A NEW HETSNOD FOR THE DETERMINATION OF CHOLESTEROL
55D ITS APPLICATION TO THE ESTIMATION OF THE
BGG CORTENT OF ALIMENTARY PASTES

By

Edwnrd Otto §ami

Thesis submitted %o the Faculty of the (raduste idehoel
of the University of tarylend in pertisl
fulfillment of the requirensuis for the

degree of Doctor of Fhilosophy

1940



UMI Number: DP70377

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript

and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

UMI

Dissertation Publisheng

UMI DP70377
Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against
unauthorized copying under Title 17, United States Code

ProQuest

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbar, M| 48106 - 1346



i1

ACKNOHLEDGUENT

The author erpressea his sincere zppreeistion to dr, W. B, White
and ¥r., H., A. Lepper of the Food =nd Drug 4dminietration, United Ststes
Depsrtment of Agrieunlture, undsr whose general supervision this work was
underteken. He iz greteful to the lstier z=lso for prepering the elimen-
tary pastes end facilitsting the work in msny weys. The sugpestions and
eritieiem by Dr. K, L, Draske have besn of much hsly in the presentation.
‘The suthor thamks Devid Paull of Antioch Colisge for his help z= student
sgsistapnt in some of the routine enslysss. The splendiid cooperation of
fellow workers on the ataff of the Food and Drug Administyation, too
numercus to mention, is deeply spprecisted.

This dissertation is prosented with the permission of the Chief of

the Food mnd Drug Administreation.



TABLE OF CONTEXTS

IR DUCTION & i iierncsnrasasannorcsssossasasrssenasnoncsansones
THE DETERMINATION OF CHOLESTEROL veecesnssscorvacrsssnavroncsrsvans
The Choloe of o HOMROR ceeivrerccevsanenrnessnanssnarassoncncnsns
The Cholestercl Dibromide “ethod weievesssvesccnrsnvocoansorona
Beview of the LItEPetulr'e sesvsecssscasrvronnvesvnsnsvassssone

Thg Freeipitetion of Cholegiterol DADronide scervessesscrsvas

The Iodomesric Estinstion of Cholesterol Bssed on the
Cholestercl DMbromide-Sodiun Iodide Homotion cesenvanvess

The Interference of Fhest Phrtostercis in the Determination
Qx‘ {:(halﬁs‘t‘ml ..ﬁ"‘.t’l.ﬂﬂ'l"k.‘#lt"l'lDq’ﬁii*l"&&»‘\'b*

Preperstion of Pure Cholsstercl Uibromide mnd Pure
%Qi@agm}- I EE RS BEEEENERNEEEEEENENESEENFERNERENERERENBEE:SEERNREERITNEN ]

The lodometrie Zstimotion of Choleaterol by the
yven der Yeulen Hethod as Hodiifisd Dy Xolthofl and Yutzy

THE BSTIHATION OF TiHE RGG CONTENT OF ALLINTARY PAOTES oY WEANRD
G.’Bﬁ m& gﬁﬂwmm}; IETERM ﬁﬂw P R R A N O R o O RN

The Cholesterol Conternt of Hen's KZE® sesvisceciorerscnanvnrane

The Cholesterol Contont of Eges by the Preoipitation dethod
Bzzed on the Cholesternl Dibromide~Sodiuw: Iodide

ﬁ%ﬂtim [ E RN ENEEESEEEERENEENNEEZEE R NI NN I I IR NN S

The Cholestercl Comient of Xgzus by the Pracipitstion
Hethod with the Oxidstive Iodometric Prooedule secsrvesss

The Cholesterol Comtent of Commeroial Frozen Hggs snd
Mim ma RS EEURRERENE EEREE R KPR SR AL R ¥R AR SRS S ke

Thez Sterol Content of Farinzceous lngrsdients of Alimemtary

?ﬁﬁt@ﬁ L BC R B 3N S Y 3 B 2 K BEIE S BR SR B A AR R A SR AE R N IR S R B B R IR R LK B AL R A
Feview of the Literatulre wesessscassosvassssssvscvocsanunson

The Stercl Coatent of Farinsceous Ingredients by the
Frocipitation Method Beged on the (holestercl Dibronide-
S&fﬁim IMiQO m@t'&@a PRGBS E DD E SR G EHES B NN R B R

114

Fage

10
10

E% N

17

38

398

41

&



The Sterol Coutent of Farinuceous Ingredients of
hathentic Alimentary Fsstes by the Frseipitation
Hethod Baged on the Oxldstive Iodometrie Procedure ..ues

The Recovery of Cholestercl Added to Flour by the Revised

1 X3 .
wﬂthﬂé L R R O R R R N N N RN

The Sterol Content of Ferinsceous Ingredients Commercially
Used in Alimentary Pastes by the Hevised Hothol eeescvse

The Sterol Conteont of Alirentery Pastes as an Index ol the Hag

mt@ﬁt LE S R RN REENEREENNEEREEFERETEEEEIENEE RIS NI NI NI NN

}?‘ﬁviaw {}f t&iﬂ Litmtm ER NS I A I O B B RN I Y O I A N N R L R

The Sterol Content snd gy Conte .t of Authentic Alimentsry
Pastea by the Prescipitation Method Luged om the
Cholesterol Dibromide~-Sodium Iodide BE2aotion sveersevses

The Svercl Content snd Egp Content of Authentic Alimentary
Pustoes by the Hovigad Hethod sveessscrsrercanrnscavanevan

The Effect of Storaze on the Sterol Content and Iundicated Lgg
Content of fz:«iimﬁﬂtﬁm PooloB cecevonsscsrssvvrcesrscvasannen

g . ' T 4
;:Mmﬁmﬁal : SRS NBBEEHP G PR D UT D WA E N TGS S GRS bR E R EETRE TR B

Ths Frocsdure Used in the Gravimetrie znd Argentometrie
Studies of the Cholesterol Dibromide Frecipliation ccieveas

The Brominstion and Precipitstion ¥r00edur® cevecccvscoss o
The Spgentomatric Hodhod sccesssssssssonsssrvassesesessenan
The Ezxperimentsl Data Used in the Construction of Figure 1 ...
The Phytosterols Used in the Coprecipitetion “tudlien .ceess

The Copr=zeipitation of Cholestercl snd Phytoaterol

B .
adbrm*iﬁﬂ I E S N RN ERE RN R NN RN RN N AR LR NEENEEEREE NN

The Procedurs for Preperins Fure Cholesterol Jibromide snd
Pﬁr& chﬁl&sgeml PG ESEREOCERE TS OSNNN YRS EREORT RSN S TU PRSP R EY

Preparation of Pure Cholesterol Mbromide .svecivacsvocsonass
Pr'ﬁ}}&r&tiam of P‘im CholesterOl .seovesnncescosstcnnrrnsrsrcesne
ﬁwﬁﬁé’fé‘iﬁ' PRAMSE S I RPN ARG IR O NEDP RN D ERPRRN D PG HERRR RS G PR R R R kSR

e .
}ﬁmz}m BAE BN AT SE S BRFR DG OO EES &AL e s ERRESSUD TSR R RN

iv

¥agz

53

it

53

59
68

&2

g &

&6

70



The Determinstion of the Sterol Content of Hgoo Based on
the Uholsstercl Dibromide-Sodium lodide Ronotion sresosen

Grigivﬁal Esth@& ® OB &S AR NS ARE PSR B IR B BE N R IR B NE SR RN N BRI N N N A N
Aﬁﬂﬁr@tiﬂﬁ‘ﬁﬁthﬂﬁ LW N E R E I EIN A A I BN NN R I LR BRI S A 2 N 3
The Determivation of the S4ermel Content of ilimsnbtary Festes
and Parinaceous Ingredients Dased om the Cholsatercl
Dloromide-~Sodiun I1od1de Roaetion sencerserncavrrcscscanvs
Qtigiﬁﬂl %ﬁt&ﬂd 2 2D OE TN S RNE RN TR EQRT A NN RS EER N SE RN kPR AN

ﬁﬂﬂﬁrﬁtiﬁﬂ ﬁﬁtﬁﬁﬁ I NN AR N A B LAY A B SR A B IR O R O N L N R S R * »

The Determinstion of the Sterol Comtent of Zggs Based on the
ﬁxid‘ti?’ Iﬁ%@@@triﬁ ??Gﬁﬁﬁﬂfa LR X 3 S BE BE 2R B S B B B R NE A I B A B R W

3&?1&@&3 !ﬁ‘iﬁthcﬁ I EE R RN ERE N I I I IS S A N NN N N N NN RN RN
The Determinetion of the fStersl Conmtent of slimentary Fastes
snd Farinsceous Ingredisnts Ssped on the Oxidative
Isdonetrie Procedure AR B ABESBURDE . SR BEO S P ARE R AN SRS EN AN
H&?ia&d g@th@d EE R E T RN NN RN NN EEE NI I I AN N 2
The Preparation of the Authentic Alimentary Peftes ....sreeee
Tensative Formulas for the Celenlstion of the Content of
Heg Yolk end of Yhole Egpg in Alinmentary Pastes from tha
ﬂtﬂrﬁl a@ﬁi&nﬁ I E ENE TN RN N NN E I I NN I I A S R A N R B R Y
Forculs for the Zgg Yolk Content of Alimentary FPsstes ...
Porsule for the #hele Egg Conteut of Alimentary Pastes ..

Mmm a:m LR A B B EE A B 3 O SR R IR I K R B B R B KR AR B B A A I AR N .

Prge

EAY.
70
72

8

238

83
83

89
g%

g1

92
g2
93

94



Tahle

1x
irz

¥I

YIX

YIil
Ix

peg

XIiX

VI

Wil

AVIIX

LIBT OF TABLES

The Precipitetion of Variouws Vholesterol Zamples «..........
he Effect ¢f Bromine Concentrution on the Freeipitaticn ...
The Effeet of Tempersture on the Prooivitsetlon sseccrrravnes

The Pelstion Between the FPresipitate Obtained and the
FYelght of holesterol Used cccvvesnsnncssssvscrosssarennee

Somparison of the irgentometrie z2nd lodometric Lethods «....

e Iodometrie Cholesterol Jetermiustion Jusxed on the
Cholasterel DMibronido-Sodium iodide Resction sssesvsrosuns

bLanlyses of Cholestercl Dibromide by the Gzxidative
IMWW&@ &ﬁﬂhw I N TR R AR ENER N I I SN S N N N I I N N B B N B B )

Iodonmetries Cholesterol Deterninstion by the Uxidative YVethod

Application of the Cholestercl Hethed to Cholastersl Acstate

Total Cholesterol TRCOVOPY sserarrscransascnsssonssnssosonse

The Cholesterol Content of ¥gps Used in dAuthentie Alimeutary
Pustes by the Cholastersl Dibromide-Scdium lodide

PronaduT v b a st P e s o NN A N B E N A BB RAS NI I T AR PP AR b e AR

The Cholestercl Content of Hgus Used in ituthentie Alimentary
Puates Dy the Gxidative Jodometric Procedur® sevecvsocness

The UCholesterol Content of Commergial Frozen Shole Ngas ...

The Cholesterol Content of Commercisl Frozen Hgp Yolks .ases

The Choleatercl Content of Cormereisl Drisd Egus ..veevnsvas

The Stercl Content of Farinseecus Iangredients of Allmentsry
Fastes by the Cholesterol Dibromide-Sodium lodide

ProoodQilf'e ecaverevsavtessassrscssncssnanacseneens ek s A AS

The Sterol Contsnt of Flour fter .sorage &t 5° C. frem
l@% Q@ xm [E R E R EEE X EIEE NI E R WSS N EVEENCEE SN I I A S SRR 2 I B N

Recovery of Cholesterol Added 40 FIOUT wecscsnvenssrvasscnne

The Sterol Contsut of Farinseeocus Ingrsdientas of Commexdeisl
ﬁiiﬁm&b&r}’ FHEbOf sesssvnnmtanssuvscavsnvscsnnconninoranmsd

vi

Page

14
13
1%

16

is

& ¢

49

4%

ba



Table

XXIz

EX1IT

Figure 1.

LISY OF TASLES (Continued)

The Stercl Contemt of Authentic Alizountsry Pastes by the
Cholesterol Dibromide~Sodiuwm Iodide Procsdure svevscves

Egi Content of Authertle Alimensary Fesstes by the
holesterel Dibromide~d3odiunm Iodide Prossdur® .sevessess

The Stexrol Content snd Egg Content of iuthentie
Alimentary Psstes Ly the Rovised ¥ethod sevsccecesrcens

The Sterol Content 2nd Indiested Eguz Content of Authentic
L1limentary Pastes After Four Tears'! Storsze at Room
?myémms B P ERFRD A SEF LI AN RRBRRED T R T P S FEEERN T REDS

Date Used in the Construction of mgm B

Tae Ingredients Used in the Preparstian of ths Authentie
Miﬁiamtm ?a&tw BUEGCEDE L BRSUFPEESREREE RN TR ENERPE RN 0N

The Copreeipitztion of Cholesterol snd Phytosterol
Mbmidﬁﬁ A R R N I N N N N N N L R T

vii

Page

92



INTROTICTION

In the Unlted States, dfiniitions snd siapdards of identity for ali-
mentary pastes Lo serve as & guide for officiels charsed with the enforse-
ment of the Food snd Druge Aot of 1306 first issued as ﬁﬁéd Inspection
Decisione Ho. lﬁﬁl end No. 171% in 1916 and 1917 respectively. They were
re-igsued in 1918 in U. S. De 2. Cireular XNo. 1363. Thess sivisory stend-
ardie sstabdblished sgy slimsntayy pnstes sy thosse pastos contaiping not less
than 5 per cent of the solids of shole 9z and plein alimentary pasics as
thoese conteining lesss than that msount. o molsfure limit wes sst up. In
1927 Food Inspection Decision No. 205 provided revised stendards for sli-
mentary psstes which were re-lssued in U. &, D. A, Service and Fegulstory
sonouncenents, Food and Drug He. 3§, in 1927 and sppesared in the ssume form
in Havisione 16, E? znd ﬁa of the latter published in 1828, 1931 ond 1082

10 in 1933 snd 1938 respectively retained

G
raspechivaly. Revisions 4" end §
the semns limits of composition se the ilmmedistely proceding revisiouns but
changed the form of the standerds., The gensryel ferm Talimentery pratea”™
#28 dropped in fevor of the clessificstion "meceroni and npoodles*. Thess
sdvisory stsndards sre s%ill gzulding pending the promulgetion of legal
dafinitions snd standasrds of fdentity for such prolucts we suthorized in
the Yederal ¥ood, Drug, and Cosmetic jet of 1938, Suok legal etandeards
sre in tha proesss of formulstion ot the yprezsent iime.

£ i 10 ~ ]

The stendsrds  now epplicable sre set Torth se follows:
2. Hoodles, Byp Noodlss. The shaped ond dried dougha
rropared Trom wheut flour and eges, with or without
weter =nd with or without salt. The egg ingredient
mey be whole egg end/or egs yolk. In the Tinished
sroduct the molsture content does not sxeeed 13 per~

cent and the ege-~eolids content upon the wolsture-—
ree bDasis is not less than 5.% percent. Noodles



[ak]

are commonly ribbon-shapsd.

%. Plein Noodles., The shaped anl dried doughs rre-

pared Ifroxm whest flour snd weater, with or without salt.

in the finighed product the moisgture content does not

oxcend 13 percent. PFlain noodles are commonliy ribbone

shaped.

The probles of determinins the egg content of alinentary pastes is
one which has engsgced the stiention of lood ehevists Lor many years.
Europesn workers, especially in Gerwany snd Itsely, where these products
congbitute & more sigaificant pert of the diet then ian the United States,
have devoted pardieulsrly much time snd effort to the problem. Strohecker
N &1 X X .
and Vsubsl hove published recently an excellent review of the problem as
a whole and of the work of the Europesn investigstors. Tiilmens, Riffart
o iz ] e o 3 .
and Xuhn znla0 discuss the worx. Duchansn™ |, in the only conprenensive
rewort in hnglish on the analysis of slimentary pestes of known composition,
hog also briefly reviewed the Tield, including work done in this country.
It is therefore unnecessary at this point to do more than suwmmarize briefly
tre deficiencies of the only wmethod whieh osined sny significant attention
{prior to the zdvent of the cholestercl method), narely, thet besed on the
determinstion of the lipoid (lipid) phosphorus. This is the tern used to
Sesignste the organieelly bound phosphorag extrecied vy lipid solvents,
In the first plsce, referring to the bagic veluss Tor the 1ipoid phosyphor-
; - 14 ‘

us in flours snd eggs reported by fertwig even this sverage velue Tor
flour (C.055 per cent on the dry basis) constitutes s correction to be
epplied which espproaches in wmegnitude the amvant of lipeid thosphorug cone
tributed Ly the cgg component in s noodle conteéining H.5 per cent of whols
ogr solids on the dry basis. In viow of the fact thet {lours very comsider-
sbly in lipoid phosphorus content (0.041 per cent to 0.072 per cent accord-

ing to unyublished work by V. E. lunsey, ¥. U, ¥ood snd Drug sdministration)

end the ¢hisf objsctive is to deteet noodles conteining less then the 5.5



vor sent of ege solids specifisd in the stenderd, thie ls & serlous dfignd~

m :

yantnge in the method. Eewn move izvortant is the fset tnat the 1ipold

rhosphorus contant of sllirertsrpy nestes Trequently decresses qarkedly on
[

, . . i5 ‘ ;
gtorase co reported in the sbove reviews. Nertwly  slso observed & de-

oresse in lipeid shosphorur in 4he course of the mmmufacturing procese 2ad

meted thot the emplriosl fzetor L.l bDe used $o correct the detormined

. ‘ . . 18 . i
Lipoid phosphorus weius for such logs. Bormmsnn snd ¥itehell Bubga-

By

guently roported thet the lipolid phospharus in &ggﬁ mey decresse very rapid-
1y under certein conditions due %o an enzymetie hydrolysis. Iuo view of the
Foregoing 1t is obvious thet ths lipaid shosphorus method hes serious loren~
sic disabilitics snd the enforcerent of stmudards for egy slimentary pustss
nas been grestly hampered sz s conssguence. It wes the purpose of ihe work
here resorted io develop s nethod for the estinstion of the eg: content of

slimentary postes whieh would be suiteble for use in regulsiory opsrstions

lﬁ, who has contributed muech to the developsment of

on sunh produgsts. Alfend
snslytical methods in this Pisld, susgested that stuldy of the sterol content
of eogss, flour ond slimentary pestes be undertaxen. & Tiliuens, Hiffard
oirud &uhalg bhad abown thst the steral determination wns of wulus in this

problen znd thet the stercl content of slimentsry postes revsined relstivew

or the pursose of elarity in prossstotion, the devslopment of the
mathod zdopted Ior the dstorminstion of oholesterel itsell is dlscusssd
befoprs considerstion ig iven to itz appliontion fto alimentary postes znd
their ingredisnts. Actuslly the Jevelopment of the metbod cud its mpplica-
tion constituied concurrent studies, ithe experiense geinsd in one eam of
the problen leoding to zodificeastions in $the approseh to the other. kore-
over, thouzgh this investigstion begsn iz 1834, several upsvoldsble intere

ruptions, one of two yesrs' dursilon, impeded progress ani wede inpossible



4

aomplete execution of the work which had been plenned. Zesping tkm facts
in mind will comtribute $o an understending of some phases of the work, the
parpose of which might not otherwise be clear,
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758 DETERMINATION OF CHOLESTEROL

The Uholes of o Hothod

If ¢ wethod ig to be of proeticsl wellUe in regulstory work it is
zmost liportsnt that 1% should yisld ressonably sscursts snd reproducible
repalts, not only in the handp of diffevent snslysts but aleo in different
isborstories. The attalnment of =uch an end 1s wot 1o be exypscted if the
wethed requires undus attention to techmrigue, too strict control of con~

ditions or & desres of sxperience ehich cen be aoguired only by constant

.

ks

use of the procedure. The food snalysts snugesed in regulsiory work mpust
desl with & grest veriety of fowis end noruslly will huve only ocessional
use for any one method., These sre essential fuotors waich must be borme
in mind in esneidering adortion of & method Por the pr&ﬂaﬁt TUTPOSS.

A noodle conteining 5.5 per cent of ogy solids on the dyy basis will
have a aterel content of sbout 0.1% per ceut to (.20 »er cent. Sinee the
pead is for s method particularly Jdesigned to detsclt the preasnce of lsas
than D.85 por cant of age sollds, it i obviocus thet = sultsble crolesterol
detersinstion on the usero scole regulres sn isordinstely large swmple.

A5 the econtent of upssponitisble cstter {(a gravinetric deterrication) say
be expected (o be of some interprotive valus in conjunction with the sterol
gontent in the dstectiion of sdulterated slicentury pastes, 1% is not Jdesipe-
abie to uss = gnmple of less then 10 grass. & snaller sasple would also be
less representstive. Ths proeedure oripinelly developed in the sresent
rork was, ln fsot, beged on the use of & Z0 sre somple. Thy amcunt of
saclasterel in such samples concs within the sexi-mioro rance. This meons

that g miere sethod assecliated with & rotier large aliquot Taetor ar a

sari-nlers procedure must be adeopted.



