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GENERAL INTRODUCTION 

Tbe shortage of edible oila and fats during the See-ond 

World War atimulated reaearch in this laboratory on the 

ut.ilization of linaeed oil for edible purpoaes. This, oil us 

available in good supply. Unfortunately hydrogenated linseed 

oil wb.en incorporated into sb.ortenings exhibited a marked 

tendency to produce off-!lavoura. Tb.ia tendency to flavour 

re-version has been attributed to the isolinoleie. acide 

produaed by hydrogenation from linolenic acid present in 

large quantity in linseed oil. 

A method of removing a portion of the linolenic acid 

was devised. The method consisted of thermally polymerizing 

the oil and solvent. extracting the unpolymerized tri­

glycerides. Tbe 'b.yd.rogenated extract. displayed good stability 

as regards flavour recession and produeed a shortening 

suitable in taste and baking properties. Unfortunately the 

shortening displayed markedly lowered nutritional value 

when incorporated in the diets o~ young rats. 

Tb.ermally polymerized peanut. eorn, rapeseed, and soya­

bean oils all displayed lowered nutritive value, but a much 

lo.nger heating time was required before resulta w.ere obtain­

ed similar to tb.ose obtained witb. linseed oil. 

Recent. work in this laboratory b.as effected a separation 

of the monœneric portion of polymerized linseed oil ethyl 

esters into t.wo fractions, viz., a very injurions fraction, 
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and a fra~tion comparable in nutritiYe value to the unheated 

esters. The injurioua material constit.utes about ten per 

~en.t of the whole oil. The present work b.as been aimed at 

identifying and cbaracterizing the companents of the in­

jurious fraction as well as attempting to isolate nutrition­

ally deleterious material from other thermally polymeri~ed 

oils. 



PART' I 

RIVIli:W OF i'HE LITERA'rU'Rll 

!hermal Polymerisation 

!he beat.-bodying of' polyunsaturated oils bas long been 

used by the paiatt and varnisb. industry to produ.ae better 

drying oils. More rec·ently polymerization bas beea applied 

to edible vegetable oils (Lips !l Al• 195~} to stabilize 

tbe oils against f'lavour reversion. 

Wbile the prGeess bas long been used, little was known 

of tbe reaction mecbanisms or producta formad until the 

last t.wenty-f'iTe years. Sc-b.eiber (1929 i noticed that 

ref'ractive indie-es iae-reased witb. thermal polymeriaatioa 

times. He attributad ttûa to tb.ermal conJugatioa of' doubla 

boœis witbia f'atty acid residues to f'orm conjugated dienes. 

Kappelmeier (1933) advanced ~he idea of' a l, 4-&dditioo of' a 

dienopb.ile te a conjugated diane. Tbeae two proposals were 

combined into the Scbeiber•Kappelm.eier tb.eory of' thermal 

polymerizatioa (Sc-heiber, 1936) wbi~h iaTolves two stepst 

(lj thermal conjugation of' unaaturated fatty ac7l groupa te 

c-onj ugated dieaes • and (2) t.be addition ot an uaaaturated 

tatty acid residue (dienopb.ilej to tbe conjugated diane by 

a Diela-Alcler type addition to produoe a dimer eontaining a 

e-y~lobexene ring. 

Empirieal and theoretieal evidence supports this tbeory 

as being one of' the metbods, if' not tbe only method, of 

thermal polymerisation. Bradley and Ricbardso.n ( 1940 i showed 
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tb.at conjugated diene absorption (U~tra -violetî inareases 

initially during polymeri.z.ation and then deareas.es during tb.e 

latter stages of tb.e reaction, wb.ile Bradley and ~ob.nston 

( 1940} proved tb.at conjugated oils polymerize !aster tba.n 

non-conjugated oils. La ter Rad~o-ve and Falkenberg ( 1948 j 

presented evidence tb.at previoualy conjugated soyabean and 

linseed oils bodied to tb.e same vis~osity as tb.e non­

conjugated oils possessed superior drying properties. Tb.ese 

fae:ts tend to favour· tb.erma~ conjugation as being tb.e initial 

step in thermal poly.merization. 

Brad~ey and ~ob.nston (1940j confirmed dimerization as 

being the principal reaction of metbyl esters of olive, soya­

bean, linseed, debydrated castor, and tung oi~ during poly­

meriz.ation. They subsequent~y (194~) isolated a metbyl 

linoleate dimer from poly.merized metb.yl esters nf dehydrated 

aastar oil acide. Previously Brod, France, and Kvans (~939) 

b.ad shown tb.at tb.e polymerization product.s of 9.12- and 

9,11-linoleates were identical. Renee it appears that dimers 

are part o.f the reaction products. 

Farmer and Morrison-~ones (l940j found amal~ quantities 

o.f' crystalline eyclo.bexene derivatives in tb.e total dimer 

of methyl sorbate,. wb.ich indic:ated a Die~s-A~der reaction 

b.ad oce.urred. 

