1oteo, cerntena td.lh, m.a  lovel£ !Vll. Of 
similar o1!�n1J''i c'•neo 1ft tn� obtH:n·v<J tJ. on tbot the low 

vi tomin .". levolfl i n  the l)looe o !' e .·et !ne t t-:o. only 
r· 1 1fthtl:,r rn1ecc1 h,r tlt\! ins.;oetlon of.' cu�wtonc ( 1 40) . 
'' ohl :md /elCiroo n 1, 1 11 1) from f� t n d 1 \! t�  on dur)k t.u:\ti�Jtion 

concluded that '' 11 ty ,>t;o of tb.n.•o1d di oi\JrH:·tion r·oiluoecl 

vi tmdn A reoerveo, r•n thu other h!7�rtd the . !:N.'eet of" o 

h:/iJ"rtl:tyl·o H ;  at·1te is illuetrDteu in tlt� · · bn\')rmHlly 
hll!b vl tArdn A reserves t"oun<i b.r �..too1·e ( 1 J  .. 2) 1 n  the 

1 1  v uro o!" pu t t  "mtt.! dying !'t•om thyroto.x.looaie. 
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In theee eu1�ly obsarve ·t ione ct\'lrottnneft11'1 P-p-,eero 
to have b t·,::n t&kcm. ne indicative o� 1rmb1l1ty to convel't 

carotene to vitomill A 1mt when unAncomr;>nn1ed by low eerum 

v1tamln A level or erl!lPtoas ot vitamin detic:ienoy, th1G 

aoaumgtion woulC hlH•dlU et,Po&l" to bc:t jlleti :f1 ed. t,:orQt1n-

a f.mlio in 1 tuelr 1& p�obablV a bnrml.EHU! et)Ddi tton, he1ng 

merelr an nbnorJittlllf ft1ah level ot carotene in the blood. 

, 1nce vellowin& of tho altiu 18 tNquently tho f'�st 

Dymptona ot oorotlnaemJ.e, 1 t la common!¥ tJr.Htd 88 e O)'ltO,.,_ 

ror xuntboala cutla and, as 1a pointed out by DP1cknell 
6lnd �)reeeott ( 8;) �oth or '\lteao condi tiono may reoul t 

C�om dletetlo cauaee ouch ae the 1ngeat1on or oxeeavtve 
�u�nt1t1ea of C8rroto o� a1mllar c&rotone-rieh vegeteblee. 

Oft the Other Ntftd th88 ,ftlfl)' arise 'frOJft lWihologiCQl 

CQI'l\11t1on8 SUCh SE} �XOelleDW, tUber'CUloe i & ,  n1t.ltJ�tf!l9 &Dd 
nbnorm&l fnt tl.i:tr.tboli f)lll. Tht�t ntt�:�chinz o:f undue 1mpcn·t­
�moo to the neeoc1 nt1on of cerotiniHtntil' t·,nd tltVr-oid 
hr�porunotton b8a nleo been or1t1cised lJ.V 11r111 (14') 

who, 1n s review, �1nta out that the lailter conca Uon 

1e t�equentlr � o eomDOnied by hepa,1c uleQr4ere •htch 

llire ol eo eneounter,(.d 11\ same c&C»ea or non-l•ypothyl"o1et 

ce rot1neem.ta. .lt 111 poeetlble thererore that llvel' 

Oar.wge t)lnne 1 o reepone1ble tor the; CtJ.l"'tinnem.to an4 

tllnt the ijHJne cond1 tion ,might v.i vc J•itle to abno1•r.ml 

v1t*lm1n t l'ttorl;l� o ':':"  utiliestton. 

l• t the r.arn� time otb�r eviticrnoe eugr;cate a 

rolotlonat1� betlfeort th,yro1t1 :fUnction tmd etlt'otenu 

1!\(tt�. b()J.1 ''tn• 1<\lnd.a ( 1lf.4) r .. !L'lo.rto t.t�c nuJtt. z•unce of 

xerophthfilrl14\ 1n r��tbb1 'tll znt�tnt£\ 1ned for 8 to 12 m,onth£ 
f.olloll'inr. tltyroil!ectQtly on � d1 t:tt (;, nequate i'or nol"mt:tl 

th.vrotoxie eDn, 1n eontroet to nt)l'zn.!,l '-' nlrw.l� , etteot 

the eonvnt-t�ion of c:m rote11 e  to vi t�min :\ ( 1 45) while 

thyroic3ectotn1MJ4 @'l 1neG-p1gti ato:•o onl�1 carotene nnd 
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not vitamin 1� in thc1r 11 vera ( 146) . 0 ther work r& 

have found n.n 1ncreo.ee 1n the oorotene anCl a decrease 1 r. 

the vitamin A content or aoeu• milk toUowtns t�rot<J­

octomy ( 1 47• 1�8) . 

The reeulta ot JIIOl'e reoent etucl1ea an not 

however in 8fl'eer.umt. In tbo•• eapel'imaat• at�tmole ••• 
boen renden4 b.ypotbJrro14 bV 'tbl'ro14eo'lo., or �¥ ,,. .. t­

mant w1 th thS.ourea or 'b10UI'&oi1 while tbtt br'Pvtbrro14 

cond1t1on hoe beeft eoh1ne4 bJ odii1Jdeuot1oft of11Qronnc 

or thyrold.ne-c�na pnPAJ"attone. Dzttl1 end TNaat 
( 1 49) �cund tbat eupplea•t,,loft r:st e vtW.IIln A.-Geftclent 

diet w1 th the lll"etormec1 v1tom1n "'evonte<i the epl)earen4e 

of �rophtll8laia .1n 1loth control !3ftd t.h)tro16eetomlH4 

ratu but tbat u carotene eupplen»mt 118s otf.'cctive for 

tho eontrole only. 

v1t$ndn A derte1eneu cannot be rolieved 1n thiourac11 
. 

trootett tm1mDlG by car-otene unlesa thyro14 powder 1& 

n 61\1n1 atored "itb lt ( 15(>). OCJ)trorr to theee rewlte 

Rcm1ngton, nerrle on4 flaith ( 1 51 )  toulK'l the ablllt7 o� 

rate to ut111ee earotene in the cure ot ael'ophtlt•lata 

· unimpaired bu thyt-o14eOto.IIIV• 

roeulte. 
I,lver e tQrap tnto have &leo glven aonfl1ct1nr 

t1o1ng v1tttm1n /, -chu'1o1ent rota, one group ot 

which l'w£1 been rendered hypotbyro1d b7 thtouracil treot­

ment, W1coe. lmuul and .Mehl ( 152) ootima ted vl tam1n A 
in tho livers a'\ voriouo 1nt ervole following Cftrotene 
adDdn1otrat1on. The 11 vorll svorsget'l the GtJmo •)mount 

of Vl tamin A 9n0 treatment w1 th thJ.OUX'IlC11 appeorecl 

to moko no d1:tterance to the f.tb111 ta ot the en1m.-:tl�J 
to oonv6rt carotene to vttvmin A. J.n o1m1ltH• cxper-

1mente �rohnoon vnd huumenn ( 1 5') found that rete renc!ere4 

hy,;>orthrro1Ci by teooing 4e&1Qc&te4 thyJ'o1d tteeue or 

t�pothyro1d bl' th1ou reo or th1our0c11 treatment wore 
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nble to �<uJool'b �tn l atore pretomce vitt:.td.n /1. ae 
errtc14ntly ne nor�l rbts. rn · tbe coee of aerotene 
however, tho �pertbrro1d rate occumolotod larger 

reeerveo ot vitamin A then noranl, wheraoe the etoro• 

1n the 11 vera ot bfpothtro14 I'Rte were a.aller. 

'i.'heee t1ndlnga ore lsrselJ eupponed by the reeul te 

ot e,xvenmente ot n a1mtlar noture corrled out b)' Kelley 

end llay ( 1 5'f.) .  Jobnnon and 8BUJa9ml ( 1 5') a loo ab.owe4 

tha t the enhanoed nb111 tr to eonvort oa.otene to v1 talllD 

A wnts not Clue to the tnoreaae4 rnet��bollo rate nlalle 

eince di•n1 bo phenol which nleo roteee 'he baeal 
meta boliam, • e found to �e w1 tbout ett'Ht on the 

eon..,eraion. 

the mat&bol1� rote �oca however attact the rote 

ot depletion or 11\Per et ore• of! v1 tr� mm J-. by snimf'JlG on 

8 4efi oient o1et, e1nc0 with tho name initial rcservee, 
bypoth.Yt•oid rete eurv1ve lc>nger thmn no1•mo1 r•ot" (1 51 ,  

1 5�) , while the eurvtvol tlme of bfpet�hyro1d rete 1a 
ehorter ( 1 6' ) .  The e1gn1f108nf.'e .mioh cen be "''eohe4 
to 11 veJ' otorage teeta 1& tboretore l1a1\ec1 bJ the 
tact that the thtourfloil ntaraa the ut111ea t1on or 

tho otoz-e� vt tem1n A, pons1bl1 eue to o lower na1ntenance 
' 

re�11remant & aeca1oteo w1 tb the lowe� metsbol1o rete. 

Th1e etf'oct i e  euper-1mpos ed on any c:ll rect boo.r1ns the 

h:rpotbyroid et,�to M)' have on t:t1c ett"1�1en01 eyf conver-· 

oion of corotenc ao thn t the 11 vor v1 t�in t� mar 

repreoent the o1 N'ef'ence bOt\Y0en the tuo oppoelns ert'ecte 

or the hypotllyroicl et&teJ �J.retly the l)Oe�i bl.y 1taPt)il'ed 

convcr•storl s•e&Jl t1ng in lee11 v1 t�:amtn A avf'lilmble tor 

ato�s• ond aeeondly tho bette� rttJtention o£ the stored 

v1 tom1n. 

ooul4 aopond on the lt.mgtb ar time dut�1ns wbion earotenc 

wp-plemento were tecl nnd the tS.me �Jetwoen the Gupplcment�J 
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on d olsnghter. Immed1:l te� f"Olloo1ns the feeding 

Of cnrotene the et'.feet of ODV i.mpOl.Ntcl COWfVif!O!l 

wou�d be Met �nau•I<ed, the vltem.t.n A cont �t ot llvere 

trom �potbyrold aninals betns lo,. Ir th• teecUna 

period or the timo between reedtns ond elau.ghter le 

exta1dedt the aeoond efteot mer oqu�11 or exoee4 tbe 

ttret, the b•ttor rotent1oft ot vltomin A reeul,1QI 
ln n 11 ver etorege 1n the b.Jpoth1r'o14 flDlmale e(JU&l 

to or lJI'efiter tb&n the norraol o tt  bypcrtbrl'Ol d.  The 
reeulte obtl'I1Jle4 b7 Ke114t3 on4 DOJ ( 1 5,._) w01t.1ld eeOJD to 

'bear out th1a b¥1;1othea1e. 

HypotbJI'o1dla appeore to have no eft-ect on the 

a beorr,>tlon ot protormod vt�m.ln A �nd z teeo, �fchl. nnd 

nouel ( 1 56) have recent� ·comporocl the ett'1c1 emc� ot 

nt111&Bt1on or carotene ond vitiJ.min A ut low lcvelo b7 

th:lour&o1l•tr0fltel'l ttnd norMl v1�min /.-da£1o1cnt l'.'Bte. 

Thooe �orko�e found that the relative etteotiveneee ot 

v1tomin A and carotene 1D promoting growtb o� hfpoth¥ro1d 

rate <lid not d1rter mater1HlJ.¥ i'"l'oa tJwt round tn normal 

ruts. They concluded that 1� the convctrs1on ot carotene 

· to v1t�tm1n A 1e eeeoc1flte4 w1tb the t.h�l c  etntet it 

1a not Dol'iousl>' impa ired in eft'Ol"ely hypo�ro1d rote 

and thll t tt the thyroi. O  hort'l\otut ie osment!t!ll tor the 

aonvera1on 1t muot be err.ect1Ye 1n very amoll amounts. 

Heccmtlv, "hil& tnveet1get1ng the et�ect ot 

the thyt•oid et«ite on the milk production or 6o1ry eowo, 

Cllml)b�ll r1nd !�cDowoll ( 1 57). oboe rveu 'thtl t oontrt.cy to 

the reoulto obt&ined with goats ( 147) , {148) , the feed­
in� ot le rgo QUAnt1t1e� o� th1ourea ana thiouro cll 

di(l not influence e1 ther tho corotEtne or vi tom1n A con-

t en t  o£ tbe milk. ( 'l'bJ. work 1e eo f'ur unpublished 

out oonuletecl o£ fooding a li'rieeton cow 10 SJUl• th1ourea 

tlD1l.,v tor 14 doye followed by 1 5  gM. or thlouroctl 
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During and 1mm6d1ately following 

the feedtng -period, Gomt)lCG or butt�rtat were oetlnyed 

tor cnrotene ond vt tam1n A. Lcwele ot both :ramoined 
re.la tlvoly oons trmt throughout · jnd ot the eame order e a  

i n  the f'et O't an untreated con1hl eow of the ealt6 breers. 
only the two 8l'l1molo were u•e4 but a sroee etreot out­
oide oorl:lal seasonal or l&ot;atlonol tl"end8 'tf8 e  expected. ) 

It wee oons1Mre4 thl'lt oxperimcnte ot o d1tfer�t 

type would .t'urnleh a. Cld1 t.ional ev16enoe ora tbia �rob lea of 

the po.as:lble eaoco:lmt1on botween t!\Jro1d tunot1oa enll 
carotene metabolism. M wm.tas that the t]\UreSd doea 
exert nn 1ntluena• 1t could ao eo br �ctlng �1reotlu 

on the enr.�me &¥etem conc6rn� 1n the convereton, or 

by nrtecting tho t•ote or HbGOrption ot the ctlt"otcne or 

1to stAb111ty 1n the d1geet1vo tl"'ct. �thatover the 
mode of netion. hy�rthyt•o1d1am would be l\IH!lOCinted 
with ''n �nareaao in the v1 tum1n A content or the blood 

while a hypothyroid s tnto �ould re&ul' in a deoreoso. 

Poe1 ti v� ch9ngee of th.t a type ooultl be taken oe f\Jrthel' 

ovtdunoe or the •rrect or the thyroid en the oonvel'eion, 

h"tlt the s1gn1t1canoe of .neptlve J'4lt&ulte would• an 1n 

the eai!Ie of." liver a to rage teeta1 tlo llml ted bg the het 
th�t tlleoe t rend& rn1Qbt he otf'aot or OOJJPletel.v m.nelted 

by the n pparent eft<tct of metabolic ra te on v1tnmJ.n t. 
r·equ l romen te nes tllUBtl'Gted c:t d1tr.erenceo 1tl ut111of� t1on 

of liver etoree. 

Ao nlreoay dleaueaod, 1n oerte1o species euah ae 
oheep, frOIJ t& nn<'i ·r-obbl te , the convero1on ot oorotene to 

v1ttlm1n A ia normally so ef'!'1eient tiwt 11 ttlo or no 

oarotene o r>penre in the blood or la eto1,.ed in the 

t1 Rnmoo. 1"1 th the so r.1n1rnale in A hypothyroi u stato, 

!f tlus ertoot ie d1 rootl� on the cneyntc $YBtC'Illt the 

drop 1n v1 tt1m1n A mi(Jht \>@ tuJ�octnted ut tll the npi)ear-
f>noe of' unconvsrted earoton" in the blood. Th1e 
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would not be the enee 1 r the .-�et ion 1 o  ontJ involving 

rnte of sbsorption or etvbil1ty. {;R thtt othet hand 
i:t the brpertnyroi d etate c.ioo• increneo tho rutc of 

ntJOOrpt1on ot e&roteno, 1 t tlli&ht hl80 reaul.t in the 

o ppeurunce of eerotene 1n the bloof! dtte to the: .rnte 

or nl,oor-pt1on oxeeedins thft t e.r ccmvers1on. Thie 

flgein would not be the �·•• lf •t.t,b1l1 t¥ ot carotene 

1 a  1nvo1Yed or lt the a ction 1e on the en.,_. st•t� 

on analogy with other oveotea, the o p�eorenoe o� 

carotene tn the blood \tOUld Peeult 1n coae accuaaalntlon 

ot the p1sme!1t in the t1�tmeo, l)nrt1eul1'� the u-.or. 
Ftncl1 nf!l! of th1c type depen41ur on the preeenoe or 

nboence ot enrotene �ld be more s1gnit1eont than 

thoec dep$ntUll�J on chAngee 1n the relative eoneentratlone 

ot vi t�l'\1n A f.)nd carotene 1n tho blood or tio�uec. 

'-H hethcr OE' not poe! ttve rotmlte cwld bo oxyected, 

woule o�oona, in odu1 t1on to the sovQr1tN or the 

tbvro1d d1etunction, on the rolntive normal orrtelancaa 

or the proceeeee or absorption nnd convor•lon o� craro'lene. 

Unleao the two J�roceseee ore or the same ordel', large 

changes could occur 1n c1 tbc!r) w1 thout the appooranoe 

of cu�otone in the blootl. The MOre cloeelr the 

er1·1c1ency of the proceafl ot eerotcme obA1orJ;>t1on o�oroec:b­

ee too t o f  convertlion� tbe mo1•e mettkeO would. bO the 

1ntlutJncs oC �po- and bypertby.ro1a1em. ,Jith ehecp it 

wotl ld oppea.lr that the rate or convere1cm ju$t k ope 

pace \11th the t-lboorr,t1on e1nce n• unclor normal eon-

di tione t:rocea ot cnz•otene a�y be found 1n the liver 

rmd tho 1ncretHied t:'lbsorpt1on osoociotod wl th high 

lO\feln of feeding rcan lta in the upneorr.ne(f ot t�omo 

OQrotone in the blood ( 1 58) . 

�xpart�ento wore therefore carriod out uutns 

normal, h.vi>O- end �pert� ro1d &hO<-N(l• Ol'lng to tbe 

limited �nc111t1ee ovailoblo for bandline o�or1mento1 
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o\'Otloblo •Jt t.he time, "' pilot 0X'J{triment lU&ltlg throo 
eboep on11 'Wtla enrried out w1 th s view to reoc�otlng 

the �l'k 1st er 111 th ltlrger numbcr�t of onirutll.t once doeege 

lcvelb ha(l boe:n eetsbli Bhad ttntl it �ro.m.la!ng prolttdn&JtJ 

effect of the thyroi d &"tate on the !!t&b1l1ty � the 

ctu•otene 1n the tUsee\1-,e tl'l'ot, 1t8 ap�rm' dlgeetib­
.111 ty ( 1. e. aPro�ene &beorbed plu& carotene deetro1e4 

i n  the CligcGti ve t.rnet) we. c 0l$o � etormlne4 1n each 
ca o �  uts1ns chromium oxl�e DO n retetteno• wbatonoe. 

Anlmolg end Peesuu 

'three mtlt'lu•e nee ot' �p�1ro.x1rrwtely the Dlll!le 
weight ( 1 et,o lbe. ) were tUi�d �ls expe:rimcnttll 
anim&llh 'rhey vel"e fed tlt roughout on meL11u.m 
qual1 ty mcndow hf:t�r. on ::>1/6/48.. .t'ollowlns e 
PI'otcod1ng periotJ o� ' oay n ,  all •mlmla 
t:teee1ved ? .qo f!r.!(h �r df\y of a CRrotene 
concumtMtte eontninlng t-�pp:r.oxii"Wtel.¥ a;� 
onrotono. In � dd1t1on, from the 0Dmo aste ran1nw122 roco1vo4 5. 0 ems. t)or d�1� ot 1ou1n.ote4 
caec1n · nnd en1mffl 3 reooi-ved 5i•O gma. th1ouroc1l t 
snimlil 1 acUng ae o oon,rol.. blood IJ&ln�lee 
yere elso t�-en at tbo etart ot the experiment 
trom the jugula� vein and oitroted. 'th1• 
treatment wne eontmued tott 7 cava when fUrther 
bloQ� e•mr>l.Qe were tatum. J?r.am this dt�te (28/6/�.0) the tb¥.roprots1n to t.lll1D'!l 2 wee 
1ner$flled to e.o �· per <181 an d  tba tluouru­
c11 to animnl 3 to �0 pe. per dor an4 t..tw. 
three nn1mols reoe.1 ve4 1 n ttddl tlon !i• 00n I'7'MA ot chromium o:x14e per dsr. tt'be var1011• r..-· • 
Mtcr1o).lil to be a<!Ja1n1 ot\We4 were placed in 
fl number oc omall, eoluole gol$t1n enpmalee 
v.-lttch \'le re forced down th� nnll�tla' throa to. 
On 2/7/i+b t\lrthttr bloo{J earnples were tnkt.illl. 
An1M 1 2 cHed e,udder.ly o n  thj,u date due 
� t/perently to tbo 4�trccte o:r e#eesive ao&ell 
or th:troprotein. 'rh$ l.Lver W1lts removed 
immetUe t ely tmd Ofa,aycd for' Vi tmnin '· QD4 
corotena. t\ppro:d.m�tely 100 f.:t1L uampltta 
of frenhlv voided tueoeo wore collected 
twice (\tl1l.V from the rer:tJ!'I1n1ng two caimalo 
on �/7/VJ ana �7/4.8 .e>u(\ the tutim�ltJ were 
alau ghterod on 6/7/J;.fJ. Imrther blood eentple.a 
wero taken llt u1aughtcr t·n•� the livere were 
veJn£:)Ved. A es.ln.l)le ot i'nee�n:s 'WAG also taken 
from the rectum. 

FogtnQto 1 - :.· tlppJ.1cu b:-i the �ri tlGh Ghlol•Ot'l� .ll oo. 

Fogtoota .2 - Prapsrod tmd euppltad b� the Ds117 
r:eaGttreh InDt1 tu to, ?olmoreton north. 
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reth,')u§ pf: /.6 �n:r 

Hoy, curot-me <'onccntrote rmd .!'oec:oe were 
n ol.lOfd fot" carotene ueing the mtt�4 of 
Cooro ( 159).  ou-otone and v1 tomin A wctre 
aotlmated in tbo blood pltllll*l ua1ns the 
cethoc:) or iC1l1ble ( 108) !30rt1t'1<.,d by the 
1nclueion ot the 80lJODit1cotiol'l filtep f•• 
reeommcmdcd by �">r>rrlsh, \Vi o and ftughes 
( 5,). The met.bo<t or ounup on4 Hoettor (4-6) 
Blr�<� d1eeueso4 waa uaod for liver eomplee. 
'l'he -whole li<fwo wore minced t.trul 10 gl*&a 
ardnl,lle-a or tho well n.Uxed orocluc:t ut�ud tor 
o eea, . Chromlwa ae or�"' wee dote1'1111lo4 
1n the ox14e and the take,. uatns the 
m.ot.bo4 deecr-1 bec:l by Bami coe t ( 129) • All 
dotor.m1r.JDt1nne were aorried out 1n dupllea,te. 

None ot tho plaemo aamplee contained moo�uronble 
Q\Utnt1 t1 ee ot c&rotenc 1'ru1 no dot1n1 to t"nd e were 1'oun4 

1n tha vi toRJ.n A contant, the 11m.&ll rtuctu&tlon being 
of on er�tie n�ture. 

ln the v1 tF•r.Un content or t.l.e li Vtt'f:• The throo 
l.1vf1re d l d  eontain ::inll t.r.1ount1: o1' �..:• t·t.. tenc Lut only 

of the li'!Ute ordor n o  tv·u 'bacn t'ouna in 11 v<.il' a o 'f 

ah�ep fed normully on .,> •frt,llr� •.JX' on h!1 .;t  t.r.d conc:dntrutee 

( tlnl'\tbl1ehed reo.llltG) und & a  ro�>orted for ..>'-'St'H'tt-t'e4 

thi" exr,eriment ore thcnm in fl'oblu 6. 

�,;u� one 
lt1VW8 t.1vora 

Ehe \l 
::1/6/1}8 2'\/G/,.8 '2/7/l:.e G/7/48 

1 �8 )2 2G ,1 �2 2.0 

2 33 30 29 285. .. 7'' /• 

' 26 2.8 '1  30 ,,6 � G J>'• 

t1 AD . tJY e{\ followlnr- o!!oth cf -nieml on �/7/�J8 

1ntr,ke o!" 1+7 me. ,,er ooy or r1 Cl'tl .. ntcmo to cr2o3 J. ·� tio 
1n the teeu of 1 5. 7  mg/ermt cr

2
o

3
• !'he 1'�1 tJ.os 

• determined in th� ruecea t.rom cnirr. �1� 1 nnd ' together 
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w1 th the calcu lnte4 n 0!-)arcnt ct1goet! b111 t1 eo nre m..'lo\1n 
in Tnblo ). 

dlgentib111 ttoe ot thG 03lll\:l order .,erer obtn1 ncd ':1 tb 
othor �hcop toil tht:t MY ei ther Rlone nr oup;.llC!,<mted lfith 
1 5  mg. vi tom1n A per d&ly. 