It 18 well kuown thet quantitetlive orgenic mlercsnelyticzel procsdures
resuire considerable experience and unususl sttention fo menipul:ative teeh-
nlgus on the perd of the smelyst. It is theresfore not surprising to Lfind
sueh loox of cporeensnt amon; variousz workers reserding $he rellsabllity of
the various miorcanslytical wmethods for cholsstercl. Abelinlg and ﬁ&ai%mﬁyﬁﬁ
hawve published compretensive reviews of the ootbods and Pulz and Tﬁrr&sg
have made =2 eriticul etudy of = mumber of them. These methods, partioulsr-
1y the wvery sensitive colorinetric ones, sre, of courss, necessarily used
for clinicel 2nd meny ofher viclogical spelyses. The colorinetyic methods
#re Hased on unknown soncurrent reastions wiioh maxe alight veristions in
teehnique the scurce of cousidersable differsaces in results. Juch wethods
reguire a close soniroel of the time of resotion, tampersture, ¢onvcentile-
tion esad purity of resgonts arnd {lluminstion, emong other Isetors. They
are, moreover, subjsot to interference by non-stsrnl substunces. L my@rtgg
uned a colorizetric sethod for estizeting the sgg content of ice oresn
based on the cholesterol present. He noted the elfeets of interfering
substaness in some samples. Tillmona, Riffert and Kahnlg were unsuccessiul
in sttempting to apply colorimetric methods to the determinetion of sterols
in alimentary psstes dus to trades of ilnteyrfering substentes in the &Y

B3 procedure elininsted such non-

» "
$rocta.  Though the Schonielmer and Speryy
starcl interference by presipitation of the stercls with diglitonin balore

application of the color resction, the other sources of esrror remsin. The

2 _
method reported by Sobel, Drektor and Netelson 4 invelves precipitation of

the stercls us pyridine stersl sullates bDefore applicstion of tihs color
5

)

resetion. Riffert and Roller™ repori the applicstleon of o colorimetric
sethod using a speotrophotometric wessuretent bto the deterninction of
sternl in slimentery pasgtes bub sgeln 1% is noted thet "our pensuss Lin-

halten der sipmel aufpestellion Arboitavoraschrift srgibt vel gleicher
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Cholosterinkonzentration den sleichen Farbton und die gleiche Farbﬁt;r&e“.
I% has sherefore sessed nighly inmprobsble thet theose colorizetric wethods
would satisfy the requirerents. Ths other tyoe of micro method snich has
seen spplied to a considerable sxtent devends upon preciniistion of the
sterols sa digitonides snd oxidation of the lstier under controiled con-
ditions with standard diehromnate, the excess beling determinsd lodinetrienl-
ly. #n ecmpiriesl foctor is determined Tor the relation of the wolume of
gtanderd thicosuilfate solutieon used per miiligras ol choelestsrol. The
cethod is applicable to not more then two zillilarems. Such procadurss
were deseribad by Szent-@ygrgyiaﬁ and by Okayg? and modified Ly Tﬁrnargg
and Yua&a&gg. The ﬂmant-ﬁygrgyi procedure was first adapted $o the sterel
devermination in alizentery pustes -nd egss by Tillmens, Rifrsrt saod
Kunalg. They sguin emphasize the importance of the most exzet adherence
to toeir procedure. It is poted that thelir duplicate deterninstions of
cholasterel in eggs and nocdles show differencss of 10 per cent or more
in some inatances. &ifrart and Kallargﬁ congiderably improved the results
by spplicetion of Yusada's prcaaﬂurﬂag but it iz s1ill subjiset to the
zensral objections razised svove. The micro methods which dervend on the
preciglitation of the sterols with Jigitonin are zlso subjeet o the obe
iectiona discussed below with respset to this resgent.

Turaing 1o & consideration of seni-micro methods for cholesterol
the oniy avallable methods were found to be based on the procipitation
of the sterol with digitonin, = method fuvtroduced by Findsus in l@@@ﬁﬂ.
Thia depends upon the feet thet digitonin combines mole for mole with
eholestercl in elcoholic solution and forme & very sparingly soluble
molecular compound, cholesteronl digitomide, prodably of the indiested
formalal

Cagliggl * Csglgplag 2 Cgatl) 3g0ap -



The high nmoleculsr waight of the compound and its sperin; solubility in
mony lipid eolvents meke it a satisfaciory substznce for the gravineiric
@@ﬁ@rmiam%i@n of gholestercl. It forme sinmiler compounds with precticslly
all meturelly ocscurring sterclis. Unfortunstely digitonin is an extrersely
grpensive resgent and one of werieble purity. In & study of the applica-
tion of the digitonin method to the deteruinstion of cholsatercl on s
seii-ttiero soale, ﬁam&l found thet ¢he welght of the preeipitete dspanded
upon the smount of excess diglitonin uszed, umaking nscessary the use of a
correction curve to detemins the quantity of cholestercsl. Then ﬁcﬁ;n*
holmer snd Ewmﬁﬁ found that the smount of oxcess digitonin reguired iz the
pregipitetion varied not ouly with different stercls but with the particu-
: 23
lax sanple of digitonin used. Nwert  conflirmed this and zhowed that both
tae soount and the concentretion of diglitonin affeet the welghit ol thse
sreeipitnte optained. These fazots zeen tust the analysd rust sstabiish
r correstion curve flor sceh new gomple of digitoninm used, & noat ungatlge
factory procedure. ﬁrauﬁ@h34 more reesntly reaffirned thia. ?arri@raﬁ
sttemoptod to apply the digitonin nethod to the pressut probles bul obtalned
upgatisfectory results. In & loter p%bliﬁﬁt&@ﬁﬁg he desceribed an incon-
veulont procedure which depends on welghips the digitonlde proginitate,
deconposing 1t Ly boiling with xylene, rewsighing the insoluble residue
and obteinins the choleogterel Ly 4ifference. This metiod losss $the ohiefl
adventace of cpplleetion of the digltonin, thet is, the high gravimelric
fuotor, end is based on the unsound prineiple of nsking ithe result depend
om s sosll difforence Letwean Ywo walphis, easch of sihich is detsymined by
g proeedurs involving esperivental error. The fsel thot the expensive
digitonin is racovered 1s offsst by iis fsilure $o resst pusnditetively
like the original resgent. The recovered product is recommended only for

approxivate determinctions.
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The report by %1mﬁ&uau¢ in 1805 showed that cholsgtersl oould be pre-

cipitated alsnost suantitstively Iron ite ether solutiocn ss $he dibromids
by saddition of & solution of Lromine in slscisl escetic oeoid, while phytos
steral bromids precipiteted only upon addition of scasidersmble water. In
iz brlef reuort vindous desoribed seversl expevrizonts of & gemi jusntitsa-
tive chapagter in whiich the procedurs wes opplled to relztively larse
smounts of ¢holestercl~phytosternl nizxtures. ﬂﬁlﬁ%gﬁ in the saue year yew-
ported bYriefly thet an =tienpt to apply the nethod to the detection of
geull szounts of snimel fsig in vegetsble fete wes unsucesessful. Lewe
kewitaﬁhﬁg statoed thaet the methol had gerved to Lis satisfaction Tor the
sune purpose, Hul oaither of those investigsntors gave sny dete on the
subjiset. It wee aleo found that Pﬂ@géﬁ had sprlied the procedurs to the
detection of ¢gg in alimentery pastes appsrently in = wore or less gualitse-
tive woy, but made oply brief mentlon of his work snd submitted no data.
& purvoy of the litersture 4id ot revesl that sny sdesuste study of this
sethod had been swde sith respect to its ’sibilitiwm zs & guentitotive
athod, &% the same tims the labile charaeter of tis Lropine in chologbere
el divromide (%8 dibrosocholestsnol) suggestasd thet & sesi-snicoro procedure
baged on the titrstiom of the bromine might be developed. The nscoesaary
reagents are inexvensive and resdily aveilsble. The sxtreordinsry pre-

gautions sz té murdity of resoents soeelfisd in other swvalilable cethods
4id not appesr necessary and the use of &) @eiﬂl apparetus whier cennot
be roadily ussenbled in sny food anslysis laborntory wes not required.
Yoreover the vossibility exigted thnt the correstion JTactor nocegsary
due to the phytosterois of the Tlour in other procedurss might be made
neglizible, if not elimineted, The fuvestiretion 47 the posaibilities

of & cholesterol dibromide precipitsation method mas therefore undertayen.
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The Cholesterol Dibroside Hethod

Revies ol the Litersture,. Cholestercl dibrondde was rrecsred g

o _ 41 .
ions B0 as BE by Yislicenus ond Moldepheauer .« 1t s6s slsce deseribed

T 2 - ’ "&-ﬁ ST *’3 . & . 3 [ ‘51?
by Liobersenn  end Cloez” yrior to sublicstion of the dindeuws method

. 44 . .
Windrug snd Hewth o foupd thet the totrebrosids of stig

aternl snd of (is
sogtate elso precisisete under the sare condidions s cholesterci dibros-
tde. The sindeus provedurs has been widely used for the detoetion of
ghalegtercl and stigregtaroel, for the nrepsrution of choleatercl dibrone
1de in o pumber of syvonthepes ond In the curifiestion of cholestersl. £1l-
Shonagh 3iﬁﬁ&ﬁ$3? gisted that the pure dibrorids prosipitated slucst
rusntitetively ased referred to the meliing point snd orystsd forme we weans
of jdentificetion, he did ot report sun saslysis or the melting point.
Findaus s %ﬁdﬂrﬁiﬁ'iﬁ 15280 reported the meliing point ss 128%, but s3ill
gavs no snalyeis. In faet no anslysis of the product juss ns srovisitated
in the #indeus mothod »ppesrs to hove besn published. Lifschutz?® ssserted
theat the produst obtained by the bindsus procedures is not pure, but holds
aeetic seid which 1% slowly loses on standing. He reported o seliing

molint of 11091119 for the compound prepered seeording o Findsus, ol
dropped to 94° after crystalliizetion from alechel. The latser tempersiure
ig the sane aif&@hgta%? found for the melting point of “pure" cholesstersl
dibromils srepared by bromiaation in ether snd precipitetion #ith %0 per
gert aleohol, & produet whioh contained 28.064 per cent bronine ap compsred
with R¥.E0 per cent reguired ror the dibroudide, Cpnlgslireg. &ifsaﬁ%ﬁx
foumd that the hromine wsg cunntitztively roncved Iros cholseternl dibrom-
ide simply by heastisg the dibrondde with elksli in zlcohol. ﬁahgnkﬁimwr&g,
in purifying cholesterol, debrominated the dibyomide by bolling it with
sodiun fodfde in rleoholic solution. Pirrme?¥ deseribed several bromina-

7 435
tion produsts of ¢holestercl obisined by the #indaus and the Cloez
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anthoda,., Io s aore conprabensive asrticle on the sane Jork Pigronsg T

sorted that $he brouine content of cholestersl dibromide gould be deter-
mined itk sufliclent zcourney by the Yolhord procedure lo scetone solu~
tions or by titrstion of the iodine liberated when zodiun fodide wes sdied
to the sceetone solution. The analyass which were rmede on maero guantities
yielded results slishtly below the theoresticcl by ths argentomeiric wethod
endd ebout B ocer cent low by the lodometric one. Ths low result wng s2itri-
buted to the excessive snount of siareh selution reguired to develop the
blue end point. De Fezi and ?irw&magx dsaepibed worious products ron the
grplication of & mumber of wmothods to the drominstion of different cholessier-
ol ssmples, They concluded that the Lrono-deriveatives obisined deponded on
the brominstion =method used aml the origin of the cholestercl, Lccording
o thelr repopt the produet ks rreelipiiatsed by the aiﬁﬁ&usgy method is not
pure cholestercl dibromide. &ALL of the cited lnvestlsetors have noted the
sredusl daccaposition 11 evolution of hydrogen bruuide which cholesterol
. v o . ne
dibromide undergoes on expesurs o solature :nd lishit. Halle™ in & stuldy
of the fsetors zivim rise to the sbaorusl iodine absorption munber of
cholestersl found thet eblorofors, glselsl zeetis meid or pyridine should
not be uzed ug solventsg for the purpose of helopenating cholestarcl. He
raportsd that by the use ol corrbon toetrechloride ss solvant snd fodins
monchronide a8 halo ensting ageut st 0% the theoreticsl iodine numbar wes
obteined snd a1l of the consumed wslozen wxa orgenieslly bound., He d¢id not
isolate the bromineticn produsts, bul determined the orgsnically bound
huloren by tne differeonce beitwesn the total halogen consumed and thet ine
srganieslly bound. &% 25% remctions other than direet wddition te the
double bond ovcurred.

The Pregivitotion of Cholesterol Dibronide. The chief pursose of

the woprk nor to be dseoribed was o sstsblish otether, in the lisht of the
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investigotlons reported ehove, cholesterol dibromide could be preeipliated
in such & way 28 to persit susntitetive epplicstion of the procedurs on &
semi-micre seale. The chol aterol used weas the product of xelting point
147°%.148° 5014 by the Ffonstiehl Chesicnl Company, -sukepen, Lllinois.
L&mpmrtgﬁ hed reportsd thie produst to be of sood cuality. In o ounber
of prelininsry orientetion exveriments whichk are uet to e reported in de-
t2il it was found that the uase of carbon tetraschloride as the sule scivent
for the brominetion st OY wes not feseidls, becauss the solubility losses
ware oo grest with the precipitants wileh could be used. The initial 2z
parivents dlgclosed thal by using ether zmg the solvent, & solution of
srosine in carbon tetrechloride se the drominsiting apent, snd 2 mizture of
four volunmes of glineisl scetis soid with one of water ng the yresiplisting
sment, with both breminetion snd precizitetion st 0, & uood recovery of
eholegterol was possible. For ibis purpose the mioro crystalline precipl-
tates were filtered on dared simtersd slmes eruelidbles snl after swshing
goare dried first invacuo over ﬁwwﬁé, then to constant welght by sspivstion
with dry =ir. For use in developing o ravid titricetric sethed choluster~

. ) , i N/ 4 ,
ol dibromide wss pregpersd scecording to Lifschutzs . The produest did not
contein the theoretical bLrozlne content for cholestersl dibromide. However
$ts bromine coutent wnn esstadlished on the waero souls Ly the ﬁuiﬁﬁ@ 2odl{i-
sation ol the ﬁtapﬁnawﬁ& sodiem reduetion method, An zrgentovetric deternie-
netion of the bromive in senienicro quantities of the dibronide wes Jevel-
vped involving removsl of the sromine by evaporstion -itk sleoholiec potes-
siun hydroxide solution, olight seidificetion of the residue, snd titration
of the bromide fon with .01 ¥ silver nitrele, using sosin sz indiezteor, se

N o . 55
recouended by Kolthofl snd furuan™ .

Ly

¥}

Eﬁ' E
Zince the report of Je Fazl nnd ?irrona“l sugyested cholesterol of

different ovigins might behove JifTerently in bromisstion procedures, it was



f2it pnecessary o denonstrete thet ofy cholsaterol would recct in the
prosent method just s did the Franstishl cholesterol used to study the
methods dscsordingly the cholesstercl wsh isolated frou wbout & pound of
Trosh egr yol¥. «oreover Mcuaﬁh@imﬁr&ﬁ revorted thet cholestercl fre-
suwently contelined eznll srounts of szetursted sterels and desepibad a
mothod of removing thess and 8 rosedure Tor detersinling the smount of
saturated sterels in cholsaterol. The purificstion involves preeipitos
tion of the cholasterel 83 sthe dibromide vy the Windsug method, regenera-
tion of the cholesterpl by boilinms the dibvromide with sodiuwm iodide in
sleghol sud repetition of the yrocess on the resenersted product. So Egn»
nelmer roporied yields of 10 ver cent to 1% ver cent. The Pfanstienl
cholesterol was "purified™ by this process, only ocus preciplistion being
made because of the enall yield obtsinesd. ﬁeﬁénhaim&r*ﬁ wethod for
deternining the saturuted sfercls in cholestereol is bused on the f%&t thet
cholastvercl Jdibronide does not precipiiste with digitonis. The ﬁmﬁ&rmiaﬁ»
tion invplives precipiteting she cholesterol ss dibromide from cold slechol,
flvering, wldine digitoplin to the filtrsts ond aliowling the sclution Yo
stand in the cold for 48 hours, whersupon any ssturetsd stercl present
procipitotes as the Jizitonide. %hen this nethod wes applisd %o the
originel Ffanstiehl chclestercol amd the “purified” product, the former
vrg indicsted to coniteln 2.3 per cent snd theo letiter 2.8 per sent of
saturated sterol. 43 sbout this tine the report of Gurdner and Gulns-
@arﬂwghﬁs whs noted in whilek it wss stcted thet cholesterel dibromide
itsalfl decomposed on standing in sleoholic solution under conditicns of
the method, yiselding ¥ per 2sut to & per cent of digiionin-~precinitabls

st

pterol. They concluded thut the wchophelmer procedure was nedt soourate

for small jusntities of suturoted stersls.
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The cholesterol dibroznilde preeipitation method was sprlied at -12% 1o
5 mg. semplss of the egy cholesternl, the originsl Flanstliehl cholssiterol

sud the "purdfied” Pranstishl cholesterol. The results shown in Tabls I

indicote no significspt differences Dboatwesn these sioples.

TABLE I

The Precipitation ol Vearious Cholesteorsl Damples

Sgeeription of Sample i _FPrecipliste
! Feight Browmins
: Lontent
$
H it F7 A0 perT cend
H
Ege sholesterol H 26,0 22.1
¥ge cholesterol 4ried in wscuo =t 1009 : 25,9 8.1
Henstishl cholsstarol ] Phel 5.1
"Purified" Flumstishl cholesterol drisd in 3¢ 28,5 2.0
vacuo =t 100° H
i

The theoreticnl yield is 28,2 ng. of cholesterol divrocide sontain-
ing 2%9.288 psr cent of bromine. The conposition of the precipitete will
be dissusged later,

To determine the effeot of the bromine concentration, &0 ng. ssmples
of Pfenstiehl cholesterel wore brominsted aand proeipitstsd et OV, verying
only ‘he brozine oontent of ths carbon Setrachiorids. The results in
Tenle II show that the precipitstion is not =t zll sensitive to the browine
ecaneentration, the only noticeable effeet belng ¢ ausll decrense in ithe

waight of preciplésts with the higher coucentrotions ¢f Lrosine.
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TaBLE IX

Tuoe METset of Brosine Consontration on the rreeipitotion

Bromine Content of the H Fraoiszitate
Carbon Tetrachlordide Solution 1 Weight  Brosmine Content
H
2. par wl. T mE. wor cent
H
23 § H i Y oy I
Qo8 3 2%, 7.8
Ued ] i4 .8 VI
‘:3*6 H gﬁﬁmﬁ 25 WO
0.8 H Bde3 27 w8
H

£ concentration of 0.2 g. of bromine per rl. of csybon tetrachloride
iz ample for the purposes lor whieh the proessnt nethed is designed.

That the elogme control of temperature is not a eriiliesl factor in
the hrominution and pregipitation is indiceted by the results in Table
IIT obtzinad by applying the method to 20 mg. stuplee of Plansiiehl
cholegterel st different tsureratures. The oaly significsnt differences
represent the oxrected sunll increass in the los: due to solubility with
ineronss in tenpersiurs.

TABLE TIX

The Effeet of Teuperature on the Precipitstion

H
Tomperature H _Irecivitate
2 Feight Bromine Content
H
“e 3 B per cent
H
H
O 3 EDe 3 04
+10 H 24,7 BB
$
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Bines u tenpernture of U° is most convenlently maintuined this wes
sdopted sz the remperasture o be usod.

The srocedure wes now applied to various smounts of cholesteral.
The results ig Tabls IV show the conpositlion of the prselpitate and ihe
devistion of the Individusl regulte froom the welphd of the preclipliitste
egaleuleted Proz the linssy function

mge of preeipitete = 1,359 {(zg. of choluzterol) -1,6

determined by the least squares method.

THELE IV

The Relstion Sotween the Fraeipitete Dbisined
snd the Yelizht of Cholesterol Used

3
Choleatercel o , rreeipitate
: Yelaht Jevistion 3 bromine
¢ Cbzerved Usloulnted ¢ Content
3 3
e : e e B, T peyr cent
H H
10 : i2,8 12.0 02 : -
20 : 25e1 i%.8 -D. 8 H B2.0
g’ﬁ 3 :'E’i’;n 3%.2 Cﬂ:fﬂg H :‘:}?";
40 H 55.4 BE.8 +*0.6 H 27 o &
55 H 56,0 6648 ~Jad : a8
3 :
Ayerage deviation DeB

The cosditions of the bromisstion snd precizitstlon now hevipg heon
ratzblished, o more rapid Ciltering device whioh could be conveniently used
to meintain the low tempersiure during fiitrstion wes developed. In the
gravizetric studies Tiltrstions on the sintersd glass crucibdles were gulte
tedious, «8 a Tilter of fine porosity {(Jens G4) wae veuuired to retain
the miero ervstalline precinitate. The nothod wes applied to semi-micro

susntities of egg ¢holeogtercl rud the bromine in the pracipitstes titrated
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with G.01 X zilwer nltrste according 1o the establisbed rroecdure. The
vasulis save the rsiation

ng. of eholosterol = 1.5 + 5.08 (ml. of 0.0L K AgliGa).
The ergentometric $liration bhad gslven setisfectory resuiss in the bromine
detorcinations, os it hes & sharpy end point. However the end point ine
voelveg o change fron anl orsnge~uink to & red-violet color, snd considere
azhle sinsrisoee with the titrstion iz pooesssry 1o attsln good roeuliis.
Aocordingly sttention won sdven to the indoneirice method based on the re-
sotion betwoen alkeli iodide and cholestercl 4ibronide In sestone wiich

Eirrone” =nd Do Fazd end ?1rwﬁn@&1 mad

g

reported to Be Palrly sstisfactory
on the meore #sole.

The Iodometrie ‘stiwstion of Tholesterul Based on the Choleaterol

Dibronide-Sodiws Iodide ﬁgmeﬁivn. In the srilales lust clted $he Itslisnm

investigetors geve no dstaila of Thelir procodurs other then the faect thng
they used » 0 per caul agueocus solution of potessium iodide and Iound 0

w2 25 ml. of stureh solution necessary (o develep the starchelndide solor.