Abmed and Farmer ll940 j polymeriz.ed 1,.4-pentadiene,. 

wb.ia·h b.as a bond group similar to linoleic ac.id. T'bey found 

the thermal dimer to be a complex mixture co.ntaining e-yclo-
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b.exenes :trom wbio-h e.:-phtb.alic aeid was isolat.ed in small 

quantitie·a. Tbe dimer •a a-r a.aa:h a atructure as to. indicat.e 

tbat. 1.3-peatadiene bad been added ~o a boad ot unconjugated 

1,4-pentadiene. Lawson and Spoerri (194? j bave: aho1m tbat eo­

polymeriz.at.ion does occ-ur betnen une-onjugated and e-onjugated 

fatty esters. Pasc-hke aad Wb.ee.·ler (1949 j bave C1lDfirmed this 

obs.ervation by showiag that n-methyl linoleate will poly­

meri&e by addition witb. eonJugat.ed linoleate isomers.. 

Oila c·ontaining trienoia acide (lino~eD.ic-, elaeostearicj 

bave been said to dimerize first t.o. monoc-yalic dimera w.ith 

aub.sequent reaction o.t t.be r-emainiag ethenoid bonda with 

anotb.er conjugated diene resulting in tormation ot bic-Je-lie 

trimera. In tliia c-onnec-tioa Boelb.ouwer. ~iea.. and Waterman 

( 1953-l ba'Ye applied their metb.od or ring aaalysis te dimers 

o~ methyl linoleate and metbyl linolenate. ~bey tound tbat 

linnleate dimers contained one ring per molecule while 

linolenate dimera contained two rings per molecule • 

.la all as. e:onjugation, eia-trans isomerization bas 

ben showa ~o occur in f"atty ac:yl radicale during heat body-

1ng (Pascbka. Jac-kson~ and Wbee~er, 1952}. In etudies with 

metbyl linoleate- tbese autb.ors bave shown tbat. normal cie, 

cia-linoleate isomeriz.es t.o. cia-trana and trans•trans torms. 

~he trans-trans conj ugated for:m. b.as, beea shawn to polymerize 

muab. more rapidly tb.an ei ther t.b.e cia-trana or cris-ais 

1somers. Jlolecular modela (llisher·-Hirac:-b.telder) augges't t.b.at 

neither cia-eia ~ cia-trans e:onJugated linoleates ea~ 
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swing into tb.e proper planar semi-ring structure required for 

dienopb.ile attaak without. severe moleaular strain and the 

adjacent methylene groups present serious steric b.indran~e 

t o dienophile approach. 'l'be trana-trans torm, bc:nrever, c-aa 

ro.tate fr-ee1y to the semi•ring structure and presents mini­

mum interfe-rence to dienophile approaoh. hom these eonsider• 

a ti ons Wb.eeler (1951) proposes tb.at the maj.ori ty of tbe con­

jugated dianes isomerize to trans-trans f'orms before adding 

a dienopb.ile. It is pro.bable that otb.er geometrical isomers 

could add dienophiles if' sufficient activation energy was 

provid.ed to distort tbe molecules to the c-orrect planar 

position. Suab. an o.cc.urrence 1s quit.e possible. especially 

at the high temperature.s of polymerization. 

Althougb. the evidenc-e for the Diels-A1d.er type addition 

is quite C'onvincing, classieal organic- structural proof ot 

the nature of dimers or trimera b.as been laaking. Re~ntly 

Clingman, Rivett, and Sutton (1953, l954j haTe provided 

auch a proof. They poly.meriaed metbyl-~ -elaeostearate 

(trana.trans,trans-9.11,13-catadecatrienoatei for four and 

one half hours at 185° a. in a sealed bulb. T·lle dimer, on 

substitutive bromination f'ollowed by debromination and then 

oxidation, ga-ve prebnitie: acid lbensene-1,2,3.4-t.et.racarboxy­

lic acid). fhia acid 'bas the required six-membered rillg ot 

c-arbon atoms substituted in four neigb.bouring positions tbat 

would result if a Diels•Alder type addition bad o~urred. The 

yield ot prehnitiC' seemed to indi~at.e tb.at D.ie1s-Alder addition 
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was the on1y operative reaction in this case. 

Tbese authors a1so iso1ated prebnitia aaid from the 

dimers o-r methy1 11no1eate, methy1 linolenate, and sunflower­

seed oi1. In these instan~es the yie1d ot prehnitie acid 

seemed to indicate tbat another mechanism besides the 1,4-

addition was operating. The poly.merization temperatures may 

have destroyed soma of the eyclia structures and thus 

decrease the yield of prebnitic aaid. 