Pced 

><�aco�e Jw'7148 ., . .. 
p.m. 

fj/7/1,8 o . m.  

r;». m.. 
G/7/48 

Averngc excz•etion 

�· A B k DO 2 

1 5· 7 

ShO!J! ' 
1 1 .2  

9. 6 

1 3·' 

9·9 

1 2 . 8  

1 1 .  4. 
ApParent d1geet1oil1tf 

por can tae;o" 4� 

tt Calculnt� !'!'om th� 1·ot·�� 

rhe ... � g 
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Ap!)t1l"ent <Uceotib111 ty �crcentuge ot • 100 • "i!i! 
nutr1Qlnt 

wh�ro f • rot1o nutrient to vvrfJ., tea 
o ,. rst1o nutrient to CraO, oxcreted. ( 1 29 )  

t\U will �e thown lntcr, the carotene oxcrcted 
rnoy not rep1•eeent, a s  hae been Oli�ume<l lwro. the 

t�1 fferenee b twet."tl the carotene 1nc;c·t;tO<l t.nC1 thnt 
nbsorbod o� destroyed in the d1gust1vo tr�ct. 

for eh1•orniur.l 'n� CPJ'otono to obt111n .n int1.1atl tion ot 
wherl.i the ll� e t l"Jct1on o f:  tho cn r-otonc, 11' uny, \Vtte 

nlixinn c11: the oxide ·.: 1  t h  t !'):: t'cua 1u the u vpa1· portion 

of' the cHrrcntlva tru c ·t ,  \?.1cl�ly <Jlffet•t.nt l'&.tio� we�e 
obt o1necl. 

but corotune chnnge:e i n  the d1t&�t.1 "lt: t1.·t•c:te ot noranal 

on1D9la w111 be (11ecu st1ed lo,er. 



'.l'b� C.!'fect 0� th10UI•oe1l Oll the etllbili ty or 

oor�t en� wP.e ale� 1nvoattgotod by 1ncubnt1ng &olutione 

o� collt 1t..'i•l onrotcnc wt th 'ltnryinn coneentr"Dt1ones of 

thiou r'l cil .for from 14. to 1 2  houro o t '7°1. ln no car.e 

wuo tho e:n�oten� deoompot:\1 tlon eraator thnn in the 

controls inC'\.Ib8ta4 t.JnCIOl' tll<J GUme com11t1ono l.m t  
wi thout thioure.o11. 

From thcoe o.xperirnentu it oeomo unlikely that 

thiour�' c11 decreueoa the otnb.tl1 ty nf oerotcme 1n tbo 
di��eGtivc troct. 

pla aJJn or 11 vur vitAMin � du� t,, v�r1· tlon� 1n the 
converuion or carotene would b o  countet-bAltmaed bV 

the & tl!Jf) l'Cnlt dftcact o£ the t.1.rro id etf)te on v1 tsmin A 
J'fHiU iPeliltmta bO thot only po�\1t1ve Z"<!!IU!te 't70nlu ho.vct 
�.ny ret-.sl :a1gn1f1cancc. The Uf1mo u p�.�11en to the ft�llur.e 

to o<!tL'<.:.t c�1't�·tcno 1n the :'lln emu or to fJn-y exttmt 1n the 

11V ut'L• 1.. tH•otc:mc.: in tlto Ll.OCC. or the hZ{OY;>thyr01(1 animal 
:for e:Kf;r:tvl� �.cmld h£)vo 1nd1 et:tted "n net ion d1rectlv on 

the �ru.�yr.te ��tJteM 1nvclvod 1n tho c:"onverelon, ,.rld vrh..tle 

D negH tive r·ct:.ult could be explrt 1ned by ruummlng no 

.r·CltJtil'HWhi� of thi � t�/ .) t'!  b ettteen thyro1a fUnction 

r.nd co rotene eonvernion, 1 t  oould tt l Go x-esult t"ron o 

t:eoreoa«td convct,t..im"' t! U �oc1mtod w:lth decreAsed 

o lJcorvtion o� cu.rot�ne. 

of nnit>�; 1 2 NHH' to 1 1  timer ru-r ,(.c 1 (!•,t•inrc tht: co,,roe 
of the t h:n'orn•otein tre:1tm.t.nt f'oll •,\•:1m; by itc deoth 

!'or ahcep, 

ont! Jrt•tJ:.! of thia u•eo:� ;'"l<!ll" 10:1 lb.l. '!tvc w�1Sht 10 <.-one1d­
o rtet1 su !'f'l clant to .n·<>llucc:t thyroi d  hyncrtt•ophy ( 1 �1 ) 

tin a t:Uil'lttl ) rttot�i veu ovor 3 t:imes ��.tc moount ot• 

thionracil i'OP tht:J loot 7 <"f.lye. It Ct1n be �onclu4e4 

therefore thnt the coro t cmt- metDiml1tHB of oheep 1n a 
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detcct:ib4f r1-o!f\ tl1e nor-molJ 1� the conversion or 

edroteno tc vi tt m1.n A is 1nf'1.u �ce� b:t th� th:,rt·o1d 

otn tc·, the \3ff'eot <'oco not npc)c·tr to be on the 

t:mv;v!l'lo eyet<t�t involved Ol1 on the etab111 t1 o� the 
I t  1 o qui to poastbl<t hov.•over thnt the 

tH..;fiot·pt1on ot.' cnrotenG rnuy be uffeotecl G1nee 

Althauacn �nC1 t tocJtholm ( 1 61.-) hDve ol'wl'in thllt 
/ )  ;:•ue�orotion proaoueea aro roto.rde4 1n the eypotbfroid 

state. 

It YiSlB iutenc'C!o to re�oo't th1B v:o1.,k UD1ng 
mor" ' r• i !'ltll(l on o h1phc:r ca ro t ene int�.lke ( about 2 grlo\DlO 

per c'�S 1'.rom o,.. etm·o) t n t1  t>O�tibly ':.r h1��H!:r thlourttoil 

IJ eimi le r cy pe, · . �bt te '"�"t! tH.iOd ln thls 1n��Gtigat1on 

( on ,J body w :1t:.rllt b::&i� t.hie 1& 
ubo11t t'1 ve tlroee tho leval used for tho ohet:p� } 'l'ho 
rcwu l tc- �ere thft � nno n e  tlaose obtu1n� 1n thie 1nvc&Jt-

1got1on. t:o carotene t;�: c u� toated in tho pla roo on4 
vt tJ:4rre1n levell! 1n the�e 9na c 1m11er uni�alo treate<l 

with ,,�ca1ecated th.vr:>l t1 v1ere normal.. Ooodwin aoncludea 

f'rom h1n i'inuingc that the n•1mery t.Hltion o:r thtourtHtl.l 

In view ot 

1'0T"O I't'c>�r>tl :· � 1lff1 1 1: 1 t: C  • n :  . .  )!:C'Ob�Ol1 { 1 (.1) 

i'ed iot·tm•ted c� n e ! n  to c"' lvct.: o t  ·i lev�l ot 1 . 5  ems/ 

100 1t:>P, t-·'\cly v; i r'\t t J t  fo,tn�.! l t ttl<! or no ci'1"cct on 
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l.&vol of C:'.lrotent! 1ntn"e the incrett sod Jttetfibol.te r11ltO 

on tho 

other l'll'lnd,  nlthGlt(Jb no 1nrormfitton ilD t �� dooaa� 1 a  
vv,,llnb le, �.orr1 ak, Arl<ll'nws , 'Booeon nnd Hn rper ( 1 G2} 

t'.;Ork1ng vi th lAilbG, t"Oport thBt • thla,u•ee ond high 
• 

l\Jvul� o! th1o\l�}c1l :2ppceroel to 1nf. �J:fere wt th the 

conversion or cax·ot�ne to vi tllmin /.!' • 

. . . . . . . . . . . . . . . . . . . . . . . . . . � 



c n A, :. 't' E R VA 

!JJl.�;_rot!1%l rn t1 tlte 'Q"1 V1 \r6 nt:tnveraj.on 
ot 0protpe 

In vtow of the poe elble et�'ttet ot the tbVro14 

on ce:�rotene m.eillbol181ft, claima by h.ua�1an 1f0rkura to bf.we 
e!':t'ec:ted tlle aonvereton � oeroten� to vt tmaS.n A uoing 
thyro t a  extract• and 1od1nato4 pl'Qt�ine ere ot can•tAer-

v1 tro trtme-fonnntion uaing t�roglol)ultn, tnrrotd extt'flct 

tHU1 fresh minced teyroida ana later r<� plonokv flnd .aslabe 
( 1 (,6) roun d th&t 1od1noted coeein wee nleto off.t�cttve. 

�7he t�ct1v1 ty or thooe !iubetaneee woe ttestroyed on bo11-

1nu ftnrl their aet1on was 11kene6 to thnt of the BO onUed 

the r-m1rnnl body et�roten o  is ootwertm'J into v·tt�rn1n A 11'1 
the thyroid s;lttnd · r�s wP-ll l'tG 1n the 11 v0r " Pltld 
uut:seotcd that the nativity or the enzy-Jae syotem I'e&pone­
ible f'or the trmns'fo't'TI'ttJ �ion aepcn<l(J4 on the pr@&enct� o� 

1·:o otttJmpt epvenr&-' to hllv� boen made by other 
�ork0rs to conrirm tb�oe f1nd1nge an� a1noe t� evidence 

so f'H' 91·e�{jnt�·d ts t:l£ninat sey d1I'l�crt sct 1on ·oi"' �he 
th:yrolu on the mocl\l-n1om ot convt!rn1on of' eurot(:nc to 
vi  tfil"'in 1\ * 'th� t....:v-..·rl nunte of "� plcnJSky nn(1 naloba Vl�l'· 

ettnd \. tlone wn.s concln<lcd t'rom thu d1&opt)cHrf1ncc ox­
e u�ot<..me 8ltd the inerct., s<:: 1n n;)pflr6Dt vl tma1n A oe 

the product v:aG estrfbl1sbed by ''the zone of a beor-pt10h 
The flot1vtty ot 
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the th,yroprotuin 1ncrCll fH�d up to 11 cono•sntrat1on ar � mg. 
per 'lOO !!1l �1hen , cond1 tion of �ffltilibrium ...,tu: reeohed 

w 1  th 1,.5 to 50 of the oaroteno trano:rorfltod to vl tomln A. 
'j'he ovt1mu� pH io .':1vcn SJG 7. ;; a lthough th1�: O PI>Ooi•e to 
bu !1Uf'•'lY the prt a t  �·1hich tho rttcove-ry o1• cwro,ene •• 
low !�t, no rigure ��ing giv�n for V1tam1n A formo4-

As u lrea�.Y diocusu \Z'(' tbo d1oavt:.>�O ranoe ot 
ce;�otr!ne is in itself no 1nu1cot1on or converolon to 

vi tom in :. end even a lthough it hoa be l!ll aotahlilihOO th.et, 

1tJ a1 ":.1 lol' t:J<:?t:�rime:nt e ,  oozne vt tl'lmln A te form�4 , 1 t connot 
be r.r:,mr.tctl tho t the ''1fft:r4·nee lJet <hm thu corotc.ne cilOed 

m�d r('coveret1 Aft or 1nen l.Jnt ion re:prf:e�ntl' the 111 temin A 

In tht'. �hDence or ex�t.r1n�mtnl aetoilB i t  le 

or or the £poctx·oaC'o.J1C churecttt'ibt'ltion of the vitt:Jmin 

1\ eu pnoo•:c!l.y forl!lcd lmt on tho L-V1donca proo ... ntt:d 1 t la 
13ou t-{"ful ii' the pt•O�\.'YlCO Of the V1 tu.rnin WI)S <!OllC lUD1Vely 

l;ft rti �.�nlor A tt<.:rtt1on wtHI vu 1 d  to the 1d-:-ntt.ty of the 

prothlet. 
!ol.!1n�:tted coecin wea prepared trom. &k1n 
milk ua1ng the method. an4 quant1t1oe 
deaer•1bod by :�aplanakJ �nti :iftlaba .. 
<.1o'ft"tb1necl i odine eat1Jl);8 tod b� tho metbod 
of llerrinf� ton ( 1 G7) in Q cmr.a�)le otter 
e1t•l,:/a.tu MU} round to be 1 . :;5,-'. 

ro l.loi<.:.al cnrot<:no Wf'(; [JJ·C�J£tr·od etti f'lref:'� 
<•._mcr1bcad tlnd 1 oc11notod Ctll:t!1n c11o: olT&tl 
in \¥<" rok oll�t1l1 Oci<!ctl to ci vc t• ooneontl't.tt ion 
aqu1volcnt to � mg. per 1 '10 ml collo tuol 
cerotcne. <J'he p!i woJil n t1ju6ted to 7 • .., 
with ncetie oe1a an� the �olut1on 1ncub�tod 
for t\Yo honro ot .. ,-,cc • 

' ftcr 1nclllJlJt.l.on the nncrtrtwcd cul•otene 
anu the procructe ��ro oxtroctcd into non­
&\i\l �ous t5olv<mt by nc.Mlnc u n  \:1('\\Hll volume 
or ethanol and ehuk1nu v1govonel� •1 th 
tl't.o voltnavt of ? .. tt.·ol�:ttl · other ( \lt' ter-
utbunol-e'ther ratio or 1 : 1  : ?.} • 'i'ho 
t. n  .. trr.ction of th ... colloianl Golut1on troo 
toe111 teted u:; the vclc11 tion ot about � 
flOt!iur.� mllp.l1.ctti to the a.c:u t.:ouo lnyer. 
f . £ .. rotene wne ct�t1mvt�d by the ttta�os.\"tH.m. 
ot 450 mu ond vi tnmln A ai)Oetroacot»olly 
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uains the three point correction procedure 
end color1metr-1eall.y w1 th the Ct11rr-1�r1 oe 
reagcmt. 

The solution oont81ne4 1n1t1olly J85 ug carotene 
unt1 of' t1 J.a 266 ug or l\pproxiuwtell 70'ji as eat1me tecl trO!Il 

thtt absorption ot 4·50 mu wae recovered. no vi tttm1 n A 
could however bet aotected epoctl'Oe�plcall$ and there 

�os no 1ndioot1on or o penk et 325 mu. wrtns 1ncub-

nt1on thor$ waa n marked increase i n  the uboorptlon 

in the uhot•ter •r v e  len�o;':tba wl th the develnl)IM'lnt ot o 

emall pe�lk e.t ''5 mu oberecto%'1et1c of neo-;3 carotene, 

indicating 4ecompo&lt1on und 1eomurioat1on of the 

carotene. '!'he vt tmain A content eet1mate0 ooloM.mot-

r1cally Wf)G 22. 5 ug ( corrected tol' CS t'otcoe l)reoent) 

bu t td.nce deOOmJ>Oe1tion h&d oo®rred little rel1onoe 

could be {)loood on thie ttsure. The gbeorptlon a t  

325 mu ,  eleo eowectod tor c:orotene onlY, •J)� equlv• 

olm1l to �l total a pparent v1t&m1n 1':. contoot ot e'bout 
,a ua-

The experiment wBo repea�od a number o� ttmea 

usinR vsx•y1ng quenti tte• of iodinated ceseiD wt with 

e1m11er rewl ts. 

The combtn�d votroloum �1er eolut1one 
trom. thoeo oxper1meota were evoporeted to 
mnall volume &nd ohromatogra�od on e 
ex>lumn o� 1 s 1  m&enea1um oxide - �no 
superoel. The column wao dovaloped w1tb 
potrolwm ether oontntratng 5f bcmzene. 
A1'ter elu tton ot the cnrotc:me no n.uor­
emc:enco could be: detected on the eolumn. 
!aut1on wlth petroleum ether �\tU�sted 
with eth8nol geve a eolutton ebeorblng 
rela t1velN etronglr belo� 300 mu but 
g1v1ns only o general <.lecrerte1nu obeorpt1on 
above tbot ToJGV('.length wtth no pe�k in the 
325 mu region. 

It 1& �.�pparent therefore tllht no £�pp�ec1ablo 

msount or v1 t�mtn ,, \Valtl produced in tho$e expertmente. 

1 eocmapoei t1on end 1somorlent1on hovawer oecrurrea, 1n 

oome oo ees to a marked onent, nru'l 1f conolueicms were 

bneed. entl�ely on the ' 'ttrr.-Pr1 oo voaction sna direct 
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evectroecopic eot1mot1one at 325 �, i t  could be 

el'ron00unly aceumetl tlwt v1 tamtn A woe rorm.od. 

The pooc1b1ltty th�t thts tn1lure to dotcot 

conveMl1on or carotene to v1 tom.tn A miGht be aue to 

H low t!J1-roxine eontent in tho 1oc!it1.8ted eeee1n usetl 

could not be overlooked. 

Kapl.Qnok¥ Rnd aeltJba s1vee a f)l'oduct ot low colllb1ne4 

iodine con·tcn' an4 the exptttrimente wol'e the�"ef'oro 

rctpea ted using othor prepul'tltlans. 

Iodinatea caaetn WQa prao�red uetng tne 
method tJeecr1bed by Re1neke and ��I'Da' 
( 1 68) . Uond1t1one wore �ooen to gtve 
the higheet poeaible thyro:xino content. 
ro 'IS ot Mn�t\._ ·•• ueet ae u cat�llyet �no 
1o�tno woe t.d"Jca eQU1v�l•nrt to ' utou 
por lQOle ot t�roe1n-o ( culculo.ted trom the 
protein cont�nt of the skim milk) . 
Vigoroue e t1rrtns or tbe oolut 1on woe 

mt-s1ntttl ne d. 
•rwo eamples {>repared by tb1e methoC bed 
oomk)tnod iodine coratent·e of .5. 1 an'l 6. }f • 

Tho 1noubet1on of colloidal carotene •• 

ropontod with t·heeo propopat1one bot tho re.wl t8 
obtained were mir:lilnr to thoao calroa\1}' deocribed.. 

't'he mnount ot deeo!ftt�QB1 tion wh1eh oet"Urx�ed �urlng 

1neu bet1on vtu•1e4 but uaa conei der�bl:i er00ter than 

1n cont1.�1 eomplcs 1ncube t cd under n11"11ltar eond1t1ona 

oi ther wi tbout the a etcH tlon of' thyropl"oteln or 111 th 

After b<)111na tho 

nct1vtt;v of tho 1ot.1nnted CtJ se1n t'f!}S redueod but the 

cecompoa1t1on was at1ll greater thfln wltb controls · 

Kaplanaley nnd l:�lab8 round th� loweot cal'otene 

rCJcO'Yoriell a t  pli 7. ,. ':rho et!'ect of pU on coro tena 

uecompoai t1on we a thertt-t"oro 1nveet1gut<H:J .. 

tod1nstot1 CCiee1n cUanolvea in w09k lltsl1 
waa nadud to e Ger1ee or carotene eoluticne. 
A ()boephorlot a cet)C, boric C:lOld but"i'er wae 
atlde4 ond tho pff of' the oolutione sd3uetect 
to vsluee rr.om 4 to 11  'r11 th �lUetic eoda. 
Tho eolut1ons wcwe 1noubat.et\ fol' 2 hoo:re 

- · . .  
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ond the products extraeted oe bofore. 

Corotonc Cecompoo1 tton wne en t1mcted lJy the 
rut1o 1�321; rm/'SJ._� mu oince th111 l'tl t1o Cf)n 
reoCl1ll' be convdfte(l to opper«&t v1 tumtn A 
per 1 00 ug ocrotcac. 

The erteot ot pH on the d ecom1Joe1 tlon or cc r·otcme 

meecurea 1n tble woy 1e �:�Jwwn t n  Ftgnro 2' curve 1.  

The reeulte wore not entirety rep�odoc1ble, 

1nd1v10Ual rotioa very1ng b1 oe mdl o o  2()f. but the 
eurvea wel'e ot tho same aenornl ahnpo "'nd the polnt• 

plo�ted repreeent the l'M\fln o� o number of exper1mente. 

w 
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Theee 

F1R•it - ��rect of p» on tbo uooompoottton 
Otco lo1dll l ct.Jrotene ac)lut1ona ln tbe 
proacnae or 1ot1�otecS en ue1n ( curve 1 ) • 
1oo1n" ( curl'e 2) llnd by�1o(10ue sold ( curve 
;n • curve 4- e.hawG the aeeom?ooi t1on or 
tbo control oolution. 

• • • • • • • • 
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It eeemo� \lnl1kelY th.Gt the 1aOJaor1&ot1on nnd 

tlocoMpOt.< i  t.l.on or thtt c:nrDt eno would be eau se� bV the 

thyroxine EJJ'0scnt 1n the protein. Cbv1ou Q).y, o n11 o 

)J.U•t of tl'lo 1oa1ne in the 1od1rwte6 Cfl'l!C1tl 1o combin\JO 

� 1 th tyroe1no and othot' 1odo com'l)()unc1• Pl"Ot'ICf'lt r.dlofht 

bo respcmt 1ble for the chonr:ee which occur on tncub-
'' t1on. nsr-otme tn petrolat.lm ether eolution ta 
ro-..ldily 1 eomerloed b1 1od1ne ( 20) . Any :rrcc iodine 

in the teyroprote1n would oo rer�tovoll b¥ Cllal¥St& ( 1 G9) 

bt1t the poe� 1btltty of looeel,J bound o� odeorbed 

1odlno reacting e1 1lel'1N on colloidal eolutlone wee 

inveet1 gu ted. 

A eer1ee o� solutions of ooll01d&l oorotene 
contolnlng 1odlne equ1vslant to � ot the 
CGrotene pru�cnt ,_. pt-eperod .,D4 tho pB 
nd3neted to "'Dluea hoa -. to � 1.  'the 
go,u,tcma • .,. looubetd ror a boon ., 
3 �, 1o4lne 4oatrcwe4 1>v tblonlDbate a4 
l ., procliote extnote4 Silto petfolem � 
IUS b.tol'e. 

ln 1od1aet.t Pl'OtelB • po i'UOD o� the 0011b1ne4 

U tbeee 

tt-1odo coopounde uln 'be re la • poealb111 tr or x+ 1ona 

being t'orme4 ont1 the often ot �- 1Cifta cm corot•• 

woe o leo 1nveet1gate4 bv socubOtJ.na a co1lo1401 eolutlon 

w1 th hypo1odoua aolcl. 

JI�a ool4 na prepared or abekins a 
eolutlon ot 1od1Jle with aD aoeee o� tN��hb 
preclp1ta'e4 ••cml'lo od4e. ARe ftlterlDS 
the eolutlon wo ft4614 to colloidal ccrot•• 
to r;:l•e 811 iOdine OOftOelltl'8t.iGD apt.D equl.,el·· 
t.•nt to aboUt � or the carotene. I)IJ .alu•• 
wure a'"uetet •• b.t-. oa.d the eoluttoraa 
lnclllmted toze 2 hours. 
��he effect of 1od1ne on" bfpolodous o.c1d on the 

d�compoo1t1on ot cnroteno at different pH vuluoa le ahown 
1n Y'tgure 23 • (,urves 2 end ' reepeet1vo4t. The etteot 

of pll ltt the obu�mce o't other oubctnneee 1o ehown ln 

curve � 

It 111 npfi)BI'cmt thst e lt.hOtlgh cone1dcr:"ablo 

aooompooi tion eoeu oeeur in the preo cneo or iodine anc 
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nrpoiodO�$ �cid �arttaulUl•ly ot tho lower pH vuluou, the 
1nor�m;(jtl dt>c:ompoo1 tion w1 th 1od1nnt(Sd coe e1n ��t pH abQUt 
7 oaru1ot oe ottrlbutc.�d to the preaence ot free i odine 

or I'' ions olone. 

'\'he \\Ork of Sa la ba ( 1 G5) w 1 th minced tb¥ tto 1d8 

wns fll�o Jt�ett te4 but B6o1n no v1ttu.n.1� A CO\Jl<l bo detect­

ed 8lthaugh aa oetore th• oarotene d�co�oe1 t1on waa 
groatw in the pxofltleno� or th• thyra 1d pra�arat1one than 

in thG oontrolo. 

lt h�us been confl .. tnfoft! tberei"ol"e tb.a't , oe ropor1o4 

bJ the nu es1An workers, there t.e a cu.aoppeerance ot 
corotene on 1fteubot1on with �roproteta ond t�ro14 

e.xtrt.u:te but 1 t 18 mls,�Natw th6lt the carotene 18 teomor­
ieed end 4e(tompoae4 •.tthout the rot.tut1cm o'l n•••n A. 

In the o.x�\'trimetlta I-QOrted h•"• � 400C*P081 ticm et 
c€-irotcn" sno U1e toftllltloa � "aoparmt vlt.ta A "  •• 

ostim�tcd colOPimet�loallr ... eon.id.,.blr 1••• than 
z•or)o1•tao bJ l�oplaat¥ aD4 aala'be. 

.�1rom a welillin� report or .,..Jr aWlar to 
that (leocr1bec! above, lt appoan tbat Ceaa and Goodwin 
( 1 70) hevo a l.lllo b"en ut&Gble to 4n.ouvew flDV oomel"81on 

ot cnl'oteno to Yitamln A· 

;. l thousb �1el1' original papel' le ftOt JOt 
ovvtlaole ,  I •l Bol.la, 0&1Dil' ano i»llJ.nS Ganmrl'l ( 1 71 )  

have roun u that t)qroxtno 4oee orten tbtJ etab111 tt ot 

carotene, whioh '\VOUld o�b)f!?>r to stJpport the conclusiona 

reocl;cd in tnis inv�Qtt�otion. 