1t zypears that the smethed wns spplisd to the enslysis of only one choleastore—
oi dibromide ssmple, & single vesult being reporteds. This wvalue of 28.04
por cent bromine is qulte low conpared with the theoreticsl browins content
{25,268 per cent) snd the valuss reyoritsd by other vethods {(29.93 per ocent

and £9.08 per cent). In the pregence of zoume orgenis solvents the stoerdh-
ipdide color is by far less sesaitive than the yellow eolor of the lodine
itself =2 indiceted by Koltholl and Eﬁfmmmﬁﬁ. Trerefore in the prosend
sork the loddne libersted in the cholesterol-sodiun iodide resetlon in
seetone and clookol wes titroted with sodliun thiosulfste solution just to
digsappesrencs oF the ifodine ecolor.e In the concsutrations of solutions

uged 0.00 mi. of .01 H ifcdine solution ;roduesd s pevcertibls yeliow

color snd 0,00 wl.e o cuite dlstinet color, so thet jraetienlily ne corree~

£
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tion for that fmotor is necespary, 4n the initisl work on this procedure
the resebtion Detweessn cholestercl dibronide snd sodiuwe lodide wes tried I3
seatone smd ziso in o leohol. llowever the reection sus 5o slow in ihe
lstter solvemt thot 1i%s use vag not vregticsble. Attenpts te obiein
oholesteral dibronide condsining the theoretliosl gusntity of brosine haed
been unsucceselui. The acoursey of ths meihed wes thevelore Judzed by
sanperison with the srgentomsliric wethold, using Tfour different prepaits-

tione of cholssterol Gibrowide. The roesuliis sre sbhown in Teble V.

TAEBLE ¥

Comparison of the Arcentoueitrie
and Todonetric ¥ethods

» H
Cholestarol , Iodomatric Hethod , ! Argentonetrio
HAbrozide ¢ festone la spuetion GLOL %”aﬁﬁﬁzﬁﬁ 3 Hetnod
H Tiae ¢ 0.0 ﬁ'ﬁgﬁﬁg
573%2; . ff:l M ;@;- B (5 Vi ag :’;ﬁl ™ 2'5'5.1 .

26.0 F.00

26.0

20 2.5
=0 e

b b
@ @
”
g

2540 40 [ 2%] GaB H.46 8.67
25.0 40 0.8 1 B.43
£5.0 40 1.0 1 2,46

B.56
3.51

£5.0
10.6

<

.

¢

b
i

]

€§
3

25 £.83

B 4B GBI G0 S0 X 1SS a8 KX BE BR FUS 4% &5 g SN EEP
FE MK FSIRE RE BB BAEY EF R TP KA THR EE NE & ¥ (As

These regulis indlested that the iodowstri¢e wethod could be emuloved
in this work. The brominstion and preeligpitstion of semi-mioro juantities
of sholesterocl by the procedure ss now developed {spve dix, pege 62 ) waa

undertsren, the precipiistes heing dissolved in zcetone, treated with
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sudiwe jodide snd the libersted lodine tltrsted with 001 N sodiuzw thiow
sulfate. Pfunstichl cholestercl snd sgy cholsetercl sers used. The rew
ults are ghown in Table VI, with the devistions fron the welghts of
ohol egterol ezloulsnted by the linsey relation

mgs of cholestercl = 1.0 + 2,16 (ml. of 0.01 N He,8:0g)

25 obiained by the lexst sguares method.

TARLE VI

The ILodometric ﬂgaimﬁtmrml Determination Daged on
the Cholesterol Yinromide-~dodium Iodide Hamotion

sesoription of Jemple  Yelght Titer helght Deviantion
Gemple  D.01 K Neg8,04 Ceiculsted
Wia #le T Tl e
Ege sholesisrol 5.0 1,88 4§ +3,1
" w 10.G 4.10 Gl +3.1
- " lfﬁ.@ @ﬁﬁﬁ }.2’:’13 "ﬁ- 3
® " g@i)«a &sgﬁ 3@:}55 “Gtﬁ.’
Pfanstiehl cholesterol 5.0 1.823 L8] +J.1
* » %eQ 1.88 5.0 Jel
“ d 10.0 4410 .9 +0,.1
- " 10.0 4.08 2.8 +0al
hd » 13.0 £.46 15.0 (0
" bl lffm Enﬁ? 1?«?&2 ""qu
b i B0 8,76 18.8 +0.1
hl o 4.0 i7.98 38.7 +.3
averese deviztion GalB

Thoae date indicated thst ths method would yield results of sufficlent
seoursey {or the intonded purposs. It wes cpplied to the suelyeis of wgus,
fleurs zud noodles of known composition. The resulis will be copsidersd
luter.

Under the conditions of the metiold dhe neetone soclution ol the oro-

cinitate contalns some water. It zes found thet this amounted to not move



then l.% ml. & pumber of sxrerinents was undertsion to determine the
sffset of thls =ad other fsctors om the titration. These showed thet the
pesgenes of 1.5 nml, or lass of ceoter decrecsged the titer to some exltent,
#nile nopreciably srester snounts, Cefe, o nl., coused a sigoificant dew
crsase. Those oxperissnts elso indicsted that the titer was ind @genﬁw
#at of the volume of acetone within reesascusble limits, wse not aflected
by ezposure to light snd recched its meximunm in lass than an hour sven

in the yressnce of mutor.

Prior t¢ the development of the coxidative lodometrie procedure, the
cholaesteorol didromide~godliun lodide resction wes used aa & convenlent
aethod of testing the comparative purity of vwoaricus fraotions in the
atudy of the prepersticn of wure cholesterel dibrosids. It sas found
that the pures dibrocife ontasining E%.26 per cent of bromine was in-
dicated to comtalin ES.S por cant of bromins by toe sodium ledids nethod.
T@i mathod therafors glves rasults about 2 per ceunt low in the sbzence
ter. A Tew oxperisents ilnvelving $itrstion of .01 N iodine aclu-

af
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tions in scelune under conditions conparsble to thpse uged in the mothod
indlionted thet the deficisncy is not due 1o resetion of the iiberated
icdine with the zoetaons,.

The ilodeseirie proeedure Lsasd on $he oholesterol didbrovide-scdiung

{odide recction in sostonse heg definite sdyvantages owver the argentongtrle

mathod, 1% is more repld asd wors precise. Horeover, since, aecordiag
R4 aahgnhmimarﬁv, ounly stsrol dibrooides seving the mdded bromine in the
nuelesy riaog systen 4 ive thle resgticn with sodium lodide resdily, the
interference dus $¢ szherols llke stigmsstercl heving = Jdouble bond in the

side choin might e sxpeeted to be lesge. The titration does uot raguire

B8 mueh agperienss on ke perd of tho wosliyst ss dows tbr orgenioretrie



titration. On the cther hsnd, this lodometrie zmethod yields sonewhat
low results in the bromine deteraineiion. The slight uncertainty dus to
variztions in the smount of wster in the zeetone solution ol the precipi-
tntes iz & disedvantags which ecould be overcone nt ‘ue sserifllices of con-
veulence snd simplicity through drying the pregipitste sndl filter by
lon: sepirotion with dry slr. The chief dissdveauisge in preactice ia ihe
interference with obsorvetion of the sud poirt cuused Ly the Ireguent
progengs of sond color in tho scetons scelutfion of precipitstes obtuinsd
in cpplying the wethed $o flours snd alimentary pestes. This interier-
onoe wos considersbly reduced by a purificsntion of ithe stercl extructs
pefore yreoipitetion throngh sdsorpdion on sluwsins ess described later.

The Interfercace of "hest “hytestercls in the Ustersinution of

Chelegtercl. In o preliminory spplicetion of the cholastarcsl dibroside

Kl

proecipitation mathod the sterel recoverasd in & mixture of Tlour snd egg

wag oreater thsn thet found in $ths flour snd egys separsiely. 4&lsc a

flour extract wes found %o huve & stersl content preater os determined

in the presencs of ssolegtercl thsg in its sbsence., Thsrefore o study

of the proelirit-tion of choleatercl in the presenes ol shext phytostercls

g meda. ‘
There is but nesger inforoation svaiiabls on the identity of the

storols of flour. Aaxderson and ﬂﬁ%@ﬁhﬁu@rﬁg in & brised study concluded
thet sitostersl and dihydrositostarol were reseot. ﬁmllaﬁg reported
the pregsnce in flour oil of sn ester, believed to be v sitostsrel easter.
inderson emd Mavenhauer™ stste thet sitosterol and dinydrositostercl
sesur throughout the whest graln, but the gers cowntains wmostly sitostercl
while the sndosperm lg rioher in dihvdrogitostersl and the drem zsontsins

gvan sore of the latisr. The very low sterol contsnt of flour nekes
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Jiffioult the ilaolaztion of adenuate usounte with wtieh to work. %hest
sers oll, however, csopteing o vory couplex wmizture of sierels, identiti-
erbion of wyhieh has been the oblect of seversl i{svestigutions. Anderson,
Shpiner sud Eurrél found dibydrosijsostercl and & mlydture of ubnsstursted
stercls whieh were eslled (-, G- and v’»&i%@ﬁt%w&ls, ¥ullis and Fern-
h@lméz found o -sitostercl to e z mizture of two doubly unsstursted
atercls, dflnaitastayal bueing sn iscmer of stighesierocl anﬁ‘[$~aitaﬁt&?él
arobably » homolog. They dedused from ﬁaugtﬂgan*sﬁﬁ diseovery of the
1dentity of stiguastencl sad sitostancl thut F-sitostercl must be L& -~ 28

dihydrestignastersl. Derastein =nd %alliaﬁ4 then sonfirmed that Iact,

Iﬁh&k&&' raported the uresence of dihydrositosterol spd four isoverie

o
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sitostercls in whesi cert oil. Xsrper sud Salowon  found o - snd B -
tritisterole in the 01k, but point out ¥hat thess hove not yet beoen shown
e be ehenilowl individuaals.

In view of the complexity of ihe wheet perm oil stercols it wes be-
llaeved thxt the interlerence of thege compounds in the cholsslerol pro=-
opdure would give s rigorous test of the zethod with steronls represantew
tive of those thet xight be found in feripasecus productis. dAccordingly
the sterel Freotion was isolated {ron hest gorw oil by o orocedure

. . o - v 61 o
gimiley o thet of <ndersca, Srianer spd Burr .« Hizdlures of this prow

dugt with cholestermal wers brominsted, preolpliated snd The amount oro-
cipitated (eeloulsted su cholosterol} weoe detersined by the iodometric
mathod with sodium lodide in sestone. The culoulstion wns seoording fo
the relation

mig. preceipiteted {ss cholesterol) = Z.16 (ml. of U.01 H Ha,5,04).

The JTirsd expsrisests showed thot there wag coprecipisstion ol the

sholeatersl snd vhytosterol dibrocides shesn the praeipitant wes four
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volumes of glacisl scetie scid plup one volune of watsy, aven though
smell smounts of phytosterol itssll did not give & precipitzte. When
the preeipitant wes chancsd to pine volumes of laplisl scetic oeld lus
one of sater, the precicitetion of & mixture of 24 my. of choleasterol
and B mz. of phytostersl yislded zeveral milligresms leas than did &

. 0fF cholesterol elone. Addision of 10 snd 15 =g, of the phytostercl
By B0 mge of cholowterol ylelded repvlerly inoreaging quentities of Dré-
sipitate sbove the minilmuw observed «hsn 5§ 2. wers used., A ro-oxmnins-
tion of the precisitstion using the first precipitant supeested thet in
thet case too theroe wes s minimum in ths preelpitstion coourring when
only & Pew tenths of a milligran of hytostercl wes prosent. it was
found thet the alight incroase in weter sontent of the yreclplitant when

it wes =

de by dilutiog four voluses of glecicl zestle solid to Jive
volumes with water suificed to eliminste the min ne dnls is the proe
sipitant which wes used in the ztudy of t:e iodometric netiod zbove.
The results of awnercus oxperiments involwing use o this racisitant

#ith phytostersl wlone aad »ith mixtures of chelssteorol and phytoesierol

P
<

nrs plotted in the mraph, Fisure L. The absclssa ropreseats the welght
#f phytosterol used) the ordinate lg the welght of precipitate caloulsted

cholestarcl, which s detorained by titration ss deseribdod soove.

?m
-+

The smounis of cholegterel used in thoe series wers I, &, 10 and 20 nmg.
raapectively, begloning with the Tirst zeries fron the votiton.

“ithiv the lisits of experimentsl srror the curves for the mixtures
aosteining cholesterol hove the sune initisl and fined =ilopss, which
alse closely approsch the slope of the thytosterol lims. It is 1ntereste
ing to nots thet when the retio of the phytostercl to cholsaterel ap-

prorinntes le28 %o 1 there is & deflection in the curves fuy the sizturod

containing the smeller smounts of ¢rolesterel. It is recognized thot
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cutition zast e exercised in interpreiing the rosults in  iow of the
corplexity of the vhyiosterol mixture. Howaver, 1t (& eorth nebing

that one or mors of the constituents of the mixture forms 2z fer nmore
soluble bromide than cholesterol dibromide, yot oo lobng o3 suliicient
gholesterel is present thiz mors solubls bromide precipitates susntita-
“tively wiih tnhe other., Horoover 11 is indicsted that only ebout 40

ner cent of the phybtostercl i preoeipitated ws & bromids. The preyera-
tion costadns ebout F per cent of weter of cerystellization ond sssuming
that ths formula glven by spderson snd ﬁ&ﬁ@nﬁ&uerﬁa for determining from
the speseific rotsticon the smount of sitostersl in sitosterol-dinydro~
sitosterel wizxtures is spplicsble for aprroximete purposes to this phytoe-
sterol preparetion, it is concluded thet the lstter dovs ocontuln zbouk
80 per cent of sitostersl. This means that the deflection noted in the
yrves oocurs when the ratico of cholastesrcl to sitosterol iz 1 to 1.

Az phown by iaﬁtréﬁ? the formetion of molseular conpounds ifo ¢ Sharsater-
igtic of the gsterols znd iz pot excluded hebwesn sterols az clogely re-
izted in structure as chelessternl and Y-sitosterol are considersd to he.
The Torastlon of such compounds between the sterol dibromides does not
pews o hove Desn studled and 1% i not olaimed to heve bteen desonatrated
in thia work zae far se clircursdsnees persmitted the study Lo be cerrvied
on. dowsver, 1% is podmted out thot the forumtion of such & molagulsr
compuund Letween cholpstercel dibromide snd sitosterol dibromide would
scoount very setisfazetorily for the results obteinsd. Thus the compound
divronide nicht be expentead to be sore soluble thayn ebolesierc! dibron-
ide in ether-scetic zoid zixturss ¢ontaining 1ittle wster. This 4if-
ference wmould decresse rapidly wits {increase in weter contondy until the
mixtures rosuliineg Tror the prselpii.nt uged in tho prosent method ~laht

digmnalve the sone anount of the two broaddes withinm Llinits of the detar-



minztion. A7tor the compound dibronide present had srecinitoted, sny
ercess of sitostercel dibromide would remaln in solution up to the point
whers its aolubllity wme wlao sxoeeded, socounting Ffor the deoflieclion in
the curves Tor sixtures contelning swoll amounts of ceholesterol. Fith
sn snount of cholestercl sacssding comsiderably the amount of phyto-
sternl waleh would preovipitste in the sbhsence of cholestarcl no de-
flection in tie ourvae Por such cholesierci-phytosternl zizxtures would
be sxpected.

Abthough 1t wss nod believed deairsble to introduce an sestylatioan
step into the ouasnbtitative procedurs, i this woeuld have overcoms the
coprecipitation difficulty its feesibllity would huve been considered.
Howaver, & few experiwents wiith cixtures of choleaterol azcetate znd
vhytosteorol sceitate demoustrated thot copregipitstion of the dibrosmides
zlzo ooourred with these conpounds.

FPron the steudpoint of tue choleatercl dsterminztlon the significant
faet le that the smount of sitesterol dibromide wnich precipltates with
cholesterol dibronide is independent of the guantity of clolesterol
progent 50 lomg a2 thig eguasla or sxreeds the sitosterol conteut of the
gterol mixbture. Beuce, o the nnalyels of flour, plein noodiss or
noodles of very low ege content sufficient eholesterel sugt be ndded to

e unssponifisblie setter to zasure that en excese of cholestercl is
gb@&ﬁﬁﬁ,

Frepeyntion of Pure Cholestercel Jbroside and Pure Cholesisrol.

It wmas noted sbove that proelpitates obtained in the study of conditions
for the eholesternl dibronids crecipitetion method oontsined consistontly
about 28 rer cent of brosine instesd of the E9%.28 per ¢eul required Ly
the purs dibronide, CeplsglBra. The sanme conposltion of the precipitste

way Uound when sze wmueh 58 r gres of ciolestercol war bromineted and lre-



eipltsted under similsyr conditions, It will be reselled that these con-
ditions roprosent s modificstion of the Windeus meibod to sdapt it o the

rregent purpose while % the sawe time obeerving, lnsofar as possible,

£y
o

the Lrporbunt Faotors noted by ﬁﬁllaﬁl in studying the sbmoyasl ledine
sbsorption aunber of oholestercol, nsmely, helogssstion ot &%, usme of
enrbon datreebsloride s zolvent wnd the shponcs of ceedic aeld Suring
the helogenation. I¢ wes desized to obilsin vose of the pure dibrosids
for unsquivoesl testing of the bromine detercination. Thoush the die
bronids 1z not isoletsd as such in the cholosterol Jdetermiustion, ovi-
dence thet it ls suantitetively formed uzder those conditions will be
sresenteod in the Tollowing nectiocn.

Lifgaagtzéﬁ eritioizel the dindsus metnod om the rroumd thet the
prosipitate wae not pure but hald loosely bound scetia ueld. He ro-~
ported that by bromisstiszg cholesterol in sther ond procipiteting &4
with 20 per cen?t slechol pure cholesiterol dibromide wes obizined. He
lso stated thet this pure dibrocide, when recrysisllized from gleciel
sestic nold, hsd the properdies of the Sindsue product oud on recrystal-
lizetion Trom alechsl reverted to the pure stzte. No suslysis of the
vindaus product iz roporied and 2 single analysis of Lifschutz sroduct
indiested 2 bromine content of #0.64 per cent. In the vrssent sork
pure shelestorol Aibrowide wag not obtaeinad by the origzinel Windesus [yo-

27
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nor by & pomowhat modified forsm desceribdsd by sindaus snd Lgﬁara N
HiTiouity in conpletely rewoving seetle seld ‘rom the presipliztes was
sleo noteds The products whso recryetsilized frow sleobol cont=zinsd

gven leosg bromine asd the ocourrenss of deconposition ws3 noparent in

the solutions. Heerystallizesion of the ¥Windeaus product fron ssetons

&1

24 recomsended by Do Fazi snd Plrrone'™ slso f=iled to yield the purse



Aibronide. The seasitivity of the conpound to heot, molsture cnd sol-

vonte reedily sttacked by the labile bromiune couses the Sifficulity inm

o

obtalining the sure product. Frow the prosgend work there ip resson t
pelisve that moleculuy sompounds of thsa cholastérol dibrorids «wlth sowe

of 1ta deconposition prolfucts may ocour. This would acecunt Dor the

iy

T

ohaarved foresilion of products having Jifferent compositions oy

ey
3‘;;‘;
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feront melting points on reeryvetallizetion of imoure sholesternl die-
oromide to congtant melting woint Tron scatone, sloohol or sther. On

2he brnals of the szperience wmith this conpound it sppeared thed the

reperstion should be obtuined pure without Yhe necegaslity for recrystals
lization end in e 4ry state If possible. Focordingly, o provedurs was

developad involwving brominstion with s slipght sexcess of bvromine in corbon
tetrachlorids solution with ehiliinmy, preeipitotion of the dibromide with
petrelaun other at ~10% to <159 and rapid filtrotion snd drying first by
ggpirstion with dry sizx until room teupersture iz attained, ileon in

VHOUG aver

o

phogphorus pentoxide %o constent weight. The product zelis
to a clenr oolorioss ligquid at 114.4% - 114.8%) followed by affervescent
depomposition with browning. A1l previously obtziasd properstions hed
sxhibited such decomposition before or on melting. The pure dibrocids
sontsined the theoretlonl bromine content {59.26 per csmt) s dAateruined
by the Volisyd method osnd by the icdoswiric waun der ﬁmn&@mﬁs method, 80w
gordisg Holthofl wnd Yutzy 63 degeribed in the Tollowlns: section. By
the lodometric method bousd on tos sodliuw lodide rescifon in agetone *he
vars dibromide conteinod 8.6 per cent of bromine, which iz the highest

5

bremine contant by thls method observsd in uny of the presvicusly obtulned
sreparations.

Sinoe sneplytically pure cholzsterol dibromide sowld be thus ire~
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cored, sholeateral of unguestionable purity iz obbasinables therelrom by

Sebrosinetion umder mild eonditions. Seb ﬁhmimﬁﬁ%§

hed vurificd choleszisy-
ol by precivitetisg the dibreride {“ladaus method), reaerystalilzing it
fpom sleohol snd debrominating by boiling it #ith sodiux lodiis in zleochol.
This process iz repestsd with the regenersted chelestercl. The yiolds re-
ported sre IO per cent to 15 per cent. Svon lower yislds heve Leon obe
tninsd Ly this method in the prosent wark. Morsover, ia view of the ine
sbability of cholesterol dibrocids (noted : iﬁmv%y'ﬁaﬁgmhatmarl, it does
not gses good preetics to hest the subgitznce in alcohoel uring s purlfics-
tion provess. However, chuleaterol dibroumide iz debrosinsted snoothly
and rapidly ot roon tompersiure by the setlon of sodiun fodide in sestons.
fecordingly, the purs cholesterel dibronids prapered ss deseridbed wsg al-
lowed o stund over-night i scetone solultion «=ith exgess sodlum jodide,
tus libersnted iodine wos roduced with codiuws thiosuliste golution mnd the
rrocinitsted choelesterel zng recrysisllii:ied to donsicnt melting voint
from slechol {two arystallizetions). Ths yiald was 63 per cent.