The Sc-beiber-Kappelmeier theory bas not been universal­

ly aceepted~ and in sueh a complex reaction pro~ess as 

thermal poly.meriu.tion it is almost certain tbat other 

meahanisms are operative. The point ot disagreement is whetber 

these mechanisma are minor or major ones. 

Brockl.esby ( 1941 i proposed a scb.eme in wb.icb. two direct. 

carbon-ta-carbon bonds are formed between two ethenoid bonds 

in different residues forming a four carbon ring whi~b. tben 

rearranges as sb.ownl 

R.CKtCH.R"' 
+ 

R.CliaCH.R• 

R..OH-cH.R• 
1 1 --7-

R.CH-CH.R.• 

'!his author said tb.at the reaction aould only oo-eur int.er­

molecularly because of the shit~ in the !atty acyl chaine 

whicb. would rupture any intermolecular compound. This tb.eory 

was advanced before the mobi1ity o! hydrocarbon chaine was 

fwlly realiz.ed. 

Bernstein (1946, 1949 j d.oes not believe t.bat prior 

eonjugation is necessary for polymerization. He proposed a 
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direct union between ethenoid groups subject merely to steric 

considerations. 

Barker, Crawford, and Hilditch (1951 a} view poly­

merization as occurring between a reactive methylene group 

of one fatty acyl group and the conjugated diene system ot 

another group by a modif'ied 1,4-addition torming a dimer 

with a single cross link (ct. two cross links with Diela­

Âlder reactionl. They bas&d the empirical pari of this theory 

on the fact that poly.merized sunflowerseed oil exbibits more 

residual unsaturation (atter the linoleic and linolenic: acide 

have been accounted for} tban would be expeoted trom a Diels­

Alder type addition. They also tound tbat the mixed tattr 

acide of the poly.meriaed oil became more soluble in acetone 

at -55° a. as the polymerization proceaded. Sinae linoleie 

and linoleni~ acide ~re accounted tor• by a spectropboto­

metric procedure, it is quite possible tbat with the sbort 

time alkal1-1somer1zatioD preeedure used by tba autbors 

(Hildit.ch, :Morto.n, and Riley., 1945 i tb.ey might have f'ailed 

to isomeriae all the dif'ticultly-conjugable linoleate and 

linolenate compounds (Paaehke. ~olberg, ~al. 19521. If' so. 

this would account for the high iodine value of the residual 

unsaturation (cf. Sèction VII. Experimental). 

Pascbke and Wheeler (1952 i have demonstrated that methyl 

oleate possesses a slight but definite polymeriaation 

functionality. They isolated a small amount or. dimer wbicb 

contained one ethenoid group per molecule. HO tbeory as to ita 

formation was advanced by t.hese authors. 



Regarctless o:r the metb.od of formation, it has been 

established tbat dimeriaation (and trimeriaationî accur 

during thermal polymerization o:r polyene oils. The~e haYe 

been some considerations as to whetber the dimeri~ation 

ocaurs between acid groups in ditf'erent molecules (inter­

molecular dimerization) or whetber it occurs between acid 

groups in tbe same molecule (intramoleeular dimeri%at1onj. 

9 

Inter.molecular dimeriaation increases tba molecular 

weight by uniting ~w.o different gylcerides. !n~amoleeular 

dimerization, on the other band, would not increase the 

molecular weight because reaction is between different parts 

of the same molecule. 

A.dama and Powers (1944, 1946 j notie:ed tbatm during the 

early stages of polymerization, the iodine value decreased 

rapidly witb. only slight increases in molecular weight and 

viscosity. They gave this as evidence. o:r iatramolecular 

dimeri~ation. 

Bradley and Pfann (l940Ï studied a sample of t'tlorougb.ly 

heat-gelled drying oil. On conversion ot the solid phase ta 

methyl esters~ analysis showed seventy-fiYe per cent dimers 

and twenty-!ive per cent monomers. This, they said, 1a a 

higher proportion of dimers than would be expected by inter• 

po1ymeriz.ation. 

Barker, <rrawtord, an.d Hilditcb. (1951 aJ contend tb.at 

initial polymerization occurs by an intramolec.ular- dimer• 

i~ation to produce crosa-linked acy1 groupa. The audden rise 
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in Yis~osity in later stages with little apparent ahange in 

linoleate and linolenate content suggested tbat there was a 

rearrangement from intra- to interdimeriaation by aayl inter­

~hange (interesterifiaation). Tbay demonstratad tbat ester 

interchange did occur at bodying temperatures, albeit slowly 

(Barker, Crawford, and Hildite:n, 1951 bj. ftlese autb.ors also 

converted acme of the bodied oils to metb.yl esters and 

determined tb.eir molecular weigb.ts. From tb.ese weights tb.ey 

~alculated tb.e tb.eoretical moleeular weigb.t.s o.f tb.e tri­

glycreridea. In all cases tb.e c-alculated moleeular weigb.ts 

were greater tban tbs observed values. This, tbey contend, 

is due to intrapoly:mer format.ion. 