. . . . " . . . . . . 
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C fi A. ? t; I� H VII 

Th� t.vulJ:sb111 ty o£ �a.ro�f;:lle £j:;om Her�,g� 

Intero t ln thti: curo·twe r.1e ta"twl1 �m or 

herb1 vora wtUl arouood t.hrouglt tJ nunli.'l�.r or obeervst1on 

cur�r;ec t1ng the r l6t1ve non-flv�1il• liility or out-otene 
t'l"Olll hc:J•bage during coz·tain p�r1o4o o!' tue rear. 

Cl1n1eul Ob.&f'JI"Wtion� ht\ve euggnted COt1L1 tiono ot 
vi ttl�iu t .. uet1c:1ency irt cDttle even who.n tho proYi tamin 

content of the :t"-.'tt.!d vrav cooaiderably in o�coo� or 

reQUll'�nte nte. •,�' b'.J \S t1ur1ng fl &tet'"t!CUlGrl�· oey eummer 

yctlflB oLoak. on tha .Juut...�Y �ollege l'�rc 6ovctlope4 
t;ynmtome wh1eh were t1 ecr1 c.1 to t� v1 tam1n A tlcfi cienoy 
nn4 which reeponl14td t() oral end intreum.Jeculer ndmln1a­

trot1on of: co.rotene. 1'heeo 11a111ala ••• Oft e Cllet o£ 

hey an� D limited amount or poor QUa11t7 �ature 11Y1ng 

tl cmlculetcd carotene 1ntak• o� 2 to ' tlmea t.h• normal 

umm;>,,ortod bJ ntdcDoe or low hepetlo •'o�•• aac1 low 
t•lu t...r.l.U lev alo ot Yi toaln A and tbe1r eipltlctODoe le 
!'urthul" Umitetl IJy tbu ll•Ck or tJdGqlJSte controla. 

� tr�ngcot evi aenoe ln QUpport or o recaeed 

.. e.rt•cct1 '4/e1' uarotanG intake ttun� eu�U�er montha le 

pr-ovided by tbo decreaoe 1n the carottme on4 v1 tam1n 

1 con t ent ot l.mtturfot uut.·1ng th1u �r1o4. 

'l'he vi tam1n and prov1 temta content or N� 
;·:-::t�lou<'l bntterf'tjt hu�: l.H') t.lD 1nvee t1ge�tod 'by eovel'ul 

�.-o r-�ul·a ( 1 7�,  1 7J} ·otl u1nce, in contruut to eund1t1one 

1 n  Hri tcin and n�ae.t•icu, tho �-owa l' ru �·:. c t n rc fed 
tht•ou,Yhcm t th.e yoAr, the votuney or the butterfat ie 

on tntlic.u tion o£ the •;.m..:>unt of ovuilt:�blu cll.rotone 1n 

tho cwot111•$. In o11 ea ooa narkCS�<l c�.:anonul var1rtt1ona 
h11Jve b�on rotloi•ted. Th0 vi tcr1l1u ,\ pot \il'1CN' i ll  h1 tt.heet 

1n lotc wint8r end apr1ng ( August to Octobcn') und 
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decrooucu.s g:a:-aduf..tll� tr.rvugll thf: �pring ond oorl:; wmme!' 

t�ecH!hir•R ;':\ min1nnua veluu 1n l�te w�le t• ( : �bruary) . 

'i'lle potoney th0n inc::rooMJ� u�aln tlu•nu�h tll� nutumn. 

: Cut"&rcb Inst1 tu t o  ( 1 7  J) oholJt. the tvvu of Vfll'.it. tion 

cnoounterod. 
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'.i:'l�oae varitAt.l.ono are oatlnonal r&theJ.- than 
l..c.•ototion�·l oinec no u pprecr1able cU.tt'e:renc::ea in vi tamS.n 

t. ;>otenoy havo tieon f'ound ( during the> �ntha of: l·'ebruaey 
un� Jut•ch) b(;twocn the rnt trom " ll ttr1tlg-eel vera'' ttnd 
, nu tumn•ct1l Vt)rc'' ( 1 72) • 

tihtnu. this \UU·1at1on in tot8l vitt\min /. C 4ilcrot1on 
cu lcula �dd :t"rom the produ ct oi' ovct·f'�O t'lOnthly fot 

r pr,�uuction ( t 74-) bJ a�01"<1Sts monthly vi tftN1n A potency 
ot tho i'at ( 1 7') toz' the corrcupt>ndinu tii str1at. 

• 
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AUG. �EPT. OC.T. NOV. DEC.. JAN. rte. ...Af'. AttR: "'AY 

ns. 25 - 5oaaona1 .at-1atione 1D totol 'f1 tsaill 
A eeoretlon. 

. . ' . . . . . . . . . 

It would appeor tneretoN that there llll&t be a 
dcoreaee 11'1 tbe cero�.ne ebeoJ"l)tlOil dul"lftll the SUDDel' 

montha. 

Wllbu.J', 811 ton an4 Bauge ( 1 75) have lnvoatlsoted 

the v1 taain A requtrumento o t  4811., cattle £01* tbo prodUc-

tion of rat of high v1 �nmtn A potenc:r;v. The, 1"ound that 

tbe vitamin A potency ot tbo tat 1ncreotle4 w1 th i»''Vl t� 

1ntotce until o maximum ot 3G to '7 � herman-M\:maeU unito 

por grol:\ wos reo ohed w1 th a c!a1lv carotene intake ot 

300 ag regnl'dleaa ot the l1ouroe. 'l'akln�· the t.hel'D(la-

r�unoell unit ne approximatell 1.,.. z.u. ( 1 76) tld.a 
gives s mex1mvm potcmor o' 52 I. �. l.)er gre-m wltiob le 
about the h1e;he11 t level found in nae ;:eal•nd. buttcrtnt. 

-
'the mtn1Inum potency ot New �:ool!.lnd lmttttrf'Ot 1e abou' 

)0 l . U .  per grEllll or 2� �.l'u.tman-1-\lnaell unite which 

would ep?esr to corl'espond to a ct.arotene 1nt&ke o1' 

& bout 1 ;o ms per daf. 

Aseum1ng ror pantul'e l'eO cows a (}Oily intake 

ot dr; .- t ter or 10 to 1 2  kilogre.tl\Q, tho carotene aon• 
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tent ot ttew ?.eal&rld poeturo 11Uet 4ecreaee troll at 

lentJt 25 to ,0 ur/p. 4l'J ._.,, .. lD tM late winter 

Bo 1ftr0raat10D appear• to be available regard­

ing variation 1D the coroteo oontet ot lfn 2•l•ll4 

Dn&tu�• thVoughou\ the J•a• but en ln..atiaatloD 1a a� 

preeCI'lt being �rte4 out 1D th1a DepartmoDt ( 181).  

i ceulte are not Net available ror the w•• per1o4 

but tlsuree tor eelooted paeturea trom JUne tG floYomber 

1nd1 ea \e no averese value ot about 5,0 ulllll• 4.17 
matter w1 th e clev1at1on ot oboUt iOO ug. 

'l'he carotene cont .. t ot greeeee haa howewer 
been ext«telvel.J 1nTMt1ga'ed bJ Br1t1eh workers ( e. fl• 

177, 1'78, 179). The rewlta ehow tbat the carotene 

vontent dec�t••• w1 tb -�1'1- an4 1bzt aYe.rege pua .. 

the l"ele taU troa a •n,.. ot abou' 600 ttB/P. 

during the epr1q tlu llb to abOU' 150 ug/p. in lllid­
eumer. Clo••• csecreeae hoa about 450 uglgm. to 

,oo uglgm. over the eeme per1o4. 1'b1a caroteno 

content le slgniticont.J.r cora-olo.teo wl th the protelrl 

or non-protei n-nl trogeo ( 180) . Fl'Om the Dri \1 eh 
f1gurc6, ens tuurumtns ao cawlev' c prc11m1mu7 f1gurca ( 181)  

1nd1csto, that e o1Jil11ar conelatlcm elCiata between 
cnrotme vno protell'l, lt eeema unUkel,J thtlt the pre>-

v1 tamin oontont ot 9Versge now tee land PtY�ture woula 

i'nll below the 13r1t1sh min1mum r:Jr 1 50  uglgm. Thie le 

t an  t1nea tho �1guro expected trom the v1 tom1D A 

potona, ot' m1c1-oummor butter�t, t'lnd it eppeere thoro­

fore tl'lllt ne eomparec3 Yl1 th the corota'\e tram the 

voriouo oourcea uee<l Sfl v llbUr, llilton ana Jtauge ( 175) , 

the bulk ot the p:rovi t!lm!n from o\tl!m'lor t>OOturo 1o nat 

ut111sed. 

It •oe thought that thie non-eva1lab1l1ty o't 
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the CS 7'otene nd.e;ht be ra acocioted •1 th the high fibre or 

lo\7 pro tela coDt4Wlt ot aumm.er pasture and elll,et'lmen' • 

wore planne4 to 1DYeet1sete 'he etteota ot var1oua lnele 

of t'1bre (and lS.pt�} ara4 protetn in the <llei on the 

ut111eetlon ot oarotene bJ �ee�. coro,ene abeorptlon 

1e dependent on e4equate tat in tho diet end elthouah 

there oppeara to 'be 11 ttlo •eaeonal. variation 1D the 

11p14 conteD' or &1'8aeee ( 182) , :teec18 .. ,.. aleo planned 

to give o ranee ot tat oon\GD\a. Carotee-tree baeal 

<11ete waN plannecl and it •• propoee4 to eattaate the 

opparent 41see'l1blli t7 ( 1. e. Pl'0•1 tal!lln aboorbed or 

decompot>eC S.n the ollmentarr tnot) ot earotene auppltmu!l'lte 

od4od oi tbetr 111 the tto�a ot aoactlfttmtee 1n oll or ea 

cc�rotene-r1 eh c1J•1e� graae. 

D1ff1CN11i1ea were ox,..er1anoed with palateb111tr 

or the reeae un4 mrtae the pre-teecUna peno4, �rel1m-

1nory d1geat1bllltr experiment• were cerdiC out wl'h other 

ehe ttl) t'ecl on luaeme MJ• ·OI.nteao wee deter&d.ned in 

the rooo ond taeoea ue1ng the methotl �eeer1bod by lloore 

( 1 59) . It vse f'ounc9 howner, thBt the cnrot<mo exereted 

rnngeo from ap.>rox1mntely 80 to 1 (,0% of the guontit¥ 

ingested. Theoe enamaloue resul u "ore attributed to 

errore in tho oet<n-m1notlon or oerotcno in the fUDe&J ono 

lod to the 1nvestlgot1on or me'thode ot oaroteno vasoy 
deaoritJed 1n Chn "ter VJII. It hoe not been pot�t.. ible 

to complete the tn-.oot1gat1on into tlu.:: effect or the 

cotti)0_,1 t1on of the teod on .the ut1110Ct1on ot' ou1•oten�. 

Working w1 th l'fl t� • r.-ro pe ( 16;) toun t\ tbn t an 

.tnC1"<;.'6ne 1n the N.bt'o content o1' tho �.;.1 et .recluocd the 

tn1ncd 59% sto rch nnd reploe1ng ha!� of thl� with 

cotton-ooed hullo, 1ncrcnoed the bulk or the tneoee 

by 10 tt-rnea r.ntt redu eeo the ll ppt!rmt POI-ceotage 
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cU.goat1bil1 tJ of & tmS.ly 60 us doee of eorotene trom 

eo to �. !leplfle1ng bB� the eturcb w1 th eger, 

gnvo CC'JUollJ buJJcr taeoee but tho obaorpt1oa ot oerotmo 

'liDS una:tteetet. C1m!larl.r • "r,tna Ut• pro tela 

content ot the re� �-- 18 to '6% baa no etrec:t on tbo 

nbeox--pt1on ot urotae. 

A 1\Jr\her rootol' which !dght ortect the avail• 
nlJl litJ of the pro•ttaalll ls t.ho tocopherol content o-r 

tho l)neture alnoe an odeqUoto lovol of' v1 tem1n e l a  
oooent1al to r  ettlo1ont utllieatton or oaroteno. A. 

low tcocphttrol content would afteot both tho eboorptio'D 

or the crn'otene nnd the ateb1U 'u or tbo v1 tam1b A on a 
eorotcme 1n the bloOd plaaau end t1 a•uoa • 

. aorrle, :..'"Mlnaon flftl! Hlotman ( 184) i'ound th.et 

tho teod1ng or tocopherol at a leval ot 1 gram per cay 
• 

clld not 1nol"eoee tbo vi tam1n A potonev ot the milk .rot 

rH though 1 t did incveaeo the p�contoge ot tat ones tbe 

tottll output ot tat. It i e  poooiblo howeveJ-, thet the 

bneul diet olroudy oontoined eut'1'1c1ant tocophero l tor 

maximum uti lion �ion o-r t.hc corotcmo. :",hen vi tam.in A 

'i'me fed to tt1e co•e the carotene oontettt or the milk :rat 

decreoned by 33� but the reodlng ot v1t3min A ond . 
tocopherol ceuec4 a decreaee in onrotcne content of 

only 2;$1,. Thoott observo tlona, wh1eh hove boon c:ontir-mecl 

·b� other workera , { 185) eugge�t that the corotorHs nbfjorp­

t1on ox• utobll1 t.- in the t1aeuea wrHl t."\etlracuied in the 
pracence ot vltotlin J. but thet theeo c.r!'octm wcru oft'eet 

to eome uxtent by the toco�ho1•ol. 

!�x.;er1moo ta hsve thcNd'Ol._, b ct"tn commenced to 

1nvoet1gO t t�"  Hny oensorwl cht�ngoo 1r1 tllct tocopbc:n•ol 
content of {Jtltstur$. 

'l'ho omvl oo 

have been aeu;D,y·ed for total tocovl'HlJ•()l content u e1ng 
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the method ot tlt�tll �)nd Kell•l ( 18G) . Only two 

ropre&enttlt1ve eamples have oo tsr boen t.u:tsayod. 
Tlle total tocopherol content of tt eomple collected 

!n L"!-1<.!-� .. epter.nber •• 0.2, tna/p. dl'l' matter tmt\ r4 
the second aempl� collected at the �a ot Novumbor, 

o. 1 9  l'Af!l gm .. 
the uec�n epeetropboto$eter, th• 1natrumont bolng 

DttH'\tlur<U.ee4 &ga1aet arnthet1o alpha toeophet·o11
• 

The tocopherol aeeuge will be continued at 

more regular 1ntenale ovor the eumner per1�4 end if 

nnv etgn1t'1eent tJ1ttel'mcee are fOund between apr1ng 

und el.tmmer poatnre, tocopherol will be t'eo 1n mld­

oummer to a group ot eowe to bl'i'ft8 tholl' vi tall1n .:.1: 
1ntBke up to the spring l .. olt mnd tho vitamin A 
potency ot the butt•tat troa 1boeet sninutll com:;Jorec1 

w1 th that ot untreated oontrola. 

• • • • • • • • • • 
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C H A P T � R VIII 

The apparent excretion of 80 to 1 60%  o� 1ngeeted 

co rotone b1 obeep mentioned ln the prev1oua Ohopter led 

to the conoluslon that e plpet other than carotene wo e  

being oet1JS�Sted 1D tbo toeoe• or poselblJ that tl• Jllo\b.o" 

uae4 •e pv1ns lnooaplete eatract.lon ot the cer�tone in 

tho reed. Publlebed metho4a tor the eat1mat1on or 

e rotene were theretore 1aveetigated wlth • vs .. to 

ovorcomtbs tble d1tt1cultJ and det�ntns the moet 

mJ1table method tor uae •1tb the particular �terlela 

being o aen1ec1. Due 1)08l'lb1J to the wt4e nns• ot 

ma t erials 1n whi ch it 1e neeeeaoey to eetllllftte c1u•otGDe, 

o l.S rae nu libel' ot metbocl• �or 1 te aeeor bflyo been 

Although theee 

methode vary w14ol1, moet are still ln uae ln dit:ferent 
lnbox-e tortea resulting in oon1"11ct1ng resalta dUe in 
many ea aee to the extenaton of methoe.o to mater1ul e 

othar toon thoeo ror which thoy t�wo oeo1 gnect. 

Although the 8Ctuel teahn1gue& �i:r:t'er the 

methodS tor a:x.traoting tbe p1gnumta :ruu, la sezaerol, 

1nto t"tto me1n groupe: thoeo requ1r1ng a prcli1ll1� r�  

oaponif1cst1on ond thoee l n  wh1eb th1e c t�p ta oa1tto4 

01' folloft oxtroct1an of tllO �1Wl\ertte 01 th O!'IJODlC 

oolvente. once ln the solution, the corot<mo l e  

SCl)(.JflratetJ from thO othor pl @n�nte O i  tber � p&rt1 tioft 

Uctweon 1mm1oc1 ble ltgutdG or b1 u dllor�t1on on 

ool1�e an4 eet1mL•tod colorometricolly or op�ctrophoto­

motr1 esll.y. 

Oomolote cb�olllt tograph1c ��nalae ta lnvol'V'lng 

eeparet1o" ot the vnrtou& o�rotene 1Glomore ie not 

pmettcel for routine. anolyaio nor to 1t ot srGS t  vnluo 

ln aeeeeeing vltamtn A potency in vie of the rocog-
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• niectl voriotion 1n the t;bt:iorption or oorot<Jnoa rron 

vortou s Bourcee nn� 1 t dep61'\denoo on the pl'el:lenoo 

of rmt1-ox1d8nte anfl other un4csterrn1nad t'tlctore ( 187 -

1 9') • on1� auttho4o or eot1mat1ns " totAl ctD J•ot en ea'' 

cone1ot1n8 or J.. and (!) carott:me anu trocce c4 X' nnd 

poeot blJ vnrioue neo coroteDee noecs thwetore be 

conot4er04. 

( e )  �.fethoa. oi', E!$raS!1gn 

Beot1ft8 the mater1ol wlth alk»l1 1a Dn 

inl tiel etep 1n llOet or th• eerl1er methode and le 

otill fOllowed b7 man; •orkere ao o convenient method 
of disrupting the tieauee an� ellow1ng the eolvent 

to come 1nto more lntlmete eontoct wlth the p�g��to. 

� apon1f1cat1on methods b8ve bocn reported uuina both 

oQueoue (1941 i 95) an4 more reoentlv oleobolio ( 136, 

197) potaeh, tho mtAterlnl bolnu heated or ronuxed 

tor pel'1oele of 1'rom half" to two hours w1 th pot8ee1um 

b;/Oroxi do ot varvlna conoen,rot1one. �be extraote4 

pigC\cnte nro then tN�neterrea to �etrolcum �tbol' 

e1 ther atrectl¥ by ohak1ns tbe a loohollo eolut1oJJ 

repeot0<1ly with petro leum other ( 196, 1 97) or vio other 

extrttctantn cuob es eth,vl ethctr ( i95). �·hile eapon-
1 !'1oBt1on 1o nf:eeormry nt tiJom.e ctoge tt phoeic llCPftl'ft t1on 

1e to be follo�ed, 1 t  hoe lnrgely piven plftoe to di rect 

eolvent extrAction. 

A r'":nge of eolvento ond severol tl1ffer<1ftt 

tf)roee<1ures hr.tve beon Guggeetod t'or th1a (Jirect extrnc-

t1on. *1llatottcr Qnd :. toll ( 198) in their c:laet: 1 CX\ l  

mothod u aed "c:etone. 't.'he eomo oolvant boo oaen used 

w1 th moOif'ica tion by eulu.l�uunt wor}�ere un(ler d11'feront 
condi tione, o.e. by slow macerotlon w1 th the eold sol­

vent ( 199, 200) ,  or more rc�idly by grinding the 

tnatcriol w1th tbo aolve,nt ( 201 )  or b., the Hee ot the 

Dltmdor. ��eouer { 202) and Wall nnd Kelley ( ro,) ueed 



- 1 12 -

hot extruction with a mixture or 11cetono ond petroleum 

other on<l a t:o.lhlet f-l!.J�JOrstue w1 th }C)i. acetone 1n 
petroleum �ther bee been re�nonded both in the 

tonto t1ve F . •  o.A .c . method ( 204) ond 1n the l 1orbr Bnd 

n�:1 tt (205) JnOd1t1cet1on ot th1at methoo. 

Other oolvante UJPlOVGd inc:ludo aethonol and 
oetroloum ether mixture• ( 20G) , d1-acetonol both bot, 

followed by petroleua othor ( 207) nnc1 colcl in a 

Blendor (208) , a-butanol ( 209) , methF.Jnol ( 210} • 

aethonol ond ethyl ether ( 21 1 ) ,  pyr1a1ne ( 21 2) , bot 

ethnnol olme ( 214) or to11owed by pctroltmJA ether 

( 215) ond ethanol nnd petroleum other mixtures ( �', 

216,  217) . 

( b) t e:�o�� �f C4i1t:m• 
tr __ o:_ �_m __ 

Wbntever the mothod of extraction the carotene 

1 e nol'"m&lly aecompsn1 Cd by otber �1grnenta , m 1nl¥ 

clllol�opbJll, xantbophylla on4 xnnthophyll oo tero , and 

u lthuugb nttempte hBve bc�n trWde (218) to estima-te tlte 

cnvotonc.�J ln the t>reecmce or othor pignent£ by J!1C8rmre­

monto n t  c numb''" or uov"lengthe , 1� io cenel'fll to 

tH:�pornte the!t corotonoo i"rotn 'he other eonet1 tu en to. 
,Dor-od1n ( 219) f11"st reported that etl rotcmo1 tl ptgmente 
coul<., be oepCirlltea into r.leohol-eolubla nn-:1 ether­

oolubl� frnettone (1ncl from theoo obnervottone W1llatntter 

ond C toll ( 1 98) tlevelopcd their Mothod for romov1ne; non-

cax-otene P1E!rllt.mte. 'l'h1 e ovlg1nnl mothocS 1n wht ch a 

eolutton or the pigments ln t,;Jetroleun ether to ohoken 
repea t e •�l¥ w1 th oquocme methenol wh1 eh rcmovet1 tho other 

p!gmento leovtng tho carotene& in tbe ether , bBs been 

only oltehtly modified by SUbGoqucnt workers ono to et111 
�foptod, Porter ono ,'eteroon ( 21 ;> ueed 

ftQ\1tJOU8 d1-acetonol 1n plocc o� rn<'thnnol while 

orthophoaphor1 c acid ( ?.20) •1n0 ,..meteyl !>ontono jib 
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S-alol (221 ) hove oleo bcon &u�eetuu ro� epcc1ol 

Alterns tlveli to phnnlc e01)erfltion, tne 1nter­

:t'or1n.: pigmente may be rcaovea by odoorpt1on on c.ol1&l 

wh1ch e1 thor do not fHlsorb the oo!'otcn�o or .rrom wbioh 
he exnmploe ot theoe 

tcollll1Gn�, eevval methods involving gJ•1nd1ng or 

tr1 tu rating w1 tb calcium oJd4e· or hatdrunde ( 222, 223, 

2�4) or treatment with b8r-1um �dro.xide (201)  hllve 

been ro-porte4 l:lfttl f'rt�ptt vnli hie co-workel"G (225) buve 

devclo�cd rell'tlvelg a1mple motboOe ln which n �etrol­

eum ether solution ot' the ptgruentc; i o  ehakon w1 th 

s poct!lll$ prepared edeorl.umte whioh r•emovo ell non-

carotene P1GOento. 

the t e-vRration on cbroMto81'8ph1e columns peckfJO w1 th 

various tt tioorbsnte. 

The ftlOl'e eolBDonly uoed of' thcee ndaol"bnnt& 
1nolu<lt: oo� a en ( 22G) , M1o� BJ"nnd !4ogne1:»1um Oxt-:Jo 
m1xao VJ1th csoda & eh  or ,Johne ... U.anville Hyno t .. uper-Cel 

( 200, 203) heat trostoa e1�1coous oorths sueh JJ fJ  Uyflo 

�.uper-cel, Coli te 501 , 5'5 or 545 ( 227) , alumina ( 226) 

d1-csle1um phosphate ( 1 59 ,  229) �nd tl•i•etl lclum t>boe­

pboto or de'fa'tt04_ bone meol ( 21 3) . 

n&aqno&!Ol) of ;totho� " 

'Ubllshed ii\Otl\f)d e ,  ot which th.o�e Q\lotec! 

obtH1n1ng a rapid uut o oourate oGthoJ r:;f cn 1l0t ooe o.sso1 
ft P!Jl1 cable, 11' ;o.eA91bl\l)• to t;ll the rrv.>tcr1alll likely 

to i..1 o hnndlod in th1u 1nveot1gnt1on, v12. tl'eah oraoe, 

6r1ed mo t et'1al o'Joh fl n  ht:1y, oon�cmtt•l' t�u una det-cy-

nr1od l"lr�tcr1ttla and f'noe011 

prco�nt special utffi oultiea aoe ta tho voas1ble 
preGeneo of o.x.16At 1on prodncte of the cut�otenotde which 
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may n1ve r1ee Our1ng extrf•et1on to ' rttr�cts obGorl>ins 1n 

in Cllt.roten� eatimc•tionu U L)  to the colcJ.�tmt)trlo etuge 

JJJ11:t ar l�e 1n tJ}e !'ollnwing wv.ye : 

ab) I.oaoee betore extraction bt.lgil'l$ 
) 1'eatruct1oD during :�:na atter extrnction 

e) lncomplote extra ction 
0(1) 1�Bn1pu1Ut1VC 106 �08 } :r.ncomplete I'ttmovol. ot other p1r;,I'M(}nte • tlnd 
f) Chromogeneeiil ond taomor1a;at1on. 