It iz emphseized that the Flunatiehl ohclesterol used in sthes yurie
fdeation process is ovidently free of aatursted siercls within the linita

”
=L the Zchonbelmer determinstion, xs previously diecussed. 4n opportun-

ity hug not yot teen sffTorded to tesnt whetlsr the preeipitztion provess
will romove sriurzted sterols fron cholestercol, which =es bthe prisary
rurpons of o honheiner's yrocess. Lowsver, 1t 1z bslieved thrt the de-
brosizetion i prefersbly corried ocut in either croeess by the godiunm
icdide raccltion nt room tenverziure.

The Iodonetric stisstion of Cholesterol by the vin der Heulen

Rethod ng %Qéifiaﬁ by Koltholf snd Yutay. cubsecuent o the development

5

ol the {cdomeiric method brazed on the cholssiercel dibromide~zodius lodide

resction wnd ite syplication $o the analyalas of slizentary poates, thore
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appoared the repid and sccurate modifization of the wvan der ﬁ&ﬁimﬁﬁu
method for determinius ssell cuantities of bhrouwides desoexibed by Loliw
hoft and ?ﬁ%zyﬁg. Trhis wethod is bused on the oxidastion of the Lroside
ion to bromete with sodium hypochlorite molution, roduction of the ox-
ceag hypochlorite with nodium formste sod iolometrice determination of
the bronete. The prosedure ss published iz spplied to cusantisies up to
8 milligrens of bromine. DJreke and Euﬁbegﬁ had spplisd o simllsr (PO~
cedure to ths deterzinetion of methyl bromide in air., It iz sppurent
that such 2 method would mliminate the chiel disadvsnitases of the other
iocdometrie method, msmely, the uncertzin end polnt svnetimes noted due
to solorsd extrects ond the oflfect of wwter on the titrstion. Further-
mord, oipoe the van der Xeulen method yields for the fltretion zix
souivelents of iodine for such eguivalent of bromine ihe inoressed soe
sursey would pernit use of o emaller seople. By some odjustment of the
resgonts 1t wos found thedl the Zolthofl end Yutey procedure gave very
gaatiafsctory reosulis for the deteruianation of up to ot least 40 milli-
srems of bromine. The revised procsdure was ihen applisd to cumples

of pure cholostercl dibrouide following svappration of sthasresicobol
solutions of those with potzssicm hydronide snd nsutralization with

hydrochlorie wold. The results sre shown in Tuble YII.
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TALLE VIX

inezlyses of Lholsstercl Ulbromide by
the Ozidetive Ilodowetris MHethod

Cholesgtorol Dibroside Titer Bronine
0. CE0DE N NeplSola
{corrected for blank)

BT . mle por ceut

5,865 6,06 29,37
10,15 10.88 29.19
14.98 16.01 29.53
20 .08 21.42 29,286
FL BB B ) 2. EB
36,68 39.09 28081

hversge  B3.27

Tho revised procodure was nov weed to deteruine the relation bew
tween the oholestercl ami the titer when spplisd ito the cholesterol di-
bromide presipitztion nethod {Appendix, pege 86), The purified cholester-
ol was used, The resulte indicsted thes relstion

ng. of sholesterol = C.50 + 0.888 (ml. of U.02 N Ha 8,04}

In Teble VIIY sre shown the fudividusl resulty snd the deviations

froz the vsluse caloulnted by the sbove relation. The ¢orrecticn for

the blank detsrmination on the reegents smounted do 0.84 ml.
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TAULE VIII

Iodometriec Cholessterol Determinetion
by the Oxidetive Nethod

Cholesterol Titer Cholesterol Devistion
Yaed 0.08 W Kmﬁ%gﬁ Celeuluted
{corrected lor b?mﬂk)
T - nle ‘ Y. ‘mg. —

5.40 ?Q‘Eé 5.5‘5 "6115
4,90 6.39 4,95 O
$.80 B. 98 5,30 -3.10
9,98 13.64 9.98 0.00
10420 13,90 10.18 +0.1Q
B8 18,38 9.70 «Q,05
18.40 £1.80 15,55 -0.,15
14.80 20.46 14.80 +0, 20
15.10 21.0% 18.00 +5,10
2040 L2.93 20,45 -3,08
20,00 EB.EE 20,00 0. 04
18.98 7,838 18.70 +, 05
99,95 43.01 50.10 ~0.15
30+ 30 43.43 S0 80 +3.10
30,45 b e Dl & 38 +0.10
53,95 87,01 39.78 +0. 20
58,80 57 .10 55.80 G.00
43.15 57 .63 40,18 Q00
5010 PE.BD B0L.ED -0 10

o A1 SR Y Y A 8RR L 1 SR Y8 g A 50 o 1 S8 2 L L i
e devist: GelD
Averace devistion .

Tug theoretical Tactor in this detsymincticn for converding the
Q.08 B podium thiosulfate titer to cholesterol is 0.6444 instead of
0888 me Tound ln the sbove egustion Cfron the oxperimentsl dsta. his
woudd dndicate 3ot only 23.7 »er cent of the theoretioml amount of
cholestercol {ibromnide wews retuelly forued end precipiinted. Liuse &
side-resction involving oxidation of the ascondary hydroxyl :rour
might sceount for the diserepsney the method wes =pplied o cholestercl

soetate, The resulte seree closely with the relstion

mg. of eholssterol scetste = 085 + 5,757 (ml. of 0.0% M Ragi,0g)



#ns shown in Teble IX. The theorveties) factor in this determinstion for
sholestorel neetets iz 0.7144, ludiceting oply 94.4 per cent of he di-
bromide wae precipiteted. This iz in wery o0l sgreement with the velue
obiained ~ith chelesterol, considering the suell nurbey of sumples of

wlantarol scetats used.

TABLE 1IX

Applicstion of the Choleatersl dathod
to Cholesterol Acaetate

Cholestercl fcetste PTiter Chologterol Aceidste IJeavistion
Uned 3.0 B ﬁ&L 3.0 Caloulsted
(umrr@mtﬁ& 2o b ann)
B ' wle o T ag. .
130,10 12,41 1D.28 e lB
23,15 R, 25 15,98 +0. 50
&9085 :ﬁ‘ﬁiﬁg 3‘\.: . "'G‘Qﬁ

In order to detersine 10 the lsmeking bromine wag gdill prosent ore
gunlesally Bound in the Filtrezics, o series of cholosterel sooplsae sas
brominetad snd praeiplisted se uzusl, the filtrates and woshings kept st
0%, being collected in 100 ml. volumetric Iluske. These mixturee wers
diluted to tho mark with wster ant 0%, filtersd again snd the bromine
detoruzined in the second precipitnte. The cholesterol wss csloulated
from the titer using the theoretical conversion famotor 0.6444., The ro-
sults in Table X show thnt the theoreticslly rejuirsd auouat of bronins
maat #till be orgenicslly bound, evidently ss cholesterol dibromide. The

titer has baeg coreseted Tor = blsnk on the rescents of 0.84 nl.
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TABLE X

Total Cholssterol

Hesovary

L H H
Cholegtorol Precipiiante H Freeipitate t Totel
Usgad 4 H from Filitrete t Cholastercl
: Titer Sholesterol ¢ Titer Choleaterol § Dacovered
T D2 R Oalouwlated 3 0.0 W Calealsntad 8
H Eaﬁﬁgéﬁ H magaﬁaﬁ ;
3 3 3
B : ot 49 Bty H 1. Wil w L T N par cent
3 H H
13,08 T lEL.3B 2,50 3 Pe48 1.58 1,18 101.3
1%.85 1 E7.5B 17,94 H 3'46 ZeB3 T 20.1% 101}
30,00 T 42,88 ol 2 : 4.56 2«04 ¢ 30,23 100.8
55.20 t  BR.B4 35,88 1 BLEB 2443 s 40.06 100.4
H H ¢

It wes clso foumd that 17 the preeipiteting ngent wse diluted to

soout D50 per gent scetlis neid luatend of the sprrozimsitely BO per cend

wsed normally in the method, #11 but & Faw tenths of & milligrax of the

cholasterol wap recovered in ihe precipitste. These remults sucgest thst

an equilibrium is estsblished under the bromdnstion conditions between

- forms of choleaterel dibronide, one of whiech is rueh less solubla

than the other. Sinoe eolmerizetion of the bydroxyl zroup iz not Likely

under thase conditions, it zseoms vrobuble thet the Formetion of lsomers

srleing Trom olg snd trong =ddition to the double bond nsy socount for
. Ny s 4%, 50
the observed resuits. Altbhoush the investigetions by Firrons und

De Fazi end | irrmﬁ@“l indiente the sxisteonse of four cholesterol di-

prosides meltin: 2% sbout 979, lﬁ&a, 114% snd 183© respectively, they

heve suecassded in obtzinine only cholestercl by debronicsition of thess

preducta. The limitotions of 4ime huve not pernitted @ further investie-
tion of the relotion of the two forue svidently oeoourving in the jresent
CREC,

igternisntion beaed on the
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oxidative procedure is bolieved %o be the wost sultzble ons from the
standpoint of the objectives of the present work. As chown, the method
iz sufficiently precise snd securste, The titrztion end point is one
with which all analysts are familizr nnd the titer is not sffected by
the presence of wuter in the precipitsies. 4As compsred with the sodium
iopdlde method the chief diselvantages ere thut the oxidstive nethod re-
qulres more tims end may be expocted v be sffsoted nore vy any nobe

gterol bromides which might precipitate.
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The Coolesternl Content of Hen%s &
Teview of the Litersturs. The cholestercl of the ey otours

proctically entirely in the yolik, ﬁ@mql s ﬁm@uiqg found only o frsce

-
in the entire zhite of =n eogg. Tillmens, Fiffart and iuhaidaaﬁai%&mﬂ
fron o Limited pumber of apnslyses by thair rether wnsstiasfactory method
that all of the cholagtercl was present in the fres forn. Howgver,

73 74 pan?B

-
studies by Yuslle sy Thannhzuser snd Schabsy znd E&Eﬂi?giﬁv

dicnte 10 per cent or more of the sterol in Oroesh egee is ssberified.

pan’t found Irom (.468 pexguwﬂwﬁ? egﬁl&ryﬁr cent of iotel ¢holesterol

%
f

o - - ; " i
in individusl sggs. Tillmans, ﬁifﬁ§m§ znd Zahn

a2 o nre -
raport an sverage of

]

1.49 per cout of free cholestercl in ofight zemples of g yolk. Lane

&

pid " -
pord = Pound sn avers:ze of 1.38 per cemd-of totzl cholssterol in the

\ . T8 . . . , ,
yolk, Perlman = reporiad Tron Q.54 par cent to O.72 por cent of yee
i
L ; N 13 pits,
chinlesterol in twelve indlividunl egpes, the zversge telng Q.50 per cenmt.
' : P . . X
pifrert rnd Heller " found the zyvgragss fyee cholesterol in threos surples

of yolk to be 1.49 por ceat ($itrizetric msthod) z2nd 1.30 per cent

{colorinetric nethod).

.

sthod Bosed

The Cholestercl Lontont of Sgas by the Procipitation ¥

on the Uholesterel Dibromide-Sodigs Iodide Resction. The cholestercl

dibromide precipitstion method is designed for mpplicaticn to the i
anpondfisble motter, that ls, for the determinztion »f the Totel
cholestercl content. wam?? ahowed thet dryvins of 1ipid sxdruols cone
teining cholestercl ot 109° cuwused some decrenss of the free stercl

content. He Vound thet the sepomifioetion ©F sueh exbrscts with seodius
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sthylate in the preseance of 2ir lod to some loss of ¢holestercl. He
slao reparted thst the totel cholesterel {s eggs vould be extrseted b
heating the egg »ith &) per ceutd potvessiuwn hydroxide solusion fur two
to three hours and extrscting the sdxture with ether, This nathod ans
adapted to the present work. The ezy is heated three hours on the
gtesm bath #ith the slkali snd the unssponifilisble mutdber extracted Ly
4 csyogedurs developed from the Kerr-ISorier method : se wodlilfied by
Hertwig, Jenleson, Beughnen snd Mailay?g' The choleaterel dibromids
pragipitetion nethod was then applied to the unsaponifiabls s tter lor
the determiontion of the cholssterol,

In Teble Xore the resalis obtained by the orfginel nethod {ip-
pendlx, pege 70 ) on the egge used in the preparstion of elinenizry
pastes of inown composition. The Lotder will be reforred 1o o5 suthen-
tie slimentery pastes. Since the nethod developed or ase on «limentary
poates {nwvolved an zcid hydrolysis before the ssponification aten, e
sample of o8 wss also subieoted %o scid hydrelysis priocr do th
slksll treatment. The resulite fadicste that the zeid hydrolysis does
pot sffeet the cholesterol deberminstion in eggs nuteriaily.

Theoe resuliz by the cholesterol dibromide-sodiun lodide method
wers not 8o sstisfretory we desirsd, in considerable pert due to the
sphearcaees of some oolor in the =getone exlrsot which obsoured the
omd polnt. The grest variation in the smount of unssponifiable megiter
aleo coatributed to the lzck of preeisien. In soss earlier work 1t
hed besn found thot s very sfficient zlumdnum oxide sdecrbent Tor
cholesterol sould be prapered by ignition of beszic slunipum scetute
posder., Accordingly, the unssponifisble matter mas purified by ad-
zorption on slunmine frosm pairolseum ether scolulion and elution of the

adeorbed sstter with other. It was apperent that sll of the sdsorbed



mattar wee not eiluted by the ether, hut the sterol wag recovered {ree
o most of the golored subsirness whieh ianterferesd with the titration.

Py

¥or cowvenience of refereuce the substsnces eluted by the other have
been cxlled thes sdsorbed ungoponifiebls metter. The results obisined
by thiz method (Appendix, page 72}, when sppiied to ihe egee previous-

1y enslyszed, wre slso shown in Teble XI.

TaBLE AX

The (holestercl Content of 8 Uaad in suthentic
slimantery Fastes Ly the Cholesterol
Hbroside~Sodiun Iodide Procadur

Opiginel Hethod
Tetsl  Unsaponis Cholester-
Solids  fiable el iz the

Admorstion Hethod
Total Aizorned Cholepher-
wolids Unsaponi- ol o the

%&mﬁwvﬁwQ
of Semyle

Metber Bplids fiasble Solide
in the Eavter
Solld in the
_ vallds
war cvent per ceat wey csut per cent rer cent por Pand

27 . 4G £.38 Ee B

.47 3.14% 2.15%
37,30 Feld® £ o B0%
.10 2.8
= UMWM....V Ha &

Froven
wholes ogE

48.67 Ged® Ee
e Ge 0

46453 Gefd7 2,97
46. 54 o S0 203
383 3.0

Frozen

E

Q‘hﬂ“ﬁl\”&t‘#ﬁtclk"&'&tﬁW&Nﬁ{”»w&“n."itci

£ Laf36

Chinese
dried
woli

58 Za 56 Le%
37 Za 88 £o85

BE BF WV IF FE O ME €9 KV SH I6S S8 A% S0 Bt B me (WK ¢ NE BE 3 ¥R %3 &

*ubiscted to scid nydrolysiz before saponificstion.

-,

It 1z evident that 1he asdsorption pruvedurs raaetly Inproved the

<

sregision of the unssaponifisble wetier detersinction, thoush ithe lotisr

does not inelude all of the unsaponifisbls mntter. The precision of
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the cholezterol deterainstion is slso zeariedly inproved.

The mbove anelyses were ucde in the spring of LB66. The frozen
wggs were kept oit mbout -10% C., =hile the dried yolk wss stored at
shout 5% €. until subseguent snslyses were wade in the spring of 1340.

The Cholestersl Uontent of Jgaoe by the Precipitetion eghod with

she Oxidstive Ipdometris srucedurs., Ume of the purposes in the developw

ment of the coxlidetive ilodometric yrooedure wes o eliminate the 41fP8-
eulty ssperienced in the Tormer procedure dus to the color in the
acatone solutions of the precipitstes. The adsorption technisjue ree-
dueed thiz isterference considerably but included certain feaiurss 3o
whish objection ocould be peised, The edsorpiion etep wes therafors
eliminated. It wee noted {Tablse XI) in the resulis for the unsaponi-
fiable matter by the originsl method that the pair which had boen b=
teined by an sold hydrolysis velore sasponificetion sgrsed perfeotly,
while the other results varied considersbly. The zofd hydrolysis step
was therefore included in apilying the snew prosodure 3o $the egss previous-
ly examined, with the resulte shown ln Teble Z1I under “Aecid Hydrolysis
Fetnod"Y,

Although the results were very good Tor the cholsslerol deterrine-
tion, the ussaponifisble wnidter method weas still unsstisfeobory. In
the eourae ol thess deterpiuzstions 1% zas noted thet in some csges Jinew
ly divided ¢rlelus soaps suspended in the sther extrscts wers not ene
tirsly renoved by the filstration through cotbon. Thoss were renoved
sy Filfroetion through suliyidrous sodius sulfste, bowever, ol the direet
saponification precedure wog tried with thuis sethod ol Tiltration. The
regults obteined on the sems sagpe weed in thes provious snslyses ure

shown fo Tebile 31T under the besding "Fevisesd Fethod”. Heotween nach
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sories of onzlyses the thewed exggps were refrossn, so the yaristions in
results as between serise mny ve btebken =3 includlng over sll sampling
arrors. On the basis of thess rasults this procedurs {Appendix, pagze

83 ) wes sdopled Tor the Jdeterninstion of the cholwsterol coutent of

egas.

The Cholesterol Tontent of Fges Used in Juthentie
Alimentezy FPzates by the
Cxidstive Iodomeiric Frocedure

:
Deseription : Total fcid isydreolyais Kethod heviged Method
of Sample @ Solids Ynseponifi- Cholester- nssponifi~ Cholsstap-
s whle latiter ol in bl datier el in
b4 in Solidse Solids in lolids Boiids
»
: per cent per cent per cent par cent pay cend
hd
Frozen : 26.91 2a68 Yo7
dﬁﬁ.ﬁlﬁ @@ﬁﬁ: g‘rﬁugl ﬁa?? :’:r'ﬁé
H E.B2 Ea86
486 2o 80

R84 .19
<.88 Za18

26.87

2.78 £.25
2.79 Z.28
2.77 LeB4

£6.73

yolk 456.09 GeBE H
358 2o %7

Ted3 2,97
e 297
2o 8D £498

48,15

98,34
96.968

Se 68 2.4
Su07 279

Chinose
dried yolk

345 2.81
e 3G 2,80

s
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p

5. TR g ar E - o 0§ 1 e g b e iy b p
oo Cholesterol Lonbent of Cownrelel dTosen iign snd #ried fLigis.

Surdng L8936 souples of comowreisl Jroznen egus were colisgted wt agy pooke
ing plegte fo varions perts of $he country by insvectors on the Tield
stoll of the Food and orur sdministrotion, Unitod Stutes Deootuent of
Aorienltars. “hile zaintained in the frozen condition these suuples wera
sept to ¥Weaningtom, . ©., snd wers stored at ebout -10% €. Lue o une
ayolduble circunsionces snelysss of these sunples could not e ede st
the tine. Sinte the rosulis cbinined on the ogse used in the preversileon
of the suthentico allimenitary pegioy zhioved no sigpificant differencss
uwder like storsge condltions Tovr the swme yeriod, s number ol the oo
merelaol samplos wers saslysed by the uew method. In =ddition, ¢ Fow
sauples collected reeently Troz storsse lots of the 1939 psck huve baen
snelysod, sg have aloe several sarmpleos of dried ege yolk. The smount of
cholestercl found in the sollds of coomercinlly broken out egcs will dew
send to & eonsidersble extent on the brosking snd particularly on the
seprrating preotices of ire vericus plunts. Since precitieslily sll of
the fot ond the cholesterol ooeur in the yolk, the aount of tholegtercl
in the et ip & vetter index of the wariction luo the cholegtsrol contend
of agzs fron various reglons thar fe the smount of sholestercl in the
solide. Therefore the f&} by socid hydrolysis hes z2is0 boen determined
o the commeraeial sauples by the A, O, A, C, m@%ﬁmﬁﬁﬂ. the results ol
these anslyses aro tabulsted ipn Tsblee ZITL, XIV 204 IV, The Tigurea

in parentheses are duplionte reapulits obtuined alfter ‘he originsl sample
nsd been re-frozen followling the firet asslysis. Lhey are 20t ineluled
in the aversases. Janple Bo. § of Tebles Y111 has «lso bosn omitted ‘rom
the averages in view of its abnownmelly hish a0liids content Yor whole egg.

This velue {£9.48 por cent) is fury outside the ranpge (25.97 per coent %o



8l in seventy-

28338 par cent )} ooserved by ditoenell, AlPend wad Velall
four samples of comeercielly broken out whole eggs. Otherwise the varige
tlon in ths cholesterol content is ssseniinlly the scoe o8 wes obaerved
by the lastensmod workers Jor other ege yolk copstituents,.

Tho geowmalation of 4dste on the cholsstersl content of cotmersizl
age products heg 5ot baoen cumrried far in the proesant work, partly boe
cauge it is only sinee the 183% sesson closed thet the legel deafinitions
snd 2tendsrds of identity for the warious products ns grmmulg&%@ﬁAlaﬁt
vesr becamg offective. OUpsrations undsr thess standards ey significant-
iy affect the composition of the commereisl eagp produsts snd it has
therefors bosn considered ixadvissble to conplete enelysis of =11 the
old samples oun hand.

