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l!l;iODlJJ'l' rolf 
• _ll$£ I. ' I$ 

l!na&QRn1~1able mat t~r: 

Coeul, in a r~Jport on the Determination or unanpon1-

t1nblo l!&tter in Oils an6 Pftt,, has t!e:t'ined tb1s rrnotton 

aa followe ~-

"Unsapen1t1eble matter oonsiate ot that materiel 

present in oila_and tate which, atte:r •apon1fi­

cation ot the otl or rat by caust1a alkRli and 

extraction by the solvent epec1f1ea •••••• re-

mains non-volatile on drying at 80° o." 

TheJgeoott1o.~19D of rats hns in general, for lBbora­

tory purposes, b~:en carri..:d out with pota.satum fl7drorlde~ 

a1noe POtassium soaps ar·e euitahl.J soluble. Ethtl alcohol 

h-.e been the usual · aaponf.N.cation mediunt. in· order to ob­

to1n _homogeneous reaction m1xturee, and to avoid emulatons 

as far ee poeo1hl:: during the extreottoo. 

The e!ttl'f!lction bae then been carried out., usuallU on 

the diluted &tWoniticatlon mixt·tr~. uaing petroleu1 ether, 

eth7l ether or eome similar eolvent, ~nd the unaapon1t1-

oble traction bu been obtained, a:tter eultablc washinr: ot 

the solutions; bY evaporating ott tha solvent. auoh ex• 

traetionth when car:ried !)\lt on bulk eeunpl~ a of fat, cor 

prove troublesome. due, both to the formfJtion of emuls1:>na 

ment1ooed above, and the neceaa1ty or using ve.pY large 

't'Ol\lttlee Of m&t$rlols for the extr,:;otion of' tb.e U8110lly 

rather am&ll amount or unsepontti.able matter present in 

most ollth Contlnumts extraoto~, suen ae that ducribet! 

b7 ntld1toh2a have been uevieed to obviate these d1f£1cultiea. 



2 

The estimation or the unGRPOnit1able matter content 

of rete and o1ln 1s e process involving tho QUBnt1tat1ve 

1aolat1on of that tract ion .rrom a ft1ghed amount or fat, 

and baa been earri.ed out acoo!-ding to oeYersl det1ned 

techniques. such techniques epeo1fy the weights o~ 

materia! to be used, the nature of the solvent ( uounlly 

petroleum ether, or ethyl ether} end other experimental 

details of tho estim&tion. The pr1ne1pal method using 

petrolen.";l ether is that of the American Chemical society, 

01' P.A.c. method3, 1n which an extended. number or ex. .. 

traot1onz nre necesoarJ in o~der to obtain eompl:.te re• 

movol or the unanponifiable fraotioo trom the ss,p~ nirt­

ootion m1xt1ll'e. :lever&l metboda using etbll ether have 

been proposed, of whici1 the main ones are tboee ot KelT 

nod :3orber4 and of the soaiety or Public AoalJ'Stsl. 

Experienoe hoG ehown that the use or petrolew1 ether 

ottm leads to incomplete recovery of' unsepon1t1able 

matterP, P.Dd in teet th13 sol•ent hS.e been usea in OBGGS 

where preferential removal of certain const! tuenta of the 

unsaponitlable traot1on was des1red5t. ThOugh ethyl ether 

1e a more suitable extraction solvent then petroleum ethor. 

tta use was found to lead to co~l1cat1ona both tn the ex­

traction and tn subsequent wtls-h1ng procedures, except 

w1tb1n a li~ted range of volume relat1on$h1ps5•~ Compa~i-

. sone have been made between the use or petroleum ether and 

ethyl ether6, an4 the changes of pol1et ot tb~ Aosooiatton 

ot Oftioial Agricultural Chemists w'th vegara to the 

•election or an otf'1c1el standard methOd tor- the eatima­

·tion orunsnpon1f1able matter du~ing tho years around 1925. 

ttertect the d1tf'1oul t1ee thn t have be~n encountered 1n the 



eete.bliebment of o quantitative technique t<>r the t~ola­

tion and e3timat1on of tbet traction. 

In 1933, tbe Socdety ot Public Analysts described a 

methodl using otb.Jl etb•. r as thtJ solvent, thnt has proYed 

tho most efi'1c1ent tecbnique available. Oompar-!aoo ot 

this method with others bJ ~1.raten"1· and the exr>el"ience 

or otbr~r workors 'fc hove sho~n 1 t to be most reliable· and 

rap1~ 1n the n2ejor1ty or cues, m1n1mie1ng na it doea the 

rlslt o~ "mu~siona during extraction, and the pres.ence of 

eoape Qr tree ratty ao1ds · tn the unsapon1fiable matter 

l$olated. 'the general trend botb ln Eftgl~nd And America 

1o towards tho sdopt1on of this method aa Nuttne lnbors­

tor:T ,ract1o&. (!lee AP!'endix A) 

t71 tb ~Bard to tb.e ·::ftic1ency ot the o. ';I._J,. metht)d; 

as opJ11od to ~1ne oils, Klrsten7 has repo~te4 more 

con~lete extraction or unsspon1r1able traot1ona from the 

eapon1f1eat1on u1lxturee of these rata than 1a obtn1oe4 by 

other methode, but both in the original deaeriptioOl and 

in later pape:rs8 ref'ereoce hna been made to d1ff1culttee 

expettienoed with thOse materials. 

D.'! ynsasog.1£1$ble MEJ~t.e!! ot'. M,ar1ne '~!,.1\ 

!!erine animal fats, eaptotally the liver otle or 
f1ob, h&'f'e been found to differ t"rom land anit'I&l and 

· vegetable tate in that tbey contain larger proporttona 

of unsttpon1f1able matter. 'fhe following types o~ com­

\ pound have been isolated trom unsapon1t1able tractions 
-th~ 

· Of,,fatB : 
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(a) Oa.ro t.enoid pigmento . 

_(b) Vitamins A. 

(c) ntarole, notnbly 

{d) V1 taming D . 

(el Jlydrocal'bona - notably sqt1slene . 

. ( f') ,£ -gl,-eeryl ethere. 

(g) '?a tty alcoho1a .. 

or these oonst'ituent~, n, b, c, d, r and stmaY ooou.!l tn 

tho nnsn~oni?~ed otl ns eqtera of rotty nelds. 

Ieol~t1oo of aon$t1tuents 

Tbe caroteno1da have ueuallr been eepr.rate4 and iso­

lated cbromatograeph1call,S .tram the oil or from tbe un­

aapon1t1able troetton. Sterole b~ve been obtained by 

cryatallteat!on methode, and by preeip1 tatton ae their 

d1gi ton1dea10, Yl tamtns A b;v cbrotnatogre.ph1c mcnnsll, b,­

vacuum d1atlllet1onl2. molocular d1et1llat1onl3 •. and 

·treet1onol cey"stnll1sst1on14• V1 tamin D hao been 1solate4t 

after re:-;ovnl of other substanceal6, by ehromatograpb_y16, 

fractional oeyatnllieultionl7 and oolecular 41nt1llat1on18. 

'l'be .c ... glyceryl ethcro have been obtained by ccystoll1se-

t1on methods. and di$t111at1on or their neetntesl9, and 

squalene bJ Yacnum diat11let1on from the otl itself; or as 

tbo solid b.exs~rochloride2°~ The tnttJ nlcobols ho'Ve 

been obtained b.J cryeta111nat1on and d1et11lnt1on21 .. 

il,§t,l~JStiqn or the O()WP:onepto ot; ~!JaRoq1t1obl& fr~ct1nnp 

AlthOugh tho ratty acid components o~ otla nn1 :fate 

have bee~ tbe aubjoct of close anal~ttenl 1nvcst1got1on 

(e.~. bJ the H1ld1 teh f'raattonat1on teohnique~ the 
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11 teratnre l'$Veal<:J thftt the tre-atment of the unaapoa1:r1-

v.blc frP.Ct1Cn br18 in ~ene::~nl not bet~!l t.jU&nt.t tRtiVe etXf. 

analytical. nt,:d1'-!S have uauall;r airned ~t the iaolt:tt1on 

an~i identification o.:' th various 1nd1v1dua1 eom,;.lOnenta, 

but 11 ttle attention has been paid to the deve1opn1CDt Of 

techni(lttet~ tor the accurate eattnu:~tton or thoet? components 

- except in the case or the comnero1al1J t:nportant Vlta­

mlrus .4. and D. 

'rht1Se eubatanoes rna.y he eet1mnted bJ b~olog1enl aeea7e98, 

~n::t, in the eAse or the Vitamins J.. by a 1'/Eill tried cbaatcal 

method - thv antimony tr-1ehlor1de colo rim,· trto nutthoa81• 

Chemical cwthod~ .,..,r the det'. rm1nat1on or V1tam1oe n pre-

~ent d1f"icnlt1e~ due to 1nterf'ert-nee o.~· similar substances. 

notll Vitamins 1' and u mq be esti~~ated b7 a pbJaical method 

i.e. the apeotrograph1c method, but again, e8t1mr..t1on or. 

V1tam1nn n 1e more sub3eot to interference rrom other 

materials than 1~ th~',t or- Vitamins A24,2&. 

#rfle sterols have long been determined bJ th~ method ot 

Y 1ndeu~ a~ the1r rdd1t1on complex with di~itontn, and nl­

thoUfU th1~ method do~• not poaaeaa the accuraQJ or an 1n­

orsan1o lPfAV1metr1c lleterm1natton26 • providing euff1ctent 

esceae or digitonin 1-:nd a long enough time of.' preo1p1ta­

t1on eu·e allowed, pe aqonable reaul ta may be ex;peoted. A 

11mdtat1on or this method ia that insoluble d1g1tontdes 

form only with sterols eonf0rm1ng,1n oont1gurat1on o~ the 

03 ctu'bon,with oholeat~rol• 1.~. compoun .. is o't' the f me 
are px-ec1p1 tat\!dt but the epi-eomppunde are not'47 • The 

eterole may also be estimated by oolortmetrte mcsna, as a. 

reault or. ~eYei•al well-known reaot1ona2B, but owing to tbe 

complex nature o ,. unsapon1t'1able matter, d1I-eo' applicatton 

or euch eolor1metr1c metb01s la not teaatble. 
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Cnrotenoid pigm•:nts eonst1 tute ueuallJ only a ven 

emnll f'rn""tton or the unso:oon1f1nhl{ matter - the ms1n 

~ber of thte r:roup that 1e encount~red 1n marine o1le, 

t.e. astaein, being usual]$ remo"Yed in tho alkel1n' soap 

aolut1ona. TheGe m.a.ter1nla bave been eolortmetr1•!ally and 

apeetrograph1eall1 determined. aqnslene he!l prevtousla 

been eat1msted. not ent1rc-ly auccesatully, us will be re­

ported later (section 4 ), but ao truly quantttet1ve ana- . 

. lyt1ca1 teehntqne baa been employed. fto analy:ticsl. method• 

tor tho detcl"mlnation or· .L. -glyoerJl ethr::trs have been 4.,.; 

scribed, al tbough swat n and u:ortOn29 announced a tuture 

report on tbe devel«?Ptnent of an approximate method nnd 

.AndrA and Bloeh30 have recorded rough results obt$1De4 b7 

e techniQue ot ••r,acttonal ditt'u81on". The tattr alcohola 

have alao not beftn treated analytically. 

Alm,of ~~ ~~~~nt.Reaepreb 

Due to the leo~ or a stan~ard teehn1Que tor the ex­

traction of unauponifiablo matter, end th? l~el: or. ana• 

lyttoal techn1Qttes .for several unsaponifinble conet1 tuents, 

unsQPon1f1able rraeti~na or fats bave been examined in. 

;.;eneral foi" ool.J one or two ootl(ponenta e.t a time. oon­

oequentlJ, no ttbalance atteeta" or unsapon1~1able fractions,. 

showJ..n,~ the rf•lnt1ve amountt'; of the known oompooenttl, have 

been available. It wsa telt tbot the deYelopment of* tech­

niques ,P2irt1oul'fllt17 for the eet1mst1on of oC -glyoeryl 

ethers sod or bydroearbona would constitute a cont~bution 

to. existing knowledge on the BUbjeot, and would p~vtde a 

valuable JnE)sns . of collecting preliminary data in the de­

tailed st1X!1ea of particula:P unsaponitiable tractions. 
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Tbus, n.ew and ·1.nterost1 '1 B conet1 tuents ot uneulponitiable 

.· mattw m1ght be r:evealed. Pnrther. it· was -considered that 

the: develo~ment and appl1c.at1on or these annlyttca.l teeb"""~ 

niQUti!t:J would provide valuable a,ias in phya1olog1eal "atudies .. 
. . 

It was felt~ too, that .~n tbe eaae or mar1ne o11G 111gb tn 

unaaponifiable matter. cm.nton·t, an.a11t1oa1 exemtnation of' 
. . . 

· these froct1ona ahouid tn1pplemen.t. fatty 9cf4 data, and th$ 

oil be 41scusa$d aa a whc>le. . (See section 5 ) 

ot the 

. . .. 

P~evlous· roports of the eornpoo1t1on of vsrioue no-
. ' . 

anponlf'inble :f'r.Got1ons h8vo rctot"red to·material extracted 

in e varietY' of' waru.. lt was n.ecesaai'Y, before e:nbarld.ng · 

on atu!,lrtical s tud1ea ·of unsa.pen:ltiable comp·onent:J, to ex­

tract ~be unsapontf'1ablc freotiona :es oompletely ns poo-

. niblfJ !'rOm. t.hc sepcmtf1eat1on mixtures by $ atan4erd1Se4 

techntc;au•. 

To this end~ ana eiooe ·aatn on the $fftef.t1inoy o.f e~.: 

1 . traction of. unttatu)ni.t1ab'le nn;ttter from sapontrtca:tion mix­

ture$ - tiiapecin111 tbone :or marine. otla ..- fire. dlf.f'\iae and. 
~ ·' ' ' . . 

' 1nrl.,f1ni te, 1 t vas deet4ed i t.o ettb'jeot the method of' tbe· 

too1etr or Public Anal.;vets •. ·wb.ich has. ·proved the most euc• 

. · oasstui method, to a er1 tical appx-atsat. J,.a repcrted 
. 1 . . 

'above, reference has been ·made tn the _l·lte·r&.ture. to some 

stwrtQomiOgs ot this me tho~ when opp l~ed to tne~ine fnta1 'fa, & ~ 
and exver1onae in thicJ lnbo~at.ory hae fa(! 1cated that .euoh 

an .examt.nation of the 0~.-r:i .• A. method with refcrenee to ·marine 

fats wo\J).d be cf valu.e~ 



t The or -slyeol ... nt1ture ot tbeee eubstancea81 tade 

\ their $atim~tior,. w1.tb lead tetra-acetate. or periodic 

.I oo1d, en nttraet1ve posa1b11itJ' .... 

: . ( 5) .. ~xez ,qf .t~f..~·9S,qllr:t:epge or ~ •slzoez':tt .. e~h~t:! 
I . 

- I 
I 

I 
I 

t 

. . . ~ . 

lt -.at1 planned to u:se any methott devl.setl 1n (2) f-or 

a eu:rve11 or the extent or oeau-~renee ot oe -g~ycertl 
- . 

ethers -in fate geoertt11J.. .Th1& would provtlte . the timt _ 

_ ~ eo-o:rrt1nated vic:w of the tU,stt-iblttf.on ot these cot®OUnd3, 
i 

· 1 .end \o:Ottld give basic data t·cr· more detailed· -atufl1e~ UJ. 

tntliv1.dual cases. · 

: 
! The motu.:rteat1on or ex1st1ng proc.,duros n-ecessary in 

i 

. . . 

the <iase ot ma:r:tne oua, beee:u.bt!f ot the g.Nn.tter quantitl' 

end variety ot uns~pon1.f1able constituents was eonstdered. 

trhe Fit~laonaa teohr:d.Que (APpendix B ) tor the 4et,etion 
i . . 
i Of' o-l!ve o11 1rf edible o11 mixture• wee regarded -~ in08t 
i . . ; . 
: promletng. nnd emm1ru\tlon ot · 1 t<J eppl1oat1on to max-ine 
l 
: oils wns desirable-. 
l 
' 

·r~ < 

! ( 6 and 6} ~~~~~~·~~~~~~~~ 

I It wnn df'te1ded to examine th.e un~awntrtable f.t:tact1on 

! or tho lt:ver oil of' ·a speeimen ot Jla2tr:a.nS!lf&as .. zac~~R.r.P..§l.l! 
.I 



j 
.I , 

9 

•• the Seven•gilled ehurk, aod to examine tho unaapon1f1...:. 

able trac'tc:iooa of tho 'fa ta I 'genet•al1y, or fie 'PYJ:h&Ptw, 

maximus - the BMkillg shavk. 