Loaaes i'rOlU oer"C:.J1n ot theoe et1ueee wi ll be 

net;l.lt�,1ble providt!o reaGlonable proc�ut1ons tH•e takcm. 
Tlme los1a"G dUo to ( a )  ara mtn1Dieed by ovoiding dom-

��dlli t1crn ot' uru�.ymo 1n.h1b1 tors euch ne cyanide dur1n1 
gr1n"' 1 ng, r1nil gonorHl t)reaautionu auoh es ttxcluoion o� 
light u f Ot.ltl1n«l1n > .... hapt er I, w1U reduce loesee 

tlue to (b)  • However manr ot the methode rev1ewed 

contftin inhc,J'ent doi"eots wh1 Cb will p;ive 1•1ee to 

tUHlVOltlUolo ttrrora ot tho typee 11e te4. 

losaea <lue to (d) e/9n be redUced by Olll'eful teohnioue 

but are inevitable tn methods 1 nvolving etepo aue.b a a 

cnrotene solu tions. 
lo�u or oxluie� by heat ( 208, 230) so that methocle 

involving llot uolventa or coneootration b� heat o-r 

cnrotone uolutionc: f1re liable to inct•t-:aeo �,...l. .. oro uue 

\o ( o) ' nd ' f.') .  � echliWiGter ( 20) hau t·cported 10. 
1 0CJr.tt; ltiun ol' corotenc o n  re.fluxir� � e:ol1Jt ton in 
oetroleum <:tht5t• i'Ol' 1 5  - 6() mintl teu. 

It ueoN ressonmble to ncour.tc that methods 

' involving oaPQn1:f'1ca tlon fdtb hot n lfttlli mny 1ntootluco 
t11o nome errore end 1f ox1 t.'lntlon prodtaeta of the 
cc�rotcno1da Ol"e ;;>rosent (as 1n Clriecl mo terinlo tmd 

rnooel)) • eplpbf&alc o1gmente my be producod ( 228) . 
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Trentmont �1th hot ol�l1 mr1y : l�o g1vo r1oe to errore 

t''.l !t to ( b) t nd ( e) r 1neo ovet•nl t."'�kcrtt h,ve reported 

<'iectrnct1on or thfl 01\ rot'!l'le bJ the bot Qlkall ( 228, 2'1 ) 

(mtJ �.on�e and �1t CbQ!ll ( 2,2) ono .rrope 1.1n� othere (23}) 

hove round th.F.tt tlu� nlkal1 1eomer1ae.u t.ho wrbohydrnte 

1n oortetn a:� t er-i11ls to 1'ottm n rcoinoua :rtL., wtliah 
ren(l$re the c'\roteno non-extractsb:tCJ tq oraente eolvents. 

D 1 strlbut1on between t�o l�ecible olvonte 

··o H metho� of" removing tnte�rering t>lt,Jtnunte mo� ln ' 

c e:. r t t' in cnees .{!1 ve t• 1 e e  to aer1ouo t:.rro1•a due to ( e) nnt! 

ph•· �:10 6U1)r)l'Ct1on 1At"Hl l 11rfJOl1' UCietl J:-GPl�eed by rldWrptlOD 

methods. Althoush l.'iller ( 2,4) bae re�rted the remcw-

:•1 of f>r>ZJreciab 1� mnounta ot corotone in the Jlvdt'Ophoee, 

:>h o1c eenor·lt1on t\C'Chode t�p�soor to glv" a eoti e�tlctol"f 

� u,lA rr.t1on of cnrotene trom lfDnthopt�lle vrovi<ietd the 

e�,1�,hnae to nnnh.et1 un,il the byd.t4()Qh'•ee 1u colourleea 

ond tho hyd rotlhr.ea oonto1M 0Ut'.f1Citmt tR.• tttr to rE;ndOl' 
the Cflrotene J•e>l(!tivt:l.¥ 1neoluble 1n it { o t  lenet 6t 

by volu�u ln the cnee ot aeth&nol) . J(oter1al.f con-

t•lin1nu epi ph:,ai c  �nthop�ll esters :mJat hov,evet- be 

sH vo.r1if1 <:rti :,r1o1• to ,;h·t eic eepart'1t1on. In .t?t.idl t1on 

to th •. u1�ndV!lntot;el) of B8 fl0n11'1cs tion l+lren�r d1e-
( . ."1H;t ea . mor� Ma.t·i.nu •'ll �rr.'C)l"'$ x:t6� 'be 1ntr•ouuoed "'hem 1t 
i s  · �> .. •li an to ,;Pt\:d •")l' atot•ed rwtcr1ttlu l:!ince t.rootnent 
ot t!H?00 ·;1 t!'l • ; Jk:'1l W•Y ruau\t 1n the t'o.r•t�WJtton troom 

ct-�rotf.moi<l o:'d at• t 1 on phx:ncto o'f t' y ellow nrt1t'uct 

\'lhich le not l'cmovad by tfC\H.?ou c tnct.hnnol ( 226) ttnd 1a 

therefore t!Dt1.1'1£J teJ tH· er-trot enc. 

Other ""rkurn iUtve ehoTJn t.tt&lt phtAeic ��>81't.>t1on 

io not �-�L)ll coole to dric::td Mterlnle or taecee clu e  to 
thaen C�;J1phooJ o t�1gmcnte t)1.,ceant 1n the me ter.�i�lo o� 
pt-o�eefl r}UJ'tne tepon11"1,-otlon, '"\hlHl }�T•JYlfl&>ll.t-ll'tl O.nCl 

n�Idn ( 2'5) end n�a ,l�, Kemroet•er ... nH� t�J·e,•nbo.rs (225) 

round � ¥Cllow ep1phae1c p1sment in the tu ecee o� re's 
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f'ed & curotene-fx•ee uiet: t.lu tnah and others ( 2,36) 

founc. with eo we Eln "v ,wrcnt excr6t1on or over 1 00� 

of ingcateu (.� 1·ot ertc ue ... et1moted by diatr1but1on 

between t>c'trolcurn ethor nnd OCJU�ou� metlwnol J CUAok­

enbu�h �nd other� ( 237) found that ei=il�� pigments 

developed in A . I. V. o1 1Sge but Uogctet'l end. oth.ct'll ( 21 5) 

were able to rcrnove theue by reploe1ng the methan<>l 

nith ru.-acetonol; nnd Ilartmnn nnd othcre ( 238) noted 

the differencea between biological vnluee &nd ehemie&l 

values ( obtalneel by phnaio eeparotion metbods) tor 

tho potenoy ot lucerne hay, and oobtcequont workers ( 2}9) 

ahoVJe4 the presence o� 1 1  - 32'/. of non-e&rotene pig­

ments ln the petro loom ether layer. 

• . .:oncet·uing the vl.lr·iouf' " d�o rl!t.rttG for 

chromfjtogr::Jpl11c sepE.rti tion, OL>1n1on it· !'lt1rly evenly 

l4.1V1deu rcgunUng tlle l'(.. lHtive mcrite or '' ctr�tight 
tlu·out;h'' tlti Go.t:IJ:.c ntt� , ;t .  e. thot...c which 1 dcorb onl�, non­

cttrutene P·11.)tHnts Llh;'¥.11ng the c:\rotcne to pocs through 

\rl th th� aolvcnt , t. m .. othct• t..tronget· li\!UOl'vuntc. \'lhich 

1·�uovt.- ull tJ1LTl: entc from tha p�tl:ol'-"'tllU <.. ther G olu tion 

{.nd :fl'e>fil which the enl'ot ene mu st be t?lutod with o r.tOX'O 

polwz• aolvent. 'l1he \t!eker � dsori;• nto l O  ho· ... cvor r • .,peor 

to poLoesu oom\! •·dvr·ntogec :fot• xontine work in thHt rnoet 
of tl1� curotenc poeeeu thl�ugh w1 th the ori1;:inf'l solvent 

and the column only x·cqu1re� r1n�tnc v.i th u etllnll 
Quatlt.t ty of the C:! ' lmt� tnlv ,:nt r•ccnlting in l i t tle 

oilut.Lon. 'l'he ne me a tJvC:Jntn!!o, viz. !.'VoidtJtlce or 

o i llltion, has oecn c:lr·i'·ted ror the atronger aclsorbonts 

since 1rreepooti ve ot the volume o f  the or1g1nnl 

P1£Tn>ent eolu t1on, tho earotcne 1a obtEli ned in o small 
�'nd clef1ni te volume of atutent. Uowevol' th1 v 18 en 

oppu�cnt advontoge only, since the volu�e of � 
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e.xtrl1ctlon 1� cont 1 dcrPbly lees thon tl�c voluno or 

For routine work tbo o cleorbant should be 
cu rrt e1ently porouti to · llotr :l ra ·,1d rt1te of flow, 

i t  ���ould be "oe11y J'- eke� into the columnrJ ttnd tho 
'lLl eking t.hou I d  not be o rt�tcd, t:. a. Glloul,d not 

channctl or con trnct frMl the wo llo • \lhun 6rr�n1 tll� 

:>t tiOl vant: the oolunme should not r-eqn tre !)rot cotton 

the ··dUottbf'lnt ehot1ld be re.,d1l.V obt:'iNJble, con&1J4tant 
n cl  uo8bl.e \1 1 th little or no tJ�>eo1nl aot1vvt1on, 1t 

poe a 1ble '1Stt"fl 1ght fl'Oll\ tht! bottl.," . 

1-�rom fi cone1 dern t1on or tho r voil.uulc nt t:tthode 
.ror pll'nt me ter . ole ontl the cr1 tlc1mna of th0ac, 1t 
n;:•,H.:--ured th�t thf) colcl �olvont mothoao auch r-1s those · 

uc�crlb�c'i by �."ttll nnd Kelley ( 20') u n d  ifoo1•o •me. 1.7 
( 21 6 )  tor extr�Jcting tne 4?iemcnttl followed b y  s e pn ro t1on • 

"ra ' colunm or H.yi"lo Lu :>��r ..... :cl MJ s u �  ooted '1.>1 t. 1lkea 
( 2"7} were m...,s t  rc�.HUly n;�l1CI\ble to the range ot 
aotu.)lOJJ to 'tie hr1ndled And leuLlt oub ject '\o the .t'cH'G-

l!Olt�Vf.lr' tlao '•«H:oe1eticm o� V1to.m.1n t .•• hoW.ata 

1 n e l'csccnt {ruL>liCIIt ion ( ;> rocot�enue, 1n euc.i1 t1on 

tc the mothoc o ,· · oor� •. ne :;lv • u caoponJ.t1cu tic>rJ mcthod 

nO the oxhlllt c.xtrr.1ction ln .• ihou -ltio uet.crioed by 

• .. 11 �mv ·�: -.llo� , � �··l;.) :�nd <.turJ.nt th� c.:ourse ot tllO 
,>rCtit'l'lt 1nvllct1r.u t1.•)rl, 1•\..'t•b;,r 11 rh.1  .. c l. tt ( 20!)) rc:vortec1 

involv ing r'icroation with " lcoholic t>OtUtJh.. Al thougb 

th� f,e r.c}otat1on o r  V1t�m1n C"'h�m1 otn J.)o1nte out tho 
poasioili ty of' 1comer1 eatton ot earotmo in the ttozhlot 
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method, l.'erby ond no�•1 tt obtDlned the high•et reeul te 

with tho1r modified • o • . • r.. �aethou which sleo 1nvolvee 

tho llGO or hot eolvcnte. Metho·de of oxtrflat1on, ualng 

cold oolvonte tn the Ytor1ng Dlen601', worse thoretoro 

compared with tbo ·. <>. �· . •  c. method ae mocl1t1e� by Derb7 

Althouch olk011no digestion ban boon so 

otrongl� cr1 t t ciaod 1 t doee otter u convon1ent mothod 

nnd 1t soczoed po& Giblo thot tbe orroro nttrlbUte4 to 

1t might b o  dUe tt) tbe e011nhat droatio oonc11t1one 

u oually etl\ploJed• both fie rqar4B duration ot heettna 

c•n4 otrength ot alksll. Batbl.Jret (240) bea tour:ad the 

method eot1etactorr prov1484 the tlme or heating doee 

not oxceod nbout ten minut<:e one o diuoet1on motbod 

using milG oond1 tJ.ona wee tberei"ore 1nver.lt1sat•a. 

Hothode 

l�opreoontatl vo QOMl)lee ot the t� "eo ot 

ma ter1e1 to bo 1nvCD8tigated were oauoyed b.y tho 

follQuing metho<ls 1 

l(olho« 1 

Tbe • o. ·' . t..  method ( 204) oe mod1t1 ed bJ 

J'erby nnrl J cr. t tt ( 205) �xcept that t.ho extrootion 

Wfl8 C:-t�.ried Ottt 1n A o xhl. Ot 8PtWl'tltU6 lfl plAce or 
tbe Ba1lcJ-�nl�c� extroetor �h1cb wo o  not available. 

�:rethgg 2 

'i'he octhod or extruct1on in o Blondor u elnlJ 

o ,. foom1'Q8 mixture'• o t  petroleum 4lthGr on4 OtllOnol 

tul deectr.1bad b1 .t.Toore ond �1:1 ( 21 6) .  

t.tethog � 

tn th1t1 method, which ia on n&lpUtn 

of the proviouo one, Dnu 1n method �t., t110 motl1t1o­
u t 1ono to atanc!ord �roce&lroe we1•e lntroducod 1 

( 1 )  Puring the 1n1t1ol extl'!lo11onu dcfinit• 
volumeo of eolvente were uoea &nd preceu­
tione were taken to ��>revent loa:o br evapor­
at1on. Aliqoote or the aolut1ono w$re then 
taken , oo evo1d1ng the neoeeaitu tor 
ropeoted 1J8ah1nge 01' re-extroctione or 
the rmro. 
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( 2) I.opetltod oxtraot1on& or the alcohollo 
00l\Jt1on of tho p1gmen1Cf \11th petrolOUJD 
ether to r.amove oll tho eot•oteno we!'o 
avoided bV ndd1n.g wot� eQUal to tbe 
volnme o� ethanol preoant nncs extracting 
with twice this volu� or oetrol��m ether. 
It hfJs olready been N\onn ( Chapter 1) that 
unclor theee eond1 t1one the one Q,xtroctlon 
.:t th other removeo nll the Clflrotone nncl 
thtlt the two layora eeps�te &sberpl.J with 
no volume change. iTellP.IintU'Y er..,crtmente 
sup.,ol'te<l b1 tbu carotene l'ecovoey t1aurea 
cited belmr ehnw that otber moter1Ble 
GJreecnt c!o not t-Jtfeat the tlietnbutton on4 
the metho4 t a  etuall.1 Aftpl1eablo to ?lont 
Odre!OtGe Uore tJr tho DOD-Cel'Otomt plg­
m.ente ma:� be NMoved 'by o Maher conoen­
tre\lon or oloobol ln tbe hV(St-<>p.baoe bUt 
w1th ooneontrnttone ,restor �'n Abtut 6or 
1 t  wa., toon4 thOt some c&rotene waa 
retained and re-extraction with fUrther 
putl'olOWD ether wee neoee aarv. �\1 rther 
5fJfo alcohol g1vee tbo obel'll)oet eepnrs tion 
ot layers w1 thout volume chnnaee. 

Op to 10 gme. o� the motcr1al, dcperuUnt 
on tbe eo rot me eontont, nne commlnutecl 1n 
a aealea jor on the w nrs.ng Blsn�or tor 
!"1 �e mtnn t� •1 th 100 - roo tll. ot a 
toa!31ng mixture con&1&t1ng o'£ o 25 - 37Jf, 
solution or petroloua ether 1n 95r ethinol. 
i)1•1ed eamplou wore �1rat v..o1 otonecl with a 
small quent1tr or water oe the tOBm1ng 
mi xture «Joe no' completelY $Xtl'f�ct d� 
.m.ateri&lD. /\fte.r commS.nu tion tho residUe 
wea ollowoo to &ettle, on ul1quot of tile 
eupemetant 11qu1d w1th41'8tm end wvter ond 
petroleum ether added to g1 Ye tJpJ;Jroxiaatel:� . 
equal volume& ot ether en" 501· ethllno1. 

The Gtber/elcohol rotio required to give a 
i'oomtng mixture cSe�en6a on tbo moleturo 
content of t.ho &ample. :.tnoe on ol1QUot 
of the eoln t1on ia to bu tolt:en later the 
eot1rn�t1on t o  s1�pl1f1o� 1 f  ther� 16 a 
dot1n1 to volume ot weter vreoent. For 
moot ma tertole it woo 1'ounel convenient to 
od4 to the weighed oat�ple in tho Ula1dor 
j9r, eutt1e1ent water to br1n; the totul 
omaunt of! vctter �roeont ( 1nelu dlng the 
mo1. &ture ot•ig1n•1 lly in the ca mt)lo) to 5 ml. 
Thia motet mODe 1'188 then e.xtrooted w1 th 1 2� i!ll o!' n .f'oElming llli.xture eont,lntns 
267. peiroloum ethol" ( 100 m1 ethenol nnt1 
35 ml other) . In tlue Ot1ee thG total 
volumo of extractant ie 140 ml t�nd 40 m1 
forme u coovenJ. ent f-lllQUot eontoininr' 
10 ml etb<�r 1 �8. G ml ethunol t'nd 1 • 4- ml 
e�tcr. To give tha oorreet �At1oe of 
ottner, alcohol .,;na wet or, tble t•cqu1res 
tho od41 t1on of a turthar 47. 2 ml. potrol­
eun ther nna 27. 2 ml wotor. There io 
howcvor co�e lnt11u4e in the retioe und 
1. t i ll  more eonven1 cnt to ctld 50 ml ether 
�n(i #lbout 25 ml wetor, tho co rotene 1n 
tt\e oJ•1Bi1'ltil o&mple be1nu no� contcdn�4 
1D tho equ1velent ot 210 ml ethor. 
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�horv the moieture content of the anm..,le 
itsel.f excoede 5 gru.v. ,  the 100 ml. 9�· 
ethanol 1 o revluced b1 95 ml. Qb olute 
t�lcobol ttno the mOiotore oonttZJnt utljuete4 
to 10 ml. by tho a�d1 tion or wutcr to g1vo 
the oome 1.otol volume ot 1¥) ml. 

A.f'tGr ad<li tlon of the ether t1nd wo tor, tll.e 
two ph& eos wero tJhoken vigorously end n.ttor 
otonding for o fe-w aocond& the bottom llluor 
wtto c11eca.raed. .;,r1or to chroma togr��ll¥ a 
portion ot the t,>etroleum. ether 11olutton woe 
�6 hed t 1 ce by flhoking gontl.y w1 th tJevcral 
tlmee 1 tc own volumti ot water to remove 
tracoa ot ethanol. 

Up to 5 gma. ot tho semple were dlgeoted 
by re tluxing for 10 m1nuta6 w1 th 50 Ml. 
ethanol Md 5 ml.. � potaeaium �dro:ddo 
oolution. (Th1e avo1a u sing nlcobol1o 
p0toah which deoom�)oaoe on stenclins) 
'l'he solution was eo-olea r8 1)1llly rin4 peure<! 
tb.t•ough e l.)tjO 0t glB&a wool. To 8n 
ttl1C1Uo\ cono1ot1ng ot h9 lf tbo totBl 
volume ( 1. e. 27i ml. plue b3lt the volume 
of wo ter 1n tho DBznple} 1 50 ml. ot petrol­
euJ'Il other woo added f'ollOiled b¥ 00 nll.. 
wo.icr. tJotns those volumee the car-o�ene 
.,reo on t in the aomplo 1e contained in 100 
ml. vetrolcum ether and o portion ot th1e 
solution waa washed wi th water QS 1n 
''ethoa ;5. 

The wa�htid petroleum etller oolut1one of the 
plgmento obtained 'by these rour mQthodo were 
clriea over �ruworou a cod1ua tJul.phote. In 
uoeb caGe 20 to 30 ml. �11quota ot theoe 
eolutione �ere cn�motosro�h�d on l1ghtlJ 
()Gclr.e<l lty.t'lo � U .>rtr� 1 eolUIIIll um1ng tho 
8$)porotuo 1lluetrnted 1n l!,1gure a6. ·'etrol-
eur.a tlther wea then eJtnwn through the column 
until colout·lees wnwunsc were obtnlned. 
',1 th tho t'H"ll"t1oular columns 1n uoo t.bout 20 
ml. \loe tadeQuato ror comi)l�te rcwovttl ot 
cnrotene. 1 th some so.mpleo a yollow 
ort1f•l'-'t tnovcd down tho columna fairly 
ro P1t1l;v ond in tM.H�o CtHltHl 1 t wtu'l noco6t.Ol"J 
to olute o 11 the Piementa u1'ter eo oh 
aoterminstion. Tb1G wnB �oot oonvon1ently 
corrio4 out by runnin.� through ro - :;:<> ml 
ethyl etl:l&r. ,u-ter war;h1ng wi tb an equal 
voluae or pe troleum ether :md <lra,•;1ng arv ot 
aolvent ,  1.he eolumn v;a a  acntn read¥ for use. 

o thez' p1f.,.1-:lOO ts from Uf rotcne on the 1;ytlo ! u t)ett -� ' cl 
colui"ll• this n(l ot•uc� nt wofl compt1rcd -wt th o�hcl" more 

eolut1onel of the t>ii!J!ltmte obtnincd 1Jy rttctht>d ' WOI'CJ 

run ttwough columns of di-calc1ur.\ dhot. �b� ts. bono meal 
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en6 o , , ,  Rli xture o.f' llyt"lo tup��r-Gcl en() o p:no a1um 
o.xi<ie pre;,�cd.'ed on<l us'e<t· tUJ deac.t1bod by UooJ•e ( 24.1 ) ,  

:.1enn ( 2.13) sno all nnd l{..,lley ( 203) ra�r,cc ·UveJ.y. 

eolumn. Alic:uotc of tbo o·th�l· solutions obtoinGd 

b,y taetllod J., wer� r"1 ,,ente<lly t�haken with eqt.tel vol,Ja.ee 
ot 90� methr· mol (90 ml. mcthunol plun 10 ml. no tor) • 

unti'l the hydt�oph�t1e woe oolourlt:fi)U. 

In &ll �!see c$rotene �6� ��t1�tod ln petrol­

eum ether solution u s l ng t.hfl ...,,eck�n ,.pectrophotort�otot•. 

� COLUMN  

�R U B B E R  
T U B E  

G L A �S T -� P I E C E  
TO P U M P 

4-- R U B B E R  
S EA L  

M E A S L J R I  NG 
t-C Y L I N D E R  

J:.'�S· g§ ... /qJptu•n tu a t'or ehrotn£1 to�ro phi a 
setltH�• tlon o f  C::l!rot �ne. 

• • # • • • • • • 
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tt e determined by theee fouP m.ethotl 11' DhOlVll in 'l"nble 10. 

'l'he roaultiS rcnr-esent tl)e llVor�rre or u t  leost tl1reo 
det crmJ.no t 1ona. 

Ctu•ot ono eontento Cl£ variO\lf3 ua.mplco ux;lrt!a ... ed in 
ug/gm dey matter. 

}.\otcriel 1 

1.-'rooh g.rfH; � -
Dr1c�l1 Sl'$6 o 1 -

u ., 2 356 

l•'QGC04' ( :  .. hoe;») 1 -
tt tl 2 -

Uny 1 2,.4 
n ::? 1 5-9 

" ; 18.8 

., 4 -

ttnt1oo ,. 100 

:·totho� 
2 3 

]18 708 
- 352 

,1!0 ''•.5 

�.� ,.1 . ;  
- 22.0 
2,. 1  2,., 
1 5. 2  1 5· 7 
• •5'· 1 

- 11,..8 

" " 

li 
682 

,,4 
32:? 

lt·!S· 2 

21 . 5  

22.8 

14.4 
19.0 

14.,. 
96 

Carotene loaaee ill metho4a ' and ,._ wue cllocke4 

by extrncUDg aemplee wlth aolYtrJta contaWas knovn 

nmounte o£ oaro\ene. nec�enea ere lleted 1n 'J,nblee 

1 1  nnd 12. 

tJoy 4 94•1t- 91. 2  �G. s 
11 � 72. 0 ,..,..s 1 1 6.8 1 1 6.0 99 

tt 4 72·0 1 1 2.0 184 177 96 

" 4 72.0 22ft, 2<)6 280 95 

l:lrled uraae 1 ,,. - 558 525 94 
.. .. 1 ,, .. 1 1 2  446 1�,6 26 

i\Vemue - 2'1� 
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Gorotano recoveries uu1ng Uetlwd ' 
:carotene 
1 1n t::t.un�lo 

Qsl•Otfllle A. O�ll.l Ulrotonca 1 Re-
c• itPle .:.eun add ea Ca.t"ote.ne :rounct 

ug ug ug ug 

:r. r1 ed 0 NU!! a 1 �52 97 "9 4,8 98 
(I ,.. 1 '5? 191). 5tt.6 5,6 98 
�I ,, 1 '52 291 (-Jt.' ,,� 100 

tl tt 1 '52 ,a a 7�0 728 98 

Hay 4. 71� . • 0 18, 2 9�· 2 9J· 1 101 

, , �. r��.o ,6.1f, 1 1 0 . 4 108.6 98. , 
,, ,.. 7lf..O 91.0 1 fl5 1 b9 102 

- - .. ,,.. 191(. 192 99 
- - 2?� 29i � 100 

- - ,ae ,se ,91 '01 

r-
AY_..,A'8 221� 

fN!LI12 
I-taproduolbl11" ot reaalta ueJ.na Uotbo4 ' 

raee 

1 18.8 1� '" 
2 18.9 682 ,,, 
' 1,. , 7,8 ,,5 

4- 19.0 69, ,,.2 . 
5 19.1,. ,90 ,,.., 
G 12.& Zl1. I .,,, 

+ 
70' : 5%" • Av*"roge 1,.1 - 2'� ,,2 - y,! 

acm 11 

• J..arge� clev1nt1on pr*bl.f4tao to eampl1ns errorr:1. 