The resulis obtained, howsver, dewonstrets seversl inportant facta.
it is evident that ithe choalsstercl content of ceumereially broken out
whole eg:s and yoliks doea not vary too smuch to permit use of the
cholegterol contont of Toode wa an index of the ey content. Horsover,
theo cholesterol content of froven oggs sud dried egy s shows no chnngs on
storege over long perinds. It iz likewise shown thot the cholestersl

gontent of eg.s oo not chenge whon the egss ape dried,



TAZLE XI1X

The Uholesterol Coptesnt of Comercisl Fronen vhols Zgos

: H : ¢ : t !
Bo.: Year (Souree of @ Total :¥at by LcidtUnseponi~:Cholegter-:Cholester-
tPnckediinell Iggpst Solids :Hydrolysie § fisble ¢t ol inm @ ol in
s t {S8tate) 3 ! in Jolids : Xetter 1 Colide ¢ Fat
: : 3 : tin Bolids: .
H 3 fnar cand? per cent ! oper centt per gent o per cent
: H H H H H H
12 1936 ¢ Hebe.-Ian. ¢ 26.84 @ L § ) H 2.75 3 HelB® 2 4.78
8 s "3 ? $ B7.886 3 45.87 H 217 1 Eodd : 4489
3 ® o Calif. T OBTJTE O 48,51 H Z.88 1 .13 H Ao dB
4 2 d t You~hans. 25,81 ¢ 45,63 H 28D 3 2143 H 4T
: : 1 (BH.BB): eme v {2.81) 3 {(2,08) ——
: t : H : $ H
B ® o Ids. t {29.48): (47.18) T (2.01) 3 {2.4%) @t {5.24)
H s s (29.88)1 eew 1 {3.04) 1 (2.48) .
: H H H H H H
6 1 ¥ i Bo.-hans.! 26,85 3 438,81 ¢ B.FF 2 P H 4o B8
‘- i s Calif. % 28.5D 1 48,19 4 gnﬁﬁ : B H ‘5::-39
s H T 1 1) T S—— t (2.48) ¢+ {1.¢9) -
4 b4 H H ? 3 t
23 ™ 1 Colo. ! B6.26 ¢ 4D.04 $ 0 E.BL 0 EW0E 0 ¢ 4.44
N : IR 19 3 1) T S— : {2.88) 3 {(z.01) : -
3 H z H H H H
gt ® 3 Eans, 3 26,51 1 44.93 H 274 ¢ e B0 : 480
: $ I <10 1) T J— to{E.82) 1 (2,08} 4 —
11 158% 1 T P OEYLE? Y 44.30 H fodd 1t L.00 H 4ab3
18 @ L ¢ ? T BB.T3 1 4B.45 3 Z.76 ¢ Lell 3 4,88
i3 ¢ s 3 7 : B2B.48 @ 44415 3 276 3 2.14 H 485
1 H H H H : s
: 3 t H H
Honzimum TOBTLTE » 48.E) H Zel7 ¢ B.23 H %080
Minimum & 2D.48 ¢ 45,82 H Dedd 3 ZoB H 4,39
AVernss I BB.81 ¢ 4B.Z2 H 2.7 3 a1l H 4.4 56
3 H : H H




TaAPLE XTIV

The Cholestercl Content of Conwereisl
Frozen Hgg Yolis

S H : : H t :
Ho.: Yaar tdourse of : Total 1iet by feldriUnssponi-iCholoater-:Cholester-
: PookediShell ngest Sollds:idydrolysis @ Tiasble @ ol iu ool in
z o fdtate) ¢ 1 in Solida ¢ Hatter 1 Solids @ Fat
3 1 : — b 1in Golidal H
: H iper ¢ant pear cent iper cendt o Ler cent 1 ouepr send
H H H H H H L
It 12386 : Tex, : 43.54 : 52,92 T .58 H B a8 H $.81
22 # : HobewIn. § 48,50 ¢ 51,54 1 B.77 H e 1. $ 4478
31 " 1 Calif. ¢ 4B.B0 1 61.89 T B3.58 H 8.86 H 4., 8%
4 3 o t Kenas. : 48,07 ¢ 81,82 T 4,00 H 5.15 H L4
H 3 :ﬁ‘lﬁ.%ﬂﬁt ) 4 {3;?4} H gﬁ;l}-} : -
H H H H H H ¢
5 3 » H K4 t 44,10 2 &0 . 61 § 3,81 H £.80 H 4,82
6 2 " : Ian. : 43,51 3 §l.186 1 B.70 2 B8 ; 4.71
7z e : Mo,-Eans.? 40.43 57 .08 1 3.58 : BTV $ 4.98
8 il t Cplif. T 48.49 1 59.54 t B.49 H £.689 H 4.58
: : {497} —- t {3.26) : {z.88) -
H ] H ] H 3 t
9 ¢ o 3 Yash. Po4l.04 8 58,78 ¢ D.3% H %486 H 4,53
: : 1{41.63): — 1 {&.38) r {£.73) 13 ——
L 4 t H H H H
10 1 il i Ida. $ 43.68 ¢ BG. 00 P B8 H 5,00 H B0
: : :{42.88): —— t (B.43) 3 (2.98) —
H t L] H H : 2
11 : w H Q‘ﬂlﬂm H é&&lﬂ H &').5{} ¥ :&em H 5’3086 : 4073
1g ¢ 4 H kg I 44,87 @ §0.53 s B.88 H Fa.89 H %77
13 & 1839 k4 1 44.41 % o HERG. % 2 B 08 ] -
14 ¢ " 8 ? : A6.11 ¢ 81.08 1 B.486 E 28 H 4,858
18 3 g z P 1 48,78 = L 1 R.48 3 2.89 3 4.78
3 ! 1 ] k) 3 H
b4 : H H H
Hezimum 3 46.11 2 61l.54 3 4.00 3 SelB 5 HelZ
Finiman T 4. 40 Lo Y 3 B.O% H Eebd 3 4058
lversge 1 44.18 @ 60.88 ¢ 3.81 3 Ze88 3 4.77
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FLELE AV

Toe Cholestercl Content of Comsercisl bried Iguos

: ) '

] H : : c H
Ho.t Degerigtion Yesr (douree 1 Total 1 Pat by tUnesspon-iCholes~:iCnoles~
: of Usmple Pre- 31 of 1 Yeolids @ Apid iifisble : tercl : tercl
: tonrediBhell o tHydroly-tEettar : in : iz
: : tiges 3 $ gis in ? in 1Solids @ Fat
: ! 1{Otute)t sO0lide  sMolids 3 i
H H 4 toer oasbipey conttosr contlyper cent jer wcent
H H H : H 4 : H
1 10ried Snolo ¢ 19388i¥o.-ten., V.04 @ 48,78 2 B8 3 DL.80 4481
r  ege* : ] : : : : H
2 1ipied y&l‘ﬁ“ . * Bo.-dan. 97,70 ¢ B7.83 3 F48 1 2.T78 ¢ 481
X ® - 3 1%3%u: ? TOY.E0 t Gl.U8 0 B.48 1 E2,94 1 £.78
£ " " H o3 T VH.08 1 43.99 & T.48 0 2.8l 3 4.77
By ® » T "o K t SB.EBE 1 BOLER 0 .48 @ E.B4 4o B}
: : H 3 3 s H 3
S Booch TOBT.70 1 Bl BH 1 Jl.4B 1 ER.u4 2 4.81
Hiniraw P OUB,E8 1 B7.83 @ Z.45 @ B.7B & 4o B8
hyerase t UBLBE 1 B0.20 1 2447 1 EBT ¢ 4,786
: : : t 2

4, Table AIIX
s Table XIV

*“wﬁ**r&& Yyom the ssne Jof of liguid egs
PFrresared from the sane lot of lisuid yolk

The Stersl Contant of Farinsceous Ingrodismts
ol Alimentary Pestes

Fevies of tho Litersture. Thers sre but a Tew publlahed investlgs-

tioms rogerding the quantizy of stercls fa flowr end sinmilay whest products.
Tl 3 , e e e 7, lﬁ g e s P R L) s e g - o
Tillewmng, Riffart and dubn Tound fros J3.2100 per cent to SL.OESS pery oent
of fres stersl caleulsted zs cholesterol om the dry besis in vheat flour and
. - ‘ PR - - L R - "

srite {Prripa?}. Leulisr ani Crevat — revort 0.038 per cont of sterol in a
soflt suset flour. %mﬁiaxﬁé obteined 0.08% per tent of sterol by sther @f-
traction snd G.115 per cent by bhydrolysis anl then oxtrzetiocn. Willaxt :
u@liﬁfﬁﬁ :ive the free stercl content an the dry besis in sheat flour and
2rits as from 0.0111 per cent to 0.0853 par gent calonlsted as cholesterel.
B4

Cosia~™ found {rowm O.018 per cent 4o 04015 per sent of sterol csiculated
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sz cholestsrol on tha dry basis in four Itslisn senolinss. ﬁﬁﬁmwmnmﬁﬁ
was clted us havin: found 0.034 per eeut of totsal sterel in heord flour snd
Sulliven snd ﬁamﬂﬁg obtalnsd 0.018 per ceunt of total stercl by petrclsum
gther extrsotion of o strmignt herd whest flour.

The Sberol Yontant of Farinacaous ipgredients by the Freselpiiation

“ethod Rosed on fthe Cholestercl Dibromide~Sodiuwe Iodide Recellon. The

eholesterol moethod waa originelly designed for spplication o B0 g. samples
of slinentary rpaates. It ssered posaible thet the unsaponifisdble mstier
might be sxtracted fron such ssmples ofter dirset ssponllicstion sithout
prior extrsetion of ths fat, which 1s » time-consuming proesss asnd re-
grires the wse of arn sutometic extraetor. The szponificetion gould not be
mede direstly but efter e short seld hydrolysis which licueflied the eznple
the alkeline hydrolysie was spplicable. By sdding the elkeli in the form
of pellistas of potsssium hydroxide, the meld wes neutralized »nd srcens
aliell sufficient to produce sbowt = 60 per cent conecentretion in the
liguid phease wes introduced mnd the nixture hested on the stesenm bath o
thres hours, s in the procsfurs on og.s. The ungaponifiasble waltier was
then sxtrscted by » proesdire hased on the modified Kerredorber method,.

To the ungaponifiable matter wes added L0 omg. of choleslterol to provide

the oxcess revuired =y Indiestod by the coprecivitetion studies nnd the
usanl oholeatsrol dibromide precipitedion procedure woe spplied. The
dAifveronnas bhotween the cholsstercl Jound znd thrt sdded revresented the
atersl prosent in the Tlour., This procedure {Apvendix, sage 80) zue
srplied to the flour uwsed in the prepsration of the suthentie zlinen cry
vagter and %0 seversl other whest producte with the results shown isn

Table X¥VI under "Originzl Method®., There sre wlso included under "Adsorpe

tionm Yethod” the results obisinsd by sppliostion of the adsorption process



47

{4prendix, psge 81 ) deseribed in conmsetion with the methods for the
detorminetion of the cholusiterol conteni of ogas.

It is evident frowm the dete thet the sdsorytion nethod ylelds the
gane rasults na the orizinel wethed Tor the steroel sontent, though, 28 is
the czge with egpe, the adsorbed unseponifisble aztter is much lower than
the total unssponifisble metter. These prelimiusry rosulte sloo indicsted
that the stercl contesnt of the various farimseeous ingredisats 4id not

show grest variation.

TABLE XVI

The Sterel Content o Furisscecus Ingrsdients
of Alimentayy Pastes by the Cholesterol
Pibronide-Sodiun JTodlide Frocedure

‘ H 2 H
deseription : Total 2 Orizinal Method 3  Adseorcticon Nethod
of Semple ' Sollds @ Unsaponi- Sterolies 1 Adsorbed  ltereol(ss
H : fiable Cholegter- @ Upasponi-~ Cholestor-
: : Baottar ol) in t  fisble sl) im
3 ! in Splide Solidas ! Hatter HSolide
: : $ ip Solids
t oper cent  per cont nar osnt 1 ey cent rer sant
H : H
Dupum Flour® : t 3
Bateh Ho. L T B6.13 ¢ 3,108 Doy 3 — —
Batdh Ho. & T B6.15 ¢ 0,131 08037 : — -
Bateh Ho. 6 2 BH.A5 2 0,130 - H — -
Ho. 1 Semolina @ 85.48 0.131 0.038 H — -
Standerd Denvline: B85.56 @ (eI B4 D085 : - -
Terzus Parins 1 DB.5B 1 G.1086 U387 H - .
Yboenges Herd Flour: 86,92 : D.113 0028 H — o
Hapd Spring Flour: 88.865 @ G.108 T 033 T 0.588 G5.038
H 3 H

*7lour used in the yreparstion of suthentic alimentery iustes




The Stercl Comtent of Furineceous Incrediente of Authentic Alf-

=zedric Prosedure. With the developuent of the oxidetive iodoumetric

=adhiod which peymite satisfactory c¢holestercl deteruinstions on smallsr
gsmpleg the procedure vas rovised to spply to 10 g. of Clour or alinen-
Saxy wnetes lnstead of the B0 m. previously used. The sample size might
Yo readuced even mors so far as the cholesterol determinstion L& concerned
but the welght of upssponifisble matter would be too swmall $o permit
ressonsbly sceurste determinstions with an ordizary snalyticsl balance.
The unszponifisble matier detsrninztion should be reteined ia this

wethod since 1t s likely to be of yverlue in destegting the szdulterstion
of slimentary pastss.

The semples of the durum flour used in the sutheniic slimentary
pastes znd previously anuliyzad in 1936 as rejorted sbove in Table XVI
hed besn stored since that time in tipbtly cleosed HMeson jers at o temw
pereture of nbout 5° €. The esrlier snslymes indicsted the ssmples to
be identionl. P%hen the new procedurs was spplied to this flour in 1§40
using iﬁ #e ssmples with the asdsorption technigue, slightly lower re-
sulte were obteined then in 1888. That the difference was pot dus to
the method of detsrmining the brozine wus shown by applying the cholester-
ol dibromide-sodiun iodide method. The sene results wers obitnined when
the nex prosadure was applied withoul she adsorption etep, with the adw-
dition of sither 10 ng. or E0 mg. of cholestercl to the unseponifisble
ratter tefore the brominstion snd presipitstion. The results cbisined

in these studles sre shown in Teble XVII.
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TABLY 3VIZ

The Sterol Yoatent of Flour ifter Storece
st 59 C. frow 1936 to LU4s

3 H H :
Apalytical Eethod tCholegterel: Unssponifiedle ¢ Zterel {os 1 looresse
t ndded to : drtter tCholesterel)! in Jtercl
tUnssponifi-~:  in the Solide ¢ im the ' Coutent
table Battertddsorbed Total 300 Solids 11988-1540
H H ' 2
$ END tver cent per cent! per cent 3 per cent
% H ¥ 4
Cholesterol dibromtde- 104 t 3.075 —— % G.081 0 G.O08
sodiwe lodide : H H H
Cholsetereol dibromide-: £ 3 JOTH ~ : 0054 t 0L.003
sodiun iodide H H H :
$ 3 3 3
H : H H
Oxidetive ifodometrie 1G.0 P 0073 o : .08 T DL.0086
»” hd H 10.4 T D075 - 1 GL.0C& T GLD0E
" “ z 10.1 e O 418 3 DR 2 0,005
® » H BOa0 N G.114 3 (. 030 P DL.007
3 $ H 1

The deersase ls m very slight one but otill nay be significant, par-
tioulsxrly in view of the fset that & slicht decreszse in the stercl content
of the wliveatary pastes of ntout the sene order was obssrved under similer
storage conditions. In developing the roevised procedure for the cholester-
ol determinntion e study of the affeet of the verious conditions {(aecid
hydrolysis, ssponificstion, drying, ete.) on cholesterol alone indiosted

that the presence of aleohol during the hydrolysis end saponificstion as

in the original method led to soms losg of the cholastercl. The slechol
was origlnally sdded to decrecse the tendensy of the {lour to lump on o=
dition of the soid, Uowever the lumps sre rosdily broken up by coecosional
sheiing of $he aixfure during the hvdrolysia. Thoush the onission of sle
cohol 1id not produece any noticeable difference in the abercl contand
Tound by the method in cliventery pnstes, i1t vse conpidered sdvisable o

omit it fros the rovised nethod.



‘The Recovery of Cholestercl ‘fdded to Flour by the Revised Hethod.

The revised rethod {Appendixz, page 89) was tested for the recuvery of
cholestereol 2dded to flour. For this purpose the sterel found in 10 z.
seripleos of flour to which cholesterol had been andded wes correseted for the
stercl found in the flour by the ususl method of wdding cholsstercl to the
unsaponifiable natter exstracted Lfrom 10 g. of the flour. The results ore
shown in Table XVIII. The slight ssount of cholasterol not rocovered is
probably lost in the weshing out of the soaps from the ether extveat of
the ssponifiestion mixture. It wss Tound thet the unssponifisbls mnstter
in the smponificstion mixture i1iszelf {s complstely exirscted by the pro~

sedure used.

TABLE XVIII

Recovery of “holesterol Added $o Flour

H 3 H
Cholestercl 2484 : Sterol {(as i #terol in : Cholesterol
To ¥Flour To Unsaponifisble : Cholesterol) : the Flomr : Recoversd
Mattor : Foung H 3
H H H
W i w H Bl H e I mE. per eent
H H H
O 10.0 H 18.% : Le? I - o
1.0 1) ? 12.3 : 2a7 : 9.8 28
20,0 Q H 2.1 : 2.7 $11%.4 a9
H 3 3

Tho Stercl Content of Farinaceous Insredisnts Comnercielly Used in

Alinsntary Yssates by the Revised Hethod. The revised cothod wes spslied to

he lesterzination of the sterol content of semples of flour, durum flour
znd sexncline sotuslily in use commercially in ithe mepufecture of alimentary
wastes. These zomples ere collected a2t factories in verious perts of the

United States by insvectors on the ‘ield staff of the Food =nd Drup Admip-



istration. The results are tabulsied in Table XIi. The walues for the
fat by acid hydrolysis on these samples are taien from reports by snalysis
in the {1eld stations of the Food and Drug Administration.

The sterol content of the farinseecus ingredisnts shows little varia-
tion znd the sverage ig quite low, thus desressing the uneertsinty in &p-
plying & correction factor in the csiculation of the sgs content of ali-

mentary pastes.
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TABLE XIX

Hyercel Content of Faripsceous Ingredients

of Conmereicl Alirentzry Pesles

52

: H 3 : : t
Ho.: Degorinstion of : Totsl iUnsaponi-:fSterol{as :¥ny by dcidiStereol in
H Sauple 1 Selids ¥ fisble iCholasterol)iiydrolysis 7at
H H t Matter 1 in Solids tin Solids 3
H - xinm Poplids: : H «
3 pper cantiyper cent ! per cent 1 per cent  iper cent
H H t H H 4
1 & Durun fleur 1 87,898 + 0.10 : 0. O8R H ] H 9%
M H " ad H mm.mwnmwm b4 “UiH.M: u Qogg H M..imwnw z Htmm
3o w " D B7.885 1 0.1 : 0,028 : £2.50 : L.O0
4 3 * " s BRL.,B8 ¢+ 0.11 H QL0287 H 2o 47 s 1.08
53 " " T 88.88 1 $.10 H G.0RE : 1.88 : l.21
6 b " : B0 @ G.10 : U281 H -~ H -
7o d o t 88,74 : 0.12 H G085 3 L.88 t l.1%
81 " b t BB.54 .10 H JO81 H 1.43 3 1.09
9 oy z b P B%.1E 1 0.10 L .08 : 1.59 P 1.8
10 3 " i T 88,14 ¢ 0.1% s CeORB z 2,08 T 1.80
11 : kad # 1 89.64 ¢ 0.10 H G088 1S 1.84 T Ol.20
HM 3 " " 3 mwmnuwb H mwf.MMm : mutmwww : Mw‘& . .M.QM«N
13 : Semolins toas.ss 2 0,10 : G.08%L H ——— 2 —
14 ¢ " s B8.A 3 0.12 H DG83 b4 1.8 T 1.27
18 3 * t BE.EE 1 $.11 H 3088 H 1.43 : l.61
16 3 » 3 8%.87 @ 0.11 H (.083 : — H -
17 : hid f B9,96 (.10 H GOk : Ted0 H JHE
18 @ " t BRYE 1 0.L10 H V.085 : 1.76 : l.31
19 : Flour : 1 0.0 : Do ED : 1.98 t l.26
20 3 w : 88,40 1 D14 H 0.044 : 2,15 I 2.05
o3 ” P ET.IE ¢ RWJAD H Q.24 H 1L.76 0 1l.38
22 1 b T 88,54 ¢ 3,10 t DL.085 : 2.08 T l.28
23 2 h I OBG,.%% : Mwsu.mw H R H 331 : 1.47
24 2 * $ a8.31 @ 0,10 t D021 : 1.73 : l.21
H 3 H b 8 5
H [ 3 H :
Beximgm P B8,88 @ Q.le : e 44 : 2,50 HE A 1
SHininuam D B6.83 1 2.10 : GL.ORL : 1.48 H 52
Arerage PS¢ 0.11 H Do JELD b 200 I 1.E8
: H : 3 1
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Toe Sterol Content of Alimenityry Festes
as sn Indem of the Egy Content

40

Heview of the Litersiure. Popp”™ reported briefly on the sessibilisy

of using Yindaus® cholesterel dibreside resction lor sstineting the egu
content of elinontery pustes but gave no dsta. Gapgsmb@rgg? published a
note dezeribing & rrocedurs whieh involved welghing the cholegiarol ex-
tragted from 400 to 300 g. suuples of noodles but also feilad to zive eny
date. Ho further work on this subjeet spresresd until 1830 when Tillzana,

iz

HFitlert and Suha™™ published $he micro zethod bssed on an sdapistion of

.4 Ly . - Y
the ﬁﬁant~6yargyi£5 srecedure. This method was disvussed sbove. Soldl

- & , \ . .
and Teatore 8 reporsed & colorinetrie nethod epplicable to azproxinate

estination of ‘3” ezg coutent of »lizentery postes. RITert and i@liﬁrﬁﬁ
sonsidersbly improved the oxidative digitonin precedure sg zupplied to
nondles by adapting the ?ﬁaﬁdaag modification to thess products. They
&iso devissd & coloriznetric procsdure whiech peve spod resulis in thelr
hends, bat s handicappod by sn inconvsnient color messursment which must
te mude =t frequent intervals over periods up to sn hour to deternine the
maXisun. Riuaﬁﬁg pegaed ﬁa@tmﬁé hove applied s corbinstior of the sterel snd
lipoid phosvhorus determinations o climentery pesies for deteeting sdul-
toration of the latiter with plant laecithing. ?@rriarﬁﬁ diaoussad d1005i~
enrities encountersd in spplyime s gravimesrie digitonin wethad to the
sutivation of the cholegterol in ege poates. aunﬂaquﬁntiy'T@rri@r&
deseribed the method provicusly commented upon «hieh devends on the loas

in welght of $he digitonide preeivitete obgerved on decomposing the nolsocu~

lar compound with boiling xylens, this loas representing sholeesterel.