1 
• 'lhte ~tis to be oarri~d out at tbe Pequcst of, a.na. 

- with the ob3•ot of nne1st1ng,. loce.l industrr .• 

. ' 

-. 
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THE I&OOVE:ltt or.• tmSAPfBit~tABLT{ W\1'1'&!1 
PROU UARINS OILS .:BY TtJE· SOCIETY Of 

PUBLIC ANALYSTS' !£TROD 

. . 
Xn Sut'\''fJY studtea earl"led out 1n tb1_a laboratory·, ttu' 

. ' ' 

society of: r~~blt~ Annlp&ta' procedur~1* :tor the estimation 
, .. 

. . 

· ot unaapcm1fiablc matter b.aa be_on -_applied extensively to . 
. -

mar1n-e tote cr wtilelv varytnc typou~ t~btle ant1sfied witb 
. -

tills tecbGique as ·a conventional routine method, 1 t has 

been felt ..... and our experlene·c· ha::; been oontit:tmed 1n an .... 

other labe:ratoraS- tb&t tbe technique as d~cribed aoes. 

not lead to quan't1tst1ve reeoveey ot unaaponifinble matter 

t_n ell easef(.- In p&tctioUlar, the ease of recovtJry of un- · 

, se;pontf'1n'bl(J mfltter bas. been f.ou.nd very· dependent on the 
! 

_ ;n:§tuf! of' tbe · \lmJ~pon.1~1able substance-a,. and on their 

amounts tn ao f'ar as tb.itl affects the conaentratton of 
'·· 

·-soaps t.n the sl:lpon1rt·cat1on. m1sture'~8•"'~0 •. Befo-re. 8mbark-

log upon. an e:r.t~nded study ot tbe unsaponifiabl.e oom-

. t>onente or msrloe fate,. these potnts beve been 1nvesti• 
.· - -

. gated · :t.n greater deta11, and.· t be ·results are hero pbtoed 

_ ·f on f;'eeord~ · 

· of ~uns~ontfiable. :rmct1ons from tttff"erent marine otto. _bl 

, tbo a •. P.J\. method are t!.xemplitted by- tlut deta ~t Flg~"· I. 

!?roc these it. te ciaar tbl.tt, even at'ter td.x extraet1otl& 1'1_1 •. 
I 
[ ethel", ·reoo"Very mQ' tn soma caeea be inoomplote.. fb~ varia-

------·----~--------------------·----------~~~--
I. 

* Soe. Ap~endix A •. 
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t!coe to ocap content ot tho neponifi.oo-tton mllttUl"OO 4uo to. 

tbo mtiolg '\tsl"fl~! porccntecc:J of uorH.lPOD1f1ob'lc oottor ttl 

tbo Ollo oro ono o'bviotto enuoo of thlo ofteet~. a.lnoo tbo 

'«it!rJ'f!Gn ot unnl'.i)onltloblo oottoP ·oco rondorod CON dlff1•· 
. . . . . : . . . . ' - . 

·cult. (coo ~'lsn •. It nnfi Ill) 1!3· tho '&IOO,aponi.r'ioblo e~tcntn 

t1t ln41v14ucl .. otto wro ~ucea by 411utton \'11th orotJbts 

otr.. Thto pbonoaoQ:on pao r>nrttcu1ar1r GJQr-koo. t:o tho ooeo 
. • : ,... ;.. • . ~ l •, 

· · ~ot }jQ~It£de~t.~...:JlSl3~rmg, tho urmapon1floblo mtto~ ot 
'" . . . \. ' . . . . . . '. . ' .. . . . . ' . 

ttb1cb to· rtch 1n ·.~:: -al}'cel'Vl e~e~o ( 00• 2% cotc11lotd. no · . . 

. odloeb11. alcohol).* ~bo dGto t;tro rtc,rooonted in ~· diffo~cnt 
uay 1n Pta .. · IV• meH :t.i~ to t;10GO Olear that tho Ofllo1080100 

o"t :OUCOCSPi'(rQ os:tJ_I.oo.tlone VBI7 ~th the total unocl)Oh1f'lnb1c 

oo~tCJ~ con.tont, nrt:l thol'ofOl-9 titth nonp ccocan.trotton. An 

tho uoocpont.ff.ob1c matter. oont.cnt !nc!*Qo.ooo* the off'!c~l:mOJ 

of' tbo f!rot GJttroetlon inorooaod., obllot that of all cub-

.·: ac@.tont e.ntroettcoo doevooocd.. 

' . ' . . 

ea~f.on mt1ttul",o ls of' minor S.tttvortonco .tn. orG.tnorg o~co to 

oho'Ct.l bJ' tbf! fact thnt t:hon tho unaoz;>t>nttt.nblo mtto~ or 

. tho llvor oil or ttop_tl.t:one.,&t!!t.Jl2S.~':J~OWJ · uan aio!lol-vafi .nt 

· p f~ coneora.trot.ton· 1n o ronao ot ttcry dlf~c~t otl.fi't 

tho ot~tetencioo or ~t.reotlon of tttlollPCB1floblo cott~ · . . 

ne:ro ~1!1'tWJUU uaoltorca (G:oo 1Jtn~ V). ·. coo tor oil,. ·althouGh 
. . 

onb1bi tins o dd1n1 tnlr tli.gb.c:r of'fietcnQl1 of oxtmctton ot 

ftrot,~ ehovcd en ov~oll dce,roroe tn otrtc1Gfte7•. i!bo ~­

covor:t C'tU"\70 f'or thlo oil roll ulttmntol¥ beloo thooo fOr 

too otho? fnto, .todieattns that tho ooopa ot r-1etnolelo 

ect4 ·s-ota1o tblo typo of UM01i\Otl\ft.ablo mottG:F more of- . 

toctt"V013'\lf ~1o lo porhaf.l"l un4orotenflo'blo ln vton ot: the 

b2?lll'f>lti1S-c ebn~no~ or botb .ooopo end nnafl!Jt>niftoble oat­

tor tn tbto cnoo. 

* Soction 2 .• . ·-
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NUIV1B£JQ OF EXTRACTIONS. 

~------------------------------~~--------------------=-,v 

Fig •. I 

Course ot- the extraction ot unsaponif!able IOO.tte:r trom 
.several marine oils,. by the s .p .A. Method 

(six oxtractlons regarded as effecting complete recovery) 

A• Liver oU of Centl"oscymn.us f'Uscus 
B. Head " " Phl!eter macrocep:ttalus 
o .. Total " " Mttilus ner1dional1s 
D. Uvor " " l!exanch'Q.ad qtseua 
E. " " " He;etranchle.s pecto:rosus 
F.: " " n ,sgp.alus species . 
G. " n 11 ~erlllccius CaEena2p. 

(90 .•• unaa,ponitiable matter) 
(47.5~ " " ) 
(24 .. arl)$ " " ) 
(20.~ " If ) 

(19.* " " ) 
( a.~ " " ) 
( 3~ tt n ) 

Note. 'lb.e ~curve tor D~ntex rupestris (51 .• ~~ unsaponif1s.ble matter) is 
indisti~isha.ble trom B. abOV~h see Fig. VIII. 
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NUI'VIB £ R OF EXTRAC TIOrv..s. 

Fts. n 
course Qt t.ha ~xtraeti<m of tho unsa.panlflabl.e matter 
ot tne liver oU at .a:.runrnell.taa.R!ctorostl$ &t var1oUIJ 

levels of 1,U1Saponit'1able Jliattel" content _ 

(Diluttons w11h tn':aohis oil) -

:A. 65.1% Ul'l$&.POnltlabl.Eb na tt.&r i-n ()U 
:B. 6fh1S n tt " tt 

o~ 19·3% " ra " " 
lh J.O •&% '" " " " 

-- ·- -~-- ------
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NU/VIB£R. OF £XTRACIIO"'.S. 

Fig. zn 
Course of the extraction ot the unaaponitiable matter 
ot the liver oil ot CentJ'osCJmp;ua tuscus at Tarious 

let'els ot unsepon1t1able matter eontst 

(Dilutlons with arachis oil) 

A. 90 .. ~ UDSapOD.~lable matter in oU 
B. 51.~ f(' " fl " 

c. 20 .. 1~ " " tf tt 

D· 9.~ tr " tr " 
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UNSAPO,.,/F,ASL4: NtATriCA c:o,..,r.:-r 

Or OIL.. (P£ACE.NT} 

ftg. lV 

Variation ot eft1o1enoy ot separate extractions 
wi tb. unsaponi:f'iable 1ue. ttar content ot o11 

~-

I 
I 

l 
'( 

Unr oil ot Centrosoymus tuacus Liver oil ot Heptranohias pectorosus 

A. lst extraction X.let extraction 
B. 2nd " Y.2J1d " 
o. 3r4 -- 6th ,extractions canbined z.3rd -· 6th extractions canbined 
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NUIVIBE,Q OF EXTA.ACTIONS . 

. J1.s•V , 

cou.rsa ot tie extraction ot 1he unsapcmlt'iabl.e matw 
ot the lit'el:' ·oU of H!J? ~elisa. a ;eectoros~ ttozn tbe 
· ee;ponidcation ~tares of . . . 

4• oastor oil 
ih Cotumu.t ell 
c • BU. tter fat 
D· ~chU ·011 
E. Liver oil ot _ReJ1!!tlchta.s. P!<:toro.sua 

6 
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Tho independence o~ nnsapon1f1able matter recover, 1n 

respect of normal ao11 ;> types bnn made poaeible s stUdy of' 

the ef"cct-~ of tbe nature or un!lapontfiable aubatancos oo 

the et:rtcienoy of their recovery. Tbio teatul'C of the 

n • .r.?• i'.. method has eo "rnr not been adequately tU.eousaed. 

In t";!ig. VI are recorded thr- rceul ta obta !ned when oils 

with unsnpon1rteble fractions high tn content ot o~ualone. 

v1ttt.11l1n A, fatty alcohol$, atel'()ls, and ot:. -gl;rceryl ethere 

reopeetlvely, were diluted to tbj eat~ unaapon1r1a~le mat­

ter content with arachis oil. Tho curYes show up marked 

vartat1on9 in oane of extraction -- squalene, vitamin A 

and ~terola betnp, less tenaciously retained by tho saponi­

tication mdxtur~e than tatty alcohOls an1 ~-glyeeryl 

ethers. The d1ff1etaty exPerienced by 3wain8 in determin­

ing tbe unesponit1able matter content of ~.,ec1f1o 4ogf1nh 

liver oils 1e almoat certainly to be associated witll. s 

bigh oe -glJCeryl etbor content. 

fJ1nce the present author b-s:J· been oorry1ng out detailed 

etudica of otle high 1n Olyceeyl ether content*. tbe eourae 

of tho extraction of sucb etbera, end tbe effects of tbe1r 

presence on tbe extraction o~ otbor unsapon1t1nblo co~ 

ponente have also been examined., and 1 t is considered rele- · 

vant to insert tb"' real'll te obtained at this etage. TbUSt Pig. 

VII shoe the ooUl"'S e of the recovery of cC -gl,.ce17l ethen 

u.nCler a Ya.rtety ot con41t1ona**. !he cJ:.. -glyoewl etber coo­

tent or the eecond extract shows a tendency to be sreater 

then tbet or the :tiret extrnot - 1nd1est1ng tbat otbor 

substances tend to be extracted before glyoerJl ethers. 

~ 8eot1ons 2 sod 3. 

ti* Sxpertmenta bave 1nd1oote4 tMt the more eaturated 
glyaer.vl ethers (e.g. :1atyl alcohol) are more easll¥ ex­
tracted than unaatUl"ated onea (e.g. Selaeb.;l !tloohol). 
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Fiu• VI 

Course ot the extraction or unae;ponitlable Dn tter :tl'Olll five 
~~nr1ne oila or standard \DlsaponU1abl.e matter content {2~) 

A. Centroacymnus tuscus liver oU 
lunse.pon11'1able fraction mainly squalene) 

B· Dente% ru.pestris liver oil 
(unseponif{alll.e fraction· q~ vitamin A) 

c. ;rttlus neridt ono.l1e oil 
(unsaponitiable mctlon meinl.J steroid) 

D. P~oter macroc,evhalus head oU 
unsaponirtablo traction mainly fa tv alcohols) 

E. HoEtronchias J!Cto:ros I.B 11 ver oU 
' (uuseponitiable traction mainJ.1 ~e;ryl etlle:ra) 
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EXTRACTION IV U /VI B E:. R. • 

rtg. vn 

Glyceryl ebr contents ot thE! sepat'ate extracts ot unea~it1abte 
mttar 

A. Uver ou of RfRtralchfas ~eotatom.s (20% uns~onitiabl~a matter) 
8• Diluted liVED!' oil ot " . " · ( 9% • n ) 
c. " " fl " ft ft ( ~ " ft ) 

D. '1'fo batql alcohol + .~ cholS$tEm:>l 1n ~aehl$ oil . 

(A,ll..C,D; calculated on W&t@Jlt of ee.ch extract) 

E .. Remlts as in "A" calc~e.ted on w$ight ot oil sapon1t1ed 
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IVI.//V1Se;R. OF £XTRACT/Or-IS. 

~----~------------~-----------------=--------~.~ 

90JIJParison of the cO'tlrse of eX".-aetion ,of the unsapon.tfiable 
mt~t- fl'"om two oils rleh in Yite.udn A 

At Deatelf WP$Strl$ U.ftt' Oil . . . . . 
(uasapcm.1ti.$.bla attf)r • 'Dl•i$ of Whiob. q~ 1a ·11. ta ... 
aU1 A; 1.~ aeJ.achyl. alcohol). 

B,. ''A" 4.Uute4 W1 th arachi,a o:ll to W'I.SJ8l)On1t1abl.e matte:-
ccmtent • 21.. · 

C. Po~non e.mA\tricanus liver oil 
"1iiisapon1f1able matter = 28 ••• ot 1'1la1ch 5.6% 1a tita-

. min A; .~· selacb;rl alcohol) 
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In subsequent extractions the percentage of'·oe .... glyc~eyl 

ethers drops away rapidly, bo•evttrt indi.cst1ng that at 

this stage otlter o~bstances ·are being extracted :tn in-

. creasing q1lant1t1 along with the glJceeyl ethers. ft1G 

trend ceases oo11 a1'ter the: fifth extract ton when· .in 
. . . 

. ~VO'l'J ease ao increase in· t;lJ'cervl ether content or the 

extract. was observed. 'l'be extended number of extractions 

· n:ecess~ey to ef:fect .. t~e re~overr of untu;ponl:f'iable matter 

from oile b1gb in glyceryl e~.,. .content is further ev1 .... .. . 

' . . ·- . . . -

d:enceti b~ Pig .. VIII, in wbicb ·two liver oils of high 

vitamin A content are compare<i. Io. the case or_pf!!~ 

DR!!tr1& tbe oe-sl:vceeyl ether conten~ of the unnaponi- · 

f1ablo matter .1s very 8mS;ll ( 1 .. 6 %) Whereas tll.a t of 

J.::pllJir~on ara'-ri,Sfit}UQ 1a · considerable ( 15. o%) .; · J:~h.e ex• 

t.raction or the unsa,ponif1able matte,r of the . i?Clyprlon: 

Oil procoetJ.ed w.1tl1 gr~ater d1f'f1culty than that of Ren~ex 

· 111.2e~tr!gj evan when the unsepon.1fiable matter. content of 

the letter bact bee·rt eonsiderablg deoroesed b;y dilution 

with 6rach1s otl..,· · 

CONCLUSION . 
The extent iot tbe er.ro• involved in reetr-ictt.ag the 

. · nunlbex- ot :ether extractions to th!'ee ao 1n the. a.P.A. 

rnetbo4 · ot an~l,-a1t:t ce..n be r.ead117 aaseeeed trom the· 
. . 

abov~ data. T'able 1 indicates the numbet' or milli~ams 

ot un~spon1f1able matter extt?'a.cted in a·tourth, fifth 

and elxth extraction of' tbe· ea._pon1fiea t.ion mixture de ... 

~ived. from 2 gm. or eoch of the oila treated ·1n :fig. 1 .. 

The percentage ·unsaJ>on1fiable matter content calculated . 
efte-p each stage 1a gtven 1n brackets; that determined 

· .. tor three extraetiona appears artor the apecif'1e name. 



.. & b .• llFi' .,. • ttl 

. '. 

I l N · ...... l 

·22 
' ,.,f 

Tablq l· 

i ......... "i L t I P •'!I rtt ' I JtfM" r&? 

Jlumbc~ ot mg. of 
unse.pontt1able matter· · 

4th 5th 6th 
.E~trf!ptlog 

! .Otnt.,pCJ!fPllS .. ~.UJOU~ {90.Ef5)%) .. 1.6 1.1 1.1 
·(90 .. 6[91) (90.,m> (90.~2} 

' 

. . 