Joubert and Suttan (1952) separated a ligb.tly-bodied 

pilcrhard oil into monomerie: ( sixty-!ive per cent) and poly­

merie ( tb.irty-five per cent.i trac-t.ions. Tb.e monomeric 

glyc-erides, atter conversion to methyl esters, were distilled 

to afford only 1.5 per cent dimer esters. This indi~ated 110 

appreciable intrapolymerization. Power a ( 1952.j replied to 

Joubert and Sutton and said tbat the resulta confirmed ratber 

tban negated intrapolymerization .. Ta tb.is Sut.ton (1953j gave 

an equivocal answer. Tbe polemie resta at present at tbat 

stage. 

PGlymeriz.ed linseed oil w.as investigated for intra• and 

intermolecular dimers by Pascrbke and Wbeeler (1954). Linseed 

oil was bodied at 300° for 1.5, 3, and 6 b.ours. Tne glycerides 

were separated into a monomerie and a dimeric fraction by 
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mo1ecular distillation, and the 4erived methyl esters were 

ana1yz.ed for monomer, dimer, and trimer. Tb.ey fouQd tbat the 

monameri~ glycerides contained very little intradimers (tbree 

to four per ~ent ot tbe acid groups in the whole oiliwhile 

the polymerie- glyeeridea contaiaed appreciabl.e amoeta l ten 

to twenty per ~entj. They contend, tbat tb.ere is no evidenc·e 

to support the eontention tba~ a shift from intra- to inter• 

dimerizatio.n is the major cause o.f the sudden increase in 

vis~osity in the 1ater stages of poly.merization. lt 1a 

probably dQe to the nature of the re1ationahip of visnosity 

t~ mo1ecular weight and of molecu1ar weight to. extent of 

reactions in the pol;rfunc'tional system present. 

Xumerous minor aide reactions occur during thermal 

polymerizatio.n. The products inalude hydro.carbons, acro1ein, 

aldehydes, free fatty acide, 1ow mo1eaular weight estera, ete. 

Some o.f these producta originate from pyrolyt.ie decomposi tioa, 

others are formed as by-products of the main polymerization. 

In this latter connection, Paschke and Wheeler (l949j round 

monamerie iso-oleates which they cou1d not bydrogenate to 

stearate. and in the present work the NAF.D fractioaa 

isolated from sunflowerseed, soyabean, and linseed oila 

represent abnormal (tb.eontie:allyi products. 
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Adduction Compounds of Urea and Thiour-ea 

Bengen (1940) disc~vered the pb.enamenon of urea complex 

formation with aliphatic straigbt-cbain compounds. He sbowed 

tbat normal straight-cbain bydrocarbons form urea complexes 

by addition~ but tbat cyclic o.r- br-ancb.ed-cbain molecules do 

not.. Thu.a the petro.leum and oil cbemist. were provided wi tb. 

an excellent analytic:al t.ool for a separation metbod based on 

molecular shape and chain lengtb.. 

This rule is not rigid• for some cyclic and brancbed­

cb.ain structures will form adducts if the attacbed b.yd.ro­

carbon chain is of sut:ficient lengt.b (Trut.er, 1951). An 

interesting pair in this connection is 3-ethyltetrae:osane and 

1-cyclopentlheneic:oaane. Bot b. have an enti ty a:f five carbon 

atome attacb.ed to a straigb.t-cb.ain of twenty-one carbon 

atome. Wbile the rigid cyclic arrangement of five carbon 

atoma does not interfere witb. adduction, the freely rotating 

etbyl groups in 3-etb.yltetracosane prevent urea adduction. 

Detailed reports on this complex :formatian bave been 

made (Bengen and Se.hlenk, 1949; Zimmerscbied ~al, l950j 

since the original G&rmsn patent came to ligbt. S~enk {l949i 

reported in detail on t.b.e formation O·f urea complexes in 

relation to the sb.ape of tb.e organic mcüecule, tb.eir composi­

tion. tbeir crystal structure, and tbeir energy of formation. 

Tb.ese resulta have since been confirmed and extended by 

Redliob et al (1950 a) and Knigb.t et al (1952). -- --



In the adduats six urea molecules :f'orm a hexagonal 

lattice whicb. bas a b.ollQ;w core. It is into tb.ia 

... tunnel• that the adductible materials go. All adducts 

exhibit the same crystalline form. 
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Adduct.s of unsaturated :f'att.y aaids have been shown t .o 

stabilize tb.ese acide towards oxidation (Schlenk and Holman, 

1950 a, 1950 b). 

Recently the difference in rate o.f adduct formation 

b&tween saturated straigb.t-ch.ain acide and unsaturated 

straight-c:hain acids b.as been utilized for tb.eir separation. 