The Sterol Yontent sud Lgy Contest of suthentie islimentery IFuzles

by the Peacipisation Hetheod Zazed on the Uholestercl Dibroside~lodiun

fodide Rosction. In 1936 H. A. Leprer of the Food and Dpue hdministrs-

tinan narveonnlly supervized ihe preperation of v series of limentery



pastes of varlous known oy contonts by usuel commercisl nethods a2t the
plant of A, Yerega's Jons, Ino., Brooklyam, Hew York. & susery of his re-
port of the preoparetion of these noodles is given in the Appendiz, page 91.
« The setusl egg solids sontent of the noodles wssg celoulsated frouw the
solide content of the egs produets snd flour used zs given shove in Toables
X1 and XVI respectively. The woricus produets wers identified by bateh
nusbers., The liguid egue used were freshly broken. ISamples of these for
snelysie were frozen Tor preservetion znd ere so designsted in Tuble XI.
The sterol content of the authentie alimentsry pastes wes deternined
by the originnl method (iprendix, pege 80) =ad for r few ssmples by the
sdsorption zethod (Appendix, psge 81 ). The results of the enalysis ere
ghown in Table XX. In Table XXI are the percentuzes of egg solids found

ng oaleulsted Pron the seunsrsl forwula
g . (8200100

in whiieh E = $he pervcentase of egy solide in the hotsl solids of the semple

o
2

the porcentage of stercl in the totzl smollds of the sample

B = the average percsntege of cholestercl in the agg szollds used

£ = the aversge perceustsue ol szterol in the totsl solids of Ilour.
The veives ugad in the progsent calouistions are tre averag s velues Tound by

the respective methods in the sgios wpd flour, Tebles XI sand XVI respectively.
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TAHLE X

OB

Steral Yontent of Authsntice Alimentery Psstse by the

Cholesterol Sibremide~iodiun Iodide Froesdure

Bateh: Total :__ Originel Method t sduorption Nethod
No. @ Solids 1Unseponi~ :Sterel {as :idsorbed Unsapomi~ :itercl (as
t : fiable :Cholesterol): fisble Letter :Chelesterol)
H ; ¥attar 1 in dolids @ in Solids t in dolids
: 1in dolide @ H H
tper vontiper cent ! uer cant T ser eont 5} per cent
t 3 3 3 -
Lo 88,99 3 .13 : OaES H - H -
2 1 88,831 D83 H 3. 183 2 - 3 -
b S 63,68 030 : Cul8? b4 U B4% H 0.197
4 1 8B,7E 1 J.45 3 . 381 : D389 H 0. 330
5 1 O0.21 G380 : D B77 H — : -
g¥ 3 RY.EL 2 D58 H G577 y — be D
8 25.88 1 D27 H D.180 : D.218 i 20160
7 o 88,18 : D.39 3 e g z e SED : D.876
B¥*: 88,89 1 0.31 ¢ 0.181 3 — : -
g**: 59,383 : d.14 H D040 H - b4 —
10%%%; 59,80 CalB : G058 H - 3 -~
1L : 80.97 0. 29 H 0.186 : De BEG H 3,188
: 3 H : H

F10 grem semple used instead of 0 pram sesple used in other casss
**oontaing sdded carotene in oil
“*¥Contoing sdded Vits~Fro {commercial esrotsne in oil preparsztion)




TABLE XXX

Egg Content of Agthentic Allvenmtery Pastes by the
holestercl Hibroside-Sodiun Iodide Procsdure

BatehtleseriptioniEan Solida: Original Hethod . Adgorption Hethod
Ho. 1 of Bgge ¢ Present ! Egg Solids Egg Solida:Zge Solids Egy Selids
t Used tin Totel @ in Tetal Tesoveraed 1in Totsl Fooovered
H : Solids 7 Solids ! Boiida
3 3 t {found) _ : {Tound)
3 t per cent ! per cend per gsept @I oper cent ner sent
H t H :
- - H Qe H Tald —— H —— -
2 Wroph yolk 3.1 s A 24 H —— o
g " = H b : B.d 96 4 D.4 9B
% 3 o - H 1.3 4 Fu 8 28 H 10.0 o7
5 ¢ % " t 1B.2 1 1l.8 24 H — -
6 1Fresh whols! Beb 1 Bal a8 H Sa6 100
T eRy ] H H
7 t¥resh wholer 11.3 t LOL7 ) s 1G.8 96
P egy H : 4
8%  1¥ypssh yolk @ 5.2 : 8.2 100 H — -
9" _ . — : G0 3 Dl —— 3 e o
10%* N~ 1 0.0 I 0.0 - H —— -
ii iChinese H Sal 3 el o H B.8 9B
3 dried yolki 3 3
Pr— 3 : A . — :’. e :

* Contzine sdded carcteme in oil
** Contuine wdded Vita-Pro {scoumercial e¢srotene in oil prepsration)

It ia evident that the mothod yields guite satisfuetory resulis for the
detersinetion of the cgg solids osontasnt of slimentary pustes over a wide
ranpge of composition.

The prosont tentatlive method for determiniag whether sn egsn noodle
enpntains wiole ezy eolids or volk solids iz gliven in the Eeithoda of ifnslysis
of the fspeestion of OfTiclsl SAgrieultursl Chermisgts, Third Eﬁitien%g. This
wethod has not besn entirely sstisfuctory snd progress has deen msde on the
improvement of the metbod. lowever this work has not been completed and is

v gubject for lster reporting.



The Sterol Content and g Comtent of Authentic Alimentary Fustes

by the Revised Lethod., The suthentic climentayy psstes prepesred in 1836
& & M

have besn stored since that tims in csrdboard certons in = congtant Lok
pernture room a3 5% €. Although it will be recessary eventually to test
the revised method {Apypendix, page 89 ) using a series of freshly pre=
pured noodles of known eomposition, 1t bie wot bese vonsldered sdvissble
1o go to the necessary srpsnee st this time, in view of the set thst noew
legel stenderds for noodles szre now under cousliderastion., It iz siso do-
sireble thet work be completed on othar deterainsdions, auck s the crude
slvumen nitrozen mothod, befores such o series of authentic nocdles is pre-
pared. fowever the applliention of the revised methoed %o the nuthentie
zlinentsry pustes yrepared in 1936 csn be used to tess its socursey in

the sstization of the egy sclids. The method »te sprlied to these asemples,
with the resulls shown in Teble ZXIT. It wus shown sbove tost s 2light
deeresse in ths sterol content of the flour used ln these canpinsg had og-
curred under like conditions of storsge. For the purposs of deterxining
the recovery of ogg selids by the revised nethod, the cslculstlions by the
general formuls given above wwré nade, teking the sberol content ol 1,031
per cent for the flour ss detercined by the revissd method and the sversse
steorol oomtsnt of the egus used ze determined by the azsme metiod, The ree
sovery of ogs solids sppears %o be aonavhat better by the revised method.
In an alimentary paate of low »gg content prepzred with & Tlour of sigher
than avsraze sterol content {(the osse in the present series) the cholsatar-
ol conteont msy spuroseh the minimas oxe to ome ratic of cholasterol to
sitosterol resuired woeording to the coprecipitation studliea. 1t $s thera-
fore sdvisable in the cmse of samples below the standerd irn egr eontent to

234 10 myg. of cholesterol to the unsaponifisbls =atter befors tre dibrov-



ide preeipitation. In the apyplioction of the nethod prasticsmlly to
semples of unkunown eomposition the sdvigability ¢f adding the coolestercl
ean be judged from the sontent of unsaponilisble natier. The :rosence of
less than the 0.27 per cent of unseponifieble matter Tound in o stundard
whole sgg noodle may be tsken aw s gulde. The stsrol contout obisnined in
the case of Hateh Humber 2 iz this series iz noted to be somsrbat hizhey
whan cholesterol iz sdded before the pregipitation, though the effest on

the indieeted ogo comtent is »ot of ssricus congesusnoe Irom n practical

gtandpoint.
TABLE ¥XIX
The Sterol Content nnd gy Content of suthentie
Alimentery Fastes by the Hevised ¥ethod
: H : H H 3 H
Brtch:Desexiption: Totel :R¥pe SolldssUnsaponi-iiterol(as 1 Rgg @ Zag
No. ¢ of Dges @ Solids : Present @ fisble :Cholester-:d lids:Solids
i Uzed 2 tin Total  Matter iel) in ! in  Recovered
: H P Soiids H in ¢ Totel tToral 3
H t p : Totel : Holids 18olidae:
1 1 H : Balids {found):
H tper oontl rer sent ioer oent @ per cent Inercent ey osnt
H H H H H : H
o - T B7.65 1 G0 t 0L.1E 1 D,08% [ PS4 —
# 1¥yesh yolk 1 B7.327 1 Geld 1 .22 : 0,112 T B8 G0
¥ 3 = " } BY.EP 3.1 ! 0.EE 1 0.118 1 Bl 2 §7
& 3 0" » PO87.85 3 Bab P D.31 r (.138 t 5.5 2 G
4  ® ’ 1 HT7.6E2 1 10,3 t D47 s D331 t iC.2 2 G5
& 3 © " 1 BB.OT ¢ Li.E t 0.5BS 1 (.508 P Ol2.5 3 108
& :1Presh whole 7 L6 1 58 o 0.B7 : D.154 1 D.86 ¢ 100
t ege : H § H : :
7 ;0% " ®oor 27,183 ¢ 11.3 T D.40 T Q.E87 : 10.7 @ h
%% srresh yvolk ¢ B886.92 &1 5.2 T 0.3 3 0181 ¢ 5.8 ¢ 108
g . - T 87.08 ¢ 0.0 To0W1B 3 0.040 3 DWB o
1O%EE, - I OE7.80 ¢ 0.0 LS ¢ T - T T RS 3 T T PV N —
11 :Chinese drisd 97.44 1 e 1 .80 3 D.18 i Da.d ot S
P gedk : : : ! 3 :
* 10 mg. of cholssterol added to the umsaponifladle nstter vefore precipitas
ticn

** Containe sdded carotene in oil
BXE Contsins added Vite-Pro {(commersinl caroteme in oil prepmration)



The sbows rosulie sre suafficient $o show thed the revised nethod lvee
8 zood precovery of the ege solids in limsntury pestes over o wide ringe of
composition. Thisz nmethod doos not rogules sny resgents whiolx sre unduly
difficult or vrpensive to obieln iz o smilafootory stute of purity nor any
apperatus 10t nornally aveilasble in the ool laborstory. loreover, sioee
the detersinstion is not sensitive Lo slight wvaristions in sondidions and
involwas wo ususual maniulstive opervtiona, 1% ie believed that the zethod
will give good resulis not only in the handa of suslysts inexpericnosd in
ite upe but elso in ddffsrent laboratories, Tentztive Yormilzs for the
gienlotion of the eg: eoutent Trow ihe sterol sontent of mlimentary vwsiates
sre given in the Apreudix, poge 2.

The ¥f'Tset of Ltorage on the Stercl Contont end Indicoted
Bigs Contont of Alinmentsry Featos

It wue pointad vut sbove that one of the ehiefl dissdvanteces in the use
of the lipold phosphorus ss an iadex of the egg sountent of novilas una ks
dasresse in the lipoid phosphorus content on sto¥agg., The results siven
in Tubles XX snd ZiXX are en Iniiestion that the aterol content of ali-
moptary pagtes Jdoes not decresze $o n geriocus srtent on four years® storhae
at % C, An oven movs severs test suleh Ty bs erxpscted to have s fer uore
drestie afffeet on the noodles than suy storsgs conditions coneelivably to be
ensountered in proctice huas nlac besn wede. The sround ssuples of soodlaoe
yrepared for sonslysie in Appril, 1538, were Rept in closed YNeson Jjors undsy
lebhoretory sonditions wntil Maxek, 1940, during which times they had been
srposed to the high tempsrstures preveiling in ¥ashiagton for four suugers.
Taose samples hed developsd u strong, musty odor. +“hen suelysed at the
wnd of this tims by the revised wethod, the senples stowed the sterol con~-

tonts indiested ipn Tables FIXIX.



TABLE XXIXX

PTre Stoarocl Content and Isdiosted Fuo Contsnt of Authentic
Alimentary Vastes After Four Yaasrs® Siorage
&t Roow Temsersiure

H t : : s : H
Buatobs Deseription: Total @ Bgp  :Unsaponi-siteroll{us & EBgg  : Zge
Ho. ¢ of Eges ¢ Solids 310olide @ fisble :Cholsster~i3olids @ Solids
3 Used 3 iPresent: dstter : ol) in % in : Ro-
H : t ia  iin Total 1 Total iTotal covered
] : : Total @ Bolids @ Dolids t&8plide @
3 : tSolids 1 3 s{found)?
H oer cendipereontt poy cends ter cent tperesntiver ceut
H 3 H H H H H
1 - I OS0.B3 v Q.0 i Ge18 1 0L03D 1 00 3 ——
£  tiresh yolks: 90.4% t 3,1 ¢ DeBE 1 {.107 P 2.4 3 77
g% ¢ = 1 80.4% ¢t B,1 5 0.28 1 0,116 3 2.7 87
F ¢ 0® " I OE2.87 ! B.& 1 G832 ¢ 0.1%0 : B2 : g3
4 3 " " T BBLEE 10,5 : A7 3 D.328 : 9.9 96
5 @ % * 1 2l.086 @ 18.2 ¢ D.58 1 0.8%1 t 18.1 ¢ 43¢
& Fresh whole: 90,30 : 5.8 3 Q.27 ¢+ 0.151 P D.2 g g3
L - did H H H : K H
7 tFpresh whole: H9.19 : 11.3 13 D.40 1 0.567 } 10.8 ¢ G5
: egg t H ;) H : H
8%% . Tpegh yolk 1 90.86 ¢ S.8 3 0.38 1 0.188 @ S, o 88
GFE ¢ e POERJTO 0,0 & OJl4 o 0036 1 0.0 1 --
10¥** o — T B9.88 1 0.0 ¢ BJA3 3 0.08% 1 0.0 3 —
11 :Chineze dried 91,04 ¢ 2,5 ¢ Da2% & C.177 I B g3
o yolk : : : : : ¢

* 10 mg. of cholestercl mided to the unzeponifiable wetter hofors prew
cipitztion
*%* Contains sdded caroteue in oil
#2¥ contuing sdded Vite-Pro {cormercial csrotene in oil preprration)

Trhe indicated epw content bas been czliculated by ths generzl formilse,
taring the sversqco gtercl content of the agae used zs delerained by the re-
vigad snethod bul taking oy the sterol contont ¢f the flour the origipal
value of .07 percent found in 1338, This zivos the adinimur ege solide
content on the basis of the ztercl contont. 1% 18 notad thnt oven under
these exirens conditions prootienlly sll of the sterol originelly present
enn be roecovered. 1% ig morthy of note thst in both series of determina-

tions medo in 1940 the ohlel loss of stercl ssens Yo be due to ths sterols



of the flour.

It was shown sbove thst the asterol content of frozon eoggs does not
change on prolonged storsge and that the atercl content of liquid egge
doed mot change oo drying. Erqm the standpolint of rsgulatory opsrations,
thorefore, it can be coneluded that the stercl comtent of a ssmple of
alizentary puste is esssptially independent of the type of egps used,

fresh, frozen or dried, and of the conditions of storage.



FAPERTNENTAL PART

The Procedurs Used in the Gosvisetric and SArgentometrio
Studies of the Cholsstercl Dibromide Progipitotion

The Srominstion sud Preelplitetion Frocedure. The choleaterel in a

2% % 150 ma. teet tube was dissolved in B ml. of snhydyrous sther and the
gselution waz coolad in a bath to the desired tompersturs. Yo the solu~
tion wes sdded 0.8 ml. of a solution of bromins in cerbon tetrrachloride.
After the solution had been im the bath 10 min. there wanz added 10 ml,.
of scetic seid sclution (4 vol. of gimelal zeetic seid + 1 wol., of water),
sleo oocled to the buth tempersiture, and the wizxturs wes vigorously
ztivred. &fter B min. the precinttets wms filtered with suction, wasshed
ones with B ml. of the atetie neid solution nt the bath teupersture and
then with water until tue weshings were noutral to litmus. For the
grovimstric determinations the filtration ss mode on 2 tared Jens G4
sinterad glsss crucible; the preciplitate was dried first in vacuc ovex
sulfurie oeld and then by sspirstion with dry z2ir to conztent wealght.

The fSrgentosetric Method. In the inisial development of the argentoe

metrie method s sample of cholestercl dibromide was ussd whiosh hed bveen
propered sceording to L&f@chaﬁm’v and Tound Yo contaip 27 .48 ver cent and
27 .47 per cant of bromine in duplicete detersinstions on 0.3 g. samples
by the Duln®® modificstion of the Utesenow ® sodium raduction wethod. In

the first argentosstric procedure used on the sami-micero sesle smmples of

the above prepsration were digsaolved in sthereslicohol zmixtures znd eveporated
after atdition of J.3 ml, of 50 par cent podossium hydroxide solution. The
residue wus trested with 2 =l. of 20 per ¢ent potassium blosrbonate solu-~

tion and the reaidus after cvaporation wns ignited for 30 min. at 5009,
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The ssh o83 teaken up in woter, the solusiom filtered and sfter soldilylng
allighily with scetlie acid ihe bromide iz the filtrate wes titrated with
.01 nilver nitrate, using 1 drop of U.0 per cent sosin ws indiestor. The
broming found in the above sonple wap 27,37 per cent.e It was luter found
unnecsgrery vo ignite or Uilter the residue Irow the alisline hydrolysis
sud the siszplified procedurs as desceribed below was mégy@ed.

The cholesterel dibrvmide precipitsts obtained sns deseribed sbove waa
dissclved from the filter with ether apd sloohol snd the solution received
in 2 125 ml, Eriemceyer Tilssk. #f%er addition of 0.3 ml. of 53 per cent
potuasiwe hydroxide the nlxture wes eveporsted om the steam bath., Tre
rogidoe wes taken up in 40 nl. of water and 4 wl, of 1B per cent acetis
reld wos added. To the splution wes added B ml. of 0.01 N potussiun
broeide solution and the bDromide was titroted with .01 X silver nitrste
using 1 drop of 0.0 per cent eosin sclution as iudicstor. The titer wusg
gorreaiad Tor the sdded bromide snd 2 blank deteruinztion onm the pas ents.

The kxperizental Yaits Used in the Construction
o Flsure 1

The Fhytosterols Ysed in the Copregisitstion Studise, The phyto-

stercls wer: isoleted fyrom wheat georsn oil xindly furnished by Dr. decsrie
¥o. Jumieson, ©f ihe United Stotes Dspartoent of Agriculiure, using es-
santislly the procedurs of Jnderson, Yoriner and ﬁuxr61¢ Two prepsrations
hnd pespectively melting colnts of 1379-138% and 1309-139%, specific rots-
ioms {chloroform, 20%) of -87° snd -£7.7%, 2nd contained 2.50 per cent nnd
07 per csut of water. In spite of the glight 4Aiffersnces in propertiss
these two phytogterel prepareations showed 1o significant differencss in the
copreeisitotion studier. fssuning the wvalldity of the Anderson and

Hebenhauer formulie, those phybosterols conteined aprroximstely 15 jer



cont of dihydrositostercl.