. E,b,iti~t~.r mao~~e~bal~' ( 4ll. ~8!%) 1.9 
(4? .4!2]) 

.. 2.5 
. (24. 'lrtl) 

'1:\,.JJ 
'{19.«lJ) 

6.2 
(19.1(~) 

:5.9 
. ( s.Gf3J) 

WntT T'PiAfiil" 

a.4 
{47.5[9]) 

. ·1~0 
(24.812)) 

14!2 
(19 .. 9191) 

11.4 
(191~) 

2.2 
( 8.1[4)) 

1.5 
( ,. 7r.z~ .· v .... ~.} 

0.5 
(47.6/41) 

1.,0, 
'(24 •. 8/'n} 

1.2 
{2o.oran 

·.1.9 
,(19.315)} 

1.6 
{ a.~) 

. 1.5 
{ s •. a\i\} 

It 1a clear that, 'from th.e ana1Jtical· point of view •. 

·sl!!l"tous 41ecrepano1ea . ar1ae in t~e c.aee or marine otln ·high 

. in glycentl ether .content (.e.g •. Hexanehue, Ueptranohtaa) .. · 

and partJ.eularly where tbe unaa,ponit!able matter content .. 1s 

;· low (e.,g., aqualue and :nerluoetus ""- 63.3% a.nd 15.5% gl7ceey1 
. ' 

l 
I 

ether respectively) • In v1ew of the wide ooeurrence o-r 

;,c.gl7eeryi ethers .tn oarlne oil$*, the result3 obtained b7 

the s.P .. A. method on euob o1lanm•t therefore be regal'd.ed 

1With due reserve.· Using an adequate number or extrneti.ons, 

however, . the tn.etl10d. hue provett tho moot etfeet1Ve one ti.Yail-

. eble, and in ,!.'qU\ine snalys1.3 four extractions have been re-

! . gal'ded as giving quantitative reeover7~ 
' 

. I 
* section 3. 



JtJxt'=action,,.of". !!ns,aponir~able frnct.iong 

The shortened S.?.A.l*metbod was used, but al.nee euc­

oessive extracts were wottked up aeparately, some modiftca­

tions were introduced 1 

(1) uore tbeo the epec1.f1ed 2 gm. ot oil were employed 

in most cases. but the .quant1t1ea of ell r~agonta wertt ad­

justed 1n proportion. In· this way reasonable we1gbts of 

mnterial were obtn1_ned in ~acb extract,. 
. ~ . 

{2) .All o11s were anpoo1~1ed for 1.5 hours instead of 

tb' 1 hr. recommended. 

(3) Extractions ·were effected in nll. eases b7 shnk1ng 

with ether tor exactlt one m1nl)te. 

(4) All extrocte except the f'irst were wasbe4 with 

amounts of water and. alknll calculated. on the basis or 
their bulk and tbe a.P.A. recommendations. Th1e procedure 

waa not edopted in the co.ee of' the first extract, however, 

because of its high alcohol content. such extracts cere 

alwqo diluted with ether ·{60 ml .. per 2 gm. or oil ta.ken) 
. . 

betore washing as above v:as commenced~ 

· (6) Extracts, after evaporation of the ether, were 

drie4 to oonatant weight in auttably tared ema~l d1st1111ng 

f'lasks uodeP veeuu~ at loo0o:e.,,~ 
' ' : 

. ·- . 

Tb1s was e:trecte4 either b7 dilution or the oil or ot 

the uneapon1t1able matter- derived trom 1t with aro.Qh1s oil 

(Pigs. II. III, !V, VIt VII. VIII) or Witb other o11e 

·(Fig. V). The diluting oils all contained lees than 1% of 

unsapon1t1oble matter. Their contrtbuttonsto the unsapon1-

f1nble f'ractlona or the mixtu:ree were the:-ef"ore mnull. 

* Seo Appendix A. 
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end the total· recoveries at :eueee~et.ve etoges or extraction 

rarely differed b7 more tb.an 1%. Total recoveries of un­

saponifiable matter fell eonsietently well w1tbin the-· ·r&-
·... . ' -· . 

commended tolerance ran.ge of _t0.2%, except tn ll tew cseea 

o~ exeept1onall; h.iSh uns.aponitieble matter content. 

GlUoertl etb&PB 9f81"8 determinced b)' OXidation W1tb. 
' . . 

_ p&r1od1c acid i; the Hei!t~anel!J~! ..aectOtg§US 111ter oil w.aa 

eatnblisbed betore uee to gtve -corref.1pcn4lng x-esults·bp 

botb.-volU;<n~trie and gravimetric metboas._an!l a1l- estima­

tions involving u.neapontfie'blematter :tram this oil-were 

tberetoPe carried out volumetrical.lJ,. Accu_ra.cy tn the 
. . 

anelpts of' f1oal e%traeta alwavs presented d1ff1cult;y aa 

•'the weights ot material (usuallJ ~ -mg.) were eo &mall • 

.. . . 

:;;. . . 

' .·.,· 

_ _. 

* Soct1on 2 •. 
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. ' 

... - . _: ~ 
. • . ; .,., ·,. r 

' ,, " ~ ,. 4 -J.:.~ .Jo, ....... -

01.: ..c •L:... 0: ~ - : ~l' : r I ~ )' .. ' UNSAPONIFIABLE 

S.?inhl~ s;~ .. ~nc~t~~cc {If olnc.ll"_lcit.'1.~~:tch l1vc~· ctlu "i;y Jt~.): ·JJ.CtiO 

\f(ij,"f~!'olO. 'CrrcJ.j1L10i;OCO, l!i l!lo o~.o •tt':'\·:,1 ~~ ~ uS.' 1 :t.i~J liV01: 

C<.Jln\" f0l1-..!Ull'.O O'R 'ilhc Ct\o~ ·-)u: :~c-': 1 tl!\t tbc f.'!f',ul < <.o\1Ct?:· .:..t.Pr:• 

t1 .H o}: \;h<1r oo.nct1 tut1cn G:.1 r coo0q•1li::.:!\cJ b;; : o11bron 

t'='.J tdo co-corJ!'o.·.·o, ;,1\o cet.u'b.l1ti1o(\ t~h· f! ot ·;;J1!'t •;..hey ccr~-
31 3~ 

o£ •cliJoOi/.;2. ct!lcvs of. ratty olooJ:;_olo • 11 'i:uoir om-

cJ.uol,tH\ ,c:,r;, IT~! lJOrtctl by 1>h.yu1of1l. ~~.:uLt~i'crh.nto34 en.._; b;,.r 

].:\tor iyntlll:·cic OR:)Ctl110!'1tovf>. r.nar6 ont~ J~locb;,;o Il·it dJ.oon 

t!J.Il'U t1tetK cor t,iJa .. u>;~o ocmu: in tt-:; or1Q1!!·.•l oilu Po f;"t\.y 

cc14l ct.tm~"\J 1 rFtloh on cn,Jon1r1ou~1oL \101.('~\ rocu.\\; 1n ~llo 

o;I,~~ook?1 I "" 
CJii'~cun!') 
I ,... 
cr oo" · <·} "-.0 !) 

(.;) ti 

tJ~<.sc c •• n· :a :-

= cl~lfag. 

= 01onoo 

= 01tf~o 

= u r• 10-109 

= 

s.<On tn 

alcohol 

wo bcve 

,.., ; 0' ~ 
V< 1J L 
I 
O'L!H 
I 
',. . r 'I' I J' V.I. .;.)V,_I' 4} ,._1 

,;;. t..J -.I 

ol:ooyl olcobol =cl•c.la'"Ooryl ot:!lcr of 
tiWr1ntr;;l {J.oobol 

oJli.rlyl olcol:tol =aC•clsrooryl otl1cr or 
cetyl Ol.oohol 

uol~:c1)8l nJ.oohol=..C-ulyoaryl other of 
o 1 ey 1 o.lco l:tul 

= aC-c.J.&~ O:t'.tl oth()J:' or 
ooto.aeoyl alcohol.] 
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Tbe extent of oceurreDce and distribution ot glyOGI7l 

etbero io ntttural tats baa never been studied in detail. 

In almost all 1nvest1gnt1ons to date the preaenoe of those 

compounds baa . been demons tratec:l by their actual tao lotion 

from unsaponit1able Gletter0f• 29• No method tw the.1l" e•tt­

mntion bo~ boen e:vaUat>le, although Andre and !lloch80 re-

. cordetl 1'01).ghly quantitative .data tor the glycet'yl etheP con-
- . 

tent ot th£> liver otl ot .§pz!nol!qinqq,.\,1chta. Th1s date. was 

- obta.!oed bf a "tractional 41tfunion" teohnl<iiue -· a method 

irt;prts.eltlcetble tor the routine rDP14 examination of natural 

!'ate tor their glyoeeyl etb~r content. More r-acentl7t 
, 

' owain and ttorton29 bavo reported an approximate method tor 

th.e detterm1nati9n ot _ealacbYl and related alcohols ·b7 a 

chromatographic method, but details ot tbis are not fet 

available. 

S1nee the oe •e;lyeei•rl ethers are the only 1: 2-glyeols 

i wbieb have be~n round recorded a"'l eomponcnt.c or un:)nponit'iable -

fraett.ons ot natural fata, tb.P-1 :r e!!timation by the uae or 
Nagents such ae lead. tetJ!ila-aeetgte31 or porto4ia t-t.e!d, wh1oh 

act epe-e1f'1enlly- on 1'2-t}.;vcolo, has been cxploretl. 

Doth these reagents effect tbe oxidation ot ~-gl~cerrl 

others according to the equation ' 

~~OR.OBO 

and thr. cou:rae of' the reatltton bse been fOllowed by estima­

tion both or reagent consumed and or tormaldehyde generated. 



' 
-1 found to ·attaek sub a tenees other than. oe •glNCeryl ethel'S, .it11 

~ .. 

part-icular equalene8i present 1n, the unsepon1t'1e.ble t:raet1ona 

ot many fats.. Periodic- ac:ld, applied first 1tl_ aoetlc eci~? 

anti l•eter 10 et.b)tl nlcohol38 and ethyl. acetntfi39 ~olutiona, 

. however;- proved 8 · tttC'1t~e aeleottve ·reagent. 

I·t was considered desirable for· the method o'f estimat-· 

ing c:C-glycer;vl ethers to be a direct sequel to the ord1nal'J 

society of Public- Analysts~- ~etnoct1 tor the eatimntlon .ot-

!. -unseponiflnble matter, using the ustutl 2 gm. ot te.t, or l!lOre . 

- where nroessaey, an4 to be ·applice.ble to.· the of'ten ver;r 

. small quant1t1,ea of material obtained front that ope~~t1on. 

· ConseQttentiy, eond1t:tons for the -oxidation were woit4ted out_ 

uo1ng().0006 N. periodic ac~d .. 
. ; 

Undet'. tbe:oe OOt)di tiMe the OXidation 0 f batJl alcohol 

was tou.nd to be co$plete (see P1g. IX) in tour hours. 

· ·. Acetic f.i01d was not-- emplored 1n the. tlntU. proa:edure because 

ot the d1tficu.ltr or adJusttn;: the pH or tb.e· reaction mlx-
- - . 

.. ture in the enautn.g ~rsen1 te metht.u!l40tor. ee timat.1ng tlle ex• 

. ceas Of ox1d1ei.ng npn t Wbea .tb1e eel vent wae emplo,-edot 

· U~der: the eond1 ttona t~nallY decided upon, tne sample of 
. ! bat:vl alco.bol available aseayed at 98.1{3)% PU%'8 on the ba1e- I 

' :- ' ' . . . ·. 

· of reagent eon.aumed, and 99.9% pure on the basis ot fo.malde-
.i . .. . . 

. i hrde gener-at-ed 1n the react ton. 

~ . : . 

:_. Samples of' unaapon1t.1able matter were prepared fOr 
I 

" I 
·I 

1 _ o.xidat1oR bf 41esol'V1ng thei!l 1n either etb,Vl alcOhol or 

I 
! . 

oth11 aeete.te., or. 1n mtxtureo ot_ the two. As the ~trul is 

of Table I 1nd1eate, there 1s 110 1nteri'erance b7 either ot · 

these two solvents.. It was a ma.tter of' experienoe (ct. 

. -
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100 

BATYL ALCOHOL SAMPLE 

75 NON-SAP OF HEXANCHIJS GRISEIJS .. 

NON-SAP OF HEPTRANCHIAS PECTOROSIJS. 

25 

0 10 20 . 24-. 

REACTION TIME IN HOURS. 

~~------------------------------------------------~ 

course or. tbe OXidation ot batyl $l.coh01 ona 
ot ·tm> unsapGatttable tmoti.one with perio4S.e 
acta.. a.a tollowed by taG 'l'ol~trie procedure 



29. 

1fablee I and Ii) .. that duplicate enalrsea of separatelf pre-. 

pt'.ired samples of unsaponiflnble ·matter :rrom a given tat 

differed oo:~:•e than duplioate analyses carried out on a 

single sample of uriaapon1t1able matter. · 

The consumption of reegen t in all csses is of eouree 

deto:rmined by the total redtictng power or t!le unsapon1fiable 

malter· to periodic ao1d, wherons the formaldehyde generated 

can be takep as almost· certainly derived only rrom the oxida­

tion. of oC·.gJ.¥eeeyl others preaent" Nevertheleqs, there bne 

boon close ooPreopondence (eee Table IliA) betwee~.the 

periodic acid co11sum~ui. and the tormaldebyde produced. in the 

ceae cr ve'i!J/ ma07 fats, and this ean be ta;;:en ns otrong cv1-
.. 

dence that oe-glyceeyl ethers are tne onl7 l$ 2-gllfcoln pre-, 

eent 1n these materials. In slwvev stu.dtas \Vhich are 1n 

PI'.OSFesa, however, nlllD1 c&&ea (examples .in Table IIIB) .b.flve 

arisen 1n which the consumption ot reagent was in· excess of 

that calculated f'rom the amount of torcmldebfde pro4uee4. 

In Ga~ples of this t'1Pe• the oe ... glyceryl ether content or the 

unaaponifiable matte1 .. bau been calculated on the basio ot 

the rorroaldeb.1de produced• ana. ·the exceso consumption of 

oxidising agent .io attributed . to the oxidation ot otber 

substances~ some posa1bly ot o 1:2-glyool natux-e. \1h.lch 

nre now under 1nve&t1gat1on. · 
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C~tson ot 1ro~trlc and grl.~tric dat-4 ill the det&~t:lon t8 
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S»tto:l.es 
.. 

. ltei~O~, 2~t'e:t;o~ 1. ( " } 
. . . fi . . . ... ft . ;. ( . "' ) 

Cll.tmaera aona~ · ( " ) 

~Cbus£11!1~. {:") 

. . !JGl.eoo,ertlO ~!I~ ( .• ) 
S!~ ~!IJ!'m· (tl.osh oU) 

P~tago ~ •glJ'c&l'fl 
· · •ther 1n tht \UUJEI)O~d.• · 

ttabl.• ~~attlr, , .. 
edacJwJ. alcOhoJ. 

V'ol12me~1o . CI'nftf!e.finO · 

9 .C-51 9 .1.1 

G4·5el; t)L\.6(6} 66.& 

. ~-C(2) 

fl.e(al 
114-.et&.J 

14.6{3) 

7'J .1(0) 

.SJ..;$! 

·gg.C#) 

14.5 

" • .'1' 

1/9 .. 6 

. 96.2 

B. -' B!Ill;lo:rbi.lma f!!!:theril'll¥'. (J4'hr .oU) 24.20) 

CN'C!Wl!f.!.~~ · f ··" ) za~GJ. 
. . ' . 

Uerlueolp OAnlmd• 2 ( " ·. ' · tea.$ 
. -·. ' ,__ ., t •• .. 1 

$Uda ~· ( '" ) &t•fl~ 
" · tJ (4Gad otl.) u.~J 

... e 
6~:0 

qetag J11>!olpj>1~ta (~ oU) . s. .. ffl) n.u 
.sc®lbe~. colitla ,(~ oil) 4.$) 

... ~~-~IS. tmole tiah} l4•t\5l 

.~·-·---t~--~-~·-·-rr-----w--·~--~----w-rw_.·-·-·----·-·-•-1 -----~~-·~-·~-•~M-•-•-·J-1_1 ___ 
* ttenotos .(klpltce:te reaulta carried out on sepa~:t&lf 

~r.c>d Sl.llitPlos ·Ot ~eponitlablo natter.. · 
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Pr aratton of a e 
of. Davies, .Hei· 

The uneapor~lfiable matter ( 5.4 gm.) trom a sample 

(25 gm.}, ot the fleeh oil ot Q,eto~b1nn~ .m~itml! was tnk.en 
. . 

up in ·metb71 alcohol ( 30 ·ml.) and tb.o solution re:rrige:rated 

tor 16 br:m.Ps. Sol1d material wh1ob bad sepa!"ated (O.BO gm. J. 

m.p. 58.2 • oo.oo a.) was then til tered ott ntld washed with 

cold metbrl alcohol •. The filtrate and we.ehinge (40 ~·) 

W$X'e lett a't oo o. tor. e .further 16 boum, and a secona 

deposit of solid mat,erial· (0.25 grn.; m.p. 59.0 - .59.&
0 a .. ) 

wa.a removed •. The '~tbrl e1oobol1'c filtrate was tb.en shaken 

. with hydrogen .fi't 1.6 ""' 2 t.ttmospheres prer.untre in the pre-
. ' ' . . . 

sence of a pal.ladium-strottttum carbonate catalyst, until 

the absorption of b.ydrogen oenaed.,. 