Tb.ia fractional separation technique has been used by Abu­

Haar fi!!. {1954] tor the separation of b.igb.ly unsaturated 

f'atty acide,. by Swern and Parker to separat.e oleie aeid 

from inedible animal oils ll952. a), oleie- and metb.yl oleate 

from olive oil {1952 b), and the concentration ar natural 

linoleic and linoleni~ acide ll953). 

The b.istory and pro cesses connect.ed wi tb. urea adduct 

formation have been reviewed in a previous thesis (Wells, 

1952j. flince tb.at time the range of application of the 

technique b.as widened, but the basic tb.eory has not changed. 

Tb.iourea forma a somewbat similar type of inclusion 

complex witb. certain types of organic molecules. 'l'his 

pb.enomenon was diseovered by Angla {1947) and since bas been 

deacribed and studied by Se:hlenk {l951Î and by Redlieb. et al 

(1950 b j .. 

Thiour·ea forms adducts wi tb. more compact molecules tban 
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those characteristic of urea adduction (i.e. long c-hain 

hydrocarbons j. The interio.r channel in the tbiour-ea spiral 

is larger than that o.f urea because o.f tb.e larger radius o:f 

the sulfur at~. S~b.iessler and Flitter (l9S2j b.ave said 

that tb.e channel in these adducts b.as tb.e dimensions of 5.0 

by 6.8 R. Tbeir figures are based on many experimenta witb. 

molecules of known dimensions. 

Tbiourea in~lusion compounds are lees stable tb.an their 

urea analogues and hence possess a low beat cf formation. 

lo.w.er free energy. and show a decrease in the molal ratio 

of tbiourea to reactant compared with urea to reactant. 

Tbiourea and urea appear to o.ffer possibilities o! 

co.mplementary applications, especially in petroleum tech­

nology where compact (aromatic} and long chain b.ydrocarbons 

are frequently encountered together. 



Oceurr-enc:-e,. Physiological Effeot,. and Nutrition 
Of Heated Oils and Fatty Ac-ids 

Heated Oils 

15 

Unsaturated vegetable oils develop. undesirable odours 

and flaveurs when exposed to beat or light and tbüa their 

use as edible oils is restrieted. Thermal poly.merization 

randers auch oils mnch more stable to flavour reversion 

(lips et al,. 1953). !his proeess has been used in the United 

States for herring oil (Lassen et~~ 1949) and in Germany 

for fish oils (B .. I.o .. s. Report) to. replac-e mare expensive 

vegetable oils in canning and cooking. 

The content of linolenie acid, considered the chief 

agent responsible for flavour reversion, was greatly redu~d 

in lins,eed oil by polymerization process of Privett et al, 

(1945) in which tbe oil was heated at 275° for twelve bours 

under a stream o.f carbon dioxide. This b.eated o.il waa 

acetGne segregated and the segregate ~as hydrogenated to 

produce a sbortening of superior flavour stability. Rowever, 

when this product w.as fed to rats, a high incidence of 

dea th occurred lCrampton and Miller, 1946 i. Si ne-e whole 

linseed oil is who.lesome and nutritions (llolot.kow. l932j. 

the polymerization proeess must have deleteriously effected 

tb.e oil. 

Gass and Kills (1947) prepared heated linseed oil and 

fed hydrogenated and non-hydrogenated fractions to rats. 

Both frac·tions were nutritionally inf'erior to the whole 
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unheated oil. This s.h.owed that the isomerie acide produa-ed 

by hydrogenation were no.t responsible tor the impaired 

quality of the oil. Tb.ese workers furtb.er investigated the 

eff'ect tsf leci thin and ergostero.l on rat nutrition. These 

compounds, incorporated in commercial s.hortening and b.eated 

at 275° ~or fifteen hours, had no effect upon the value of 

the shortening. Furthermore.tests with crude and refined oils 

heated under carbon dioxide showed ident.ical resulta. As a 

final test Gaas fed the volatile condensate from thermally 

polymeriz.ed linseed (as shorteningj to rat.s. 'rhey proved to 

be innocuous. Renee it seemed tbat the nutritional defect 

lay wi thin the polymerized oil its.elf,. and w:as not due to 

hydrogenation products, unsaponifiable matter, or the volatile 

pyrolysis products. 

Previously Roffo (1944 i bad repor·ted that continuons 

feeding of heated sunflowerseed and olive oils (350° for 

thirty minutes j produe:ed c.arcinoma in rats. Tbeae resulta 

bave never been confir.med, hut Morris (l943i bas reported 

that b.eated lard (300° ~or twenty minutes j c-ause·s reduc-ed 

growth and weight losaes when fed to rats as fifty per cent 

of the diet. He further notieed some inc-idence of paralysie 

and gastric ulcera. Recently Cbalmers (1954) fe.d b.eated 

cottonse&d oils to rat.s and :found tbat some de:Yeloped ulcera 

in the ir forestomac.b.s. How.eYer, both Cfualmera and tb& otb.er 

t.wo workers b.eated oils in tb.e presence of air. Tb.is would 

cause excessive peroxidation. Privett heated oils under 
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c-arbon dioxide, a proces.a which larg.ely elimina tes peroxide 

formation. Harris (1947Ï, however, has shawn that sardine 

oil heated under vacuum causes decreased growth. 