The Copreeipitstion of holesterol snd Faytostercl Dibromides.
Hirxtures of cholestersl sad phytosterol were brominsted, the dibroumide
rpreeipitated and the bromine in the precipitetes deterained by the pro-
cedure deseribed in the Appendix, pege 76. The weight of the stercl pre-
giplitate was celoulsted ss cholesterol from the titer using the factor
2.18. The date used in the construction of Flgure 1 are sbown in Table
XXIV.
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TABLE XXIV

Dmte Used in the Consiruction of Fipure 1

3 : :
holesterol 1t Fhytosterol @ Titer H Stercol Preoinitated
t 1 001 K Raglalx ¢ Caloulsted as Cholesterocl
: H 3 {2,186 x Titer)
e H Bl . H 3 H il
¢ H 3
5] : 0 ' 1.78 H Sul
w s b [ 177 : 3.8
S : ] 4 .23 H 7l
s s " : J.34 H Tl
3 : 18 : 4. 863 : 10.0
d H " H 4.38 H Gedk
5 : 15 : HettB : 1i.8
" H b b4 Dol 2 11.7
S S £ H 6,85 H 14.5
* : ¥ H 7.05 H 18.8
i¢ t ] H 4410 : 8.9
" : " : 4.11 2 B.9
10 H 5 3 BTG t 12.5
1o H 10 H 7 .45 ] 15,2
» 3 " 3 7 « &8 i 16.2
10 H 18 H B.98 3 19.4
® : - H G.01 H 1%.4
" t e H 5.88 H 19.8
10 : 20 H 10.54 H 2241
L H " H 10.40 ] EBek
10 H 2% s 10.96 H 23.8
10 : 30 H 12.74 H 27 .5
a0 H o : 8.83 H 18,8
ook : 10 H 11.%5 H £0.8
20 : 20 H 18.42 : 38.3
20 H 0 : 18.78 H 40,8
o H 15 H EW26 H 449
O ¢ 20 : 4al8 H %0
s : 25 s 08 $ 13.1
3 H 30 H W03 H 7.8
H : 3

The Procedure for Presparing Fure Cholestercl bromide
end Fure Cholestercl

Freperstion of Pure Chelestsrol Udbromide. The prosedurs is desaribed

a2 epplied o 2 g. of cholestercl. The cholestercl in 10 nl. of carbon

totrachloride ig cooled in ige until the soluticn starts to congesl. There
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is pdded slowly from a burette wnile the mixture ligueiies but is 2ept
ecool the solution of bromine in earbon tetrschloride (0.5 to 0.4 ¢. of
romise per ml., deterzined by titration) uwntil nn sxcess of 0.8 ml. over
the caleoulsted amount theoretically reculred hes been sdded. The clesy
golution i3 eocled in ice water Tor 19 min. and 70 to 40 nl. of petroleun
ether ot -10° to 157 is added. The mixture iz vizovously stirred for
sbout 2 min. while kept et -10Y, filtered repidly with suction on » Jena
G3 £ilter snd the precipliste washed uptlil wiite with petroleum ether st
sbout -10Y. The precipitests is presased down hord to romove syvess solvent
and dry sir is drewn through until the filier and precipitate heave etinined
aspproxinately room temversdure. The precipitste is bDroken up end dried to
sonstant weizbt in & vasuum over shoephorus pentoxide. It i3 kept over
rhosphorus ypentoxide in z iesicestor protested from the light. On the
sbove sosle the yield is sbhoud LB 2. of cholestercol dibrouide =eliing
clonr et 114.49-114.8° {correctel) followed by decozvosition. This pro=
duet wea found to contaln 29,26 per cent, 29.%56 per ceant, Z5.49 per cent

* bromine in triplicate determipstions om nsero cusntitiess by ssting

with potessiuvz hydroxide snd spoplying the Volhexd method. Ey the oxide-

g

tive iodometric method on the madro sesle guadruplicate determinations
milcated LD.LE pey econt, ZU.20 per cent, L8.55 per eant and 25.80 per
eznt of browine. Fesulte obtuinsd on seni-micro guantities were piven in
Table VIIL.

Freveyetion of Pures Cholestierel. Pure cholestercl gsg prespared from

1% . of the wure cholesterol dibronide. Ihe didbremide was dimsolved in a
1itexr of ncetone at room temperature, 52 ;. of sodium jodide wes odded »ud
the selution @wg silowad to ateand over-night., The lodins wog reduced =ith

n 5lisht excess of solium thiosulphate solution ond the mixture weag diluted
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to sbout 2.5 1. with water. The white procipitste wez filtered off and
wnshed coplously with water. The produet was reerystallived from znleochol
{twice) %o constant melting point snd dried to constant welght cver phog-
phorus pentoxide in en Abderhalder drier wmith boiling toluene in the heute
ing chexber, The yield was 8.0 g. melting st 148.09-148.8° {corrected),
corresponding to 87 per cent on the bhasis of the dibromide used znd 8% per
vent on the basis of ihe originmsl cholesterxol {15 g.) used in preparing

$the dibromide.



TUKMATY

The need for & vethod for the deteminetion of ths eg: content of
alimentary pestes hes boen discussed.

The fzetors iavelved in the sdoption of 2 method dssed on u cholester-
ol deterninztion huve besn stated »nd zvailaebls methods have heen consider-
ad in the 1ight of such Tsotors.

A astudy of the counditlong necesmery for the bhrominstion of sholester
ol and preeipitation of cholesterol dibromide zs the basie of 2 guantite-
tive determinetion of cholesterol hus bveen made.

An lcdomedric method for the deteminntion of cholestersl bmsed on
the cholesternl dibromids precipitation snd the weuction betwsen cholestorw
ol didromide and zodium lodide in zcetone hes been developed nnd applied
te the satimstion of the sterel consent of agis, {lour sad slinentery
pastos.

The interference of wvhent phytosterols in ihe deterainztion of
¢holeaterol by the cholesterol dibromide precipiistiocn method Bus besn
studied.

A method for the pruparation of ure cholesterel dibromide hes
bewen Jdevelopsd nnd cholestercl has been purified theraby.

én iodomeiric method for the determination of cholesterol basged on
tie cholestercl dibrowide preeipitstion und the spplicetion of the
van der MHoulsn oxidetive brouine determinetion hus been develeoped. This
wothed hee boen applled to the detemmisstion of the sternl comitent of
egis, Tlour mnd aliﬁeﬁt&ry pagtes.

It hes bsen shown that the aterol content of the 20lids iy not

chonged by lons storere of ogas in the Droren condition nor by the come
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mereisl process of preparing dyied egus.

The stercl content of = number of sumples of cosmmercially prepared
frozen sges and dried sgus spd of farinacecus ingredients used conmerciale
1y in alimentsyy paotes huas been determined.

The sterol conteut of alimentery psstes has been shomn to be a useful
index of the egz coutent.

It hes been cstablished that the sterol content of allmentery psstes

does not deeresse msieriglly on long storage at ordimsry temperctures.



70

ATPENDLE

The Determiunstion of the itercl Conbent of Egis Deased on the
Cholestercl Uibvromide-Sedium lodide Hsection

Lriginel Hethod.

Ungeponifiable Xutter

Teongzente

Soncentrated potessiun hydroxide solution. Iissclve 80 g. of re-
agpent-gueallity potessius hydroxide in 40 g. of water.

Aloohol., Beapsnte-quelity sthyl alzohol, spproximstely 85 per sent
by volume.

Ether. ZEther U, 8. F.

Dilute potassium hydroxide zolution. Dissolve 11.2 3. of reagent-
suality sotsssiuz hkydrozide in 1 1. of water.

Dilute Bydroshlorie soid. Dilute ons volume of hydroghlorie acid
Ve Ge P with Tour volumes of water.

Fhouoslphthalein solution. & 1 per cent solution of phenoliphibelein
in slochol.

Apraretus

veparatory Tunnel. & 00 ml. seperatory funnel, ether-tight when
the stopsock 1z lubriczted with water.

Irlemueyer flusss. One of 125 nl. espacity snd one of 300 ml.
capadlty.

Tegy tubea. Two, 25 x 150 mum.

Centrifuse bottlea. Teo 8 oz, nursing bottles.

Progsure siphon. & two-hole rubver stopper to it the 8 os=.

nursing votdles, 2quipred with o pressure bulb apnd & siphon tubs of L um,
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bLare.,
Deterudnation
() Dried Xgps. Weigh cocurstely into m 185 nl, Erisuseyer flask

aporoxinstely L z. of yolk o l.0 g. of w#hole exy. Nofsden with 1 md.
b 3

3

ol weter sud sdd 5 ml. of concontrated potsgeliun hydroxide solution.

&

Cover with » savsll weatoh gloss erd hesd U hours on the atess bath,
irling oeczsionsally o disintegrete sny lumps. Cool to sbout ﬁ@”, sdd
&3 mle of mleghol ond swirl until the iusoluble matter lg finely dis-
porssd. #4344 50 ml. of sther, nix thoroughly and transier to the separa-
tory funuel. Vash the {lesk wlth two mors 50 ml. portiouns of ether, add
to the separstory funnel asnd thoroughly mix the other solutions by
euiriing. Veah the ssponification flask with 100 ml. of dilute potas-
giusn hydroxide solution snd pour into the separatory funael in a slow,
steady atrean while swirling the liguid gently. aAllow the liguids to
separste {about 10 =min.) =pd slowly drew off us mueh of the soap solution
ag pesaible, iancluding sny ewell quasntity of emulsion, into & nursing
bottle. &44 U oml. of ether to the somp solutlon, ¢lose the botile
tigntly with & soft moistened cork cud shsis wvigorously. Centrifuge
snd braasfer $he ather layer to the sepurstory Nuunel se completely as
voszible using he prsssure sipnon withowl blowing over sn excesslve
suentity of asoep solution. doabh the ether solution wlith suovessive 100
mle portions of the dilute potzesiux hydroxide solution as before until
the woghlings boosone not nore than slightly turbid on apidifying with
hydrophlorie sald. Heah the ethar solultlon free of aikelil {n like menner
with 30 ml. cortions of water {test with phenolphthalein sclution). The
total volune of ether ghould be sninteined abowe 150 mi. by adding wmore

zther 17 necesscxy. Trensfer tie other solution cusntitatively thwough



e pledoet of cotton in the sten of the fuanel $o = 00 ml. Erlenmeyer
{issk eontsining & suall plece of poreslsin, washing the Tubusl with 10,
%, % ml. portions of ether. Evaporate or distil the ether %o dryness on
the stesm bath (osution!) snd dry the residue for 0 mie. a2t 130%108%.
ifver the flssk hes cooled trensior the pesidue %o $he seighed taest tube
uning four 10 ml, portioss of ether. (For satislactory resuits the dry-
ing and welghing of the tube »ust be done as follows: dry the clesan
458t tube end & similsy ome to be .sed sa s ocountersoisme st 100¥-108%
for I hour; remove frgm the oven ~nd ploee nosy the balzpes with the
velence cuse open Loy 30 min.; welgh the tube using the cousterpolse.)
Place the tube in & 300 ml. Srilemveyer flask full of woter sl en initisl
temperaturs of 45%-50° on the steam beth while direeting & stresm of
glezn alr upom the surfeses of the ather 80 thet 1% 15 rapidly rotated and
svaporate Lo sprerent drynoss. Pesnove the tubs frow the watey, wipe =ith
s clenn towsl and plaoe in the oven with the sounterpoise 2t 100%.108Y
for 1 hour., Lool ond weilgh in the ssme woy s helfore. OLedues fron the
wolght of the unssponifieble nefter sny blunk obteined from the resgents
used determined by the esme precesdure deseribed in the method., Determine
the sitarol ip the unssponifieble metter sz Jdegerided under "Cholessierol®,
PEAB V70«

() Licuid Fgge. Zelgh sceurstely into & 138 al. ¥rilsnmeyer [lask
approxinately 4 g. of vhole ogg or £ g. of yolk] sdd to the whole ogg 10
mnl., to the yolk 3 »nl., of concentrated potssslum hydroxide solution and
procesd neg deseribed under "“lxied Hgua™, veze 71.

sdgorytion dethod.

idmorbed Unsaponifisbls datter
Hpsgonte

Aluminum oxide sdsorbent. Frepare a8 lollows frow basie sluminun
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rootote powder {approsiszstely 80 per caut of this selt shou i pess u 100-
nesh sievel: hest slowly st first, then ignite in 2 platinuws dish =t e
bright red hest over a Hever burner, stirring ccoasiomally to fecilitsate
pridaetion, until the powder is pure =hilte., About 3 hours' hesting is
reguired. As ooon o8 the meterial hss cvocled onough to handle convene
fently, pess the powder through s 100-mesh sleve azad inmvediately transfer
o & eontaliner heving & blaht oover.

Asbostos. Jipest zebestos of the suphidole wvarlety wiih hydrochlerie
ueid solutfion {oms volune of concentrated hydrochloric mzeid + three
volimes of water) for two to three days. ¥Fash free from seld snd digest
For & sizllcer cericd with 10 per cent sodius hydroxide solution. Fash
the sabestos free Tron slikalil snd dicest for ssveral hours with nitrie
woid soluttion {one voluwme of concentyated aitrie sceid + three volumes of
water!. Jeah the wabestos free from acld snd shake with water %o » fine
Pralp.

Hand. Fass olean sand through & Gl-mesh slove and dlgest with oone-
sentreted hydroghlorie acid unitil the exirscts ore prevtisemily colorless.
fmeh out the aeid, dry the send sand ignite st 500%,

Petroleuwn other. Heagent-guality petrolewnm ether with boiling
renge 30°-65%,

The other resgents used sre those desoribed under "Unesponifisble
Yatter”, page 70.

Apparatus

Filter. rressre o filter fros s fnorr extroction dube with the
slen longthened to about 10 om., using & layer of sabestos sbout 3 .
thick soversd by ¢ layer of sand of abgut § am.

Filtrstion bell Jax. A bell jsr of sulficient size to accommodste
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8 &8 z 180 mm. test tube, conuected Yo o voouum throush & two-way siop-
BreiK.
The other asppsratus used is thst deseribed under "Unseponificble

Hatter®, tape 7Td.

Deternination

{a) Dried egus. Weigh wucupstely into & 185 wl. Prienmeyer Slesk
serroxinetely 1 2. of yolk or 1.8 g« of =hole sgg. Molsten with 1 mi.
of wateyr and add 5 wml, of consentroted potrssiuvn bydroxide solution.
Cover with o amsll watoh glass and hest 3 hours on the stesm bath, swirle
ing ccossionnlly to dizintsgrate say lumps. Cool to sbout %Qﬁ, add 50
nle of &loohol and swirl until the inscluble matter iz finely dispersed.
£34 20 wl. of ether, niz thorouskly snd transfer to the sepsyetory Tunnel.
Taeh the {issk with two nore B0 ml. portions of sther, add to the sejara-
tory funmel end thoroughly mix the ether solutions by swirling. ¥ssh the
saponliicstion {lask with 100 ml. of dilute potassiun hApdrozide selution
sud pour ipto the soperatory Tunsel iz 2 slow stesdy atrems while pelrie
ing the liguid gontly. 2Allow the liguids to separste {sbeut 10 mim.) and
slowly draw off as mach of the soap solution ne possible into o nursing
bottle, including =sny smsll guantity of enmulsion. 44 30 nl., of ethsr to
tie acnp solution, stopper the botile tightly with & soft molistened cork
and shake vigorously. GCentrifuge snd trancfer %the ebther laver to the
poperatory funnel ss completely szs rosaibles, using the pressure siphon
Tor the parpos:s withoud blowing ower an excessive acuentity of tha zoap
acvlution. #ash the sither solution mith two successive 100 ml. portions
of the dilute poteszium hydrozide selution as bafore and then with 3O
mle portions of water until free of alisli {@&atﬁwith phanolphithalein

aolution). Transfer the etheyr golution quantitatively throuzk & plediet
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of sotton in the stem of the funnel to o 300 mi. srlenzeyer flask contslo~
ing s anell plece of poreelain, wesbing the Munmel with 16, B, © =, pore
tiong of ather. Lyaporste or distil the ather 3¢ dryness en the steoam
neth {saution!) =zund dry the rosidus for 30 min. at 100%-1080. After the
fizak bas cooled, treet the residue with 20 mle of petroloun etber, swirl-
ing the flsak oud Tresing the poreslein chilp if 1t sdheres Yo the slass.
£33 L 2. of the sluntnnz oxlde mdporbent, ewirl $the 1iguid »ith the sdsore
bent for a minute, wesh down the zides of the flusk with & Tew nl. of the
petroleoun ether znd swirl sgein, Hllow the adsorbent Yo settls, support-
ing the flask on its side soross the mouth of » 600 mi. bessker o thet e
eluminus oxide Torns a compact wassz in the asngle at tuhe bottom of ihe
flagx. Seoant the petrolews ether =itk minimun trsnsfer of sdasrhent
thyroust the Filter previcugly wasbed sucessalvely with water, aleoobol,
ether and vpetrolews ether. “nsh down the aides of the Tlask ond extract
the adsorbent sz ebove with thres successive 10 ml. porsions of petrolsun
ather, finelly waehing the Idlp of the (luek, the sides snd tip of the
Filter tubs with & veow ml, of ithe saus. Hpcard the petroloun sither oxe
traots. Zxtreet the sdesorbent in sxsetly the same way zs belore, using
ether in place of petrolewsn ether; collecty the etler in the welgbed tagd
tube, evaporating some of the ether vhile the sdscrben’ le sedttling during
the last sxtrsctions. The last oxtraet mest be colorless, nithoush the
eluninus oxide may still retsin some coler.) ior saiisfs-tory rogulis

the dryine snd seighing of the tube must bLe Jome ze follows: dry ths
elesog test tube and an exsedly similsr one fo be used vre a counterpolsze st
100%-108° for one hour, resove Uron the oven snd slace nser the balsnes,
with the balsuce c¢ase open, for ons-hall hour; weigh the tubs using the

pountarpoize. Plsce ths tube in » 300 ml. Erlanmeyer fles: full of water
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st an initisl tempersture of 45°-50% on tie steam beth while directing =
stress of cisen oiy upon the surfsce of the ether so thet Lt is repidly
roteted snd evaporste to epgerent dryness. Renovs the ftubs from the
spter, wipe with 8 ¢lean towel end pluee in the oven wiith the couniter-
poise 2t 100%-105° for 1 hour. Cool and weilss in the sune way oo belore.
Dedpet from the welght of the sdsorbed unssponilisble matter sny blank
obteined from the reagents used, determined by tha some prosedure desgribed
in the method. Determine the stercl in the sdsorbed uwseponifiablie matter
zg deseribed under "Choleaterol®, pase 76.

ﬁb}“ Linuid bgega. deiph scourstely into = 1256 xl. Erlenmeyer {leask
spproxioutely 4 z. of wvhole egg or 2 g+ of yolk; »dd to the »hole egg 10
mle, to the yoli & =ml., of conceantrated potessium hylroxide solutlon and

proceed ns desoribed under "lried Hgoa™, 1858 74
Cholesterol
Reugente

Ive. Prepere ot least =2 Segellon pail full of crushed ice.

Bromine rewgent. Heigh to J.l 3. 2 narrow-aouth glass-stoppored
flzak of sbout £5 ml. capszcity contnining 5 ml. of resgent-guality carbon
tetrschloride. Add 4 to 5 g. of res.ent- uelity bromine, wolgh sgain and
dilute with carbon tetrsshloride to z Linsl vouncentradtion of $.22 ¢ D08 g
of Brozmine per ml.

foetie nold solutiom. FPipet 200 ml. of regontegquelity gleeisl meetic
seid inte & 25 nl. gluss-stopprersd volunet:ric Ilagk; dilute to 250 ml,
with watey, mix csuticusly, dilute %o the mark end nmix spein,

Anhiydrous ether. Rsagenitegunlity diethyl ether distilled frow sodium.

Aabestos. Frepare asbestos ns desceribed op psre 73.
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Sand. Prepsre sand ss deseribed on paze 73.

Aeatone. Resgent-gualldy neetone.

Sediun iledide. Resgenteguality grenular sodium lodide.

G.01 ¥ Sodiwa thilosulphete sclution. #repsre by dilution of stan-
dard 0.1 B sodius thicsulphate solution #ith freshly boiled snd cooled

diatilliad watar.
Appuretus

Ise bBeth., & contslner of sbout 4 1. ecapacity sad 10 to 1% om. depth
filied wits exushed ice.

Gredusted eylindera. OGone oylinder of 25 ml. capunoity; oue oylinder
of 10 ml. cspscity.

Test tubes. Ope 18 x 130 mm. ta8t $ube; four &5 x 180 mm. test tubes.

Stirring rode. Qlesz rods sbout 4 wn. in diemeter and sbout 18 om.
in laagth.

Yohr pipettes, OUne Hohy pivetts gredusted to .01 =ml.; one Hohr
pipetie sredusted %o 0.1 ml.

Filtrstion bell jor. A bell jer of sufficlent size to azcommodate
o 129 wml. Erlenmeyer {lsak, connected to a2 vecuum by 2 twoeway stopeock.

Device Tor filterinz et 0%. Ramove the sten st the apex from a 80°
bunsen funsel 1l om,. in dismeter. ILnlergs the o euning st the apex 1o
gbout 1 om. dlsweter by grinding or grédime off the ginss. Cud su ap-
prozimately 1 om. lLepgth from the ond of & one-hole rubber stopper of a
size that fite snuply in the openinz of the funnel. FPuss the sten
{lsongthened ¢o about 10 om.) of & EKnorr extrzotion tubs through the
stopper in the funnel spex and thon through & stopper to it the bell
jer. Prepvsre in the Tilter tube & wat of subeatos sbout & to & mm. thick

and cover with en spproxisstely 12 mm, layer of sznd.
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Ueterninstion

it is ceoavenient to umeke Tour detersinstions st the saue time. Pack
the bromine resgent, the 2D ml. pgredusted cylinder and the 18 x 150 m.
test tube contsining the foupr stirving rods in the loe. Puck lee about
the tubes in the rilterin.: deviee, tsking cure none gets into the filters.
Cool the acetic meid solution %o sbout -5% inm sn ice-sslt mixture.