· the solution containing the' suspended catalyst, and 

some white crJstalllM matel'ial which had separated, was 

brought to the. boll. to dissolve __ the_ latte,,. and the oate­

lJ&t flltex-e4 otf $lid wesbed •. 'ibe warm tlltrate (60 m~) 
' . 

w£1S cooled nt 0 • 50 0~ for 15 hours • end a ceys.tall1ne 

deposit (2.90 gm.J m.p~ 61.5- 66.5° o.) t11tered off. 

FUrtbSr quantities of. solid mate~ial (0.'35, gm.,J m.p. 

51 .~ .58° o. 1 . 0.16 gm.; '. m.p·~~ 48 - 4gO c. and ~.10 gm.; 

m •. p .• 52 .... ·.-55° a.) .were obt~1ned f'rom sucettas1ve ·wapora­

tions and cool1ngs ot the solution .• 

Batyl olcobol ( m. p ~ 70 .• 5 - 71. 0° o ~} 51 was ob tn1ned 

bJ' reorystalllantion ot the first crop above (2.9 gm.) 

of Cl'1'5 talth until no further rise in melting point oc-
. . 

curred. For oxidation experiments, a·eample of this 



mate~:tal (:0.3883 gm~) was dissolved in a m1:.tture (50 ml.) 

·: of ,equal volUmes of etbvl aoete.te and etbyl sleobol, and 

5 ml. al:lquots were withdrawn tor each experiment. 

I 
I 

!-. 

Th& re~ul ts or 8 t.ull examination of the unsa;pon1~1-

able fraction of.tbie oil will be reported ~ater. 

p,x14atton,E~pe~1ments 

(a) R~ysn;e . · 

Periodic ac14. Sodium paraper1odate42. 

(2.:40 gm.) was dissolved 1aweter (15 ml.) containing sUl• 

phuric aof.d (0,80 ml.). '1'0 thi.s was add.ed 935 ml. of 96% 

etb.Jl alcohol, which wac pur1f1ed where'necesser:~ by d1s­

t1llatt.on frOm potass1 tnn hydroxide 1n the presence of 

al.um1n1Um tu~n1nga •. A white pl'Oc1p1tate formed• fhia was 

.filtered· ott? and the reagent allowed to stand overnight 

·. betore use. 

sodium arsenite. Th1a wee about 0..:02 N., · 
"'"¥44 __ ·, · Hir,- ._.. 

. . 
containing 10 gm,. BaH003 per.11t;re, and _woe adjusted to 

· give a baeko..tttre.tio.n figure ot 3 - 5 ml.1od.1ne (0 .. 02 N~) 

. fott 5 ml. periodic ·acid· reage~t 1n the blank det~rm1na• 
' .. ' . . 

tton. · (s.ee under (e) ·O:ttldat1on below.) . 

. . . ' ' 
solutions the diretft ·. titre of tne etand~rd. io4S.ne eolut1on 

uSed {0.02 N.) Qga1nst tbe arsenite solution, GO that it: 

.·was ilmmedlatel:' ev.ident 1ft any expe:rim~nt .bethel' an e:x-

i . cess ot periodic acid. had indeed been . added .. 
1. 

· (b) P~e.2at'at1cn ot," ·Un¥faionit'table. lfat.te.£ 

The unsaponlt"1able matter wae isolated bg 

the method. or the: soe1eti or. Public Anelystai bttt w1th . 
. . 



i. 

i .. 

?4 

four ether .extractions* i:notead . of the three re.c:omended• 

The oxidation wo.s carried out on solutions ot unaapon1tt .... ·: 

able ma.tter .in ethyl alcohol or etbyl acetate, eontalnins 

·from 36 • 60 mg. material per 5 ml. solution. 

(c) fh£ Oxidation . 

· An aliquot . ( 5 ml.) ot the solution of un­

sapooltiable matte!',. c~ntainins 35- 50 mg. of matetttel· 

· , (50 mg. selachyl alcohol e 0.146 mlllimol.) was p1pettcd 

.into a 300 ml. conical tlask. To th1s·was ·added 5 ml • 

. (11! 0.163 m1111mol~) or periodic acid t"eagent. !he solu­

ti·ons were weli mtxed, and swirled et lo minute in.tol"'""" 

vnls for the t.1rst. halt-hour, o.na. subsequ.en.tl7· at bslf- . · 

hour_ .intervale. · If· the ~ ..;..g~Jeeeyl ether content, was high, 

.. a \";hi te prec1p1 tate. { 1o41c .acid) eepsrated w1 thin :about 
. . . 

. 10 minutes. At thfr end of tour hours, saturated socttum · 
. . . ~ ' 

btcarboQate ·ablution (25 ml..). was added from a measnr1ng 

-crlinder, ttnd. sod.tum arsenite solut:ton40(a5 ml. ·; ,ae& under . 

,£GftS.Ett!..,~S e.bovej .was pi~etted ln. O:t-gan1a matter was· preci­

pitated (less evident wh(tre etbl'l acetate was nsed) and 

· .the 1otUc acid dissolved.. Potsesium. iodide .solution { 3 

ml. ot 10%) was. tl'lerl.· added and the m1.xture s,;irled 

thoroughlY' and allowed to etand 1.5 minutes.. A.t the end 

o-r· .this time; the flat!lllr was we.shed do•n with tvater (ca .• 15 

ml.) and the excests sodium &.l'Senite ~1t:rated wtth eta~dard . 

. ( 0.02 lf .• ) iOdine .s.oiution to _ataroh ind:teator •. Blank 

determ1nat.tona c5 n.a .. solvent.re~lao1ng' the solution Qt 
. . . 

uruu!ponltiable matte~!) were ·carried o.ut simultaneonsl; •. 

~rom the titre of pett1od1e aetd' consumed, the percentage 

slNceeyl etber,. as aele.chrl alcohol, tras calculated. 

i!ibl:i'n • -_J 1" ...... " ... Ill! ... -"' 

ofi afJ ,..........,.., _________ _ 

* Sao Sectivrt 1. 



Determination of the Por:Ttaldehl'd~ 
. aenerat"i4:l.n tqe Be~ct.1oq 

·t To the oxidation m1xtu:re, after standing tot!· four h.oure 

I as above, water ( 30 ml.) wa1:3 added, followed by .N. bydttO• 

c~lor1c acid (9 ml .• to give a normality of BOl of 0 ... 1 - 0.2 if.) 

snd N. sodium arsenite t:Jdlution (3 ml • .) 43• The solution was. 

swirled thoroughly. .When tbe colour generated bad diss.p .... 

i' 
! 

· peered, 60 ml. · Qf ·a butter· solution {made by m1x1ng l· volume 

ot l.f N. hydrocblorio ac1d With 2 volumes of 1 .• 7 u. eodtitm 

acetate44) ·•ere· added, and .tile whole filtered through n p·ad 

·of filter-~1d With gentle auction. The tlaslt and pa<'l were 

washed with a fUrther 20 ml. 0~ butter aoluti.on, and then 

t:i th about 10 m1. · of v:ater from a wash-bottle. to the clear 

filtrate {pl1 4..6} 5% e.lcoholic d1medone eobltion (2 ml,.) was 

a.<lded, and the eplutton ·tboroughl7 shaken; and allowed. to 

etand for 18 hours.· The precipitate ·was then filtered. off, 
. . . '. -

tn a·tared·sintered glaee.cruetble, and washed with distilled 

water.. Drr1ng was earr1ed ~ut at 85° o. ror- 20 ~:t.nutes, and 

the c!'ucible· then co(}led 1n a des1caatQr and weighed. A. 

blank •as. usualiy carried. out on tbe .reagents, but was never 

tonnd pos 1t1ve• The method 1e not reze.rded as giving .rosul ts 

to greater accuracy· than abOut . l. 5%. 

Note .i- Where tbe ce-glyceeyl ether eon tent ot an un-

.. saponit1able· fraction was low, '1t waa •lways. atlvontageo~ to 
~ < ·~ ' < 

use 5· ml. a11Quots containing tnore than 50 mg. of' unsapon.1-

'f1eble matter. .In these cases ethyl acetnte was the oore 

usefUl sol-vent, owing to the greater solubilitY ot unaapon1-

t1able me.tter.in ·· 'tb1s solvent than to etb¥1 alcohol.. The 

use ot altquots greater than 5 ml. necoseitated adjustments 

in all operations subsequent to the oxidation; and in the 

case o~ ethyl acetate in particular caused urtnecessary d1f­

f'icu.lt1es. 
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'THE OCCUBRENCn Or! c=C. ...()LYOE:RYL ETftl!~JlS .IU mE 
t:JBSAPON'IFI/Jft'S FRt.CTIOliS OF NATURAL 'Jf A'lS 

.. '· . 

rata ·are the -result, in large meastn"e• ·o:r studles or el&SI'.QOW . . ' . . -

branch liver o1lo by J&ponl'se worke;re19• who first aohlel'ed 
. . - . 

the iaolat1on· or ee';Lachyl, batyl -end (f~.imyl aleobola ~rom 

n number· or ouch fflts~-- Later workers also blilSed eooatttu-

. ,: t1.one1 sttuttuo co materta:t; ~ertved rrom elasmcibraaeh oile31•13. 

i 
'. 

Ieolated obsei"9atiooa indicate, however, . that ·cJ;; •glyceryl 

, otbe~ as.'e by no means· reet1"1cted to elo.emobrancb fats.·. 
. . . . ' . 

fhus they have been iSolated . .trom e cruetace~tn {the 

Japanos(} crab~~- .far'a,l1thofe!P ... ctmtq~etica)45, trom 1.1 o~pbalo­
p.od mOllusc (.Qmf!!ie~~hss~ ... '-'.~~c.~rt~~n!i!if~!t~r46• ham s 

- ' 

coelenterate (the go~gon1ts. 2-J.;~upn- .. ~lexu.oap)47~ hom M 

echinoderm·. (the starr1sb~ .&!~!t:,ie~ r_:tbe.«!!)4S, . hom Yib&le 

abd herring .o11G49 • . and tram the ~one marrow of eattle50. 
. . 

?urther, sw1aa "Workers btlve reeently inola~ed bat:~l aleobol 

in .amo.ll a.tm>unts t~m · th~ un.saponitinble l1p1oo or arte:Mo• . 

. acle~t1c :~nma~·.,aort_ss51, ana .. or· hoga~ie~nsa. Th~Y' have 
. . ~ - :... . , : . \ ' \ . ' .... .· . . - ' 

nlSO BUO.ceeded Jr,:t iaol-at1ng . Chimyl Ol<.!Ohol ft"Om eXtracts Of 
.· ..... 58 bull and ewine, testes .. In all ease-s t~e dtt.ta as to a.otual 

- -

J:. -Sl:veertl· ether eontent.e t1!US t be regnried as onlr xongblr 

g.unntitnt1ve,- ~oth beaause fl stan4a~41oed procedure ror the 

isolation of \li.OS"'{Oilj t~r~,t'•:llo ~t:tGl" wes not used. and because. 



of tbe lttok ot nn enalytiot:J:l mt thod f'or the e.et1mat1on o~ 

oe •glyeeryl ethel'S. 

In tb1fl eeetton, t~retore, tbe amounts ot torma14e­

b,-de generated .1fl tbe ox1d~t1~n wi tb periodic acid ..,.. ae• 

cording to tbt.:· anttlJ'tieal method deecrlbed px-ev1ousl7 -· 

of tl wlde variet7 ot rote from marine and other Gources, 

bt\ve· been determined. -The ~esul ta are recorded 1.n terms 
. \ 

Of porce~tage oC -glyceJ:7l e'tbere, calculated as eelacbJ'l · .. ' 

alcohol. 1n the·!able. 

{a) ;slytnobl"anch J!1J~bjo;54• Pets from eo:ne 25 upeoioa bave 

been examined, and the l.tver ot.le of all but two species 

· were found to contetn appreciable mnounts ot glyoe.l'11 ethers 

in their unaepon1£1able traction$. 

The Beptranchf.dae liver oile et~1ed - neme1:y those 

fJ!'Om the eeveo• and slx-gtlled ebarlta. showed the greatest 

content O't gl,Ce17l. ethers - the· un,se:ponit1able trnetiona 

· (about. 20Ji;) _cooatattng ftl~et entirely or theee substances. 

In the esse of the seven-gilled sberkJ body and 1otcst1nal 

oils were aloo examined. and the fo.~er, 1n part1cular, wae 

#tcb 1n gll'Oe17l ethers. 

, .Among the Onreb.er1Didath the t1get shark studied ta to 

be noted for the high glycecyl eth,.'r content of ita live%~" 

o11. : 'i'be case of . the commere1stl7 important soupf1tt shark 

is ·aloo of interest - tho unonponifisble mntters from the 

ltver oilo ot a adult specimens etud.ied coototned frorn 17.7 

• 34.~% of glyceeyl ethers p Whereas those froo yoltsae and 

' . 



I . 

embryo liver oils contained .. 2.1% and 0.4% reepecti·vely,. 

These data suggest the aecumnlation of" glyeeeyl ethers in 

the liver oils of this species with increastng age.. In 

thts connection it mar .be noted that the hammerhead shark 

liver o11 which waa found devoid of' glyc&ryl ethere was 

det-1 ved from a very young spec1men55 .• 

Ot· the Isurldae, .the bask!'ng shark has proved of con~ 

s1derable .interest; and a more detf.liled report on th18 

species will be made later. Whereas the liver oils of two 

of the $peelmens examined were rieh in sgualeno (38.8% and 

28.8% respectively-* l thei~ content or. glyceryl etbero was 

verr low. In contraat, the flesh 'otle {lo.l% and 5•4% in 

the flesh) contained 96.,2% and 60.0% glyoergl ethel'S re ... 

·speeti·vely in their unsapon1~1able fractions (21.4% nnd 

19.3%) and extracts trom other. tieeuea also showed appre­

ciable quanti ties ot these compounds. The examination of 

flesh oils from other apeoies whose ltver fa.ta are rich in 

squalene 1s contemplated. (Ot. ·oentroacymnus ; 94•1% 

squalene in the liver 011.} 

. Of· the squs.lid&e, a .§,iUplu~ spec lee (unidentified} 

yielded a· liver oil containing very large emounts of 

glyce17l ethers ... _ an observation which tallies with the 

experience ot other worktU>a f2?:,;t-9 c,(~ 98~.h~~5~r} .• The 

spiny shark was also or interest, as it yielded a 11vox­

o11 ri.Ch both in SQU.Oleoe and ..C-gl,-eeryi ethers (of,. 

seymnorhinus 11ch1a30 ) • The Chimaera studied Y'1elded an 

oil of similar t~p~ (cf. 1 9c, 35~,.,58) : .• 

* See Section 4. 
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(b) X~l.e~~$ .. ~iahes.. Althougb previous workers:56 bave .lm• 

plied tbe probable prescn.c., or ae-glyceryl ethers in fattJ­

f'rom Teleost t1ehes, oo.ly one report or. the1~ actual teo• 

1a.t1~n from these sources baa beeo. f'Ound4~ The .. Pl-eaent 
. . 

. iovestigatton of fats·trom ditterent o~gano of 20 spoetes 

I ,- ~ . 

baa 4emonstreted the .. w1<1e~~read oeeurrenae of· gl,oeeyl 

ethel's .tn_small emounts _tn this sub-class.. In -one or two·._ 

apeo1es;- e. g .. -the Cape eel •. oils 1rere ob~a1nefJ. eontnlning 

an uppreciable amount of o!·....;glycecyl· etb.Efrs in their 11tle&"" · 

. j 

I. 

. ' 

: 
; · pon1tleble tractH>ns. In the oasea of the etonebasa and 

the )'el1ow-ta11., cons1df.trable amounts ot tb-e bighly un• 

aaturnte4 vtt.amin A were .. aasoctated ttitb theoC•gl»"oet'-yl 

ethetth Head a:rtd ·bodr. ee :well as 11\rer o11n. ehowd ·a.p• 

pref.)i.flble eontel')tSt tbe bOdJ 0'11. Of tb-G Gupersolo beitlg 

particul~rlr WOrth3' of note. 