Subsequent experimente with ails polymerized by the 

method of Privett showed that linseed, corn, rapeseed, peanut, 

soyabean, and herring oils all decreased in nutritional value 

o.n heating (Crampton, Farmer, and Berryhill, 1951). The effect 

was more apparent with increased heating time and with in­

creased levels of oil in the diets. Linseed oil, the most 

unsaturated oil, produced the worst sy.mptoms in the shorteat 

time. It had been thought that heated oil interfered with 

proper absorption in the. gut. When heated linseed oil was 

:red at a different time from the main diet no appreciable 

difference from s.imultaneous feedin.gs was noted. Renee the 

deleterious effect is not merely due ta interference with 

absorption of nutrients. 

Kauritz (1953) demonstrated tb.at axidiz.ed hog fat caused 

a decrease in growth rates of rats. This decrease paralleled 

the intake of oxidized fat. Vitamin E is a natural growth 

factor (Fraenkel and Blewett, 1946j and anti-oxidant, and 

its absence from the diet can cause serioua effects. 

(Mackenzie et al, 1940). Bec-ause heating ails destroys the ir 

natural anti-oxidants, NDGA (nordihydroguararetic ac id, an 

anti-oxidant) and Vitamin E. were fed along wi tb. the linseed 

oil diets in an experiment in this laboratory. No significant 

difference was noted between the diets with and without these 
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additions (Crampton, Co.mm.on, et al, 1951 a). Tb.erefore 

neither peroxidation nor lack of Vitamin E was responsible 

for the decreased nutritive value of the b.eated linseed oil. 

Farmer, Crampton, and Siddall (l95lj have shawn that preg­

nant. rats fed heated linaeed oil produced decreased numbers 

in their littera and that the offapring were underweight. This 

same effect was obaerved with pregnant rats fed VitaminE 

as a supplement. 

Wiseblatt (1950) formed the ethyl esters from the heated 

linaeed oil by alcoholysia. '.L;hese esters were solvent 

segregated then vacuum distilled. None of the fractions 

isolated by this method were equal in nutritional value to 

the esters of the unheated oil (Crampton, Common, et al, 

1951 b j. Six out of eigb.t of the rats fed tb.e polymerie 

residue died. Al tb.ough the se rats a te two grams per day, an 

amount tb.at has proven to be sufficient for survival, the 

reduced digestibility o:f tb.ese esters migb.t b.ave lowered tb.e 

calorie intake to a point where death by starvation would 

e nsue. These rats all showed po or general heal tb., matted 

coats, and stick :f'eces. It tb.erefore seems that part of the 

reduced value of heated ails is due to the presence of un­

digestible polymerie material. This material, b.owever, does 

not seem to be taxie. 

Destruction of essential factors in the ail during poly­

merization migb.t alea account for poor condition in the rats. 

Rokkanes (1953J has shown t'bat linseed ail contains an 



19 

essential hair growth factor for rats. This factor aeems. to 

be associated with the linoleic and linolenic ac-ids. Bath 

these acide are also essential nutrients. 

Wells (1952) urea segregated the distillable ethyl esters 

of heated linseed ail into two fractionst an adduct forming 

fraction, and a non-adduct forming fraction. The adduct 

forming fraction proved equal in nutritional value to the 

whole esters of the unheated ail (Crampton, Common, et &1, 

1953). which are but slightly inferior to the triglycerides. 

This was the first time that a nutritionally good fraction 

had been isolated from heated linseed ail. 

The urea non-adducting fraction was found to be extreme­

ly injurions to growing rats. While, unlike the polymerie 

material, these fractions were well digested, they were not 

utilized for growth. All rats fed this material died. Thus 

it seems that the nutritionally deleterious material resides 

in the non-adducting portion of the distillable ethyl esters, 

and is composed of one or more of the following classes of 

compounds: cyclic fatty acids, branched-chain fatty acids, 

or bigbly unaaturated fatty acide. This follows from the fact 

tbat urea will not form adducts with auch molecules. 