Tt!ble 10 ehow& that contrncy to the 1'1ndtnse 

of r orb;v �na ; ct 1.tt ( 205) t-e��roltu o·bt,,,,ned bV the 

howevero to gtve �lightly lower ono l��a repvouuciblo 

�esal to t�nd the lo\? recover1 e-e b� this me·tl\od { Tnblo 
1 1 )  lndioata dee truetton of carotorHt tJy tt1� bot 
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e> llwli 1n the ,\rtH ... nce <>!' othelr plt�.nt rJutcriul although 

!H'0V1oua vtOl'k ( C:h"- :;ttu.• I) hn.t.J t.:.hown thr�t en rote11e ol.one 

treo tmt)nt. 

rinco tt voen nr.�t r ,.�·�cer to cxtrr.ct Cf.'rotc.ne an1 mol'e 

eo!.t'.' h .. t�ly thnn tho other method:.1, 1 t """-l3 not 1nveet-

! rrote(') 1�trther. 

l.lctho(\ 3 ;.iv�e good J"ccovot�ee of adde4 
c� Po teno ('rebl.e 1 2) ant! oone1otent rooulte ('l.'Ublo 1 ') 

o1u1 r�ae therefol'e unecl tor all subeec;uent rou t1nct 

c.t<:J t cl'm1na t.1 one. 

A 1'\U'\bv ohttek on the ooaple,neea o� 
eJttrc, ot1Qt\ ot carotemo bJ tbia Mthod woa ob1a1n&tl 

b� re-extr'nctlns th• re 14uee from o n"•ber ()r 

'lheao coob1ne4 reelituee •v• 1dalled on . 
o �t1ntcred glaae ftl tott w1 tb ":toaalng lllnure" until 
UHl tl l tre te wna colourleae flD<l rc-e.xtraete4 both on 
th.tt llcnaor w1 th t"'Ntlh t'o•.unlllS m.1.xturo oneS 1n a !'.o.xhJ.et 

t. '> ''n'IJ tu e by mttthod 1 .  

d i d  ·1t exceed :?1 or the nmnunt eet.Wetod OD tho .u. rat 

<: xtr>t; cti on. 
TABY,:t !lt: 

.�omplot(m at.H .. of xtraotion by Method ;. 

al 

.;:.y 3 
., 

� 1r1ed •J.ro �n 1 
l-�uecos 1 

0.1 

15  o. , 
o. ,:; 1 . '  

0 . 1 2  1.0 

10 0. 5 
-
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to VHry ito compovt t ion in o0rtu1n cn e�6 . 'the o.rtect 
of: t.mch vo rJ "1t1·=-·n2 wnc 1nv�htigat-.lu vy �XtM)ct1ng a 

so.ni1le or h!.i�/ ( eet.1:lntea �1 thout udd 1 t1.on ot: wntor) 

wt th uit•terent etb.Gnol-vet rolcum ctller m1xturoa. 
'i'l•G J'{::f�Ul t� in ·��"b lo 1 5  lnc.Uc&te thRt vvor n \'7\(.1e 

concontrtlt l on z•oneo tte errtei �nc:y oi' extreet1on i e  
uno l. t cred. 

TAB!.!'� 1 S 
· 1\ t'eot of 'tnry1na tr1e cono(tn\r'a t.lon of the toardng 

m l.xtu re. 5 am. hS¥ J uxtracted '�r1 ''.L th 1 ;o 1111. 
tomuna mixture of vartouo c:oDcmtrottone. 

25 18.7 

,0 �,.2 

'' 18.8 

ltO i8. 7 

�5 19· 1  

;o 1 6. 8  

Avenge 1 8., 

AtJ beta aeen ropol'tea bJ a number ot wor�en, 

tho vu6Jorbt:tnte te&to" gevo etl!!OOt 1dmJt1cul resulte 
'lhe rnte 

or tlo" it. however moat mp10 with llyt'1.o tuper-cel 

am1 t.hin nooorbnnt Or>?�ra to bo on� ot the tqw w.h1 eh 
i"l:t'il tllO r tl lrer,onte nlrMd� l1ctO(! voing �1mvle 

.-lw e 1 c  c�a�l"t t1on to CG-.'Ifi!)'H•cHi �1 tb t\Ciaorpt1on 

on fl coltrmn Clf' Hy:C'l�· �.upar- :•ol in ·.·•lblc 1 6. t 1 e  
n p;.�tH'l.'tlt that n G  '''Hil e�"'otet.1• � 'Jcl� of tbtl materiul 
urulcu� eonffi1.a-!x·��t1 on contuln .. ep1 pht:a:J c non-oal"otcnof.d 

plamcnte which 1nvvl1date the rooulta obtained :rrom 
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r:m; 90� mothanol tht! non-caroot ®e p1£:1i�ntf.: normall¥ 
cncoo;F: t ct•ed were '!'otmc to have �:: L � it .. t .rUHrt1ort coo�1"'1a1en\ 

•.ro uvo14 

ro�>�t�ttld wc�hinRD 1 t 1 C!  ncceQJ."':: cy to noe o la:-ge V.:>lur.se 

or rlt�thf>nol nno 1 t Wtln found that l.t' the et.ller ln� er 1e 
wa �ht:Cl t:�:l th un e(lu4!'4l volu�e of 905'' rTH�t.hnnol Geturstec1 

w1 th �,;ettl"'leum eth$1�, no volume CllfJn8'$8 oecur ono no 

rtJC.inco tho non-carotene pigment iQ th� el)i pl\nee to 
abo11t 1; or the ortetml level. 

soparetion o:t e.aroteae troe o�ot- p1ronente bV 
4i•tr1but1on be\wHn 1aud solble eolYeots coapore4 
with ch't'Omntosrapb1o eeparet1cm on a oolum ot 
Hyno t)lpo�cl. 

QO -

l<ia tc.tor1al 
H.ay 2 1 5.8 ,�. 14.4 

tf 3 19. G 1 9.0 1 9' • '  

J ,t•ieo t.rttGG 2 ,2e ,22 ,,a 
f.'t-'lOCCS 1 4·7· 5 z..,. 2 42- 8  

��z:·esh l1t'f.tllS 1 67� 68, 672 

�' ,. 2 485 478 482 

N f( ' 300 )85 ,eo 

---

• • • • • • t � .. • 
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C R :. �-- 'f S .R, IfS 

'i'"DQ AlflHlf§.ttt ,.,ntbee1e .9.t tt-ac�� 
In ti1e lf!teGt ine 

In the propo�ed 1nveoti r·:ot1on 1tlto the 

et feet of the ct'm HH';i t1on of' the Ceecl on COl""�o t&no 

u t 1JJoo t1on o cacribed 111 Ch£l.Jter Vti, it w�e tnt&n��d 

eeoo�oa1 t1on of the cv I•otene occure in th" q1Qoot1 ve 

tJ"E1ct, the r�ctt.ual (d.Hflorptioll mor beor no rolc.tt1oneh1p 

to opp&rcnt a1geat1b1l1ty. It ia ot 1ntereet there-

fore to koott what ch�ngea ln carotene content, 

r�lat1ve to an tnert rete�enoo eubatenoe, occur in 

the ti1goot1 ve treot, en4 tbeeo ohl\ngea woro 1nvoet-

1gstcd in a nullber ot pn8tuJ��e•ted ehnp. 

L1sn1n na oonetcJered to be the nu:H�t aet1s£ac­

tol'1 t,td'erenoe eubetanoe tor eapel'imerate ot th1e t:v�G. 

(.broll.lt;m ox1cle b84 be• oeec1 Pl'eY1outlr tol' determining 

tho oppnrent d1geaUb111tr ot onrotene but cUI! not 

o pp0ar to mix tu:a.ltoi'Dlr w1 th the contet:a, at le�tet in 

the upper i>Ort1one of the d1gest1ve tl'&at. 'thin 
c pparcnt strnt1ttcat1on h&e been reter�ed to by 

aarn1co�t ( 1 ��) . 

for lignin 1n herbage. It 1nvolvco the i'ollowtns 

etcapt� - 1 .  �"a t extra ction ot tbtb .rtnuly ground muterinl 

v;1 th. nn ethnnol-b,mll<.mC Jlli.x.ture; 2. Incubation wl th 

pvpe1n �n<l J·r/10 hyl'troohlor:1 o set� ovcn"Jli ght; 3 �"<otlux-
1ng -with. ;.�· rro lplluric oo14 tor 1 hou1- ; 4,. Incubr.tion 

'•"1 th 77/ SU1Dhur1c ccid t'or 2 boure Qt �0C' : 5• Hoflux-
1ng w1 th ,. ,;uJ.plru rtc :.}c1 d ror 2 houreJ 6. l�tex•:tflnat1on 

G ,Q 
of' J.tgn1n by l.o&� of wa1ght on 1uni tion ot 00 c. 

The lignin c�timnt ed  1n thio w�� npp�ra to 

be coruglet�lY non�igcotible and the methou hac bean 
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fl1)'pl1e4 to ti1scet1b1llty tr1ol work where retmlte froa 

11en1n-ro tlo� dote�m1net1one ngree oloae}l 1tb tboee 

obtoined u&1ng thctJ eonv�nt1onal "baEf metho(l ( 242) . 

Lnmples ot tlle 1nseeta woro collecto4 trom 
the �our atomaehe , from various points 
o long the omoll intestine and fr•om the 
caocum, colon ana rootum ot s �oture-ted 
oheep 1mmed1etely following olflugbtcr. 

tant1 ties equivalent to 1 to 2 grom11 ot 
dry mntter were ground thorouShl7 w1tb a 
emell quont1tu ot ec1d-woehe4 nond. The 
carotene content or theoe oomplee wa 
determlnecS uelng the petroleum ether­
otbanol extractloa procedure and the 
extracted pigment a chrottBtosn p,bed on e 
oolumD ot u,no-Duper-vel oe dcecrlbod 
1n the prov1ou6 cbepter. 

The rei81dUe trom tb.o carotene ea,1mD t1ono 
wee ueed tor �o UgaiD determlnattone 
�o re4Uoe .-mp11ns erro••· Since llgn1n 
aetbo4• al'e eo•wut aplrtoal, pe.rt1cul&r 
a'tet1on •• pe14 to eton48s-4la1ns the 
ooD41t1o• � the .. .., • .ad tbe ox..,ol·1tumttll 
4ete1la gl"f4111 bJ BlUe, llllltroae end t.1n1fl&rd 
( 2U) ••r• •'l'1ot� a4bON4 to. 

A ••ple or treehl7 volctect faeoea and a 
eample• ea repreeentatl-.o •• poaetblo o� 
the pa1ture wblch t.be e'Q1Jr81 ba4 been 
�NdDs, were aue,.4 tol' 11Sn1D and 
caro,ene. 

The oaroteno to llsniD ratloa 1D q. per gram 

•cro colculatecl tor the vanooe eaaplee and arc ohoon 
in ll�lgure 27. 

The reprocluc1b1l1tu or the �otioe was 1nvcet-

1gotee by cet1mut1ng c�roteno and lignin 1n a well-
�1• detern1nettone �o�o 

n1tlt\$. Tbo enl'otono content of the &Ainple wee 3'5 

( !15) us/p. and tho lignin eontoot ��. 8 ( �  0.20) f, 

c1v1ng a co.rotene to Ugn1n ratio tJf 7• 4 mu/gm. with 

t� dev1nt1on o� ! 0 . 4- me/gm. or 5· �· D1�1'eronoee 

ot' the �mu order �ore found uetwe�n three dctorrnin­

uttona on the !roehly volaed �necee ono &'Plicate 

aetorm.lnatione on 1ngeato t�wrrplt;. th 

c.arotene to 11�)'l1n ro t1o 1n the 't'nocoo woo 22. 5 t'Jg/gm • •  

the 1nd1viduol rstioti being 2i .6, 23•7  :··n4 22.0 Jnf!/em. 

� 1tr1culty woo cxver1enco6 1n o�to1n1ng ruprocontnt1ve 
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srnoa o&�!.vl$a, th0 rutios ror tvvicf:�l aempleo 
collected buing 2�9 ,  1B.o on4 20.7 og/gm. g1v1ns 

cm mvc:roge ot 21 . 2  mg/sa. Tb1e ucv1mt1un ot ovo� 

1 �� Jl'l!Jllt be attribute� to ae£1pl1ng errore. 

M C. C A ROTI: N E 
P t R  l. M . L I G N I N  

C R A�3 21.2 

I R U M E N  12.3 

2 RI:T I C U L U M  1 11 - 7  

3 OMA�UM 1-4.0 

-4 A B O M A !I U M  22-0 

� D U O D t N U M  22.8 

6 J t J U N U IIA  

F"l R!l T 11 rT 23.3 

M I D  & rT 1�.2 

LA!IT 6 rT 1!:1.11 

7 I Lt U IIA  

M I 0 2 r T  23.4 

LAST 2 fT 2�-� 

8 C A t C U IIA 28.1 

9 C O L O N  27.0 

1 0  RECTUM 21.-4 

rAtCES 22.� 

S:1a.gz - Cllor.4.8oa ln ouroteno to l1p1n ret1oe 
through thO a1geet1Ve tl'OOt Of tJ IIB6tl11'e•f&d 
eh<ro ft• 

. . ' . . . . . .. ' 

From tho re8u lto ohoen in Flw1re 27 the 

caroterte rr:t t1o nppeare to dooveeeo to a r.Un1mum 1n 
tho jejunum fl.Tl6 than incroooetJ t·e·�ch1ng o ttnximum 
ot· 28. 1  m(l/gm. in the ooCJcum totl01YGtl bv n llDlll 
aecr B�.»e through the colon una rectum. Th.e l"etioo 
vnx•y coneldoreoly through the foul' Citomehe c!uo 
poe&1bly to the rotention or more fibrous �torlala 

of lot� ca1•otene content 1n the roman . ntl omneutt. 
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abomasum end in the grese. 

'l'ho experiment Wtlll rcveated vr1 th throo otheJ' 
sheep, oaro:>lee in one coce being taken �t !!lOre frequent 

1ntorvnlo. 'rhe resulta ( �'able 1 7  enu 18) show the 

some general trend. 

vn ,;:!  17 

Caroteno to I.1gn1n rot1oa ( expressed ae mg/gm. ) ln a 
;')aeturo-1'•4 sheep. 

O ro.se 1 G. 7  Smll IDtee,1De 
10 Ul  6 n. 22 .. 2 

/lbotanw m 1 4·9 
1 1 th 6 " 1 8. 8 

Duodenum 1 5· 5  
i2th 6 .. 17· '  

'.moll inteatlae 
1et 6 teet 1 1 . 7  ooeoaa 22. 2 

2nd G ,, �.o Colon iet 2 n . 21 . 8  

3Pd G " 9·7 2Dtl 2 .. 21.0 

4tb 6 .. 12.0 ,.-4 2 " 20. 1 

5th 6 ,. 1,., 4th 2 " 20.4 

6th 6 " ,,.,. 5th 2 .. 16.7 

7th 6 .. 1'-0 Gtb 2 .. 18.9 

8th 6 .. 1 ,. 8  Paeoe• 1 7· 5  

9th G lt 1 6. 6  

':L'/\DL.b� 18 

Caroteno to 11sn1n ro t1oo ( expresoe4 eo mg/gm. ) in 
two peoture-toct oheep. 

ShOGP 1 Wleep 2 
oreee 1 G. 7 1G.7 

Abannwm 1 6. 5  18.2 

lt ld jo3Unum 1'·7  1 5· 6 

�aecum 1 7· 3  20.0 

!i'tt ecee �1. 6 1 6. 1  

• • • • qt • • 



The decrease throurt)l the U(ll$!' t)Grtion ot 

the �r.t.nll tntast1ne oould bn att r1bu ta<l to n1J1.o�·pt1on 

ot tbc corot<mc sncl the detcretslH!t thl'ough the colon ond 
t'ctCtUm to 0.1!:1. tloti vu deamr.pon1 t1on, OUt tltO increoee 1D 

coroton� to lignin ratloo in tbe ileum ... no ceecum 

could only b$ exl)luined by 1 .  a pt�rtlel cUgellt1b111 t;v 
Of tht: ll(Jnin or 2. tlle tormot1on .1.n tllO 1ntoot1ne Of 

o pigment not eeperetod troa cerot•• on thG chromnto• 

gruphi c col\IDI'l or ,. a e,n,hoa1• of carotcmfl 1n the 

1nteot1ne. 

r.tenJ.u wae detel"ldne� 1n 8(\lll"leu ot teed unt! 
tn ecee ( from ono ahoep) wbleh were nvn1lable from 

x•eefJl'\tly conctlote4 d1geetlbll1 t1 tr1e1 an4 1 to 

VQCOVOt•y found to bo 84e SfG• Thia la low•• than the 

f1trJres roported tor 1 1 pln reco•er1ee bJ othor 

•orker8 ( 242) 'but thle emell op�rent <11aeet1b111 ty 

of 11rn1n 1e tnuffiolont to explain the 1noressad 

A �lseatibilit� trlel with peeture-fed sheep 

�rovlde� nn opportun1tf £or 6ot orm1n1ng tho recovery 

of lignin oo c11timatod in arnes by the Ell1e, YrJtrone 

And �\r• ynf'rd motbod. ·� t the somo tt.mc, the excrttlon 

ot ctn•otene by ebeop wae further 1nveet1s,ated by 

�et.1a:w t1ng carotene to lignin rs tio o 1n dun(.r eomvlee 

colloatou twlc� daily. 
4 

·�·he poGtnre woe relati vcly un1 fol�m ona the 

feed lntoke \mb Ct'lCUlDt0d by the 11C1'Ul Zl\Cthod O f  
cutting b reproountst1vo portion o f  the poctvre, 

e1th1ns the y1elc1 :.1ncl c.llow1ng th� en1rnu1o to ere�e 

the rcw11n<1er to the &:�aAW level. 'I'h1s di se•t1b1l1 ty 

tr1ol �ou ono ot a nunoer eerried out � t  1nt0rvulo 
by the 1 �r�a nlunds n1 vi �ion ot the "rK'I rotnent or 



- 1 )2 -

c c1cnt1f1e ond 1neustr1111 "elictnx•oh. It 1 u  eon51 dere4 

by Csftioeru oi' th t' ni v1e1on that tl!tt mcttllo� umec.1 g1 vn 
.. rclit�blc eatifnt)tc or the totol yielu end henee the 

feed intelce ot• the Dn imals. 
ly c:-x·">cr•1 enced with va:mpling were 1{) z-aul,y ovareomc bJ 

aos��·1nrr n poz·tlon er th� cu t  grass. 
I1"reehly voided dung tmmplem ( nbout 25 gm. ) 
w ere collected twice do14t 1't•om !'our 
llftb turt1-ted abevp. 1beao, toaetb�r w1 th 
representative gr••• a�lea, wet-e aoun�·cd 
for l1(ltl1n una -rotene ua1ng the motho<le· 
ulreacly oo•or1b�d. 

The cvor&ss ret1o ot ottrotenca to li@l1n in tbe 

pseture wa& 18. 5 me/gm and the ratios in the fae�e ore 
eet out 1n TOble 1,. 

'l'JJ.BT .. ! 1.1 

Cnrotune excretion eapre•aed in m1111srama 
carotene p�r grom lignl� 

l CY Gheeo 1 •h-� 2 f:h•aft � 
1 l.  t doY u. m. 1 5· 7  22·4- 17.0 

• 

p • .m. 13· 4 19.8 18., 

2nd day o. m. 1 2. 2  2'1 . 8  18.a 

p.m. 1 5·4 �., 17·9 

; Pc {lFlY n.m. 1 ;.� 20., 1 6. 5  

,:ver&Ge 14·4 21 . 2  1 7 . 6  

�; C'a rotene 

78.0 excretod 1 1 J.,. 5 95·2 
. 

. . . . . , 

�heon 4 
1G.o 

18. 8 

21 . 1  

17·9 

1 6  • . , 

18.0 

97·4-

fl' i rl� unit'ot·m for each nn1t.� l  but vtt.M.es eomewhot 

I t  WDO rcolieed lotcr thnt tbla 

c!wngee w1 th XII 1.111'1 ty v:ere eot1Aated t'or a nunber 

�nbl<J 00 1 t 1o opl)Ot•ent tllot uelluct1 vo grs zing could 
be ono f.•xplenstion tor tho alfferencee 1n oorotcn• 

u.xcrcstion. 
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�. 

, . 

4· 

5· 

G. 

7· 

8. 

t-.ll)mr>le 
V or y .vmm{� ohoote 

.trnltlf.• ture grtH a 

1<mos ffl'atJa 2� - �" 
r.�eture 1!1'8 8 £�  8 - 9" 
frop 3" r�tatut'e CztR8ft 

2n4 3" " ,, 
bl�(Joe ( l;.) 

., ()f.} 

'�'" ?. - , .. • ture gramt bla4ee 
( 4) 

,.1xo43 rep.ree«ttott•e ar.aple 

u w �� t·rctnl 
\lft1.a'ht 

·�!J 
80 

1 2!) 

1 1 5  

200 

120 

Ql 

1 211. 

Tho overage lignin roeoY�V wee 96� or 1nd1c-

r� t1ng nl.mout coaple-te non-d1geet1b1lt '*¥• 

c• ro tone e�ret1on aalculat� by the llgntn ratio 

rnothott •• 96. ''• 

That the 1nc:reaoa tn tbe 04lrotone z·Attoe i.tt 

the Cb(iC'\IJD COUlti ttot be dUe to l1Wt11l fl1geat1on Wl'\0 

further rlemonatreted b;v an ettl!le,1on or tho n1 troscm 

content of u number of lignin eamplee . Althou�\ no 

nitrogen 1a thought to bo preevnt in the lignin 
raolecule, 1 t m.ua m:-t uo l'ur been p o aeiblct to 1noltlto 

n1 troga1-f'r�e liF,nin from eucoult1nt plent t1oeuce. 

It te eenorallJ' eono1 <1eroc1 ( 24') thot th1a nitroecm 

1e �ne to the condenDflt1on or protu1n moleoulou 1\b 

the li gnin pon�ibly durin� cx�re ct1on. r � decreeae 

in the� fl1'lount o-r n1t�ogen neeoo19ted w 1 tb the lt �1D 

��Jld �e�tlte in low recover1ee o� lignin end �n 

increoee in tno curoteno to 11Rn1n rt'l tio • 

coeeal contentu �nd �\ooee. ond q oaaye� fo� n1trogan. 

t'r> el;!nit'l CHnt dt rtt!rcncoe we>rc t'nund ,  1111 tlle 

l1gn1n contnJ.ning from 1 .  8 to �!. 5, o:t' nl h·o�en. 

'l'he preoenee of a pigment otbor tban carotene 
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seemed the moet ltkell7 espltmutlon ror the lnc.reoae 

ln curoteno to 11gn1n rutioe sntl led to an oatene1Ye 

recbeeklns ot the method ueed �or e tlm8t1ns the 

The proeenoe 1n fEteoee enc:l ot11or r�tcr1olo 

ot u yellow pigmoot wh1'c:t1 eonnot be tlevarated trom 

Ctlrotene b� normol ,lhtJ 1 c  methodo , hnc been cwnt1one4 

1n 'h ,1rcv1ouu oha.,>tcr. lt ahoulu be poaelble 

ho�evcr, to otf�ct u o�perntloD by the uoe of eulteble 

u dool'bonte tru t  repented chroaalogl"t\Phi' on c:olt.ttme ot 

Hytlo �u�t-eol or of MBenea1ua oxide end l�atno !.up�r­
Cel, ftllled to reveol tb• preeenoo of plgmunte otlter 

thtm thd carotenes. 