(e) !!!llysgs. ot the a-even moll\!So ot'ls examined. thoae of 

tbc limpe-t nn.d of tbe Top Sb~ll were· lo•eet in glyC0%71 

:. othe~ contea_t. · . ~he- most interesting otl ot · tb.ls group woe 

· 1 tb.nt ot tb(f ''hepato•pan.ettfm& or. the Octopus - a bright red 
. . 

i. o11,. Qbta1ned tn a Yield of 131ta% - •hose unsnpon1f'lo.ble 

I t:raettoo was alrnoot one-th11}1 gl7ee~l. ether (ef;i:6)., 'i'he 

o1t' t'J.N)m the rest of the viscera ·was ·alao strongly _poe1t1vc 

for these oompounds. 

(d) prus,.gq·gn,!~ ~e Cape ep1,nN lobster, the only a!"tbropod 

examined, ·was treete~ on a onref\1117 d1f"t'erent1sted anatomi­

cal ban1e, ond all' the oils anal7aed proved ·to contain verN · 

-appreciable amounts of'oC•slroe17l others - the unenpon1-

: fta'ble traction obtn1n.e4 from the ntomse"h oil having the 
; 

f . b1ghest -content ot thcae $ubstancea. It is to be noted 

" . 

I 
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.that here, es in the Octopus, the main fat depot was the 

hepoto-psn_creas • 

. (e) ,Amp,b&,~1f.Uls1 Re,etiles, ,D1£9p. The Cape Clawod· TOad 

(Xenopu~ laevie) which haa been the objeot of much experi­

mental work in south Africa and els,ewhet-e,. and has :rormed 

the basis of a test for pregnancy07 , was examined as repre­

sentative ot the Am!>b1b1ans, end tbe Mole snake, B$ a rep-

tile.~ 'lhe visceral and bod,- oils of both proved positive, . 

. and .. 1t is ot interest to note tbat the liver oil of the 

former gave a negative· result.. Among the blrda the domes­

. tie· fowl wns chosen, but the thttee oils examined showed 

only small .c..gl1ee1'Jl ether contents. 

· (f) Maninals.. Ot the two whale liver oils tested, that of 

the Humpback Whale ·gave a small positive result. .The bead 

oil of a sperm whale· {spermac&ti) which might hav~ been 

expected, from !tl'f h1gb content ot saturated ratty alcohols, 

to contain coneidel"able quantities of' glrceeyl ethers. was 

found to co~tsH1 only a very small amount. The white rat 

prove~ to contain oe-glycerrl ethers tn the liver~ body . 

oavity, 1ntest1nal and taeoal fats, but the subcutaneous 

fat was devoid ot these compounds •. A sample ot human 11ver 

oil in eontpest to that of tne rat; .gave a 'ftegative roesult • 

In vtew of the isolation of batrl alcohol rrom ox-marrow 

fat bV Holmeo et ·al5D; the present technique wan applied to 

a sample of thie msteroinl. The gl,.cer7l ether content was 

of the ord.er reported by these workers. 

(g) Vegetnble :tats. The vegetable oils examined, w1 tb tb.e 

exeeption of a sample .of' Tung oil, gave nega.tive or negli­

gible results. 
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EXPERIMEN'l~AL 

The ex.per1mental methode U$~d were those described · · 

in the"previous section. .. ln the caae of the vegetable 

fate, as much as 20 gm. of oil ·was taken for each toat. 

ThroughOut the wo:l'k, many cases occu~ed in which tbere 

was discrepancy betfien .. the amount of reagent consumed and 

the ~unt of formaldehyde generated. One interfering 

factor waa found to be Vi tamtn A, Vlhich reduced both . 

pertod1o and lodic acids,. with the liberation of ·1od.1·ne. 

That th.1s ie not the onl7 source or interference bas been 

· showri by tbe occurrence or d1screpanc1es in the case of 

many oils known to ·be devoid or Vitamin A· . ?fhe existence 

of oC•gl7co'ls othel' than oe-glyeeeyl etbers in the unsapon1-

t1able'rractiona ot: such oils cannot be exelude4 .complete­

ly,. These pointe are the subject of hrther atud1es. 
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AP:l'ltiOATION 0?. THE! FITELSOlf NETHOD 011 ttg~U.ALE!Ett 
. DETEIUliNArlO& TO SOME MARINE OILS . . 

Since tb.e initial detatled reportt bg rau31ft'JOtoU> ot' · 

the occurrence of an heaturated b74rocarbon ... fOP which 

be· proposed tbtt name «taqualeoett - in tbe llV$1' otle Of 
several snbrks, m\lch ettentton bas been directed to thie . 

. . . 

compout~d. ln· _addition ~ extens1vo suneg etudtea on .mal.*ine 

enlmala b¥ Japan·etu!!68 .and· Frencb59 .woxaker.s, constitutional.~· 
' . . . . 

804 S)'Q'tl\et:1C ttwe$ t1gatt.ons Wet'e Carried oUt by 0. few.-- ·-
gJ,10up$ of' Workera60 • Tb." CO~ttatib111 tN ·Of th1a. 1\vd!'OCtsJ'bontll •. 

its pnogenettc coaveraton to. an a~t1flc1&1 petroleum62, and 
. . 

tnOre recently, its poly.lso:prene cb·are.cter. and relationabJ.p to 
1 · rubber65 have been extenaivel7 studied. - Ita btolcg1cal sis- · 

l 
·' 

i. 

< 

' 

. . ·. - 55 64 
ntf'loa:oee bas also ~en ocne1dered ' •. but even at thie 

. . . 

: stage little. advance has be$'n ma4e. . 

AlthoUgh among, _fna·rtae ·animal as squalene occun .in grose · 

quanti ties onlr 1n eome elumobttaneh types, 1 t is· not re-. . . 

A moet lntereet1nJ oeetll'J-Emce of: t.hie. oompountl is that· 

reported bv Dimter. wbo. :totlOtl eQlU\lcttJe ln tbe fat of the ' 
; humnn O't'ar1an· dermo14 eyst in noteworthy amounts, el'thotlQb. 
l ' - . 
J· . ' . . . 

i tt. could not- be 4emonetrate4 in the uneeponitlable rea1due 

. I ' 

of the serum, or the -depot and- ll•er f&tll6'7,.. In- the plant 

world squalene hoe been to'tUld, often 1n eome quantity e•s• 
in reant f'ata68 .(16 .• 5%) and 1n other tunst69• Its probable 

·oecurftt1ce in pinebQi"k olt bee. alao been rf:l)orted..'10 
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lfan1 more usual vegeteble tats ,ba:ve been· exemined by 

· various workers utilising the ch:roms.togt-eptt1o metbot\71, 
' . ' 

tne tormation ot the hexabJ'drocbl.ot"1de7a, the high· lod1no 

•alue?3. oro ccxnbt.natton$ or. tbe f1ret•ment.J.one4 method 

w1 th ti·ther of the ether c~:.tte:rls to deteet arid 4eterm1ne 

equal:(lloe33,74.,5* _ but no generally applicable method was 
fo rmul at ed • · . · · . · 

· Ft.telaon32 has dtll'JOnvtJtatfl'4 the e-eperatton ·or bfd!iOcez-. 

bon~ n-om the nneapon1f1able f!'aetiens of' fate b)' a enromt\-' '. . .. ** 
·tograpbtc pttocedu'Pe, t'lftd,. using; th~ ROS$1mlnd•:tttl'utbenn?6 

t . ' . . 

·· method., baa, determine-a the unsaturation of th.te traction,. · 

· i from wbtch the ffsqual•n••• · content or tbe oil mFty be calcu-
1 

I 
·I • 

lated. This tech.n1que is ot part1culel;" importance in the 
: . . . - -

~tnalutic31 ciu.tl'aeteriaatton or oltve cile, · the uneaponl:f1• 

able ti"'actlona ot which ·ora 14lob in. squalf!nth and provides 

:a meana .tor the detection ot ettve oil to edible otl mix.;.. 

-.Ita ·tbe ·courae ·ot. tbe -1nYeetigat1.on,· ~1telson62 and .his 

colleeguea74 eumioect. a large vertetr .o'f tats, 1nclu41ng 

however OftlY two of tnartne ortgin. sinoe squalene te eo 

. 1f1dely dtst~lbutea. tn nm:•tne animal oils 75 ,. otten tn groea 

atnOUnts;_, it was :eona1dered th~t th1a anal:vtf.cal metbo4 

would -be· of 1mpor-tance 1,_ tbEr general examination of tats· 

or marine ong1D-. .· .Moreo\rot-, in these materiels equelene · 

may be ••aoc1etett wltb lerge amounts ot a wide range ot 

Other anbatances - fott,- al¢obo1s. oC•gl1cet'7l. etbtn.•a, .tJtel'Ols, 

V.itam1n A, etc •. It seemed. re1ev8cnt, therefore, to 1'8Cord 
. . 

eome results (Table t) of the application o-r t'be 9f.;teleon . 

method to a outnbel?' or marine . tats. 
--- liP 1•1 ·_ fl l 1 Q ____ ~ 

* oonte1.n.$ a. tabulated review o~ the .literature on tbQ 
0(lC1lt"re,QCe Of' SQUal•ne •. 

**See Appendix c. 
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ln the ceae oT unoaponifinblc fractions containing 

very large proportion~ or ..c•glyceeyl ethere [Table I, 

(a) 89.2%: (b) 88a.7% ], of tatt · alcohols (o') and ot 

sterole [ (1.} 91.6% calculated l\8 cholesterol] effective 

retention ot these substances '·tl the simple ,cbror:u.t\0--

. $rap hie eolu.mn recommended by 1\'1 tela on eould be ensured 

1f suitable quantities or material were used• and thus 
. . . J 

high reaulta due to thcir·passsge.tbrougb the column·tnto 

ttie eluate avoided. With certain fats. containing ap .. 

preciable amounts ot Vitamin A., however, [e ... g. (a) (n)] 

two nabnormsl'' effects have been observed. In the one e 

faint yellow band moved raptdlJ' down the tube into the 

eluate. This baod coult1 otteo be retained in the column 

1:f' less material waa taken, or if e longer column wna 

used [e.g. (g)]. In the other, [e.g. (t)] a 7ellow 11oloudn 

moved verr rapidly· through the column and 1nto the filtrate. 

Both thene yellow aUbatnnces reacted w1 tb SbCl3 in chloro­

form to give a blue coloUJ.", but neitbe~ or the:~ was Vitamin A. 

etnee, after their .removal trom the column~ tbe 1aeu1ng til• 

trate ta.iled to give the Carr-Price test until the elution 

of the Vi trun1n A fraotion w1 th. benzene, o~ a ben~eoe-

alcobol mixture at s muoh lnter a tage.. Pre11m1ntU7 epeotro­

grsphio observations oer~1ed out on the ¥ellow materiel 

, r•( 
n ot1eed in the flrat typo or behaviour indicate that 1t is 

probably related to anbJ'dro Vitamin fl?, e1 the:P preaen t tn --r· 
the original ollt ott tormed 4urtn" the saponlf'ioat1on in al• 

cobol1e med1.um7a;z9 Both phenomena will be f'ull¥ investigated~ 

ustna ln.::ger quanti ties of material. 

It- 1e tn its application to unsaponif1eble ttractions 

containing large amountn of unsaturated hydrocarbons (e.g. 
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Daelt1ng ebal'k, deepaea dogti&b, apiny shark tmd chimaera 

liver oil&} in wbicb. interference ;trom Vitamin A or related 

substances ta remote, tbat. the Pitelscn technique ·is ot 

. particular value, . a1nce the anal1t)ea lnd tcate that the oils 

or a. given speotes conform to a general type {ct. Baok1ng 

shark and Centroaeymnus liver oils i.n respect or "equalenen 

oo.nteat· ot ·their uneapontt1ab1e fractions) • The unsopont- . 
' . . . ~' 

f1able tracttons ot chimaera. and epinl' anark liver otla are 

-intereettng in that they contain vecy- appreciable amounts 

ot~-s17<Hu.,-1· ethel'S (9.5% and 14.6% reapecttvelg), which 

together witb the squalene ptteaent mske up 07.2% and 96.5% 

respeot1vely ot the ·total unsapon1t1ablf!!: matter. The 

0 equalene" contents or the uosaponiria'ble tzt•ctions of th• 

oentroscymn~ otls are of interest as indicating the poss­

ible preeen~e in thene oils ot h$'droearbona ot greater un­

eatul".etton than sq_ualene 1toelt.,. ·In contrt.Jat. detailed 
. . 

otud1es ot Cetorbitms liver o11a baVe ehown that to t hie 

oaae more saturated ~~d~ocarbon materiol80aocompantes tbe ~0 

&quelene. The tlesh oil of n centrosoymnue gave a EJUI'- · 

prlstnglN' b1gtt Pesu.lt for •squalenen •. 

' '· 
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TABLE I 

c~ ~- OU f1m ~ i'O~bca t:tlt'tn~fl 
flo.blo llr~ calonlnto4 
mttcr an opJ.ctao :In 
O!!Otc:ll~-

Of• .oZl un=~abl.o ou. 
.... , •• • ·' w * a •• ' r !lUI f$1i111 tzl Ia 

(t) 
- "" '• ' 1 

o) ~tt-...nch!oo- oova-jUloa Uv04' ltl..t@) 
_.POCtoro::r.lO ~ 

b) ~ram ~l«l an.¢) 
~ ~. 

4) ~~ .Co!)O co! 
nuoU'0.\1.0 

a) l.ovhllW M~at ftflb 
D1nca~-

. f) UCUto:t:l tolo• Itobol.f~ 
loi}ltlOt:l . 

O)~ ~& 
oan!o· Vb't'!'~ 

·h)~-~~ 
G:'li'C~ 

l}CO~ 
~(lt 

. (C) 
- (tlJ 
(~) 
(5) -

J ) i.ehtnorbsnua nJ)irO' abn2i"li 
0~ 

l:) (kg~TSU() tlOO]J.COO. Cbe· 
~ (1) t!oh 

(S) 

1) eon~~ t~ -· 
0~0- (1) 

(!l) 

~ 
C!:lbar.l 

n)- A~toco:;;bl.tw Z031 
- l'f.lO~ 

(SObrO~) 

It 

n 

n 

~ 
Uvcr 

"' 

" 

t'J.1j(;) 
Clot()) 
::m.~ 
SO.a(l) 
®-·'i1C) 
a.tti) 

~,.cq 

a.t{:) 

vo.d~ 

00.16) 
en.::xo.) 
Ol..,f(O) 

7~.£€j) 

no,.<(O 

Q 1~ Vbluo ·Of lltlC~~blo tmotto:l o 000-.G 
X04lne Vclt:b ~r OlUmG ~ o sao.o 

"~-~ Valeo c2 ~W.eblo ftcOt:f.o a 000.0 

¢¢Q, JO(!f.!ro Vcl.tto of· tlt30:A~obl.o troctkl c 009.3 

ts:c;oti~ 
~-·-·••>i'- ' L -, 

1.W1 o.$) 

l.lS) o.ei! 

o.$) o.)Jll 

.1.-nt.S) o.JO\ 

~.Gf.$) o.l.(a) 

~~) o.~ 

l.~) 041 

ea.$) SS.SV) 

an..oo G9.~ 
8-.£e) l..S:~\ 

'lt..C(U; 14-~ 
01.~ oo-~ 

¢S~uVQl tJ...$) 
ttl.~) S?.Q!il 

m.v~ tS.<* 

ro•9t:l 00.$) 

«>''t!,Ql.O eo~ 

101.'2 oo.1131 
UJ .• ~ 2.c(CI 

~L~Hltlfmw! 9l..G(Sl 

Of;.Ol01 00.S(3) 

l.fb\ o.O(OJ 

-A colnt!cm of ~!a t:O::l~ablo ~otlon co~ e.o ~jlfQ~ P1Ul 
~ alcoho.Uo 410-to~ 

COlC411atcd I041no ~l.uo-ot a~ c 5?1.5 
. 

• li'l"OP tltl AtlCOla COO.ot. 
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The unsapon:tf1ablem:atter: was e<Jttracted bf the s.P.A .. 

method· , tm1ng fOUr extractions· •. ,_Pttelsoa'a recomJende-
' . ' . . . . . . 

t&on that the unsaponitiable tract1on be estraeted in two 

atep.e "with-petroleum ether was not tollowed, beo~se tn. all 

oases tbe:~tot11l "nnsapontttable matter 11as rqquireti f'.oJ:" 

\. ' 

The. directions_- o:t Fiteleon- _we_re t(>-llowed enctlif< .ex- . 