Fatty Ac-id Isomers 

As well as supplying a concentrated source of calories 

in the diet, fat provides a vehicle for esaential nutrients 

as well as having a sparing action on other dietary 
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~omponenta. Tbree fatty acide are considered essential for 

the nutrition of the rat, a.f man, and possib1y of many other 

higher vertebratea, viz.: 1inoleic (9,12-actadecadienoic) 

acid, linolenic (9,12,15-octadecatrienoic) acid, and ara~hi­

donic (5,8,11,14-octadec-atetraenoic) acid. Some authoritiea 

refer to this group as "Vitamin F", however, few authora 

use the term. These acids are wide1y distributed tbroughout 

the plant and marine worlds. Lack of easential fatty acide 

causes hyperkeratosia in rata (Ramalingaswami and Sinclair, 

1953Î, and leada to disturbed ovulation and numerous 

epiderma1 diseases in both humans and rata (Wooster and 

Blanck, 1950). 

In thermal polymerization and hydrogenation a certain 

amount of change in oil structure occurs. Poaitional and 

geometrie isomers of the f'atty acide are formed, and as a 

result a portion of the eaaential fatty acid activity ia 

destroyed. 

Me1nick and Deuel (1954) bave made a study of the liter­

sture concerning the affecta of hydrogenation of vegetable 

oils to determine whether the isomerie acide ao formed differ 

f'rom the naturally occurring fatty acids in nutritional value. 

I t was found, using microbiological assay techniq_ues, that 

iso-oleic acide are not anti-metabolites for natural oleic, 

but function as normal nutrienta. The conjugated fatty acida 

are readily metaboliz.ed to carbon dioxide and water, and do 

not act as antagoniste for the ess.e.ntial fatty ac ids. 
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Hydrogenated oils compare favourably with naturel oils as 

sources of esaential fa tt y ac ids. Al t.hough the per c·ent of 

these acide is reduced, it seems that the iso-acide exhibit 

essential fatty acid activity. These conclusions may be 

applied with reasonable validity to thermally polymerized 

oils as well as to hydrogenated oils for there is a certain 

similarity in the products of reaction. 

Boughton (1953) has demonstrated that several mono­

unsaturated fatty acide can replace oleic acid in the 

nutrition of corynebacterium .... Q,". Tb.ese acide can have either 

the cis or trans configuration, and it is not. essential that. 

the chain be eighteen carbon atome long. 

Blaxter, Brown, and MacDonald (1953 aj have shown that 

calvas fed the total unsaturated fatty acide of codliver 

oil supplemented wi th 0( -tocopb.erol developed severe 

muscular dystrophy. C.alves fed the unsaponifiable matter or 

the saturated acide diaplayed no aymptoms. A slight dyatrophy 

occurred in calves fed the higher unsaturated fatty acide, 

but only a palen.ess in the muscles occ.urred wb.en the lower 

unsaturates were fed. It was concluded that the toxicity of 

codliver oil is cauaed by its polyunaaturated fatty acide 

and not by hypervitaminosia A. or n·. This to.xicity may be a 

general effect of polyunsaturation and hence not be due to 

any specifie fatty acid. dl-0(-tocopherol protected the 

animale againat the effecta of the oil only wb.en administered 

orally (ibid, 1953 bj. 



It seems, therefore, that the body can handle most of 

the isomerie fatty acids, and that only polyunsaturates 

cause harm. 

Branched-chain Fatty Acide_ 

Chevreul in 1817 (cf. Hilditch, 1947) discovered iso­

valerie acid in the head oil of the dolpbin. This. was the 

first time that an odd-numbered fatty ac.id had been :round in 

nature. It was not until muc.h later that the branched-chain 

nature of the acid was definitely estab1ished. This remained 

the only naturally-occurring branched-chain fatty acid wb.ich 

cou1d be isolated from triglyceride oils unti1 1950. 

Anderson and his co-workers (1929j showed that the waxy 

e:nve1ope of certain acid-fast baci1li (1eprosy and tuber­

culosis) contained appreciable amounts of branched-chain 

fatty acids. Anderson and C.b.argaff (1929) iso1ated tuber-

cu1ostearic acid from tuberc1e wax, wbich was 1ater proven 

to be 10-methylstearic a cid- by Spie1man ( 1934 j. Pb.thioiC' a cid 

was simi1arly isolated and investigated by Anderson ancl 

Spie1man (1936, 1944, 1945). They considered it to be a ~6 
mult.i-brancb.ed chain acid. Po1gar and Robinson (1943, 1945) 

bave asaigned it the structure of 3,13,19-trimethy1trie:osanoic 

acid. A, c27-phthioic acid, iso1ated from tuberc1e. baci1li by 

Cason et al (1953), bas been given the structure of a~ -methyl 

-Oé~f-'-unsaturated acid. Ve1ick and Anderson (1944Î isolated 

a c20 acid from tb.e acetone-soluble fats of Phylomonas ~­

faciens wb.ich they cal1ed phytomonic acid. It is a 10 or ll-
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monomethyl nonadecanoic ac-id. Very recent work by Polgar 

(1954 a, 1954 bj has elucidated the structure of twa. acids, 

myc·olipenic and mycoceranic, from the lipids a.f tubera-le 

bacillip as tri-methyl branched fatty acid. 