Fpah down the sidee of the 25 2 150 mm. test tubes sontsining the
gtoarol with 2.0 ml. of asnhydrous sther deliversd Irom s Hohy pipetteg
whopper with & cork end peek the tubes in the ige bath for 10 min, To
ong of the tubsa sdd 5,30 al. of the opld bromine resgent Irom o Hohy
pipette, wix the contents by swirling, stopper end replsge in the ice
suth, (Jter: thie procedurs st % min. intervals »ith the other sasnples.)
After 10 min. add repidly 17 wml. of the zoetin s¢id solution meesured in
the oold 298 ml. gradusted eylinder, s%ir well for 5 min. snd sllow the
smixture to stend in the lee bath for 10 min, ¥tk the suction on, pour
the mixtures rapldly into the filter tube. Hash down the sides of ithe
tust tube «its 5 wl. of the cold scetie :cid selutlien snd repisce in the
ios bath. Fhem the ligquid in the filter just recedes below the surfzmoe
of the gssnd odd the scetie soid frow the test tube. Repest ihe washing
in like menner with B ml. of cold zeetice zoid solutlon snd susk the Iilter
free of excess Llguid. desh the test tubs ecpd filter r@yéﬁt@dly with ape
svoxizately % nl. portions of eold water unitil the washings are neutral
to blue litmus, Thoroughly drsisn the test tube and apply sugtion o the
filtor until drope of water no longer fall rom thoe stem. Razove the lce
pugk Trom sround the filter tube and discard the filtrate and wesshings.
Flace & 185 mi. glzso-stoppered Eyxlspmeyer flss:k under the {ilter so that

the gten projests well into the flask. “mah the toat tube und filter with
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four sucosssive 10 ml. portions of cestons, stirring wy the send and
ellowing the solvent to stend for sbout e minute before zoking the
filter freo of excess liguld. dHush down the astexm of the filter and sides
of the flask with & & ml. poertion of zeetons. {(The solution should be
pragticelly colorless; any color should be roted In order %o sunyd mgeinst
passing she oud polpt in 4he titrstion.) 4Add spprozisately 0.7 g. of
sodiun iodide, stopusr, dissolve the salt by centle awirling of the liguid
and get aside in & dars place for one hour. Titrete with 0.01 N asolius
thiosulphate solution egeinst & white becikground in daylight to the ocone
plete digappesyuncs of the yellow color or, iy the origiasl solution of
the progipitete wes enlored aovewhat, until thers is uo chanie of aclar.
The detection of the end point ie fseilituted by compsring the titrated
golution with an egual volume of scetone in the same type of flask, pre-
guning the original solution was colorlees. With quantities of cholester-
ol excesding shout 60 mg., = precipitete will fomz in ihe flask during
the titrstion. Howsver, this readily flocculstes sand does not interfere
with the obassyvance of the sud point i sllowed to settle for s short
time.

it e aof c¢holestereol = 1.0 + 2,18 (H“,l- of G.0L X E&g;&gﬁga)o



The Deterainstion ¢f the Sterol Contsut of Allmentery Festes
snd Farinscaoua Ingrosdients Hused on the

Sholesterol Yihromide-Sodive Iodide Hesction

Originul Hethod.

Unsaponifiable Katter

Foncents

ﬁ&ml&sﬁaw&l. Hishest nusiity cholestercl obtaineble of melting
point not less than 147%. 7Test for purity by the cholestercl method
siven on pagze 76,

Potsssiue hydroxide. FPelleta of resgentequulity poetsssiuay hydre-
xide.

Concentrated hydrochlorie zcid selution. Hilute 3 volumes of hydroe
ghlorie wveid U, 8, P. with 2 volumesa of wmier.

The other respents used sre thoge desoribed under "Unssponifisble
Hatter®, page 77, enliting the concendrated potessiuvm hyiroxide am@

dilute wydrochloric scid solutions,

fpparetus
The apperstus ueed iz that deseribed under "Unasponifiasble Hatier®,

pege 79, in «ddition to = BOO ml. Erlenmeyer Ulask,

Deteraination
helgh 20 g. of the sample (ground to pass 2 PO neah sisve) iato =
NI ml. Erlienmeysy flask, 2dd4 20 ml. of slcohel 2nd egitate sc thet all
portions sre molstened., Add &0 ml. of the concentrated hydroohlorie
2oid solution and hest on the atear beth for 30 min. #ith oecasional swirl-
ing to disinteoprate all lumps., ¥hile cooling the ifnelined flesk under tie
tap add gareful.y 8% sr. of potassium hydroxide pellets st suech & rate thst

the Liguid =nay boil but not so violenmtly we to cuuse lossz by spurtine.
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While 1% i8 2¥i{ll hot place the flask oo the ateanm bath, cover with a
wrall wotel glsss znd keet for 3 hours with occasionsl swirxliug of the
mizture to csrry down azoy seterisl sdhering to the sides. Cool 1o about
309, edd 3% ml. of sleohol snd mix thoroughly. 4Add 100 ml. of sther,
swirl the mixture vigorously for s minute and tranafer to the separetory
funnsl, waghing the flask with twe BD sl.portions of sther. fash the
flagk with 50 nl. of weter, pouring this into the funuel in & slow streaw
while the smixture iz sently roistad. After tha ether layer has separated
sharply &t the upper liguid isnterfece {about 10 min.) draw off th¢ lower
lavers into & nursing bottle. Progeed frowm this polint sz deseribed undey
"Dried egys”, page 71, begimning with the directions Yadd 50 uwl. of ether
to tho sosp solutien *¥ 7, In the :malyeis of ferinacecus iugredisnts of
slimentary psptes «dd B0 mp, of oholsatercl to the unsaponifisble mutter

hefore epplying the cholesiersl method snd correet the result sccordingly.

tdgorption Method,.

fiigorbed Unsaponifiable liatter
Hen ents

Cholesterocl. Highest quelity cholestsrol obtainsble of melting ,olint
not less then 14%°% Test Zor purlty by the cholssterol method, pace 76.

Potagsiuwn bhydrozids. PYallets of rescsnt-guelity rotassiuws hpdrox-
ide,

Concentrated nyirochlorie =0id solution. Dilute U volumes of hydiro-
ehlorie acid U. 3, P. with 2 volumes of wnter.

The other rosge .ts used ere tiose deseribved under " deorbed Unasnijonie

fiable Hetter”, page 78, oniiting the concentrated potassium hyiroxide
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and dilute hydrochloric acid golutions.

apperatus
The apparetus used is that deserided under "Adsorbed Unsaponifiable

Hatter”, pspe 72, in sddition to = 000 nl. Urlenneyer flask.

Leternination
FProgead us desoribad under "Unssponifisble Hatter”, pace 80, to the
polint where the sosp aolution is dyewn off into a nursing mattla; Frooeed
from this veint cs deseribed under “Drisd ILgge™, page 74, begimning with
the directions "add 50 ml, of sther to ths ecosp solution, * ®, In the
anelysis of farinscecus iangredienta of @lim@ﬁt@ryipmﬁtas add R0 mg. of
eholesterol %o the adsorbed unsaponifisble metter belfore applying the

cholesterol method and correct the result scsordingly.
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The Determinstion of the Jtercl Content of Epus Based on
the Oxidative lodometrie Freeedure

Povisged dethod.

Unsaponifisble “atter
Heungante

Concentrated potzesium hydroxide solution. Diszolve 60 g. of roe
sgout-quelity potogsium hydroxide in 405 g. of sater.

Aloohol. Resgent-quality athyl slcehel approxizmstely 95 per cent
by wvolume.

Zther, &ther U, 5. P.

Tiiute potessinz hydroxide 2olution. Diesolve 1Ll.2 g. of resgent-
guelity potassiun hydroxids in 1 1. of wster.

Diiute hydrochlorie seid. Dilute ome ¥olume of hyirveblories acid
U, 8, P. with fou- valﬁmag of water.

dried ether. Imwssdistely before use sghake ether U, 8. P. with an
axcess of sohydrous calelum chleorids and filter.

Auhydrous sodium sulphste. Dasszent~quallty srenuleted snhydrous
acdiun sulphstse.

FPhenolphthalein solution. A 1 per cent solution ol phenclpbthelein

in sleohol.

Separstory funsel, 4 B00 ml. separstory funuel, ether-tight whexn
the stopeock iz lubricsted with water,
Erlenneyer [lasks. One of 185 ml. canpzcity and one of 300 mi.

eapreliy.



Filtrstion bell jar. 4 bell jJsr of sufficient aslze to sccommodate
8 330 ml. Frlevnayer flssk connected $o & voouum by 2 twoewsy stopeoek.
Tagt tubes. Two, £5 x 180 mm.
Ceatrifugs bottles. Two & oz. nursing bottles.
Progoure siphom. 4 two-hole rubber stonper to it the {1 or. pursing
bottles, equipped with & pressure bulb sud & siphon tudbe of £ mm. bore.
Hintered yless filter. A Jens 11 G3 sintered lapss filter or itas

sguilvalient,

Detarminstion

deigh meoourately into & 125 ml. Eplonmeyer Tlsak approximstely 2.5
we 0f wnole sz, 1.9 g. of yolk, 1 ge of dried whele egy or (3.7 . of dried
volk snd sdd 10 =l, of concentrsted potasmsium hydroxide solution. Vover
wigh e amall webteh glase end heet 3 hours on the stesm bath, swirling oce
ensionuily to disintegrete any lwsps. Cool to about 30%, pdd 30 xd. of
sleohol #nd swirl wntil the inseluble metter ig finely dispersed. A4dd B0
ml. of ether, mix therpughly axd transfer to the sepsratory funnel. #Hash
the flegk with two more 50 ml, portiong of ether sxd thoroughly mix the
ether solutions by seirling. Resh the seponilicastion Tissx with 1090 =ml.
of dilute potsssium bydroxide sclution nnd zour into the separstory fumnnel
in & slow steady stream whlle swirling tie licuid gently. sllow the
liguide to separste {asbout 10 min.} and slowly drsw off the soap solution,
ineluding say ssall cusntity of emulelon, into o nursing bottle. Hinse
douwn the zides of the funnel with 10 =l. of dilute rotsssiun hydroxide snd
draw thie off into the vottle. &4Q B0 =2l. of other to the soep solution,
sloss the bottle tightly with 2 soff zolistensd cork »nd shake wigorously.

Centrifuge and pour dilute potsssiuw hydroxide in = gentle streasm down the
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gide of the bottle until the olher iz brought zluost up to the neck. Trans-
For the sther luyer to the separstory funnel az conpletely s pogsible,
uging the pressure siphon. flnae the portion of the siphon tube in the
Bettle sud the sidesg of the bhotsle «3th o 10 ml. portion of ether and
trensfer the ether to the asparatery funnel throughk the siphon. Veeh the

ebher solution with succeasive 100 zl. portiong oF dilute potsasium hydro-

td

xide, swirling the liguid s before, until the sushingsbsgons not more than

&

Peintly turdbid on noidifying with dilute hydrochlorie scid. Haah the ether
solution fres of sikali with %0 m . porticns of water {test with phenole
phthalein solution). The volume of the :ther should be meintzined svove
182 ml. by addition of more sther iT necessary. Fliter the elber solution
inte a 300 ml. Zrlenmeyer flssk with gentie suctiom through a & ma. lsyer
of snhydrous sodiuws sulphate on the sintered zlssgs Tiltew, rinsing the
separatory funnel snd filter with 10, 5 snd o ml. portlons of ether.

Rinse the stem of the filter with dried ether, add & poreslsin chip to the
fissk end sveporate the ether on the stesm bath {caution!) o a volums of
sbous 20 mi. ‘Transfer the ether solution to the welghed test ftube using
10, 10, % =ml. portions of dried ether. (For sstlsfectory rssults the
Aryin: znd welighing of the tube must be done ss followat dry the clean
tost tube «nd & aimiler one to be used =8 » counterpeise ni LOOY-108°

Tor 1 hour; resove fron the oven and plsce nser the belsneo wlih the
balence case open for 30 wmin.; welgh ithe tube using the counterpoise.)
Flece the tube im o 00 ml. Erlesmeyer flask full of weter st sn inltial
tannarature of 45%530Y on the steem both while directing & astress of clean
air upon the surface of the ether &u thuet it is rapldly rotsted mnd evapor-
ate to apparent drynees. Resove the tube from The weler, wipe with 2 clean

towel snd place inm the over with the counterpoise ot 100%-105° for 1 hour.
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Cool sn’ welgh in the serme wey ss tefore. Deduet from ke weilsht of th
unssponifiable matter suy blank obteined from the reagents used, deter~
mined by the sume procedure degeribed in the method, Determine the sterel

in the ungsponifiable matter sz deseribed below under "Cholastercl©.
fholasteral

Heagents

Aloohol. Reagentequality ethyl mlcohol spproxicately 9% per cent
by volume.

Either. bEisher U. 8. F.

Ronobasie sodium phosphate. Hosgente-guality NalizPO,.Hg0.

Sodium hypoechlorite solution. Dissolve 88 g. of resgent-quality
sodiyr hydroxide in 200 ml. of wmtar;Aadﬁ about 1500 ml. of erushed ioe
and pase in chlorine until 71 z. is avsorbed; dilute to 2 1. snd store in
dark bottles in the refrigerator. Plgcard i the concentrotion hacomes
legg then 0.95 H sodiuwm hypochlorite.

Sodiun fommete solution. &n aguecus zolution of reazemt-guality
godium Tormate containing .9 g. per ml.

Hydroehloriec zoid solution. 4n approzinately 6 N zolution of hydroe
shlorie seid U, 8. P.

Sodiur chloride. Reegent-guslity sodius chlorids.

Aathyl red indiestor. Jissclve 0.9 g. of =esthyl red in 30 mli. of
sleohol, dilute to 100 ml. with weter =nd filser.

J3.0% K sodium thiosulp ate solution. Prepare from resgent-suality
sodium thiosulphate and freshly boiled znd cooled iisbilled water, to which
1 per cent of smyl vlcohol hes been added. Ctonderdize sgainset pure potas-

sium icdate. This solution, if vrotecied from evaporation and 1izht, will



reataln 1ts titer sleuost indefinitely.

I¢eyeh sclution. A 1 per cent solution of Boluble stureh.

Consentrated potusssium hydroxide selution. & 50 per cent solution
of resgsnt-guality potassium hydroxide.

Potossium iodide solution. & 20 per cent smolution of resgsnt ouality
potzssiue iodide.

LArmonium nolybdate gsolution. & 5 per ¢ent solution of apconiun
walybdate.

The other rosgents used are those desoridbsd under *Choleaterol”,
page 76, omitting the scetons, sodium jodide snd sedium thiosulpiete

aolution.

Apparatus
The apperntus used is the soane s desoribed under "Cholestercl™,

PEEE 76 .

Determinstion

mizture is reduced from B wmin. to 3 min., the procedure ls a2s deseribed

under "Cholesterol™, pags 76, down to the point where the precipitete

op the Tilter hsa veen wushed free of meid, Mese s 300 xpl. Zrlenneyer

Fiask under the filter so thet the glem projects well ifnto the {lask.

¥agh the teat tube and filtser wmith 10 ml. of uleohol, 10, 8, & ml. portions
£ sther snd finally #ith 10 ml. of alcohol, atirring up the sone with

anch portion of soclvent uad zllowing the nizture to atand for ebout =z

sinute bsfore applying the suetion. Wesh down the stem of the filter with

2 mle of ether, sdd 1 ml. of econcentrated povessiunm hydroxide solution,

mix and wash down toe nides of the flask with 5 =ml. of sther. Ivaporate



the sther and sleohol coupletely on the steswr beth, using s strean of vl .san
eir to remove the Tinsl slcohol vepors. Add 40 =l. of hot wanter to the
rssidue, mix, snd neuiralize the alkali with & B hydrochloric neid, using
1 drop of the methyl red indlestor. #444d 10 g. of sedium chloride, 3 g.

of monobssic sodium phosphate znd 20 ml. of sodium hyposhlorite solution.
Bring the solution just to vigorous bolling, remove frow the hest and add
irmmedistely, with care, § ml. of sodium formmie solution. Cool sand dilute
to sbout 130 ml, with weter. A4d 35 ml. of potsssiun iodide solution, a
drop or two of amsonium wmolybdate solution and £5 ml. of 6 N hydrochloric
soid. Titrate st cnee with C.02 B sodium thiosulphetsz solutlon, using
atzreh solution me indioztor. Correet the tiver for 2 blenk determinstion
on the resgents.

mg. of cholestercl = 0,55 + 0.8688 (ml. of 0.02 N HasS0a).
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Tae Determination of the Sferol Content of Alimentary Pastes
snd Farinscoous Iagredients Besed on the
Dzidative Iodometric Frovedure

Tevised Hethod.

Unsaponifiable Hstter
Hewzents

Cheleasterol, Highost guality cholestercl obtaineble of nelting
peint not less than 147%. Tost for purity by the cholestersl method
#ivon on page 86.

Fotzesiun hydroxide. Pellets of resgent-juslity potuessiun hydroe
%ide.

Concentrated bydrochlorie meid. Hilute bydrochlorie seld U, B8, ¥.
#i%h 8n enual volume of uater,

Tae other roagents used srs those dsseribsd under "Ussaponifiable
listter”, page 83, omitiing the concentrated potvssiun hydroxide aoclu-

tiom.
Appuretus

The appuratus used is that described under "Unssponifiable Hatter™,

vajze 83, in addition to s 800 ml. Srlenmeyer flasi,
Hetermination

“eigh 2 10 gz« semple {zround to pues & 20-meah sieve) into a 50U
ml. Erienmeyer {legk snd sdd wlth shaking 36 ml. of the concentrated hydroa~
ehiloric gsolution. [Heat on the stean bath 30 nin., with freguent sheking to

disintegrote any lusps. Yhile gooling the inelined flask under the tep
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add ecarefully 30 g. of pobasgaiun hydroxide pellets at such o rale that the
Liguid mey boll but not ao vielestly as to oeuse loss by spurting. Shile
it is still bot plave the flask on the stesn bath, cover with & suall
weaitch ¢laes mad heat for & hours with ooosalonal swirling of the mixture
to sarry down sny materisl adhering to the sides. Cool to sbout 50%, =dd
3 ml. of zlcohol and &0 wl, of water and mix well. A4 100 ml. of ether,
swirl wigorously Tor & minute sad trensfer the mixture to ithe separstory
funnel, wsshing the {losk with 50 ml., and 25 =l. yportions of ether. Wask
the saponificution flask with 50 ml. of dilute potessiun hydroxide solution,
nouring this into the funnsl fxn ¢ slow stresm while the mixture is gently
rotated. After the ethar layer hss soparsted shayply st the upper liguid
inserface {about 10 min.} drew off the lower lsyers into o nursisg bottle,
ineluding any saell guantity of smulsion. Frogsed from this point as
desoribed undor "Deternization™, page 87 , beginning with the dirsetions
"ringe down the sides of the funnel with 10 ml. of 4ilute potessiue hydroe-
xide *F* %, 1P the unssponifiable msttor smounts to less than 0.87 ver
eent on the dyy hesis =244 10 ng. of choleatercl to 1% Lufore wpplying the

shclesterol methed :nd ecorreet the russult sccordingly.



The Freparstion of the Authentic Allimentary FPestoes

The alimentizey pestes were propared during Marek 1936, at the plsnt
of A. Zerega’s Jons, Inc., Ercoklyn, Wew Torx, .oder the personsl supore
viglon of E. A, Lepper of the Food snd Prug Adminietrsiion, United Stutes
Depertuent of Agriculture, by the ususl commereisl process,

The Tlour used in all butohes was Tron the same esrlosd lot of Durum
feney Fatent, H. H. Eing Flour #ills, ¥isueapolis, Xinn.

The ligquid egy yolk end shole egg used were freshly presparsd from
Hissouri shell egge of very good guslity a2t the egg bvrsaking eatsbllish-
seat of Hershall srd Kirby, Few York, H., Y. Samples of the churned egus
for snclytiosl purposes wers izmediately placed in & sharp freeser and
maintained in the frozen condition until snalyeed. The dried eyg yolk
uged wss from Chins,

The "VYita-Pro” was 2 commercisl sarotenized flour sreperation ob-
tained I'rom the Hationsl Hrese Company, Srooklym, Hew York.

Carotens mix "A" wes made from B lhe. of Uerescts flour and 298 g«
=7 0ll containing 2000 p.pese of carotencids. Ths oll wes obisined from
tha smerican Chloropbhyll Cospsny, ¥sshington, D. €. Csrotene mixz “"B™ was
srepared fron B 1bs. of Ceresots flour and 280 g. of the ssome oil.

Samples of otheyr Tarinececous products token inclulded No. 1 menclina,
gtendord sapolingn, Texes fesrine snd Hanzes hard flour.

The welghings were naede on n seales sensitive to one-hall cunce.

The conposition of the nixes used in prejaring the alimentary peates

12 shown in Teble XXV,
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TanLy X3V

Thas ingredients Used in the Pregsration of the
Authentie Alimentsry Pastes

$ H t H
Bateh:Flour: Fgos Used :watarz Cther Imgredients Uged
Yo, tUsed @ Find %@ight:ﬁ H Kind celight

: lbs.s lha‘z ibg.: Iba.
H : H 1
I 200 - - 14T TEE - -
B 1 200 (Fresh yolk 11569 142,78: o ——
3 0r BOQ ¢+ 0% i BELOD 13,8 ¢ - i
4 ¢ 200+ % b 45,57 128,85 ¢ v -
5 ¢ 200 3¢ % = %l.886 123.0 3 - -
& : 200 :¥Freah whole I L.B0 22375 —-— —
3 1 seg H H
73 200 s¥r2sh whole BH.00 £ wm ¢ -— -
3 I esg 3 H
2 $1194.4:Freah yolk 20,58 197 .78:1Cavotene nix *H” S5e886
g 1194.4: e - BZ,EBtCarotone wix MAT 5,56
10 11B9.44 —— - 151,85 1Vite-Pro¥ 12.00
11 @ 200 :Cninese dried 10,50 185,00 1Salg 4,00
3 3 yolik H H
H tH H i

Tentative Formuless for the Calculstion of the Content
of Egz Yolk and of %hole Egg im Alimentary Pastes
fron the Sterol Content

Formuls for the Xgr Yolk Comtent of ilimentery Festes. The Tollowing

formula is proposed tentatively, pending the sccumulatlion of more dats,
for the salculsiion of the wmount of commercinl egg yolk solids ip an

slimentery punstel

{C = 0.024)100 _

Y twl% - 6.0%

= (0 - 0,084)35

¥ = the percentare of commercisl egg yolk zolids in the sumple
{moisture.free basia)

C = the percentage of stercl (omleulsted ss cholesterol) in ithe
sample (moisture-free vasis).
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Formuls for the thole Exp Comtent of Alimentaery Pastes, The follow-
ing Tormula is proposed tentatively, pending the seoummlestion of more date,
Tor the celouletion of the smount of commercisl whole egs eolids in an

alizentary puste

(€ = 0.0
E = 300 - o.0s4 = (€ - 0.034)48

E = the percentege of coumuercial wmhole egg solids in the smmple
{moisture-free basis)

¢ = the percentage of siercl {ealeulsted sz cholestercl) in the
cazple (moisture-free basis).
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