_ cept that 2 gm., ot 011 WJuallJ P:ttOVided sutf1e:tent unsapo• 
- . 

ntt1ab1-e matter t'o"l! at least one determinat1on. ·· The follow-

·1ng -qunntltiee rave good, reBUl ts; tor a 10 a o. 8 em. column 
• I ' ' 

tJnaaponl·tlable~ . . We1gb.t ot _ matero·ial _ Volur.de of 
fraction btgh in uoed per. chroma to- _ rtoaenmnd-1\uhnhenn 

-.wf9.otm;t -Q~ . , - . ~ · -· _. --SEa.~ bE¥ ·• _ - • . ,. u -~··. ,tJ · • ~au~_¥ _ ~'!~. _Ht j ~ 

Bot mor-e than 180 ·mg. 10 mi. probably' sur-
1"1etont 

· J:. ... gl.rcel'Jl . ethers 

. sterols 

Vitamin A 

tt 

Uosatuttated b74ro• 25 · .. 61f mg,. 
carbons 

.'tf ti 

I!S:e t B.D.R •. ''.Alumtnlum o:stde ~ 
cbromatosrapblq attaorpt1,on 
ana11s1s., .. vas· us.ed tbl'Ougbo-ut ._ 

.ff 
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It is recommended that the whole determination (1.e. 

chromatogram and tltrat1on) be car.ried out in duplicate at 

least. In the eaoe of oils ·co·ntain1ng considerable amounts 

of V:ttam1n A some adjuat~nt of the amourtt ot materiel taken, 

or height ott the. columtlt wns nocessart, . 1f the rap:ldlJ moving 

rellow bend was to be retained. Where a yellow "cloud" 

p.ae$ed down the column retention was v1rtuallr impossible. 

Some idea of the extent ot tbe tnaeeurac1 due to 

elutioo of Vi tam1n A~related ma.tter mQ¥ be gained t"rom the 

figuree for the seal .liver oil. given in Table I. The un­

eapon1fittble fraction or this oil (unsaponi·~iable matter 

oo~tent ·= 29.61%; percentage of Vitamin A in th.e uns.apon1-

tiable traction = 50%} was .chromatographed (0.1888 gm.) 

arid tb.e mOving band 'all~d to peas into the filtrate, which 

was d1st1nctly 7ellow. Despite tnia, tb.e "'squalene" con .... 

tent. based on the unanturation o:r ·the residue after removal 

of the petrole\ll'll ether •an only o. 50% o.f the oil~ Atl lden- · 

tical t.teault was· obtained usi.ng 0.0944 gm. Of' ma:~er:tnl. The 

error involved is thus small where tbe method is used to 

esti.ma.te mo~e tban traces ot unaaturated b.JdrocarbOnsii> 

' .. 

In cases of low unsaponif1al?le matter aontent where. 

two separate preparatiOl')Ef Of unsepon1fiable matter were 
cbt-Otnatogr.aphed, agpeement \'las ot .the order indicated by 

Fltelson. If aliquots ot the same unsaponltiable ma~tex­

solution wet-e taken :ro:r analysis, the precision or results 

was or course greate~., 
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T88 tmsAPONIPIABLE FRAO!IOH OF THE LIVER OIL OF 
Td SBV!Ui•GILLED SHARK - JieRtraoch1as ,eectq1!0sqa 

A tentative report on tb.e ce-glrceryl 
etbere present 1n this species 

fatty acid studies on eevottal marine o11s a:re going 

forward tn.theae labOratortes, and. it ns considered ot 

1ntereat. to attempt analo~ous fracttonat1on. studies oo' .the 

. of -glyceril ~tber fracttons .of oils eorita1ning those com-

pounde0t • ·8} Lcntem:56ttaa regarded the existence of oe-glyce.ryl 

ethers in ma1'1ne oils ae being a special case ot b,vdrogenation, 

and 1t the ...c-glyeerJl ethe.rs are formed by the ~dregenation 

of' the oor:Pespontl1ng esters, the distribution of' the various 

oe-gl?eer,l ethe~a should bear some relationship to tbe 

fatty ao1c1 distribution 1n the same o11. It 1£h therefore, 
. . . 

tbo ob3eot of' the present studi-es to exsrntne the oe-glyeeryl 

ethers ot several oils, and to determine whether there 1s any 
- - - ' 

cowelation between the stra1gb.t-ona1n- alcohol residues or 
tboee Qompounds and the tattr acids of the oils. 

. . . 

The lt•er oil or Bep~ranehiaJI ... l!ec~~ros.us 1s one ad-

mirably euited ·to this 1nvest1g&t1on, since the 1·1vere or 

this species al'e rich in oil and high in unsapon1f1able 

me.ttex- content - matn11 oe •glyce17l ethers. ·· The particu­

lar oil selected :tor tb.e present study had the following 

characteristics. 

U'~ftable matter contult 
c:J:. -6l~et7l eUler eontm t of 1he unsapont.tlable t.raeUon 
s~ " n " tt ft 

Vite:tllln A tt tt n n .. 

Cholesterol " " " " " 

-~·-• -------·-----------;ti~,T~·~·-~~--q-t? __ d_, ______ m_·-------•-•·---------·-·-1---! 

• ! 



It 1s clear that any fractionation of an unsnpon1t1able 

:traction of this nature should be carried out on the mtl.tertal . 

rendered eterol-:tree, and acetrlated. · However, only a veey 

small qnenttty of digitonin wae nvatlable, and the total un­

eapon1f1able matterwu ecetrlated end subjected to a prel1-

m1nal7-diet1llat1on .at high vacuum (o.l mm.Hg) in an attempt 
. . 

tO remove tbe bulk .of the ..c-glyeeryl ~t!ler acetates from the 

etel"J'l acetates~, and the &mall antQunt ot Vitamin A acetate. 

The former objeet was ·not realised, but the distillate was 

Vi tam1n A-tree, and the small !'esidue, Which waa black and 
' . 

tarry, war:) diacai:'dell. Bo dis t1lla.te was obta1oed at e. tem­

perature which would have indicated the presence or squalene 

or of fatty alcohol acetates. A fractiOnation of a tull~ 

hydrogenated .anmple gave no better reaul t a.e tar a.e the re­

moval or sterols was concerned. 

. 'tb.e dietillf'ted acetates were then carefully fractionated, 

and the ·10d1ne· value and saponif1ca.t1on egu1valont or each 

traction determined in the ueual way. A turther anal:~t1cal 

figure, the "equivalent weight" ot each :fraction determined 

from ita coneumption· of' periodic acid was. obta1n.ed, ret'erred 

to M the uperiod:t.c acid equivalent". It is clear tbet. tor 

pure oe-gl7ceryl ether acetates, the eapord.f1ca't1on equivalent 

and the *'per1od1c acid eq-u1valen tn are the eame, but for 

:tractions containing also acetates or other bs'dr0%1 bodies 

(~.g. sterols, fatty alcohols) which are not ~·glycols, thtf 

nper1od1o nc1d equivalent" rill exceed the aapon1f1cat1on 

equivalent, since periodic ao1d 1e epec1f'1c for GC-glrcolo.* 

* Thia unsnpoa:l.t'1ablo fraction has been round to g1ve close 
agreement.tor gl)'Ce!,'yl ether content b7 botb.volumetrio and 
gravimetrlc methOds;, i.e. no interfering substances are 
present.. ' · 
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From these anal)' tical figu:ree 1 t became clear th.et sterrl 

acetates started d1st:1111ns· over with the ..c-glycertl ether 

acetates at quite an early e tage. 

However; f'rom these :t'1guree_, the amount ot chOlester;yl 

aoetnte in aaeh. :r.raot:ion coulO..be calculated,· and oonse­

qucntlJ, the true lte1ght or glycoryl ether aeetsto. From 

th1s latte:r.- .we1glit e.nd tbe p.eriod1o acid titre it was possible 
. "' . . ~ . . ~ 

tc calculate the true saponificntlon equivalent or th6 

oC•glyoet71 ethers in each t'raot:lon. That this cethod has 

a leg1t1~te bas1s has been shown bJ check eatimatlcna on 

several fractions w1th dlgttonln, trom_whieh.tb.e amounts ot 

cbolesterrl aaetate ·round agreed rnodera·telJ" well with tboee 

ealcmlnted (Table I}.. That the sterol present 18 almost 

pure cholesterol has been ehown by ep11.tting the 41gitonldes 

ob·taitted, and examining tbe melting points and mixed mel t1ng ·· 

· points w1 th pure cbolesterol, of the onee recrystallised 

sterol traction. ·?.'he corrected sapon1f1eat1oo equivalents 

. also show reasonable agreement when the eor:-eet1on bas been 

made bf both methods , (Table II). · 

Pract1on 

10 
'. 11 

12 
lZ 
14 

TABI..E I 

Steeyl acetate content (% weight) 

1>1git6nirt methOd 

6 .. 2 
9 .. 0 

l.5 .. 1 -. 2'1.5 

Volumetri.o difference method 

5.9 
8.9 

16.0 
19.2' 
a7.2 



. Pract'!on 

10 
11 
lid 
13 
14 

fABLE II 

ooneoted eapon1t1cat1on equivalent 

trom d1g1tQtl1n reeults from titration Mault• 

213.8 

l?rorn these t1S\Q"ea then, it hea been pose1ble to cal• 

cu1ate the weights ofoC•gl.yoet'Nl e'ther acetates present ln 

eaob :traction. the t:ru.e .iodine value of· tboee compounds 

(Table' III), and, finally,· the amtiunts of the vtnnous 
' ' .. 

· glyceeyl ether& present· {'fables .IY •nd V) •. 

. ·!ABU Ill 

No. ot Pract1oD Weight ot g~J'cel'Vl S$POI'lif1eatlon Iodine 
ether acetate equivalent value 

1 
·a 

3 
4 
5 
e· 
7 
8 
9 

10 
11 
19 
lG 
14 

Saddle a 

200.4 
205 .. 5 
eoa.o 

·aoa.a 
208.1 
208 .. 1 
aoa.e 
209.2 
209.5 

'213.1 
:214.9 
213.0 
a1a.2 
Sl3.4 
225.o. 



Glyceryl ether"ocetate.a (gm) 

Pz-act.ion saturated Unssturated 
!!o .• S i·<leOl'l.ni ft sta.eehato 

0 0 o. 0 0 0 
14 16 18 18 20•2U. 22•8H 

1 lt34t2 -~· 0.029 ... 1 •. 899 -· -2 0.463' 2.106 - 3.28'7 - ·-... 
·G ·~ ·- 2.454 0.343 4.,696 .... -4 .. 2.296 o.aas 4:.747 - -5 • 2.797 0.211 6.839 .... -6 .... a.1ao ·. o .. oo5 4,..73'7 - -7' ... 1.957 o .. osa 5.154 ... •· 
8 - 1.664 o.oM 6.686 - -9 -· 1 .. 002 .... . 5. 72) ... ... 

10 - 0.'117. .. 4.590 ·1.240 ·-'11 ... o.2a1· - 3.'755 1.466 -12 ·- • .. 4 •. 822 o.674 o .. c&z 
13 - ..... .. 1.012 o.ol& o •. o52 
14 - ... - 1.305 0.061 0.067 

Saddles .. - ~-·· 2·Mi 2:Jp~ 2=21.9 I '117. p' r , r 

\s·iQ§ 17,7~9 l'g2o .. . 
~~.,16~ 6 ... 555 

:Q • . r •• Os.,'l:'l!l 

component.;.:-glrcet71 ether& (% •etgbt). 
. . . 

Cnlculated (1) as acetates ott the .aoetylated st¥ce171 
othe~ ot tho ummponlt1ablo matter 41at11l.e4 · 
. . (a) ae free strcerrl ethers on t-he glyoe:vl . 
ether-tNatton ot tbe unaapon1tlable mattel' distilled 

· , saturated 
at4echa1n o · o a 

. 14 16 . 18 

(1) 2.1(6) at.®) 1.2(&.) 67.9{a) 6.£(0). o.9(!} 

(e) e.c~ eo •. a(4.) 1.2(3) 68.2(1). &.6~} o.Q81 



A calculation on the last three tractions regarding 

tltGm aa m1xturaa of ·two unsaturated components (sel-achrl al .... 

cobol ond a o22_2~ g-sidedha1n component} showed a deuroase 

in ~ , the aver.sge unaaturat1on of the non-aelaobyl alcohol 

. pO~tion,, M follows : traction · . 13 of. e 3.,8 
. · " . · 14 ~ .e ,3._1 

.. . . Sttddlea(l: ~e~ 2·~ a. ,. 
" -~ . 

It was theref'oJ~i! .cons1d.ere<l more desirable to calculate the 

veoults as a m1xture of>',three unsaturated components .-.. 

.aelaobyl al~obol., a. component with n o20 .. 2s-&1deehc1n, and 

· ooe with a c22-ag-s1d.eeha1n, 

. Oompnr1son.of the· ~bove rm:ttl ts with those o'btainet1 
. . ' . . ·. ' . $3 

i'1"'0tn a fractionation or the :tatty acids of the same oil· is· 

tn.teresting. It would appear that there 1s a tar granter 

proportion ot c18-sid~hain gl:yceryl ethers than Gta' fatty 

acids •. The c14 and ~6-sidacbain glyeeryl ethers are of 

the ,same ord.er as -~be corresponding acids• ·but ,the c20 and. 

higher acids are more pfentifUl in the acid :tractions fuan 

a20 --·and higher --·eideehsin~·glreer.yl ethers in the 

unsapon11'1able t'raqt1on. 

' 

C 0 0 C G 0 ·c C C C 0 
· 14 16 18 ~0 aa · . l.._2a 16-2H l8-2,6ll 20•6.4H 2a...Q . .'1B 21-lOB 



It ia noteworthy that the vccy highly nnsatUl"atedt high 

molecular weight t!.....glyceryl ethers found b1 JaPanese V:!Orkere 81 

wer-e not detected, and it 1a possible that suoh substances mQ' 

have been present 1n the material under.examination and dis­

carded with the tarey residue of the prelim1naryd1stillat1on. 

The. above workers precipitated the highly unsaturated glyce17l 

ethers as their bromo-add! t1on eompounde, regenerated them. 

. distilled the· acetates anti COOlPut.ed the components. The com-· 

pounds were charaotertsod by 14ent1t1cat1on ot the fatty 

acidS obtained after treatment ot the glyceryl eth<tt>S W1 th 

111, and oxidation of the tatty alcohols subsequently obtained. 

The saddle fraction in the Pl"esent d.ist1llat1on, a 

llght-eolou~ed eemtsoltd ·material. gave, after eapon1f1cat1on 

e.nd removal of tbe cholesterol, a viscous liquid :f'rao tion. 

This matenal gave no positive results on ohromatogt'aph1c. 

treatment, and the.wh1te eol1d obtained after catalytic 

pydrogenation and several reer,atellleations, melted over a 

big Pange. The 3.5-d1n1trobenzoetee were no easier to deal 

with. Insutf1c1en.t mato~ial was available tor t'V.r'ther wol'lt 

on this,. or on the b.ead fraction containing skes7l alcohOl. 

The existence ot . .p -gl,-ceryl .ethers in thia "lnsapon1-

f'1ablo fraction seems un11kel1 from the tact that there was 

agr-eement between sterol determined with digitonin and that 
. . 

from the tttt.'e-d1fference.. This agreement suggests that 

the sterols and tbe oC-glyeeryl ethers are the only bydroq 

bodies present. 

These preliminary results have, 1t · ie f'elt, been eut­

f1c1ently interesting to warrant a further attaak on the 

problem, n.ow in progress. Digitonin 1s now ava1lable, and 



1 t is essential that a sterol-tree unaapon1f1able fraction 
I I . . . . 

of' .tbi.e oil be fractionated unde.r more a.caurate cor;adi tions 

i. 
I. 

i 

j 
·. l· 

• t 

I 

than those heJ:~e employed, ·and. the range ot c:£ -glzrcerrl 

ethers recalculated. lsolat1on of the. aeveral compounds 
. ~ . 

will. be attempted -'(1n the present studJ only chimyl and. 

batyl alcohols were obtained pure, former, m.p. 61.5°0 .. 

latter m.p.- 71°0.). ·It. 1-s also .. intended; to prepare eertain. 