Tbe 1dmt1 tv o� tho pi pent obtalnet! from 

the oaeetll contenta wn e  turtber eoftftrme4 b� a c&m­

par1 con ot 1 te abaorpt1on epeotNJ!l 111 th tbat of a 
eflmple ot oorotee extrsc:rtet! from �e6. AG ohown 

1n Figure 28, the pigment troa the inteettne appeftre 

to bO titmt1ool wt. tb the oorotene lft the groee , sUo w­
ing for eome 1aoaerteat1on 1n the tf igcetl•e tr'an. 

l�ogattve d.1geat1b1llt1ee ror eorotene beve 

bot!ft reported ( e. g. �'6) bu t  1n •.Jll r-uch eoeea ph8e1c 

t!epar�ttt on methode hilve been uae4 tor Beporattne the 

�vrottmee from other pigmenta. 'l'beoe ;f1nd1DgB huve 

t1ot be on re1nvoa't1€11 ted o1nce the P.oceulte hn•e been 

ottr1bote� to the �otiro&tion or other ep1phae1c 

�tgmento w1th thu �1 rot�noa . �·he vree<mce ot tbeae 

plgmcnta, wb1 eh torm e yollow bond 1mmed1�toly ebovo 
tho en rotene on the i:.Vfio UUpGr-oel oolum , hOe 

been noted ln this 1nveat1got1on. 'j'bo quanti tie• 

howcwor, hOve boen uanll; representing lcoe than 

1 5Y' ot tbo total cp1phno1c pisc.onto pre ent and 1 t 

eeemo pOGa1blo thst carotene M3'nthests might oltlo 
ha v e  contributed to tho Degot1ve dlgeot1b111t1ee 

vrevtouelv Jt�portecS. 
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A num.ber or auoro-orgonicma oro copoblu ot 
ovnthoe 1e1ng ooroterut { 21�.-> oncl t!w pooo1b111tr or 

inteet1nol e�ftthofl1D by those Ol'£r.'n10M bna spt)nren,lJ 

be n cono1dered prov1oual1 but 1n a recont roport 1t 

w ee  cotlcludod that f'ornmtton or corotcmo a11S not 

occur in tbe a 1 go et1vo tracts ot hu�n• ( 245) .  

If m1cro-organteme ere ro�Jonslble tor the 
eyntheals in ehecp, 1 t should be (.>oeaiblo to chow 

Dn lnoroa�o in cerotone content on incuba ting coccal 

or ileal contantE). rt hae not been poe,.ible however� 
to demonatrote t'ormet1on or carotene tlnGer theoe 
conll1 t1orw but eyntbooill hao occur roeS on an ngar 

mect1um 1nocul0ted w1 th ctleaol contente. 

1,he medium uaod conta1nod per 11 tre, 
tryptoeo 20 gram£ , 4extroeo 1 �r6m, sotl1um 
chloride 5 gr, me ,  ona asel'-ogor 20 creme. 
The pH -woo aajuate4 to 7• 2 en4 a£ter &uto-
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clav1ns, elanta wepo 1noculcte4 with 
eaeCfll content• diluted •1 th aterilo 
ectltne. 

A.tteJ> tncubatlns tor ItS bo�• tbe 
ee�otane oont.nt ot �· cell• ••• 
•tii1Mote4 b7 ll•tlq wtlh eleobolto 
potaah enrDctlna tbe p1pa•t• into 
petJOleua e1her and ohl'o•topepb1D8 
on a tll)'tlo €Uper-cel eolu.a in the 
UllJ8l ftJ• 

carotene, . tect11"le4 by t ta obaol"tttlon 
spectrulftt waa torm.4 eQU1ftl.-Jt to 1 . 1  to 1.0  u&'lll 

o� mocUwa. tlo attempt haa beca macle to 14•ttt7 

the rAlero-orpnlea reaponelble. 

A pert 1Toll th1 o qnthe•le o� ea rot••• martce4 

deoompoal Uon ot the pro-91 tamtn a ppeere to oocru• in 

the eolon &fl4 reo'UJJl ao tbat the appareDt cSJ.geat1b111 w 

as oalculoted t'rom tha dln'orertoe between the omounte 

1nseeted oad oxorete4, 81 •• no lnd1oatlOD ot actual 

uocorptiol'l. 

A point or 1 mmed1ote intcrollt 1» whether thls 

n:�nthosised ocroteno can be ut111 eel b� the animal. 
l�o cbeor·pt1on ot carotene or vttnmln A oacuro in the 

er.oeum or OGlon ( �4G) but 1 t. i o  poa:u.t blo tr.Bt oome 

obeor�tion oecuro in tho lower portione o£ tho ileum. 

Thio intestinal 01ntheols or csa:-·oteM la 

bCI1ng hi-ther tmest1ga tod ot the preeent tlmo. 

• • • • • • • • • 
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£! .. 0 M " A R X 
I .  the eet1me t1on o� •ltam1n A be* been lnveet-

1getod parttoulerly 1D the pneaneo o£ eubetonaeo 'i'hieh 

int�rtel'O ln the \Uroel enttr.on.v tt•leblor14e encS l!Pcctro-

photnetrt c methoae, It le eoQe1cive4 Ull!t the 

recently lntr01m eed colortmftltlc reagent , gl)'etti'Ol 

tt1 chlo�4r1D, dCMa not poneae 0111 aavemtllsee oYer 

the � arr•?rtoe roogent but o opeotrophot.ometr1c 1notho4 

i s  propoeec1 bfAeert on e coapel'1aon ot tbe e'beor-pt1on of 

teat eolut1oa •ith tbat o� vitamin A Rt throc waTe-

lcngtha in tbe rqte>n or mald.IIUIIl &boorption. Por 

vitBmin A eloobol 1n etbanol o� petroleum ethor, 

reuCS:&.llg& ore tt\ken ut '2�). '10 llftcl '40 IIU ena tho 
vi tor.tin l ... ootim.a tod fl"om theM t.hreo abeorDtlone by 

� e1mi>1� colculot1on. 

pro\·otl ��t1a1'nctorzr ror the eot1J!Af.\t1on or v1 tauin A 

1n tltil) ;�r,�ceneo ot t\ rtumber of 1ntor1'or1ng Mtetr!Glll, 

The dacoapoqi tion or vt. tamin A una c:e1•uttm o �� 
aif'torent �tOgtlQ in . cxtroetion Pl'OCWUt'OtJ 16 �!eo 
<l1e euaood. 

l I. GbeliUco.l methods �or tlv: conve.\•sion or cn�ottMe 
to vl tuc,in �-. li:�Vt:l linen inveetl�tt'd " t th purt eulur 
r�fort."n et1 to tltcr rt�f'ctlon lnvolviug byilrogm pC)ron<Je 

that the proauo-t or the reaction ie vltamJ.n A oncl not, 

ae aectwd poess1blt:, fl a1-lll:.·eol f'ormecl by tho a"�l Uon 

or bVdl"9XJl t!roups u oroc.te the eentrt. l doublo bond ot 
1 ') -oDr')tonc. ,· ... ueth.oa ror th(� t.ynt.hekio or ttno 
a1-gly��l, wh1eh 18 a voaaiblL 1nt�rme01ete 1n the 

eonvel'flton of otU."Vtunc to v�. ttJ .tin A in tt�o fln1mol 

�ody, 1 ti  being 1nvcot1�nted �l rthar. 

I li� It ban bE�an eLltllblluhutJ that th� ccmvere1op 

of oarotme to vi tmun t. 1n tho wleCJ occur• in the 
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ttnll of the 1nteet1ne. 'l'b1B c:onclue1on is buaeCl on 

m:trv1v1ng tter:me �X:>eri!!lGYlte in tih1ch eect1oM or 

1ntenet1ne bav• bet;n 1nouba tttd w1 th oor�oteno nnd the 

prodnc:' oonolue1vcly 10cnt1t1eG R8 v1 tbnin h UJ� calor-

It 1e 1'\Jrther 

cu!)ported by the high v1 tu1n A 1evel2 in intestinal a 

cotaJ)(trod ri th non-1 ntaat1nal lyttph F!hlS e1m11At- OOlH�rvo­

tione w1th oettle euegost the 1nteet!ne as tb� a.lte ot 
eorrves•&ion 1n this apeciee 31110. Tlut 1nteut1JlAl l;r::nph 
And P\.'H•tel blooa plaem!l ot trhcep contcina 11 ttle or no 

In cattle • h1gb level lu�a bcwn round in 

th� i ntestln�l lymph and the ��a1b111tJ or � cocondnry 

�1 te ot· conversion in this � peote• Me been eone1 6or•d· 

I t  h�� not be«n �oo�1bl@ h�wev�r, to demonetre te the 

in vltro coavor�1on of oorotenu to v1t�min A in the 

livcre of e�ttlo. 

cood1 t1cm£i hntJ 1H,1;.0 tatua1e4. Dilute aulut1 e uf 
I 

e�rot rw 1n 11<,11C !'>� r1J.t!'1n or eycroeen•�ted coconut 
oil hnvo b een  rounrt to be extnmfllu otf2ble. 
or deeomPOe1 t1on or these t�Gl\J t!on(!l oe;>b'1lt\«J on the 

1n1 t1Hl c:r'trotqne concentrtJtione c.nd ,., 11n0er relltt1oD-
ah.�.o 1 £.; shown to ex1et bt!rtf.'(jCD the length o1� thcs 
ln<tuct1on period anu the logux•i tllnot tllO 1n1 t1Ul 

c��oteno eonoentrotion. In V11JYJ of tbo etob111ty ot 

the en roteno eolut1on.b , tbca uott of' byd1�aonatea cocoout 
oil c•o 1 1  c•olvcnt 1n blolo'!l cB l  nacoy �:ork io eugeeetecl. . 
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in norJX&l. -h.Yoo- �no )Ut .,ortl}Jrold nn1mnle, 1 t 1& 

conoludod thAt tho tbNroid huo no dtroet action on 

e1 ther the eftCimO e.vatem tnvolYe4 1n thr:s tl'anatoN­

e.tlon or on the eta bill ey ot tlse Cl�l'Otene ln th.e 
inteetinal tl'ac:t ond tbat tlnJ' lllf'lue�toe o�tod �·•t 
be on the rata of Abeorptlon Of the �rOY1t8min. 

Vl .tt helt; uot bem -posadbl11.1 tc cotlt"il'tl tlt0 1n 
v:t tra conv'Jr(!1oo or carotmu to vi tciilin J� us.t.ng 
tbyro�x-o t�in Ol' thyroid e•tt'aote s e  c:l.t-Jlm.ed by 1'us�1an 
;a:orkerc , It 1 c  eu�.r£e&te4 that 1n�ba t1on of �at'fOt.cmo 

w1. th tbyrold extruota or 1od1Datetl eaeein ro.ul.ts in 

thG 8�c�f!WO&J t1on ontl 1J)OJ.eries tion o� the prov1 tat.Un 
�1 thou t the :t'orlll$ tion or v1 tumiD A. Tbe rea�os for 

the se c:ru.nnoe hnYe been 1nTetlt1goted And it is concluded 
that th�'l'oxin" 01• tbvrox11le•l1ktl ouoetanoea mB� influence 
tbtt stubillt.v ot· Uu.• cal'oteno aolutiona. 

VII 1.i'h� crn>otantt {�onti!Ot Q't Vow ::enl ,-nd l.J(IQtnre 
1e d1tH!llenea ntH.l re£, eons sueget�tect for iu e t'?srcmt 

relatJ. V(? non-uv.-; il;;bili ty to t"''lttinonto �urtng tha 
�urt oter· r<l<mtht�. 1� nu:nt:(uo of JJOtt. iblu factors 1nclud1ng 

th� t:t'fect o'!: b1� :t.•!ura •·nil lo vrott&1n ore \mt'iel' 

1nvo�t1t:-e t1cn. :xper1mento ure ulso being et:�rr1od 

ou t to Jeturm1tl� aetHJ<.1nsl chunr,�a in th� t:ocopht.U'Ol 
content or tho pt PSture unc!l the t!!"''i'ect;) ot thooe on 

tha v1tcu:t1n J .. potency of tllC! tm t turfo t. 

V l I I In vie\\ ot• ih<l '-71dul:� cSJ.:fr&•tiflt prooeuurotl 

Ul>ed in �unfloun l::.borutorios, 1J L�urv�· h.l·ltl been made 

or tht' Jt.etbo .. ,s ovt.:c 1loolt�� ror the eotireat1on ot: OtJrotene 

1n pl�nt motar\�lc. �rrore tnhercot 1n a number of 

theoe· Ol'O <liecuetied (�nd a ':'l'cthud �t.J{Y."t."Sted bollod on o 
cold t:·t!i'·nol-potrolonm "thflr oxtrtl ct1on !'t.)llowed bJ 

ehrometog.rophy on tl column ot lcytlo � upur-cel. 'th1e 

moth.oo, -.hic.h tntrouucco e numbor ot mod1t1 cat1one to 
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publi shed Pl'OCfJthn•es , 1o simple �ma ra�lid and 1 u  
eui tr�blc fc..l' t he 1'out1n0 ua r�lly o :f  lrl rHO n\UilbtJro ot 
nernplt;ft. The nat1lrx1 h"a bftOll u oel\ t'or tho 0nt1mctlon 

or CCH"t>tOJlc.t in !'!-6Bh en a lll'10d lteJ'b&gC bUd .fnecee , 
ond hila given r<"t�·,lte in socd Clt�rot!'llftMt •lth those 
obtn:tnod by ethel' OOMonJ.y-uaed metboc:f8. )'he 

o ccurtu���· ��nd :revroduo1b1l1 ty of: the m.ttthoO l\liG btten 

oY.teno:l vely 1n,teet1gated. 

IX. Cnrotane to 11 �1n rnt1ot; 11ave boen 6e�eB1no4 

o t  t 1 trerent points through the die�et1v• �r�c�G of e 

:rourH, t o  «.htcl•E)3ee tt .. rough the u"pnr pOPt1on o f  the 
emnll inteatin�. to ineree�e through the il8,M, 

reP<'hins a J¥Jx.1mm 1n thu c::r;eC\Ullt an£! to deoremee 
el1 6htly throu�l the� colon ,n.,_ :s•t:tatum. It ie anown 

th.Bt tn1e incrt�S!tl'Je 1 n  e�rotd'\� to lignin ratio 1 &  

not tlllo to �l. ·y .. rttnl t't 1.S�etibil1 ty of the lignin 

1'r� ct1on of bC? rbn?:-a o� t.l th<: Pt"\:�cnc:u: ot o non-corotcme 

·11,i!.'·umt enll 1 t 1 o t:1Jgrestod thot th�ro ie o eynthee1 a ot 
co��rotene b!f tJu� m1cro�,rgani�0 of "6lut ilwm a n d  caecum. 
'rhtJ .. ·rnthante nf c � rot�ne b:f :!nteetinal mtc�-o!'ganlo.ws 
hn� v<.tC3n ('} u monGtrotod on on A;:�:n• mecUum 1noculate4 

with c�>�c�l content • .  
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A C K N 0 '1 L JSD G M E N T S 

Tho cuthOJ- wi ohGo to expreoe hie oppree1llt1on 

ot �1a co-operation reco1ve4 fro� vorloue membera o� 

tbo utarts ot Uscoey Agr1 culturol collogo, the Daiq 

t!oaearch lnstl tute, tlle �18l'lt tlusmict�y Ltlborutor1 ond 

the o ruealt;nde J'J1v1 elon ot the DopArtmcnt ot t.c1ent1t1c 

In pflrt1 eu ltJr 1 t 1 f) dco1 rea 

to neltnoul.mSgo the tollow1ng -

Dr. C. H. narn1ooot ror bla tntereet t.�ntl ( &t:··10tfmoo 

tllroughout the 1nvetlt1gat10RJ other �omuera ot the 

D10C'hem1&tl'J Dopertment - u:r.t.w. cawley for holp, 

pcrtlcul,nrlg v1 tb tho onlul tee41ng .o�k, ond 14'11. 1411 

Jur4 for �dvlco on 1o�lnat1on �xperimenta • 

. 

Meucre �·. it. We'beter, J. c. Newbook ODd B. A. t\OJ1'10ld8 

for vot�tner1 aeetetanoe. 

l.fr.J. H. Totle$' tor uae ot on �n111111 .reading shed 

ond experimenta l  an1�ll8. 

Drs. F. H. UcDowoll ond 11. 1!. Dolbr or the Delr¥ Reoeercb 

Inotl tute tor tbo ue e o� a Deokmlln (;peotro\)botometer 

durln� the oar11 otagoo of the 1nvee t1sPt1onJ Ur. 

A. K. r . • UcDowoU, OlGO ot the 11811'J Re&eoroh Inat1 tute, 

tor o ocesa to tllO Irust1tute' u tlgurce tor the v1te.m1n 

A potena, or buttez-fut. 

l·r. J. 1-ielville of the •lent l..:hcmietr, Ulboratorv for 

hie 1ntoreet ttnd t�or tl� uso of op�tol equ1pacnt. 

tAr. iJ. n. Searo of the oraeclantlG I '1 v1o1on and hi e  

sesi etunto tor tho1r w1ll1ng co-opera tion � t  all tl��aee 

pnrt1cmlarly 1n R;up,>l¥1118 grovo etJmpleu, in providing 
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t•elntion botwoon oarotono nncS vl tn111n A. "  
l1 oehom.�T. 27, 1 '42 ( 1 ?llJ) 

J ,. ·. oolt ,.�. & �·qo" T. ·•c;�r ot� ne and \�1 tamtn 
L�ncet 1 2, ,  ( 11 ) , 1 '  \ 1 9,2 > 

.� " •• • 

94• · uohttaloter r,. rgeb. ?�a1ol. btol.Chca. oap • 

• harn4kol. j9. 1 1 7  ( 1 9 ,7) 

95• 't olft !. l'� ,  GVCI"hOff .T, t> : ol<ulOJ'l 't• t'ILorotQDe ond 
v1 tc•mla ,. .. " ;,. �t .nurd • •. oeb»chr-. 56 , 1 lf.2S 19,0) 

?G. J,.etUlO ,T .. G. , l.tmae .,T . , :.� tcont>Oolc JJ. & ... wuttmnn ( .• A. 
r'h<t OOJftPO.l'U ti VO pl\101010LJ1CU1 Vf'l\IC Of' 1n j ootC4 
ooro,uno ond v1 tom1n A. '' J. l.ttb. c lin. l.l ed. �7, 
?02 ( 1 31 .. 2) 

9 1· 'l.'omuJ'oll1 j,. �. ,. Chu.rnev .r. �rohurt • •  
'. 1Jt111r.u t1on or 1n tl"�tUlUl C'Itl.nrl:r 1n:1ec,ct1 cal'otcne . .. ·�oo. · oc . .... xptl. vlol • • ·ed. G' • 10.5 ( f 91 .. 6} 

98. · 1 th '.1 • 
.'. �. .! buol'vt1on, motnbol1Gm f'nd s\or9£rC ot 

v1 "utt1n A ond c�lrotc:no. 11 oxto J. .. d Unlvoz•el 'J' .•rOf> � 
( 1941 ) 

��. Vi not A. , , •lvcw 1 er • " noul f. •• •J.oce u nd concU t -
loDD ot tr�moforttOt1on or cnrotono to vt ton1n I• 
in tho en1mnl orgr .. n1Q�. •· tiUll. oc. · hirn. b1ol . ..  'Vrts. 
�5. 87 ( , �)!J-3) 

1 00. ! olltllntl · • •  • • . nl..okhovoltt · . c. � \ltdnoVG A . A. 
· . occ of' cco1nic.atorlns e,,rotenc. ·· .:·1och1mle 

a , 1 GB  ( 1 94,} . (chem.t.be .. ,e , 1 Cf.>e ( 1944) ) 

1 0 1 .  "xton ·:. r,. t ·ehl J ... . . � i'ouol n • .  t . sr. ••t tudieto oo 
curotonol� �o,Bool� G. The r�1Dt1Yo p�oY1tam1n A 
f) ot1 v1 tr of cer<"ten• "hon 1ntrocsu�ed orelly and 
por�mt�r�u, .. r. .:r.nutl'1t1on ,1 , �9 ( 1 946) 

1 02. : acbmcUater : .. ··corotcno1dt;. " .ru tlue pttinsor. 
;.;er lift. ( 1 �-'Z.) 
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1 05• Mnttn()n ::·. H. , :'{•thl .�·. • onO, 'hsuel lJ .. ,J • •  Tr. •· •. tut11CD 
on csn"tcnoifl motr-�bo:u.um. 1. 1 tc o:r �nvors1on � 
c:Jro tene to v1 't� A in ti1o m, . .. ">l'Cl\. Hloa.bem. 

1 r>G. 

1 ) • 65 ( 1 94 7) 

itJil� \... . , , ·!ch1 .1 .. ·· � f6 )fetJel li4 ,1 .. ·1r. ••! t•ttl:\�a on 
c l�t&noid m�t��ol1am. 8. �hu in •lt� conv�r&lon 
o� osrotono to v1ts�1n A i n  �h� 1nt�otlno ot the 
JV.l\• n Arob, J.� lOQbq. 1 5, 75 ( 1 ?�·?) 

� ·o�LHll' ..• · �i1ato11ct1l tliat!"1 but1on of vi tm:tin 1. 1n 
bu·��n o�;.�•1m� un4or nomol 3ncJ untl� pn tholt)�CGl 
coru'U ti one. " 1'. r.oh. !'nth. '1 , 76G ( ·1 ;)J� 1 }  

1 08. ' i rnblo r, • " 'fbe pbotocolor1mctrlc <h�tcrm1n!ttlora 
ot caztotcne in hllJr.ElJl l)lGU::l:le ." . I.��.;; .C lin • . l.e� 
�} ... � 10,� { 19 ,,) 

�h)9• · utter.m ;· . t,. "1'he site o1' collvc2•a:toft ot curotene 

to Vi ttnl'11n A. ., .i .  ;· 1ol.t.iu:J!l, 1 7G, 1467 ( 1 948) 

1 10, I.�J ovf9r ;r • •  , , oodwin ··'• . • l'· •.!urton , .A. ��n,,nvorltllon 
of fJ cnrot�no into -.1 t�wtlll ;. in th��J 1nt'lil t1nc or 
tlto rot." . ' 1 oor.ca •• ; . 4• • Jllv, l 1 ')l.,7) 

1 1 1 .  • .. lovo• J �  , .... ooowJ.n ·;: • . ..  • •ol'"ton • • � tll tt\UJd 1n 
v1 tarl1n .\. J. Gonv�a1on oZ /3 cnx•ot<mo into 
vi tr .. oin ' to thu 1nto.,,1n� of t.bo r�1t. ·· .D1oohem •. ". 
�� '· 51 2 < 1 :;4e) 

1 H�. 'l'hompaon , · . ,  f '''neul; .·;. �· tton • tt. ' •;bo 1nt<1 'tlno 
u o a ,Pot.u.l bl� e1 t.� o� COtlVvt' e1on of eterotm.'l to 
vl tm.atn t ir thEJ rnt un� tb.O �·te.1' lr1t. J . !l\1trltton 
1 1 V ( 1 ?1$13) 

1 1 3. ·rt>ocpuon • :. , . rMHle . . .  , Coulu ;. , .. , ,��nsulu ,J. 
.... ·�on • '. ·�;·t\e lnteatinf'll convN•nton or eurot.>tufte 
to V1W:.11U A • . .  :t1 0Ch�.; • .1.,41 1x, '• 1 ?4:')) 

1 t -4• .I) .:n�r , . • '' 1. tm,1n A .una /J oorotenct ot tbe rtn-, 
blue- ''"11 at)a��:n-vt.•;.lee. •· .7oh£;nn td·!U�rott1ne �c rth .. 
. . �1 931 fi• ( 1 J )�) 

1 1 5. �ooc1171n ·,·. , · r t>:-:017 • • t'tt�it'�' 1n vi trm.1n "• 
7• t l' rot.::ne •tt:tnoolln�� in �h?rbJ.\loJ'4.::o. · toeh4$t,.T . 
l�o 3 • !P' ( 1 J � '1) 

1 1 G. .. ('  (')nv�.rt110n 0 r 0 l L'vto n e  U> V 1 tmntn A. .. i ut. . ..:.-¥0 . 
7, 1 ! 5 ( 1 ,H: :l} 

1 1 7. "Thf. oi to o� oonv"r•a1on of (;"11\l'otono to v1 tn&a1ll A. • i ut. avs. v , ?2 ( 1 )45) 

1 18, u•..Jn ·a .''; �:.Jlle;1� t . c. 1"i'.bt� .-��'o"r:)tion ot vlt�t:ln 
• " "�toobus. s . :,:�, !<lix, { 1 9l>.<n 

t 1:.h :c"o.v.vr · . t • " 1  btmrpti?n o1' :·��t r�o� the ln�"utino.t 
Ch�!fll, ,-:: lnc!i. ( 1 ;J.r*'7; . ,,T)*  . 