·.ot the· compoU;f!ds appearing :t., the cal.eulated l'ango for 

pocstble comparisons. 
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~~trnc,t,iqn or Ur.tG@ROR,fiablf!~,)lattet 
It has been found. 'that tho large scale aa:ponif1oat1on, 

.and <tstraction ottbe unsapon1tiable matter of tbteoil 1s 

a matter ot some d1f'f'1eulty, * so that batoh seponifioations 

and extractions. using 50. gm. of oil at ECttme, and six ex­

tnctions w1 th ether,· all· aeaord:J.ng to s.P.A. ratios· were 

carried out, and. proved .eatiefaetory. 'The material obtained 

was reeapon1f1ed in the same •8¥. 

lJ~mOVt;ll ot: .tt:,acea o( ,,~att;>: Ae,.i~ 

A solution of tbe unsapooifiable f'ract1on (abOut 130 

gm) in etber (1500 ml,.} was Pf.YJaed ·through a column of 

alumina ( 20 em.. x 2.0 em. ) ana · the ~the:r then remaved. 84 . 

AC~t;tl@~i:.,O.[l 0~ the ,UDSBJ!Or.&ifijlble . .i'Jt&Otion . 

.. The unsapon1f1able matter was bo11e.d gently under re-

flux tor 90 minutes '111 th 2 - 3 times the theoretical amount 

or acetic: antqdrldo, end the excess l"emoved oo a wnter-batb 

under vacuum, first at the water-pump, and later at a high .... 

vacuUttJ pun.P. 

l!,1s.t&lletio"n dof· tb..§ Acot;tla1ied, Ltetar&al 
- ·- -

A prel1m.1n:acy distillation was carried o~t on about 
" . 

lOO em. ·o:r acety1ated material, t:rom·a Claisen i'laek, at 

high vacuum (O.l rrm. Hg •. ). ~he residue (2.7 gm.) was a 

durk tarry mass, with separating crystalline material. Th.f.e 

.t•eaidue analyeecl at 36.7% cholooteryl aeetate1 and tbe cox--

· * Information by courtesy ot Dr. N.J. van Rena burg. 



reote4 eapontticatS.oo eqUivalent of the glrceryl ethers 

ppesent- calculated ae 269.8. {Bote s• In future work, 

e:l.mllGP fractions will be ohl'Omatograph1eallr tnated, and 

the reaults obtain.ed trom the •epaJ.I'atea. g]3'cewl ethers 1n• 

eluded in the total scheme.) 

t'be ~ae~i2D•!t2n ~.a. ctU-ried ou.t in a eimple torm o~ · 

tmotionat:tng t'laek: ae 4uex-1bed by Bt.l4ltch. · 20 The bottom 

halt' ot th.e column wu lagged with asbestos atrlng. The 

dtsttllation was amooth, 'but the range ot telJI)erature ex­

tremely small. rract1oa 1 came over between 190 - 206.6°0. 

(0 .• 1 =· JJg) and traction 2 at 200 ... ao2°o. Atter th1a, 

the temporature remained constant between 206 - 214°0., and 

tor fractions 11 - 14 was telling, slowly at tmt, but 

rap141¥ in fraction 14. The bath tet!1.Pers.tul'l: was raised 

· trom ~c. for rractton, 1 to 845°0. in traction 1, .. 

1\P'terqstgp~,&on .9f. JPAW lal~1t 
~he W13a method wae usod, wt tb a. contact ttme or 1 hour.* 

~~!£m1nattgn ot S!i!J!Oft1f&gatton Eg,uj,Ya.lent-

'fhe e-qon1r1oat1on equivalent was determt.ned on samples 

Of ebout o.e. gm. witng 20 ml. of I alcoho11Q JfaOH, tmd back­

tttrattng with I 50% alcobOllc HOl, to pbenolphtbale1n or 

alkalt•blue &a indicator. -

.Kote :- The uae ot alcobo11c JfaOlt in pr~erenoe to KOH 

preYented prec1p1ts.tton ot pet-iodate 1n later •tages . of the 
" 

snnl)Ts1s; 50% alcoholic Hal gave :tinal t1 trated solutions 

which did not deposit sterols or glJoeryl ethers. washing 

was carl"ied out w1 th alcohOl. 

* See Appendix C. 
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;ge_£,l'm1qa;t1on of the ,"Perto.~tc .. A£l1d .. Eguiy.alent~ 

Tho titration mixture from above, aftel' titration, was 

carefully tt"ansfttrred. to a 100 ml. standard tlask, ·and made· 

Up to volUtl'le with alcohol; 5 ml. aliquots wet'S then oxidized. 

with per1.od:lo acid enotii ae )las been ·descta1bed , exeept 

that 2 ·ml. of water wet'e ad.ded. to ·tbe .aliquot hef-ore the 
. ' ~ ~ 

periodic ac1.4 reagent, to ptteYent precipitation or sodium 

pe~1od.ate. Blanke were carr1~ out in an· 1dent1cal fashion 

on. the blanks from the eepon1t1oat1on equivalent determ1na­

·t1on above. 

The reau.l ta were net ot the staodal'd. of repl"'dllo 1b111·ty 

ot the ordinary volumetric deter-ro1nat1on of oe...glyoe%71 

ethel'$. 'The 11'1die~Jtol' uned .in the p"ertous determination 

· did not. :lnter·tere. . 

Jle!ermtn,a:t,ion ·of g temls 

fl} With digitonin. The method outlined ·1:))' DJ6 was 

applied to the·lOO ml. solutions above, digitonin solutions 

ot a euitable strength betng added to give final concentt-a­

ttona. of thi.s reagen.t l!finrtlar to tbo•e recorrrnencled. * 
Dlgitooi.d.ea where prepared in greater quantitr wel'*e ap11t 

. w1 th p,rtdtne85• C£~ · .. 
. . .. . ' -

· (2) 'l'be- tollowtn.g formula gave the wetght or ch()lesteryl 

acetate in any traetion.·.:-

4faB. 4u ·~ vol.ume ... · Of Nt>rmal BaOR~, 
\ooo. UDed in the aapon1:tt- -
· . . cation (""''-) · · 

(20 x volume or Normal}') 
( Per1ocUo acid used 1n. ·. ~"' · 
l the oxidation l""''·) 

}\mtml~ 

A. tour ... timea re-d1et1lled eample or acet,-I.ated unsapoo1-

f1abl.e matter from early f'racttons Qf. a previonll distillation 

w&s examined. 



' . 

Saponit1oat1on equ1'?alent 
"l?e~1od.1o acid" *' · 

c 209.7 (mean) 
e 212.3 {menn) 

Oholeatei"Vl acetate content 
(1) Dig1ton1n me. thod 0.4(~ 
(2) Titration " . o.5~ 

Corrected .. Sapon1f"1catiQn equivalent • 207 .o 
Iodine value 58.50 · 

!hie calculated to 

64.3(2)% eelacbNl acetate · 
3. 4~ ekeayl 4' 

3~. ~41% cb1tr~,yl · · " ' -

£alculnt1on .. qf gompo,nen~rJL·glzoeql. ethel!@ 

(mean) 

f.t'he ealoulat1.ons were carried out aeoord1ng to 
~ h . . 

Hilditch 2b ,and details tc;r a1m1lar oalculnt1ons oy Rapson, 

Bohwartz,.stoy anti van Renat»urg86. 



A. COBl!RI:BUTIOit TO A COJ,I~ABORA'l'IVK STUDY OF 
THE LIPIXB OU Q~BHJ.~p~ ~IMUS (Gunner), 
THE BASKING SHARE· . 

A general. e tucty of the lip ins ot tb.e. Bneking Shark 1a 

in progress i~ this laboratory,. and the following rcu;ults 

~ep~eeent aome of' the data eo tar aeeembled on the oonsti­
; 

tution or the: unaaponitiable tr:aatiollii.ot fate from 
' . . . . . . -

. ~ . 
· several ·organs or a e1ngle ·apecimr.m. 'l'~ey. are ot interest 

aa ~tn· 1lluatnt1on of the application or three analytical 

proeedures - 1. e.· for oC-glroeryl etben , unsaturated 

-b$drooarbone and sterols to the unsapon1f1able fractions. 

I~ w1ll be seen that tn oaly one case is 100% exceeded* -

that or the nnsaponttlable traction or the tieeh. oil. In 

the case ot the uneaponiflable f"raction.of the liver- 011, 

it 1s felt that. tbe low value tor the. total percentage or 

eterole, glyoe17l ethere and unaat'tlrated bfdrocarbon• 

:round, is due to the presen.ce .1n tbat fraction of' satura.ted 

J\1<U'oearbon mate:r1al - e.g. pr1eta.ne8Q 

Th'C tlesh oil 18 of outotand1ng tntereat. It waa ob~ 

ta1ned tn. considerable :y1eld {lO.lt) and. stnee the un­

sapon1:f"table matter content is hlgb and almoat entirely 

oe-streeeyl ethers. the tl"Ue gl.ycerit'le conten\ or the oil 

ts abnomall;y low (calculated ve-glyce.-yl ethe%" ·41-oleate 
• • 

1n oil a &0.4%). . . That this reeul t was not an t.eolsto4 in-

stance, nor due to an1 contusion in sampling is illustrated 

by the analysis Of a fleab o11 obtained trom eaotber apeoi­

men. the unsapontfiable traction or thta oil (19.25%) con­

tained 60.0% of ae-glrceryl etbere .. 

* This may possibly be explained by the calculattoo ot 
SlJce171 ethera en selachyl alcobolt and .et.erole as 
cholesterol. · 



i 

It was considered that th~e high glyceeyl ether con­

tent or the :t'lcoh oilo might be cbaractoristic or apcc1e& 

containing much-squalene in their liver o1ls, and accord• 

· ingl.r the flesh oil •as extracted from a specimen ot 

~e,ntrpse;v:nmutt. In th1a f'ish the tl.cah contained vcpY 

· little oil, and the unsnpon1f'iable traction appea~d to 
. 

be mainly e.teroid in natm-e,. containing but little 

.£ -glyoeryl ·ether~ 'rhe examination of flesh oils of 

other species whose liver o1la are high in squalene con-

. tent will bo carrifiui out• A... detailed examination ot 

Basking shark tleoh 011. is .in progress. 

The tissue of the ete-socket·was eharaateriet1oall7 

soft and spongy, nnd·the oil extracted therefrom was auf"­

priaingly high in squalene conten.t. Aa may be sean from 

the Table, the oila extracted from the spleen,. kidney and 

epi41d.Jm1e had·li\itge unaaponttinble frnctions, the bulk 

of which was a toro·id in natnre .. 
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Ext:raction ot· Oils 

All the o:tls, except tho flesh oil or the Baaking 

. shark 18/4/46, wet-e extracted by the alk.al1 digea tion 

tcehnlqutfo~ The eltception was extractedt attar deale• 

cation with Sodium nulphate, :in a Soxhlet extl"aCter 
~ •' . 

wlth other. 

The u.nsaponitiable tractions were e:t.t:r&ated and 

estimated by the ·s.P.A .. rnethod· using f'Dur extractions 

with ether · • 

The periodic aci-d.oxidatlon method described 

previoual,- was· used· , and the oe-alrceeyl ether content 

calculated f'ror:n the.dimedOne .... f'ormaldehrde complex ob­

taitUld. 

Tho Pitelson teehnique , the application of •nich 

to mar1ne oils was discussed previously· , was used. 

Determinption of et§ro!§. 

!be digitonin method was usedt according to the de-

. tails prescribed by n~6, 1 .. e. 100% excess of 1% d1g1 ton1n 

in alcohol, was added to 6 ml. of a 0.5% solution (with 

~ ~ \ .. ,,. " .. ... ~ -' l' ·'"' 

* See Appendix D. 
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respect to the sterole) of the unaaponifiable traction in 

. etbyl el~ohol. The m1Jt:ture was brought to the boil tn a 

water-bath, allowed to stand overnight, the precipitate 

f1l tex-ed -off on n ·tared eintered glaes crucible,. washed 

with a. smell 't'olume of alcohol several t:tmes (total = e ml.), 

dried et loo0 c., and weighed .. 

Note :.• PU't"e cht'tleste~ol gave, on anal:va1s 1a this 

wey, e result of lOS.4fe;, The ·conversion factor (sterol : 

d1g1 toni de) o. 2431 was U8 ed.. . 

-'"""-
" '· 

' \ 
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' --1- 7.HE PROVITAMIN D CONTENT OF SOME SOUTH 

AFRICAN MARINE INVERTgBRA'l'ES . 

'!'he provitamin D content ot tbe_lipine-of· tnverte­

brate,e, partioularlr marine f'orms,. has been eholln to be 

hig~ 1n genera188 , · ; ' - .and the extraction and process­

ing of' tbei:r fsta to yield crystalline provitamin D pre­

pnrations_ has been tbe subject or several- patents~~ A 

tew south Afrl-ean 1nverttebrate ·types have been examined, 

ana _the reaul ts are_ recorded in Table I~ All ~ere mol- -

1uscs1 w1 th the exception of the Qape Spiny- lobs·ter,. an 

arthropod~ 

*'.rhe. unaaponifinble f,ract:l,ons of the fat of tbc blue 

l mussels examined (!!l.,tilue raer141onalis) have been found, to 
' contain rather- more provitamin D (a~ measured apectro-

graphicslly by the absorption in alcohol·ie so1ution, a* 

•· E i~meal.5 mil) than those· ·or. the so-called uwt1ite mussel',., 
I , ·. 

-j 
I 

.i 

or olam (J2c>nax ,set-ra).. The JJesults obtained for the former 

animal were somewhat b1gber tban those recorded for the 

mussel by Bock and Wettei88orFantl· • although of the aame 
i • . 

order as the provitamin D content claimed. in the patent 

... 11 tera.ture89~ ·_ 

The oils. of. the la:rge~ forms (lla11ot1E~ 1 . Turbo ·and 

Octopus) appea.I".t~ contain moderately little provitamin D; 

the orud·a sterols of' even the ·viscera ot:' Raliotis and 

Octopus save low r-esul ta. The t1gurea ·obtained for the 
' . ' 

I -

Crayfiab.. 11 ·the oils of' which were extracted erom the sepa• · 

·' rate organa, were aimilax-•. · Of the species examined, 

) P.?tl§tele ,t1griq~ proved the beat oou.rce .of provitamin .D 
I 

i aod e . .ontilin.ed. sz.l% of' this substance in the crude sterol 

fraction, 

:-
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M•thod ot· btractton. 011 yleld 01\ wet 
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ether •x.traotet\ 
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"' 
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The oils we.re .extracted. rrom the tissues b1 the . . 

methodS indicated in the Table. '!'hey were saponified, 
. . 

ttie unsaponifiable matter isolated by the s.P .A. matbod · • 
' 

· and the technique, auba tantially., of' Gillam and HeilbroG8 .. 

!'ollowed the·reatter,. .. A Hilger EZ Quartz spectr.ograph. was 
- ' . -

· · UJJod in the measurement Of the ul t:ra-v1ofe-t abSOJ?ption. bJ 

6leoh0lie soluttone ot the crude. etero,l tractions. The 
. ~ . 

bands .-ere 1n most caae.s onlJ moderately well de_fined, 

that- at 281.5 mu. being the clearest .•. The value obtained 

for the onee re-crya talltzed unsaponlfiable fraction did 

.not appear to. dif-fer ·greatly f11om that ~btai~ed. on. a solu­

tion of the un$apon1f1able traetion · 1 tsel:f •.. 

several re-erys_tallizationa rrom alcohol produoed a 

crystalline tnnterial, ft'om soluttono _of ,which the ab­

sorption ourve ot prov1 tamtn D ·eoul4 be- accu:ratelt plott-ed ... 

Tbe results wette calculated as e.rgosterol, ·using tb.e 
• c 1% .. ' ." • 0 . .. 

fign~o. E1cm·281•5 mu !t:l 320 for o pure prov1tam1n l> pre• 

parat1on. 

. j 
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Sum&ARY AND OONOLUStONS 

I.· It has been abown thnt in the extraction and de. 

termtnatioo of the uns.epontf'table matte:r of' ma.rino o11o bN 

the 'octe'tzr o<t Public Anal:vate' methotll, at least tour ex­

traattcoe, and not the spec1tled three, are required 1n o~ 

der to obta1o quantitative :results •. The effect of' the 

nat'tlre ·or. the constituents ot unsaponi~lable tractions on 

tho etticienoy of their· extraction bas been atud1e4• ana 
mat-ked 41tfereneee to· tbe eaee of their removal from tbe 

eaponif1cat1on mixtu.res found - ranging trorn tbe hydroosr­

bone, wb:l<ih are tlX)St eaeilt extracted. to. the t:£ -;lrce171 

etbe:re which are not easilt removed. 'lbe effec t8 ot tbe 
nature or the eos.pa, and their concentration 1n the onpon1-

f1cat1on mtxtul'e have aleo received attention. 