1 20.  ·r · ¥;ur • • , , chul.r:mn .)' . L. ,. tt.-wvrt i;. t . '' ·l:IUlatn. cat ­
ion r;t rat 1n the 1ntt.et1nn ot thu .t'ttt untl 1 t& 
. �l�'U.onll!hil? tn no�orpt!on. " ;r.. .'jl.Ylliol. 10,5, ,o6 
( 1 ')U" )  

1 �1 .  tiv.'oxai.Ji t '· .  • 1 • ;ut�r1� . . •  '•• ,. : W\1rrer .; • : • " ' nno­
m�trie tecbn1c·.u�·$ LUl� rclat"d DtethOclll• tor tho e;tutll 
·Ot tieeue metabcli&ra. •• ";'\UJ-A'OCG � 'Ubllohing CO. 
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1 22. K�ueo � . • ::. If: �··lm�e H • •  �. ' Thl� uxtr�···llt·t�tic conver-e� 
1on ?� oesrotenct to v1 temln fl.. '' /I.Vcl\4J • .1 ocheu. 1 '• 
1 4�) \ 1�41.\) 

., �� ... · ol'":flC ·; . ..... " Col''v'it . • •  · ·cr.:;9t •:111ne '11tr...'lln ,.  
ron(!t..'1ltx)at.e. ·• c1tmc• �5, 1?' { 1';�'7) tmC •' I£.olllt1on 

o t  vita"J.ln '···· ,r. · r·1or. ·�·hem. oc. 5?, :r..'O� ( 1:J'7' 

125. ·�(!· 4 ".: .. �-1. ) · nrl �rl\111 • • , • � �.·ovrtJrd .• ' 'Gryt tnlUne 
£tOt'& or V1 tnlllit1 A. I. lt?,!'t:J!ll��t1on &ftd P.J-O?t;,rt1c;e. 

11 . D1c:lllCl('lll ')Ot,�;ney. t� Hiochcm. :· . ,. '•  589 ( 19"'?) 

1 26. :· · Ator ,; . · . • �- c:::;"'eon 1 • . • · �. r( .; t nll lne v1tt�m1n 1, 
�,r:lnitf\tO onO. v1 ttnt111 u :tcJohoJ.. · oiunea �2 . ... o, 

1 r.J . 

( �?,.,0) 

. ·ie'w.tm • · • : • · tJ t  llo).ublt' v1 ttH·tinw ·· •• nn. t cv. 
;>1(tehu:m. 1 2 ,  ;;5;; ( ,,t .. J) 

Ul.hn c.�.  · �·. ult:.t 1v� oct1v1 tr of ,/.J er.t!'O'ate una vJ tr.'!\tn : . • · /,ro��. ���toel�'lllt· 1 7 .- : ;7 t 1 ).W) 

. f;�n1c.ot:t . •  I • • • • •• tl.� t1on or t vl l'c.:nt cligeot1U1l1 ty 
COt\ft1C10UtD U¥ �4t!Sr!Cl or !lll ic.Crt rc.f"t:rcnco ... 
&'lbntancro. ' n. ' . J. ' ot.r.- -rac:h. 27. �? ( 19Z.5) 

· ol�l\M ,e •• i�. �� .,,,me� c . -t . N1'be chH.ol'ld.nfltion ot 
tho r&te � thf.roh1 8Hl'�tlon bf oonulrl (}O�Dtlo 
nn�le." Uotvot•1 '' ot •'tacour1 crjt�tti'Ctb llctln 
;·o. »� ( 1 '1 .. 5) 

1 ;2. :·1ns l • • .... » oact},.:t'\ 'i•c .. . ll .. win · • I :.. .. .n oec4Jloratg" 
G tat>111 ty taat u1 th th(t �"1)1Ude v�lno �e an 1ndOL •• 
r..11 1. .. · .oop 10 • 105 ( 1 91)-' 1 

1 ,�,. .. �: umunn 4! •• • �. l' t()Onbook '�· "" 1·'t. t £olublo vt.t•tna. 
w��bQ a.tab1l1 ty or cmrotc.mc coluttcne. H .... . n1ol .. C�hom. 
101 , !JG1 ( 19,,) 

1 �5· curt1s : . •  r .  :;. :!latlt.�l' 1 .. � . ·•Tho Jl�vunt1on or 
curotGne nbf'Jor.;>t1on by 11r�1d petrolatum.·· 

; :· . . · . . ' "' :J  1 1 ,  1 ]'85 ( 1 �;�J' 

1 �6. nool't.len "<·• v. " : 1t � uokoru:Wutllol t. ·· l,t� .:di tton • 
.;urlln. 1 ').17) uo Quotee bJ l.:·r111 ( 1 4,, 

1 �7· :�a-u:o�aon i1. !� • .  t- ol<.o7! u .. H. •· ·;r:roet& o� onroteoet'Llo 
on tM t"'.Jnctlon or tbe�1'01d ond tbG liver. " 
,, � • .  -:-.. ·eu, �1, 1)5, ,, , { 1 :J38) 

1 j$. : aY;� • '• , toclton ·,, ,� " 1n�nt · • �. 40 li'ln4. c:1t: .yon 
1 �) ,  21+5 ('t J,O} 

1 �'.). ··:act�illat · • t• .,Cor·otenGI11a 1n r.�XGG.:.I.141n: -
e�pla�ti<r. ( o't th.O trvtcal a l!ahtlv 1et<U!io 
tint.-'' tT .. C.L!n. l'U.'Ioot>lml.. ��, )).l1 ?42) 

1 1.,?. \' ontlt H. )jW'14�hcn. lto4. · tt.hntH�hr. fy� , 1 Gr;J ( ' �35) 

141. 1. ohl 1J. o. c1 ;t'.:!�ltlttan .:�. J'• "n/.1tn::11n A ��1.o1..mo, in 
d1ocane ot the th�14: 1to det�at1ob by rtork 
n\lr;tvt1on. '' -:ndocrinol. r:4, ;39 ( 1? 39) 
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1 1,.2. JJooro '1'• «Tho vl�:d.n A raettrvce or th• sdu lt 
ltur.tM bolna in lwfll th m.ld eiGULlOOe ' Ji oohom. .T • 
�1 ' 1 5!j ( 1�?;7) 

H .,. 1:..1'ill v" . . . •·znto�·;o�lu.t1ono b..:.�\,.,�t.:n ·u�ro1d tun�tt�n 
�ncl v1 tl):lin m . .:;tut>uUc� •· !'t�·o1cl.. : cvct. �!h ;;;� 
( � 14-,) 

1 1•4• l"'llnG" ��. : ·  • ..  r"UtJ>1 t1GIMl <UfJtu.t.-tiL.t.c�. �eJ.l.agt'U. 
r.ud �ro;=;bthll ).ai'"i• ' .'r'.)o• . oo.. txx:.. :.tol. ���� 
2� . 61 � \ 1�2() 

1 4·5 · :· 111 t11. r . c .  �· �)c�• J. �1. � .  :rtoot et thyro:d.raa 
ootlbinl!d u1tl't c&ro,8Llo on tbe ouvgon CO!lBUJ111t1on 
o't llO'tB." .. .reaaor1nol. 27 • HO ( 19:.0} 

?"'ll9nbat"gur T.v. � (:lou tor �· . � :tl'o�o.c't en lnotnt­
tcm in� tl-:..c .:out Of. �l"'1fldo� ��lOl\Q 01- ()t 
thurolc!oct� prce,lcled lJY tho a«la1n1et.rto,10ft ot 
O:tt::•bC� Of "l"Oontu U�4 12ttiOUI'C.N�&l C:Cil"�IJtJ lut�J&I 
�r �ollo.u� tr the a4aift1etrftt1on ot nntor1or 

pl tul 'fill'V extt"Dot .. tt JllOt'.htln. �·. P.�), lt-e� ( 1 9,2) 

1 4.9 • ),.l•1l:!. .'. :  • .!'. •rru:;::lt ,• .• ' .. t :;f'!'OOt ot tl'y.:O.lil'-'CtO!f¥ 
on '&M oonVCl.'"oicm ut· \lot•otcno to v 1 tc;P.lin A. ·· 
�r.®erinol. J,O, :?49 ( 1 947) 

1 ,0., ('t,·ut:uull ; .. · • . � '!�:laeem�:Q{f r.t;. ·" ln.t.iib1\ol.')' 
:.�e t  ion ot th1cn1.'3C:11 on O!lx•Gtc:no. •• · ;.;"par1cm�1a 
3 - )� { � ):.,;') 
• •,;.l 1n¥t !)n ,, .. 1 :!�>�rr1c '• .• f· . "li th r . . ... · J '-�1 t� �1 onnl'' 1 �� u...:-t�ac�n • ... ·1 U.tt!1l4 A l•ll�· ion1n"" 
Mct��tool1M 1r. tht.r ��a-;. �� .; .. t>u t�o�1t1or.. :.14, ':;)97 
(' 1  .. ;�i 

1eee · · • � • 1 '.!u�l 1 .. � .  .;r. .' '"ttl v. • · Th1o­
tt.ruo11 rJr,u CvUV�l."ui011 Of Ot:i,'Ott..OL,. 't.(; Vl.�lil.tin �. 
m�:..t�m.n·u(;. 14• li , .. O! .. GJtorDfft.: in the �·p t. "' :rocr. 

oo. " .. �::,>. ..:1<>1. • eel. G'• 21;;  ( 1?A,.i) 

. 1 5�· • t�OJ.:HollOH -: . • f,. YU. �illT4 ( • • �>"'.hu ui't'-.JO'L 0� 
·u�·rt�i� on th� wnwt:l't.1ct .. ot' ,,r; 1.';-;.tm�� to 
v1tur.11r�. �' • · ,1. 1ol. C'h=. 1 71 ,  51 ' ( 1 ?47) 

1 !)1,� t• <\llc:f �. �: r �)' J\e lte. 1 1  ''.'hi0\11'"1J(.;1l on,, the 
convol�G1on ut <ae.totowct to v i�w:J in A in th«J 
1•4!.t. ·t ,r, '.!i ol. r-::h•.mt. 1 7�,  nG; < �')J.C} 

:r�nni'oD . • ·, :�. !.!U\l.::.tlnu ... � . . . .  '"ltit1ve 12llh)Ot't."nco 
Qf ���'Otlth r.nu �uta.hc11o rntt� ()n tho u1lt.U�Ht1on 
o .t' "1..1. tul'!1ln . �·:t tho t'ti t. ·· � !d·.!:rnt, ton :�r:-oc. 7, 
::)C ( 1 J;�.n) 

1uoc \.'. • , .'t.•hl .-; . .. •"· .:.��·.sal • . : • ,!l.•, ·• tt.H:110ft 
in c�ra��old mctubollsrm. ?• t·onv�retun of 
c )�otlmu to �1 �ldn A .ln lh0 h:fp\ltb1ro 1d rot . .. 
. r • . j1 oJ.. , , r.om. 1 pj, 21 � 1 94v) 

1 57• ,;t·,mvu�u l. t .• � uc:. O"Uoll.,�. :· .. · .• · t:i�� .�lll!letl�Oll 
ln6 t1 wt� (l., • }  i�l tVd10l\)giC:ttl l�C:,I1'JC'l ,,2. 
(Unpubllcll� t·(l8ulw .. ) 



- 1 5i -

1 58• . 'f.!i %"00 •\ .. · • '' f'l�n�� ln tbo con �n,l'Bt 1onu Of 
cnrotcmo tlncl vi tnmln ,\ 1n tbe bloo4 ot ehoO\') 
sr-u �:1nr:J on nOl �')l�Hl V�'H'J'tmM 1n . • 1\U f\'it:ralla . .. 
. �uot • . 1 . :•: xptl. H1ol. Ued. · et. 24, 2)1 ( 1946) 

1 5�· �oore � .• . • " : .. torm1nn t1ou of o�roteno ln pl nn t 
ns t�t'1nl . t�  rnd. I::Jlf.t• Chcm. .,nal. flt) 1 :3 , ]26 ( 1 !)l,C)) 

1 (JO. noo<11111n 4'. • ·•·rne t�1'01d glem4 and C�l'ot<me nnd 
v1 tett1n l. metouollBan. ·� Diochrm.\T. 43, x1111 ( 194i�) 

1 6 1 .  Alltm J:. • , 1oe '1, :r. & .raoobuon Ii. � . •  � ·  . .  t.reot ot 
thiou�ue11 ono thyro�rotetn on tho aonv�ntrnt1onu 
of �!.•N'ftr.mo tlllt1 v1 tr•m1n t. in the Vloo� ot iU\117 
c:owu." .r . Aft• et. 71 5'8 ( 1 'lt£) 

162. Lurrlc!� t· ... ; •• • • �.narf)•e ?. ; . , ..: <.."'�on . ·.:. & Uttl"'T)er c • 
.. . t·:r�cte ot: th10US'�Jlc11 und eimtlnr oo"l*l'"'ll'l cm 
f@t:der l�cbc .'' ;r. 1\n. � o1.7, 5'9 ( t9�1 

1 G 3• .rGliotr J>• u. & t.:l.�el 1-..,7. Jr. ·� .. rho ott<Jct of' 
arowth llomono on the vt tmlin-d ct .. 1et unt �t. 

.tH!oerinol.. 36, 280 ( 19o4.�) 

' 64.. Al thml�cn T. 1�. & . tookholm 1-3.. •t J.Dtlucnco or t11e 
tb¥ro1d gland on �baor�t1on ln th� d18��t1ve 
trnet • . , Alu • •  1 .  ·hye1ol.. , 2,, f)77 �, 1 9,0) 

1 �;. �.lf .. lJ..&bo T.J· .. " lttt'luonoe of thVI*Oelohulln on 
v-1 trultin A ro�.at1on trom ourotone. •· .1. �ihJ61ol.. 
· • • • : • 2?, '18 ( 1'40) thom.bb�. :.;6, �51� .( 1942} 

1 G6. �·nplatu.!ky � . • . �· i' D lbbQ 1:. •'Tr8oofoi"m!.ltlon of 
cnrott.<n.c lnto vt tnmn A untlcn• tllar nation ot 
tod1nnte4 c�Uic1n." H1okb1a1;y.u 1 1 ,  '27 ( 1:)q.G) 

1 G7. Haxt1ngton c.  • 11'1'ho ttt�r:-old gl2Jnd. Ite oboml"ta-v 
t'tnd ph)'f)1olotr�· ·• ,)xford lJn1vm··�1ty •rea(,•,. 'lA,nc!lon. 
( 1 ·� ,"� ') 

;.ctneko .: • . • & TUrner � . • ·��rho u.tt•cot ot manev.neco 
conooun(%8 t�ne certfil1D othor ��ctorf.l on tbo tormot­
i on of thfro.tJ. ne ift 1oo1nute6 c:o� e1ta. '' .:r. uiol.c;hc;lm.e 1 (.1 •  G1' ( 1 ?4·5> 

. �1noke : ... . • 11. TurnfJr < • • '' o�tlon. of htehl.V 
4'>Ct1ve �roprotelne, thu1r o1 olot$1.c&l tuHiWV• tlh4 
pr.'JOt1e4ll U$('.• '' Unlvorult� Ot '1t.:.t10UP1 · ,oo rJ;ftrCh 
:JUUc,in t!o. ��55• ( 1:J42) 

Ct:!mo H.L.  c. \:ooa�1n .. i • . • " '.!'h« rolt.: or thfs-oulotrul1n 
ond 1od1notetl cm� e1n in the in v1 tz:to c:ooverc1on 
ot• Corotone 1r1t.C v1tom1n n• • .:.!!och'll11t• .. T. 4-,, Xll" 
( 1 :-)4[)) 

1 71 • • 1 �Ollu !#, • CD1M .0• {'; 1�1llrl1 Cc..mU�l"l U. , • 
•· elJl t1one 1n vitro between /' c�l rotooo e,nd 

thyroxine.'· i"..rch. c1. b1o1. nor)ol1 �.;:! . ;21 ( 1 ;li,.C) 

, 7'• ' �rl rn1cont , .. : . 1  . • "Vt•r.tnt1onG 1n tha ourotene nnta 
vi tam1n A oont\tt'\te ot cortu!n i·31J .culc:and 
bu tt��rotn.•• .! .. · uiry l:cl!, 1 �. 00 ( 1!H•7) 
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Hauge S . M. , W estfa ll R.J. , Wilbur W . J .  & Hilton 
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J . Dairy Sci. 27, 63 ( 1944) . 

o tlding tor r.a�JdW!2l1 vl t �1n t<. tn Ut:tter. ' i tJ Ue '1(�Va . �� 20, \ 1 �) 
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• ltOl'•�:'Je <!'· •  .1 ,,'con ... "'.. •·11 ;lr, li:..1!1 4t.'Y f:tuq of t 
•..:!";.·���� of :w.nuM.c l. tNtot�.-..:nt t1nc..: 4Jl �:;,. on t.hO 
C1l�ot<�Go oo-n·h:nt o:r grz t11 . '  �1rc , • �xotl. 
�....-te. G, 2.55 ( 1 '),) 

:.� 1th · • .!.. t: :.'log t. •·t.•orot .... nc acnt ... nt ot c ... rwln 
soeo*oa ot gra��lacd herbiRO• ' � .  e�. re�. ,1 , 
'{U { 1 :Jl •. 1 )  

H l 1 .  L' .• l1ley L. • ,ioeh•Sett? t�cpOt'tr:t.nt, iaf.lf)t:lCll 
� 1t'1eul tul"*l c;o:ll�ge. U�bl.1onad !'iJ&ulta. 

182. hml'lun4 i.'\ J. ., ;\o.�r llp140 of �o!•n;.re zrogueu 
Hnd c lt>VO.l"llt '  � ut�" 1 5' 1 • (!� ( 1 fJ"�.J•) 

1 8 3. i ·,�a � tt • •  " . .  .N'cc'i o.f bulk. cse�in un<1 te'& 1n 
thu "'i"n on tbe u'il1�t1on or e:u."'tc:no v-, 
.vhl to r•nto. • t,rch, _ looiltla• 1(), !,H? ( � �:,.G} 

1 64-e !�P.s.•rte • � • , -,;nnoon •. - .  r •i1 c{o..oh • • • • 
··c�-vt ta'ftl'n ntu·�1 ,;e. ...ttecn l)t toco�orol 
�u -..r�•l·.���tJtot1on on tbet oot,?tJt f..'t!' vlt.a,-nJ.n A , 
et'l .. ot.n& en.ll t"ot bl' � 1ry cowo. • :1. ? ·utt-1 tiCh 
;;, 4 1 ( 1)47) 

1 B5. biting "F. , :.ooe).1 J .. l� . .. .  ' r.J�vt•t:,v •:. : . t( ';'U\•i: ·<. t.. 
•. iH't ifd'lAHDlOO nf. tooopf�O.t'Ol.a ar14 ecu1-l1 v�1r oil 

on 1\llk 1'..\nd rat prf.'rt�•et ion. 01 .:; � � ·�1 r:t c:.. "�'? � 
1 "'  '1 ( 1 '�lt..(J\ • 

" . . . 

1 1�6. · ol.l ·: . · • " �:f9llu:' • 1 • · : t>�t.:"N'.innt1on ot 
tO<·Otlhurol 1t:t �lltllnt t11:f(Juoe. •· lr..ct. · ·n.F• ChCU'I!· 
( Annl. �.tt. )  'e• ''l' ( 19t.G) 

J �  n, �· .. �::be ne¥1t:t.l1At1�n CJt· \r1tw'l1n J. end 
� rot,..ne by r:-n�" f.�a CG:lte CO!"m!On f"rlot\ti. vl th a 
notv on tho ccn\'t'f"t1oD t.,*ctol' 1. .• \- ,j't: pttOpoetki 
l)). the lnt�t'nr!!tloMl \1'"1 UJ::1n C'(',nt\;t• r..nw. t 
lcUi�n J .  ' od. oe. ?.�, 7�� { 1 �)7) 

•Uf!""gt..'Oh'-ll1lP. { � 1'ht> c.d�lot•iccl v l·;e �£ �o\crt 
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1 e9. [ .icla:.J:ln : . ' . .  • • tt\l'�·ia • • • • • ·' ..)()C..:..1 4e  : • • 
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G1 , 7'-5 ( 1 �,8) 

1 )G. �lton r . 1.>: Common ! • ��. '1 �oel1ft«'t10n t4 'toon• 8 
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J • • •  · • G1 , 50 � 1942) 

1 ')7• Cbcutke1 · • . • & Uawt .H. • • • • Tr. · ! et ra1natloft 
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u. ) 1G,  18,. ( 1 �44) 

1 �a. -., lllate tter }�. �. f! toll t'.. 11Untoreuchungou tlbG­
Chloro'Pb¥U. Motbocon untl :rc.!o'bU1cae. '' JuUu• 
� t't·tnsor, .!lcrUn ( 191 '' 

1 .J'· . uaeull .c- . , To;vlol' • • (. Cbicbootes- ) • J.�. 
''i �te.Midnot1on ot OBrotono ln plont tl«Aue • •· 
,J l,Qnt Ph:/otol. 10. �5 { 1 �'5J 

�oo. 1lkt:l' . ..  , · ,- chNnk • :J. t1 lUDS u.u. tl.tetena.tn­
at1on or C'IJ.rotcmo S.n aeb�arnte4 ntt�Jlte. -· loG. 
�·ng. CbC'tl. ( l .n4L �. } 1 6, �1 ' ( 1 �44) 

201 , �oterloa H • G• ol.Con w. & Ulbbos-4 R . P .  "� ut•atr.dn· 
.,tton ot obloro�ll nn� cerote&e ln plont tt. nuo. 
Inll. na. Obm. ( · nr.aL "�d. ) 1 2, 148 ( 1 9¥>) 

20�. . oobo. � . • l-(• '' '111� eommoretnl dotons!Mtton or 
onrotone mu1 �111.t4 plRQ"-nte •1 \h epe olo l 
refettcmoc to clt-1u4 ura _cu� aQ4 otbor lon ry 
::ll'ztertal. " Anol:!e' G5 , 2G6 ( 19�) 

;''J ,. Ull �1. !·� • • �c .(i.tllt.:l '
• ; . • ete�t101l or IJUl<O 

eorotoo. 1n Plant tl•eu•. A rnpt� ohromnto��ph1o 
m.u,ho4.,. Ind• r'ftS• (;hem. ( t..nol. ·"• ) 1�,  18 ( 1 ')4') 

..:04. ' 'v'tt1a1ftl. ono t.�...tn��tlve outhovo or onaly 1e ot 
the '· G&oc. ot c.�ff'lcinl Agl'1culturol <..\lU'JDla'"• , . 

• :;. .11 . �,·. oob1ni{ton. { 1 �4.!;) 

�05• ,. CJ-bl' J • V • &: 1 0  • 1  '' �T • .  • ··comPf.a•1QOn or L"Wthode 
fur detortdno t1oo o� cu \1>Qt0no. �r. Aclrjoo. ,,f�. 
'·F"l'• Lhca. '1 , 70� ( .,,,.a) 

206. �;ubn • � :li"'cknann H. • • etcrmnntlon � 
onrotcmo14&. ' 1 . �oiOl• C'bCJa. ::'OG, "" ( 1�;>2) 

.:07. · 1�er=onn • J. . ,  Treoolov · • • � �/f..l1rutl'<l L� • •  

i. oter�tl!ltton of' onro,rma 1D rreoh an4 t'r'o£Gn 
ve,;totable.. 1 .  c .. tu:•otone content or nroen "�P 
uoane nntt ewoet oom. · ;;oood · oo. 6. r;7 ( 19:,0) 
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20�. l�t!lo .;1. • .. & .:·eofl,l11e p· .. • :l. •� .'1ltldiii1"i$ on U!!'\'li'tm­
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l:DU• Cl>.ca. (AG&l.. L:& )  10, lf-1 7 ( 19,0) 

2 15. H�get.od l'.M. , .��on• J. ·, . & ,.·olePeo'D y,·. u. f'Ot.ot�n­
at J.on ot ·O«lrotane 1ft a11r��e. ; n lmpJtovOd ZA�l'�bod. '' 
Incl. .1\'"ftlt t;b$ .. ( ·irlllL ::�. ) 1 1 ,  '56 ( 1.:),,} 

2 1 6. l'lOOJ"G :.,.J�• 6 tl.¥ i • " �.te,root10D ot OIU"OktM troll 
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�17 ( 19�·') 
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l'l'.a1.oo1bl• �l.\Hm tc. �� ,r. l� C hem. oe. 64, 1 .1,1�? 

( 1��) 
:! 22. ··�ell � • . • • Kollcq , ·  • ..;. lt • 1ll.S.� • .J. "Carotena 

c:oncentl'3 t•-a rrom vtJe-etable lou.f llat>tcn. • Ind. 

bng. Clu;a. ''' 10�7 t 1944) 

.;H!'• '•SJl"Jt1 I. �A AIDfl �tbo4 tol' flat�GO'U.fll QilNtUl.G 
troll £reorJ plont �• ter111ll� " Tt<>'Kl. 1. �t\. A<ted. 
Agrto. · o1 • .a.., '!>7 { 1 94�) � ·ut .. �v��.!� : �a. 14, G�i• ( 1 94.!>) 
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u11'uc\1Ds •bll0rp\1ve power or cae;nCIIIt.o ror oarotme. *' 
tnd. '�· eh-. ( t4ftel. M. )  '2, 1 6 ( 1 9�) 

t·rapa.o. t .. • lfU!l:�erer ,\. 1 • t. ,)rt. :..n� .. J1t . ll. ··toteft· 
1aat10ft et ooroo�• ln tbO JJ'Ooanac � llcoP\1110." 
J .  A��o ott. £r• Chom. �,. 42� { 1 �40} 
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oaroteno. " J .  A •ooo otr. f,gr. Ch 2,, 659 ( 1�.\0) 
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JO. 62, ( 1J,;_l} 

t oolo7 u. r,. , Chl'1. e,le.necn ·i • •  &. f Chl'oea.r ( • t;. 
··c�toPatthio eattuUon ot: on tamta A· la u•a 
tueda. ·� IM. T-".na. oh•· (Anal. ·:.4. ) 17  Q5' ( 1 �4') 

llJtea J • .J. ··ntab-epeed tl.lter n14 ro. CbNruttGSJ'l\pblO 
anal,a1e. •• "<..":l\rorua�pMo otemSGDtlon ol 
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eClaofbMt\•" ln4. r-lQg. Cb • \ Anttl.. E4· ) 18, '� & 
701 { 1, .. ,, 

228. �• v. H. .,t ... .at't1lot10D •1u:.d c,7&\imo t10Q ot oarqtee 
.trom ttoo4atus-:ta. ,. f. : oe. chew. In4. �. 1 62 { 19,,) 

:ll'• !lbo.N t ... A. '*l,, ottt'Ctloft d _,lcnlelQl\ phcMphftte to� 
thO chroa.toareph!o t1et Mltlotlon Of Oft"\--. " 
Ind. f.bga Chcn. ( MUtl. ... A. ) 1.tt.1 T07 ( 1,�) 

2 ,o. � � et er : .. •  t. i:'Olcar 1 . •
.. G1e•t.rflU 1eott..:r1aut10D 

una apeotvol ebOreetorlo\lon et eorot�no1uo on4 
lifor-.ao ro1•1ed eoaoeunde. " �J. �.,._. Cht:tJ. �. Qc. 64, 
1iJ5' ( 1,�) 

l'o0l:.tltb18,.l. Le t• 'i"U•oon �. ·• l&om.el'lMUOQ or the 
Utl'Otono14ee'' uloohc. J. ,2, 1 '05 ( 1:J.JS) 

2''- cJ.au--. ( , • &. �ecocrd '·· '"• .. .. 'h• �•tt\tl"mi.NL\ton or 
earotae lltle! Pntb.o�ll bJ Ji \lln�le dietl'lbuUon 
bet aen U�1d pha •• •· J • .J1ol.C1l 1 1,, 89 ( 19,G) 

PooJ1 11. Ciu'o:Mtosftnh1o lnvGotlsntion tlr tho 
Of .. r6\cme · cont.ect � • ..,,, oi' t.h.e n�wbOJ'n lftfunt. t• 
D1otlurll. J. ,a, YJ'+ ( 19�1 

2,2. "L.ee.ae r..J. 6 tcheU .r. a. ·· .�.rtuet at o��rt:11n· 
ORrbO!\YctMtt:l8 on tu d0Mt"Q.ln�t1on o� oG wt<me. •· 
Inc. \ �  chm. (/�nal.'14. )  1 2 ,  ''7 ( 1 9-.0) 

2 ,,. Frsr._o. ' . ,  .�elnn � . · . • fJ ·:O!'!Ncrer · . � . 1'!:e't01'mln­
atlan ot �re oaroteoe in greet wq;otobl 0 ana 
grcon teeM.'• J • Aenoc. rt:t. Agr. Gh �. 7,9 ( 1?4.1) 



- 1 !J6 -

2 .)J ... ':1Uur · • •
.. l. rapicl aatl accui'Ste �uan,lta,1vo 

� .. tho4 �x· th� dctcu�11rftt1onB a:r the co�n 
""rotoooid� .-r-. ,·r� Cb<-1fu . oc. �'7• 34-7 ( 1;};!,) 

2 '5• l't.·Witlrt.rma (). !�. 6 l:It-tk1D D.JI. n �tl6o.r�'1on ot 
�1n1�c1 t.!OB41lta of (J Cflrotene bf "1 tet:1.ln-6ttft.Q1ent 
,·:�tli. •· n�o.,tuN ·u.,, 611 < � �iJ2) 

h.l tflf!h ( " �� , 'Ct�l"Wll • ,": • � t.t�c&JOD "'• • � t 'DVO U. • 
.. nrotuM tJalunee IUld blooei coroteco loYola 1Jl 

b 1.reua Anc'\ �o�1tlnf' 491� c!fil7Ct (;M 1tho1r l'<ll�lt10D 
to tllt: �)rooucrt.!on o� ufr ... tlcvoura 1n ll'lllk. 
.1. f er• 1 ua. �� ,.,_, ( 11,9) 

2'7• < uucJ.:,}l'}wed\ u • •  , • tcenoock t!. r- ·ct.e:roon � . !1. · .'hu o.rf�ctts oi' uc1�!U on et r . ..'t e)no 1 W: · " .1. . • 
(. hL'ma OOe GQ 1 2) '7 { 19 '" ) 

2 J9• .tce:n:t�n u • •  � •:soCII , .. • • hlnn .. , • •  � Clll'f • • · ·;•be ettrotttne oontunt of .. �rt:c-� hn;ve �nd com 
ft 1l�g-e. '"' ;.,' • �\EJ-• I <JO. 57, 6,� ( 1�� }.�) 

240. ' •1.1thunt %l • •• • : l.Dn\ t'hi!Giatr., !.Q&JOP.tttor,, • . • 1. . � . 
1"1 \'QtO oo UU10ll'U,on. 

�'41 • t�o1� • • • • � �tc:L�·z..1nt.ti1.cm ot o�.t"G1ioJ G� b• "unt 
mtttc r1al. ieal�tu��t pboephnte ne u�cot'oont. · 
Ll'lcl. !�. { hem. { nnl. r.c1. ) 12, 7':l.(:, { 1 :>JtO) 

242. . .lli.IB •.... • , nt.rono • •  � 'itH��,�r�l - •• • ··: 7':" 
&ol!)huno �·�14 O'ltbo<l tor th') 40tort.:a1nntlon or 
11gn1D t'n4 1te ueo in an1l:.al nutrl t1on atuc.tJ.ct�e ' 

," . . ,n1Dol ' o1. � ,  :!3:4 ( 1 )46) 

� 43• Mc:H!r:ouunll T' . :t �� . �-s .. , . '>A0t\ttly �:r tJtO�hodo 
L�or tlte oxt1•oot1c:m ut nitrot;:.:noue ou tor1&le trom 
pl!"'rttG nttb ��t1o::�JA-r a•et'erowtH:.l to �rubaec1""Uunt 
<.. t-li'nlnJJ t lon .;t lignin. <ton�alt. - · atthl�· or th•: 
e(S'\.o-9t ot rf.tdu�tn.u oon<7t. tl.>'M on tlw l2m.trun' nn4 
t �t: t:u·� ot .tlr.:ll!n iool.l'ble fro• pl(\nte . " · ' f.lothod 
for. tbe uot�rmin�tlon or l1antu uvntt·.nt ot f.,.eab 
pl�Hl� t 100'lllt \', 1thou t pr.�llltd.lli"I'� ctJ.'l � l�l& 
c,t!l'J�. J. j' :.to. :?·�� ll-57 ·� tJ;),._ ,. �G0 \ · �ot1on > 
( ., )J/�} 

:: 44-e tt a . �e1 u ��tt • ho l"'O:,.JI' • •· 1'lt�ci .. ll oa •mrt 
"� ct1o•: o!' chr\,}•t  lt\lJ�!ll)l.J1 t•) ,·tnn .!t. ]!all .td. 
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A P P S: N D I X  

Vitamin Content o!' New Zea land uea te 

As $J.recOy mentioned a ehort investiga tion into 

the vi tamin cont ent of New Zealand mutton and lamb w�e 

undertaken durin£ the courae of the preliminary work 

a ssociat ed with the main research. 

':Phe vitamin content of' mea t h&e been atudied 

extens iv ely particularly in Ameri ca but li ttle work 

ha s been ca rried out on l�ew 7.eeland l'llet@!te. Uoet of the 

workere hava been interested 1n the vitMtin eontent of 

overage commercial cut a a e  supplied to the eustomer 

rather than in the emounts present in the tiecu es a t  
slaughter vnd the relation of thi s t o  the pa st history 

or the unimsl. 1�e prcecnt investigation hae however, 

been reotricted to organs and 1nd1vi dus l mueclee taken 

from ti number or lumb s ond one sheep raised on the Ue ssey 

Collage .ra.rms t:or pro jects un<Ser 1nveet1 gat1on in other 

Department s .  One group o f  lamba and the sheep were 

ra ised untler normal cond1 tions. The other group o� 

lambs had been raised under eondi tiotu.J ot' indoor t'eeding 

not norm�l in New Zealand ( i. e .  hay and con centra tes) 

and was included to give on 1ndiest1on ot' the ettect o� 
. 

such \l. i dely c:Jiffercnt trea t1nente on the vi tamin cont ent 

of the tiasu ea. Thiamin, riboflavin. and niacin, ond 1n 

o t'ew ctt e e G ,  pantothenic Hcid and biotin, were eetimntad 

in the tissues. 
• 

� ith the �xcept1on of riborlovin, m1cl�b1oloc1oal 

methods were u sed for oll aasoye. 'L'ho mi cl'oorgan1ame, 

methods of aasay and madia uaed were those recommended 

by Barton-W right ( 1 ) .  These to!crol;iologioal methods 

lend thems elves readily to the assay of large numbe� of 

samples such sa were �qndled in this investiaation and 

once their technique is mastered are rapid and relatively 

simple to carry out. While admitting the general 
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superiority of these microbiologi ca l  methods over other 

mothodc, 1 t 1e coneidere<l that t'.i chemical method beeed 

on a readily measureable natural pbYa1cal property ot 

the vitamin such as the f1uoreacence o� riboflavin, 1 &  

likely to be at 1eaet as simple and relieble ae a micro-

b i ological m ethod. Por this l'eaeon, particular a ttention 

hod previously been devoted to the chemical easav ot 

riboflavin ana a sui table methOd suggested ( 2� . •rhia 
method whiCh is a modifi cation of that proposed by 

'McLaren, Cover and Peareon ( ;) w8s uaed tor oll ribo­

flavin assays. 

De•gr1�t1og ot the Animals 

The group of lambs, eight ewee and tour wethera, 

reieed under normal conditione, consisted of twelve 

Romney-9outhdown lEimbe killed st ee neer to constant 

weight ae ·pocs1ble. The mean hot carcase �eight was 

-'3• 7 lbs. ( l:J.D.0.9 lbe. ) and the average age; 1 0 7  days. 

The second grou p, seven ewea �nd five wethere , cons1eted 
. 

of twelve Romney lamba reered 1ndaol'& from birth until 

21 days before slaughter when they were turned out to 

normal pasture. l>ur1ng the indoor period after weBning 

the lambs were .red a mixed feed consisting or, lucerne 

hay 1 1  pert� , bran 9 parte, linseed meol 1 �  parte, 

crushed oats 1 8  parts ond peas 1 3  parts. 

did not thrive well under the conditione of the e�>er1ment 

only e few gaining weight regularly , ' and ae moat �eceived 

a 'further setback on being put on to patrlure tl1ey vere in 

a �oar condition when elaughtered. Thio change trom 

indoor to outdoor feeding woe pet•t of onother experiment 

out of our control. The mean hot cu. rcaee weight was 

22. 5 lbe. In view ot the re.sul ts obttlined :from the 

indoor fed lambs, one old�r lamb which ha d  been fed 

1ndoore :rrom birth unti l slaughter was assayed. Tbie 

l�mb, a weth0r, had gained weight consistently and waa 
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one o� the beet out of over fifty lamb& in the indoor-
feeding experiment. When alaugbtered 1 t wae 1n good 

oond1 t!on- hot careflae ue1ght 35· 5 lbs , age 1 65 dare. 

�ampl1ns 
Organe requi red �or aeaey were removed immed-

ietely a£ter slaughter. It was not poeo1ble to obtain 

all muscle samples a t  once eo a standar� procedure wae 
atJoptod ot toking all such eampl eo atter the carcase 

ha d  hung for �,8 hou re in tho cooler. Whether tor 

aaeay by chemical or microbiological methods, the 

preparation of samples woe the eame being P8sed on the 

pro cedure recoDQended by aothurst ( 4) .  Attor the 

removal ot ull vi e!ble !'a t .  each eempl e woe minced and 
well mixed. A large sample (usually 25 to 50 grsJne) 

was agitated on a Waring Dl endor with d1et1lled water. 

The l�e su l  ting suspension woe mftde up to n definite 

volume ( depending on the approxi ma t e v1 tamin content) , 
the volume oooup1ed by the solid material in the eemple 

being ollow<Jcl for where neoeeeex•y, and Bli(]Uote l?i th­

drawn and mixed with hydrochloric acid of euf't1c1en� 

strength to bring the total aomple to the appropriate 

normal1tr (0. 25N in the caae of thiamin ana r1borlav1n 
t�nd N tor niacin) . The tubes wore plugged and arter 

autoclnv1ng at 1 5  lba. pressure �or 1 5  minutes, etore4 

in a cool pla oe protected from. light until a a say eeL 

Immediately prior to assay thiamin samples were adjuate4 

to pH 4· ;, o. 2 grame of elaraao added ond 1nCNbated for 

24 hou rs at 3.,0c w1 th a fn drops of toluene. 

In all aaeeo aboot•ption techni ques w1 th subse­

qu ent elution were avoided owing to the difti eult1ca 

in oomplctely recovering the vitamin ( 5) J  11kewe1eo the 

Waring blendor �us used in preference to procedure• 

such a a grinding w1 th aand ( as recommended by oeveral 
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workers) owing to the posa1b111ty or v1 tem1n being 

ndeorbed on the s8nd ( b) .  

Reaul t@ 

The re sults fo r  tho �arioue tiosuoa a eesyed 
' 

are set out in Tables 1 to � and in Fl�Jre 1 .  

T A B & E  1 

Vitamin content of tleeuea ( treah weight) f'rom 
group of 1 2  lambs r�1 s ed outdoors on posture. 

Tteaue 

Liver 

Heart 

Neck Muscle 1 2. 3 o. ' 

Long.D9r.t
2 ; 2. 9 0.3 

veoaa Uajor2 2. 5 o., 

D1aphragm2 3·� 0. 2 

2.7 o., 

'·7 0. 5 

;. 2 a . ,  

6.o  o.q. 

180 1 2  

50·0 ,., 

53· 2 5·8 

61 . 5  5· � 

w.o 4-· 5 

66. 5 5·-' 

1 - Neck muscle from the region o f  the atlas. 

2 - A�oaye on six an1malu only. 

' - Tnken a t  the jun ction oi' the laet thora e11 und 
t'1rat lumbar. 

• • • • • • • • • • • 

'1' /. B L E  2 

Vi tam1n content of tissues ( 1•resh weight) from group 
of 1 2  lem.be rai sed indoors on hay and concentratee. 

Tissue 

Livor q.. 5 o . 6  4·9·0 5· 5 171 1 3· 6 

Ueert 6. 7 o .a  6. 9 o. ; 4-9·0 9·8  

Neck "u ecle 2.4- o. , 3·9  o. s 57· 5 7· 4 

Long.Dore11 ).0 4· 1 62,U 

1 - Assay on one animol only. 
• • • • • • • • • • • • 
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T A B r, E 3 
Vi temin content in ug/gm.. t'reeh weight o� tieauee 
t'rom ;nature ewe raised outdoore on peeture. 

�an�o�nen1o 
T1eeue Thiamin H1botla�1n N1eo1n Acid B1ot1n 

Liver 4.· 5 }0. 0  1 67 65 0.88 
\ 

flcart 5· 0 6. 5 w.o 2.4- 0.07 

Ki<'ney 4. 6 20. 5 85.0 - -

Neok MU scle 1 . } 2. 9 4J ... 5 ;. 8  0.02 
I Mean for eight x•e preeen tati ve muacl.ea. 

2.0 ,. 1  49·0 � 1  0.02' 

s. n. o. 6 1 . ' 9·9 o.a 0.01 

• • • • • • • • • • 

'l1 A B L E 9: 

V1 tamin content in ug,/gm. freeh wo1ght o� t iaeuee 
from wether red indoors on hay and concentrate&. 

T1aoue Thiamin Ribonevin N1s e1n 

rJiver 5· 5 q.6.o 198 

Heart 5·9 - 63· 5 

Kidney 4-· 8 27. 2 ra.o 
opleen 2.2 5· 8 61 . 0  

Brain 2. 6 5·0 51 · 5  

Lun g  1.  6 � 5 59· 5 

Rumen Wftll 1 .  2 ;. u 47· 0 

Tongue 1 .  7 3· 4- 66.5 

neclt MUeclo 1 .  2 2. 6 55· 5 

Mean for nine representative muscles. 

2.0 3·9 67· 5 

s. n. O. lf. 0. 9 1 1 . 0  
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E!SL1 - Thiamin, riboflavin and n1oc1n content 
Of't!a au ea from indoor-fed and paeture-fe4 lombe. 

• • • • • • • • • • 

In the carrying out of these a ssays a eons1 der­

eble saving of the time normally involved in plugg.t.ns 

o n d  handling test tubes may be affected by the uee of 

emall bottles such as 20 ml penicillin bottles. The 

normal rubber seal is removed smd the bottles f'reed 

from Any traces of penicillin by boiling with alk�l1. 

After running in tt1e requ 1red amount of media and tost 

solution the bottles are protected by their loose 

f1 ttins aluminium caps only and placed 1n tx•ayo for 

autoclaving. Protected in this way the solutions 

l'ema1n cterile for coneider6ol.y :Longer thDn the 72 

houre :t·�quirGd tor carrying out most of the aesoys. 

Discussion of Results 

( a) Normal Outdoor-fed Aqimole 

The animals of this group are o£ more lntereat 
since they a. re reprefllcm ta ti ve of nolrmal Wew Zealand 1omb 
tJnd mutton. The tll'bles show that �l though there is a 

�airly large variation betne0n animals raised under 

180 
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70 
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� 
z 
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nppnrently identical conditione and botw•en d1tferen' 

mneolee from the aame earo•••• the ayeraae Yaluea ere 

ot the eJame orcler ae thoae reporteo. G'fttraeaa. 'l'he 

Yaluea ft>r the aatuJ:'• ewe are ellsbttr low• than the 
\ 

average tor the lallba. 8utt1otcmt cata le • .,.l,..ble 

rrom Tables 1 and ' to tml'ble eornlattuaa 'betw .. \bll 
-var1oue v1tam1ne to be calculated. 

are oet out 1ft Table 5• 

Cone&de1'1DS IQ'OUR O( 12 lfeb! -
Thiamin , r1bof'lnvin & niacin cont ent 

of livers 
-ao- hear tu 
-ao- neck muscles 
-do- o ther mu scl es 

Oorrel.e11!01l 

N. e. 
N. s. 
H. �. 

s. 
B OrOllP cGntent or 11vera, heart a 4: mu scles R. fi. 

cona1der!ng 1ndiv1ayal animal§ -

Thiamin , riboflavin & nia cin cont ent 
of meelee 

H. s. S1gn1t1onnt at 1� level. 
&. 21gn1r1oont at 5� level. 

N. S. Not e1gn1f'icant at � level. 
• • • • • • • • • • 

s. 

The lack o� correlation between the vitamin 

content ot hearte and other muscles i� �robnbly explained 

by the small variations found in the ro�ner which were 1n 
many caGes only of the some order ae the e.xpel .. imental 

error. AB might be expected a e1gnit1cent ( an d  in some 
ea see highly eign1 t'1 cant) correlntion exists between tbe 

amounts o� the three v1tam1ne in the m1ec1ee whether 

01 fterent musclee rrom the eame careasG or oorro&pond1ns 

muscles from d1trerent aniruals are considered. The 

vari ations betw�n mueclea �rom the one onrca�e are 

considerably greater th..�n those bet'Ween correapondiilg 

muscles t'rom different animals. 
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These variations were mu ch  greater than could 

bo explained b¥ the small vari ations fbund tn the tat 

and moisture content ot the ••olea and when celoulate4 

on o tat-heet mo1eture-b'H bae1 e, var1at1one la n taun 

content remai"ne4 o� the eame order. W14e 'fartatlcma 

have been reported in the amounu ot oonneet1 ve ueaue ln 

different DN eclea ( 7) ani 1t • a  thought tbat a nept1ft 

correlation a1ght ex1at between v1 tam1n contet ana 
connective t1eaue. Uelq tile BnaJ1IO d1geat1on aetho4 

o£ M1tchell an4 othera, ( 7) the conneotlYe t1aaue woe 

deterlll1ne4 1n the DUaclee .upl• 'flken troa the -tare 

ewe. lfo a1plt'1caJlt oonelaUon wu touzad but whc 

calculated on a moisture, te.t and connective tieeue rree 

bas i s ,  the vario t1ons in v1 tam1n content were somewhat 

smaller. 

The muscle samples a as�yed from these normal 

out-door fed lsmbs are regarded as representative of the 

whole carcase. Since the correl8t1on already mentioned 

exists betwetin the amounte of the three B vi tu.mine in 
the various muaclee, 1 t 1e poeeiblo to esaeae tho approx­

iflttlto average vi tam1n content of: ell ntUeclee �rom a 

oercase by aasaye on one muscle only. Considering only 

the aix lambs and the ewe where more than one muG cle 

was aesayed, the muecl& with vitamin content most nearly 

egual to the avernge f'or �11 th.e mu scles tor each indiv­

idual tmimal was the Longissimu s Dorsi which is 105% o� 

the menn with a standard deviation of 1 27 .  From the 

point of view at acoeeeibil1ty ho�ever, a more suitable 

muscle to aaaay iG the neck muscle whtil contoins on the 

average 77> ' of the m<Hm for auoh �"n1mo.l 1'11 th the eame 

standara deviation. The calcnlat1on con be c&rried a 

step furthe.r t.nd an Jn(,U ca tlon of th.e omounts of ell 

three vi to.mine £H'eaent obtv!ned by the s sfiay of. one only • 

.t>robobly the easiest vi tom1n to osany is niac1n �nd !'rom 
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th1e thiamin �nd riboflavin figureG �Y be obtained 

from the curves given 1� Fig. 2. These enrves are 

drawn trom tho calculated equations s 

Thiamin 

and 1\ibonavln 

• 0. 55 + 0.0,25 WlectD 
• 0.2, + o.o�7 Nteal� 

all expreoeed in uglgrem 1'reeh weight. 

It ia probable that the ealculQtioD eoul4 be 

extended to other melllJ>era ot the B group. 

3.2 () 
� 
.I: R II S O r L A V I N  Cl 
" -� 3.0 

.I: ., 
� 2.8 
::1 .) .... 2 0 • " � 
z. -
> 2� • 
� 
..J &.. T H I A t.A I N  
0 
CO - 22 • 
cz: 
0 
z 
< 2/J 
z -
, 
< 

1.8 • -
:J: 
1-

<4 0  ·� �0 �5 fO 65 
N I A C I N  )..1<#/G ... . r R £ St1 W E I GH T  

Fi& 2 - Correlation between thiamin, 
riboflavin �md n1n c1n oontent o� mueoloa. 

. . . . . . . 

(b) Indoor Fed Animal o 

'fhe group of indoor fed lariba VI6 D  muo.h lose 
uniform than the outdoor fed an1mala 1.1nd a grea ter 

vaT1at1on in vi tamin content wee shown in moat casee. 

No a igni:ficnnt correla tions TJere 1'onnd between vitamin 

contcmt of tho �.li'ffcrent tisoues exc�pt in tlw enee 
uf the nru acle sonplca .from the eingle wether (�'ob le 4-) . 

Tn'blee 1 and 2 ohow that there 1o lt ttlc diff"crence 
1n the mean th1�m1n ond n1o oin content of the tisnuea 

from the two grou po. There io l10v1ever, a highly 
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significant difference i n  the r1boflov1n cont ent of the 

livers ond the mu oolee from tho two groups indicating 

that the vi tamin cont ent of these t i e �uea m&¥ be 

nt'fected by the eond1 tiona unde� wh! cm the an1•1e are 

ra1aea. rlo conclusion can be drawn howevetr, becauee 

ot the lack o� the correlation ana the somewhat contl1et-

1ns reaulta from the wether listed 1n �able 4. The 

high. riboflavin content M7 be 4\ta to the indoor diM 

tevourins increeaed eJDthea1e by the Jlic.roflora o1:' the 
rummh It ie mora -probable that the ditrereoee would 

be explained by breed or b7 :taotore aaaociated w1 th the 

indoor teeding, suoh aa l.ack or enrolee reeult1q lD 
d1ftercnt degree• ot 4evelop-.Dt or the var1oua aueolee 

to get her w1 th the poor ooru11 tlon o� the lalbe • e com­
pered wi th the out�oor ted group. No a1gn1�1oant sex 

di:tferences were toun4 ln e1 ther- fP'OllP• 

Cone1 dering the extreaetr dtrterent eon�it1ons 

under which the two gl"01Jt>• ot on1mal• were raised a u d  

the dit'!'erenoee 1n eond1t1on at tho time ot elaughter, 

the di fference• in T1tam1D content or the t1esuee nre 
surprisingly emall. Unleea there 1e a large eeaoonal 

or age va:rifltion 1 t i a  not likely that lamb a o� averace 

quality raiaed under the rea sonably uimilor conoit1on e  

exic ting throughout New Zealand would �• i ft'er lll8rk6c.Jl� 
from the ft �'urea shown in Table 1 .  
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