II. A method \las been developed ~ozt the estimation ot 

oe •s:1NO&f7l ethers :tn unsapotd.f1able matter - depending 

on their .c -glycol.. natuPe. Periodic acid wae eel ectad !n 

pref«n-ence to lead tetra-acetate oo account or tts greater 

· spec1fic1 t,-. - aooul ts ·have been ~lculated from x-ougent con-
-· ' 

sumed end rormaldehyde generated. end the latter method is 

regarded as leaasubjeot to interference .. It bon been round 

tn many oru'les tbnt the amount of.' tteagent- ooruntmeil has· been 

in excess of t~t l'equ1red. for the formaldeJltde produced. 

In part.1cular, Vitamin A, and tts esters, have been found. 

to be auocept1blo of attack by periodic acid -- end even b)f 

f.Odio acid - w1 th tbc l1be.re.t1on of iodine. 7h1s an9malous 

reaction lo worth turtner atut\7. The presence ot other snb-



. ·, 

atancee copnble ocr. reducing periodic acid bas been demon-· 

otratedt and t.be teehtlique here elaborated should provide 

a weapon tor tbtlr studY. 

Thia new· method :te alao being applied to. tbe 

direct ;study of thu metabolism or the .oe -gl)'CeJ7l ethem 

in rate. 

!II. A nurvcu or the oocurroenoe ot ·r:A""'glyoeryl ethers 

baa been oerrted out bJ' the periodic acid o¥1dat1on method 

above, and oe-glsrcertl ethers deteot~d ·~ad estimated bJ 

the tcu:•mal.dehJdC produced. 116 tote b.ave been ex.am1nea.,. 

,.ang1ng · fl"''m mlltteo . to mammalian tats, . e.nd 1ncl1l4lng 

several V$getnble. oila. Tbe -occurrene• ot oe-slJoer:;l 

ethers bas been tound to be general in t1sh :rate. 

P~m tho manr data 1t 1a now. ponaible to select 

favourable raw materiels for detailed atudtea. In eddl t1cn 

these .aUbstaneea bnve been found to marine invertebrate and 

land anltnal tats, but not 1.n anr of the five veaetable rats . 

eDm1ned • 

tv. The conditions ot ·a method ·ror the ehromnto• 

sre;pbic separation Of\. squalene ·rrom 'Vegetable oils have 

been developed as a method f'or the exam1nat1oo of tbo ~re 

complex uns&pontf1able trao_tlons oi' marine o1le. ·'l.'he 

routt.ae esamtnetion or matttne ttnsaponlflable :tme~tons for 

unoaturate4 h7drocarbone (squalene) bae been oorrted. out on 

28 oils. It 1a bel.1evett that .an exteoeion ot eu.eh a chromn­

tograp.b1o tectudque w111 be pom:i1ble tor the determination 

Of aat~ated tt¥4rocarbons - e.g. bJ' 11part1t1on chroms.to~ 

· srapb;vn. 
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V. · The uosapooi.f1able traction ot the liver oil. of 

.I!Rtranchtae' p§q·tol"oe;g~ has been examined and a tentative 

report 1& given on the Yartoue· ·ce •glJCeeyl etheliS p,..eoent 

... calculated f'rom fraet1oaation date. Tb& oxidation 

methOd ot II fibove bas been .extensively used in t'he ·deter­

mt.natlon or equivalent weigb.te. The prel1nd.na.t7 enal:vtleal 

approach 4eacr1bed is belttg fOllowed b7 stud.1tta .almed at .· 

the 1aolatlon or the 't"er1oue new «l:veeryl ethers whose 

presence is indicated b¥,- the ncalytical data. 

VI.. The uneaponitieble fractions ot the oils trom 

'Var10'W:l organa o-r .P~tor~1qna 111fl.Xj.mqo . b.ave bEJen examined. 

· Squalene has been found 1.n several ot.le other than the 

liver otl, in Which ·it .ta predominant. oe ·-Gl7ceru1 etbeN 

ao not ooeur to an)" great extent ,in any of tbe o11e ex­

emtned except tb.e.t ot the rleah, Wher-e the unsepon1.f'1ab1e 

traction in one· ceee 'WBS overwhelmicgly oomposed or these 

co .. mpoundfJ.. Oerta1n Visceral o11e have 71el4ed tme....,ontf1• 

able r~aottons of utremely h1Jb sterol content, but tbat 

ot the liver coata.ine on4t·sma.ll,·amouots of' eteroltt. 

Ae new apectmeoo. become avellable, ~rther · 

stn.d.1es will b& oarr1ed out~ and it ie belle•e4 that such 

data will provide intormat1on oo the"·physio .. log1cal elgr.tt• 

ttcance ot squalene and· the oe -glpcerrl ethers pa.-ttcularlv. 

. . 
VII. A abort ~eport 1e given ot tbtt :Provitamin ll con-

tent of the o11e Of' eome South Afrtoan mar1De invertebrates, 

eod as a re~ult of tb1.e, the com:nere!el production of llpin 

extracto from these ·animal a ls be i.ng undertaken. 
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Abstract of ' 

·~ Alcobolto.troB solution. epp:rox1matelv .1• 
. 2 

·not; darker. than ttpale strallf' • . 

E tbyl ether; acetone~ 

D.&lu~lopt- After tbe aapord.ft"e().t1on, during Wh1Ch no lose: 

· ot sloo'hol should oecur-. · the alcoholic eoap solution 

ts tztansterred to a eeparating futmel, and washed 1n 

with 50 ml. of water,: 1n all .. 

tJf'tpacieigg:• The soap solution, vm1.le still j11St warm; ·is 

·extracted sucoesa!tvel,- three times with 50 ml;. o,f 

ett)Fl .etber. The· first q11ant1ty o'£ ether 1s uaed to 

·wash out the e~pon1fic·et1on flask bef<rre it is added. 

to the eoap eolu.tion in the sepnrat10lf :funnel •• 
. 

Each extraction is made b7 ahaltins the separatoF 

v1gorowl.Jt~ · allow1ns ·the· two la7ers to separate end 

clarity, runn:tl'lg ort the aQueous alcoholic layer a.t 
. . . 

tbe bottom of' the separating funnel, and pouring the 

ethereal eclut1on ~rom tbe top .. of tbe eeparattns: 
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tunnel 1nto another separating tunnel containing 20 ml. 

of' water. -

!f the ethereal extrnote contain eol1d suspended 

matter, they aro pcaaed through a 4~ t'at-free filter 

. into the aeoond separating tunnel, and tbe filter eub­

. _ sequentlr '\"'dhod wl th ether. 

P£t:tl&tn1narz .?...ater;W'aeh1gs- the ezt:raote ax-e . rotated, vd th ... 

out violent nhsk1ng, w1 th the eo ml. of water, and 

otter ellowtng to, sepal"Gte, tbe wash water 1G ruo :ott. 

The· ethereal solution te then waabe4 tw1c'e with 20 cl. 

of water, w1tb vtgorolle ahelt1ng on eaeh occasion. 

. . 

twice -with_2o -ml. _ portt.o~~ ot 1 aqueous _ltOH solution 

b-1 shaking vigorously on each occasion, and .then with 

two or r.Jore successive qunnt1t1ee of 20 ml. ot w&te:ro, 

- until tho 1'188h water oo longer reacte alkaline to 

phenol.pbthale1n-. 

fi.O:l:.vet ;r;emovelt• _The etbel't!al extract 1a transferred to a 

we1gbed nask, tbe othyl ether 41etilled off. end the 
I - . 

res1due.dr1e4 to ·coostant we1ght, p.retel'ablr· lfith tbe 
. ' , 

aid of aot?tone. not allowing the tempe~ature to exceed 

80° o. 
f!ot.e s- A *'continuous loss (or weight)· during dJ7'1ng" le­

n:ent1olled in the method. Kil-sten ?b bas recommended 

drying at 100° c., and. in thls laborato~y. d~1ns baa 

been found to· be quick: and ~tflo1ent under euotlon o.t 

a water pump at a temperetul'e of 80•100° o. 
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Ablitract of : 

· i~t£.aatton .er '[nsaesn&r ~201~. P..r.ao tJog:-

5 sm. or ()il ere aaponitied, and the unaapon.i• 

f'1nble matter extraote4 e1 tber b7 the s. i;}•A• metbod, 

above, o.r bf the Gronsfel<i-Timm .metb.Od5t, -u.stng petro-

--leum ether. (Ho~.e _1- .tq<\tlQcQrbona are preferentlallJ , 

extracted ln the latter method - cf".. Sectt·on 1. Sioee 

l?tteleon prefers. to calculate results on tho wight of 

oil ta:&:cnt the !gtal; ~nsepon1f1e.ble f'raet:too is. not. re­

qu-ired, o.nd the use of the orosefeld-T1lllD method be• · 

.· -eotnee convenient•) 
... 

The unaaponttinble matter ia dried thoroughly. 

and the last trseea of solvent re::noved .. · 

·acps:enta , -
Petroleum ethe:r :: SkellyaolvEt 

. ·. . 0 -
6.p. 68 • '10 c. or equtval~nt. 

AlumlQttlm.,cuttde : · e!'k!!U:Jraegt , .... 

80 • 200 mesh. 

~':.deorption alumino f'or· cbromatogz-apblc arialg-eis" 

Visber Ce1,ent1t"1o. Oo,.; or equtvalent .. 
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l).l?Rf!l"S.PUJ. ~- Adsorption column. 

Prepared 1nme41ately bef*ore use. A 

glnss tube o .a em. inside diameter, and 30 om. long, 

hns a wad. of eotton-wool-plaoed to the constricted 

end. Alumina ls added in small portions, and each 

portion gently tamped, with gentle suct1otb until a 

column 10 em. lortg 1e formed. A small wac! of cotton­

wool ta plaoed nt tho top of' tbtJ oolumn, end tamped 

lightly. The eolul'fln is waabed with ca. 15 ml. of 

·petroleum benzin, and should be kept unde~ a shallow 

layer ot petttoleum benzin unttl used. _ 

p,p.eo!:,et~on 1- 'the dn unsspoo1flable matte:r :t:rom 6 gm. of 

otl ts dissolved in 5 ml. ot petl"'lemn ef(ber, and 

gur.mt1tettvel.7 tra.nsf'erred to the ad&crptton eolumn 

abOl'e. !be f11t~ate In caught to. a 250 ml. 8lll3B• 

·stoppered 1odtno abeorptf.ori fleek,. end should emeztge 

d:ropwiae nt e :rate ot ca. 1 bll•/60 eeca., gentle 

suct1oll being epP'l:ied if necessary.. When the tS ml. 

solution baa been nea.ttlY drawn into the column. 5 ml. 

ot pot~oleum ether is added -· Which has been used to 

rinse the v$ssol that eonta1fted theeolutlon ot un­

oa,on.1:t1able matter. 'the. oddition o:f' solvent is con­

tinued in 5-10 ml. portions, the top ot the alumina 

column~ altta7s being covered, until a total of 60 ml. ot 

petroleum e~her baa passed tbrollS'h the edso:rg"ion tube • 
., . 

Tho pet-roleum ether ia then removed bJ evapo:r-attoo 

-- the last traces boing taken off 1n a current of co2• 

The residue 1e then ctteeolvctJ. in OB013 (8 ml.) · ...... and 

1 te unsnttir-at1on determined. by the aosenmu.od•Xubnhenn* 

method, f th1o1Julphttte being uae4. 

1 m-l;t o.o5 B.Be2s 2o3 a 1. 71 mg. squal.tne. 

* see .Appendix o. 
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' 

Doth the Rcaenmund-Kuhnhenn ( Soct1on 4) and tb.a 013s 

(SQCttf'Jn 5) methods have boon tl8ed in tb1e 11t0rk. 

{a) 

Beasen.~ t... 8 gm. PJ'ridine and lo gm. ot sulphuric a<J1d 

ere d1aeolv.ed 1n 20 ml. of chilled glacial CC$tic 

sctd. 8 gm. of· bl'Omine 1n 20 · ml. of ocet1o e.old 

are then .dded, end the mixture diluted to l litN 

with glacial nc~tic . acid. · (The reagent 1a ebout · H) ro. 

Determination ;-

. ' 

The materiel under· exam1nat1on le ·d!aaolved in 10 

. ml.- ot CHCla t and treated with .eo esQe8s ot reagent . 

(SO% tn1ninnlm), nod allOW'ed. to etnnd fol' 5 minUtes. 

Th.e.•scea& or. reagent ie then determined by ad~1ng 
. . ' 

. . 
potnsetum iodide aolution, dtlut1ng the whole wt th 

wator, and tl trattog the liberated 1od1ne to starch 

!ntU.eator with atnnanrd thiosulphate. 

Blanks ore C&l'ried out • 
.. 

'· 

(b) · wtas ' .. met,hif 
90 

BGM'J!~ :~ 9 sm. iOd1Df; t1'1ehlor14e.1s dtseolvoo 1n l.OOO 

ml. glacial acetic ecld ot at least 99% strength. 

Exaotl,- 5 ml.. of thla solution 1e taken nod I te . 
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bolooon content uowmlS.nc ~ 1>:7 odru.nc 10. cna t:o.tor, 

ana tl trot~ o1 til lit ~htooulpllnto.. 10 C1l• of 

pUlvorinoa 1o61m1o then ulaoolvca 1n tho tmltt 

o.f tho ooJ.utton,; . ana. o nl. acntn tt*m • a.cd 

tltratoa.. Tho boloccn oontont o!low.a bo o.dju.otca 

co .. tbo.t ·tt. to· oomotilln<J ·Ft)l?O tllon onc-tt..alf c-mo 

'than !t uao orJ.ot.noUy.. ~..o colotiDrl to then 

fUtorctl into n t1ort:r: bott1o n!tll n claoo ntovvot: 

f1 t~~ ttchtly. 

·'J:b.o mtor1ol wu1or osn.:J.ino.tlon !a <liooolvca 

tn ocrb_on totrooblorido, cna. too roocont o.tll!c£1. 

A ocn teet tloo of 00 c!nu teo hao· been all ct10U 1n 

thio laboratory, ona tbo o~oooo llOlo.::;cm tlt1 .. etoa. 

· o1t!l.otor;!lalX1 tll1ooulpboto oztor r..da1t1cn of 10.. 

cntl outer.~ Dlontto oro C01"T1oii c-~t. tor n ouo .. , 

ooosfUJ. dotorwtnatitm. 0 not Roro then 3G)j of tho 

llolO(J~u"'l prcoon.t in tho cu."1ttUnti ef. rcnacn t WJod 

ohould bo oor;leu.EO{l .• 
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APPF:ln>IX D 

etnee th!t alkali-digestion. method of ex:traet1ng the 

. oils from t1sb &!ld otbor t1aeuca was ex.tens 1vely used 

'particularlf in Sect1.oo 2) n br1e~ abetl'uet• ie gtven 

here. 

The minced material io mixed with twioe its wetght ot 

1% -Sodium bydroxide aol:ntioh, and the mixture etenmed until 

complete d1s1ntegrat1.oQ af the tiseue hna been ef:rected. -

The mixture is then cool~d, end extraotod with peroxld.,.. 

t'rae ether - alcohol being tldded, anor-e neoessa%7 to break 

emulsions. 

The extracts are washed free of alkali, and the etber 

diat1llcd off. The oils are dried under vacuum tn s . 

wat.er-be.th, alcohol being added to aaatat in tbe removal 
Oi.S 

of last tN!cea of ~ure •. 
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\. --

P..o$61,tlioott{1;1..:_u. gtoFRl.r. t7l. th g~.a~J'D!'lt.q,. · 
· ottoordina to JJorfO,OG 

5 m.t. Of on alooholt.o oolution of otorolo (o.G~ u1tll 

ros:r;oot to tho otorols) 1.o trrotoa. otttl 10 ·- 16 of n l.,S) 

· alcoboltc <l!Bl~onln oolutJ.cn len • 100~;, .cxooool. {i'bO 
d1a1ton1n' ohoul.il bo 4riotl unllor \100wt0 at. ggO o.) 

·Iooodlntoly nf~or nixl»a tho oolutions. tho boolwv to 

:: lioatad 1n a· boUtno ·oo.tor-bo.th until tllo olcohol conotl to 

tho botl. · ~ho oo1ut1o:J to then f:llloro!! to cool onu · otmd 

ovomlabt and thO vroot.pitoto n.ltoroti off (on o tarca 

:olntorod: alaon cruotbl.o) cna onollol1 ulth ·as ... 50 nl" of 

alcohOl oo.turs.too uith ohOloetorQl ... 6ia1ton14o. ~ 
. . 

oolutlon D.lot bo froooly pr~od. 

. . 
Who proolv1toto lo -1thm dtioli 1n tlm ovon. ooolca 

ana noiallod• 

,r ~ ... ~ .~ . -..... I ~ . / 

thoy havo boon 4otomtnoa colorimtti.col.l»', uolna tbo carr-~ 

Pr1oo ont1oo.ny. tricbli>r14b ·:rcnction, ana on S'\7oll1fl pboto­

ol.oetric color1ootws5. 
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