Up until 1950 the only other source of brancb.ed-chain 

fatty ac-ids was wool wax. Weitkamp (1945) investigated the 

composition of Degras (wool fat). He isolated and identified 

several branched-chain fatty acids in the materiel which 

were mainly esters of sterols and triterpenoids. Re~ently 

Brouwer and Nijkamp (1953j have identified 3-methylbutanoic 

and 2-methylbutanoic acids in tb.e hair grease of dogs. 

Branc-hed-chain fatty acids bave also been reported to occur 

as esters of a.c-tadecano1 in the coccygeal glands of ducks 

(Weitzel, 1951). 

Before 1950 no naturally-occ-urring branched-chain fatty 

ac·ids, with the sole exception o.f isovaleric, had been 

reported as existing in natural triglycerides. However, in 

1950 Hansen and Sb.or1and published the first paper of a 

series in which they have reported the occ·urrence of small 

amounts of branched-chain fatty acida in triglycerides from 

many animal fats. The first paper reported the presence af 

a branched-chain acid in butterfat. In subsequent papers they 

reported the isolation of a a17-methy1 brancb.ed acid (1951 aj, 

and a multi-brancb.ed C2o ac id (1951 b) in butterfat tri­

glycerides. In 1954 tb.eyidentified two acide in tb.e butter­

fat as (1-j-l2-methy1tetradecanoic and 13-methy1tetradecanoic 

acids. 
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The same author·s ( 1952 aï examined the external tissue 

fat of oxen and round a c~7-dimethy1 acid, then mutton fat 

yielded tbree fatty acide, two of them optically activet 

(+i-14-methy1hexadecanoic acid ( 1952 bj, and (+i-12-methy1 

tetradecanoic acid. Later (1953j the same fat yielded a 13-

methyl1tetradecanoic acid. 'l'hese latter two optically active 

fatty acide have also been isolated from wool wax. Shark 

liver ail has been shawn to contain a a18 m~ti-branched 

fatty ac id (Mariee and Sho.rland,. 1952 i. All the ac ids report­

ed by Shorland and his co-workers are components of natural 

triglycerides. Renee the older notion that branched-c-hain 

fatty acide are rare and mainly confined to micro-organisme 

and marine man:nnala must be abandoned. It will also be aeen 

that many of theae acide contain odd numbera o! carbon atoma, 

which is contrary to the older generalization that natural 

fatty ac-ida are always even-numbered •. N:othing ia yet known 

about the metabolism of these acide, although it haa been 

suggested that leucine, isoleucine, and valine play a role 

in their aynthesis, es.pecially thoae ar low: molecular 

weight. It is almost certain that the branched-chain acide 

follow different metabolic pathways from the normal, straight• 

chain fatty acide. 

The pb.ysitüogica1 activity of brancb.ed-cb.ain fatty acids 

has been investigated by several workers, especial1y since 

pathogenic bacteria bave been ahown ta contain auch acide. 

Anderson (1929 i bas reported tb.at injections of tuber-
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culastearic and phthioic acids produ~e tubercle-like lesions 

at the injection site. 

Robinson (1940j injected two synthetic branched-chain 

fatty acids into rabbits and obtained a reaction in bath 

cases. Intraperitoneal injections of 2.2-dimethylundecanoic 

acid produced peritonitis and leukemia in rabbits, while 

2,2-di-n-octylpropanoic acid produced a reaction similar to 

phthioic acid. 

Buu-Hoi and Ratsimamanga (1943) obtained similar resulta 

when guinea pigs were inj ected wi th 2 ,2-dimetb.yloctadec-anoic 

ac·id. 'l'b.e dose was f'ifty mg. of ac id weekly for four weeka. 

A marked decreaae in b.emoglobin concentration - fifty per 

cent in three weeka - and an inc·reaae in tb.e ratio of mono­

cyte to, lymphocyte (M/L) occurred. '.Cb.e M/L ratio rose to 

forty to ninety within twelve hours after injection. The 

control animale had M/L ratios of only ten to twenty. 

Autopsy of the guinea pigs revealed extensive adhesions 

between organe of the peritoneal cavity. Lesions similar 

to those of' tuberculosis were noted on the liver and the 

diapbragm. 

Tb.e linear isomer, arachidic acid, wb.en tested, proYed 

innocuous. 

Paraf ~al ll945j gave guinea pige four intraperitoneal 

injections over a two week perio.d of an unaa turated branched­

chain fatty acid ( o< , 0( -dimethyl-t4J tridecylic a cid J. The 

result was cachexia ending in death. Subcutaneous injections 
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produced shoc-k and losa of weight but not death. Massive. 

concurrent injections of nieotinamide countered the effec-t. 

of the intraperitoneal injections, but they did not prevent 

the losa of weight. 

c·agnant et. al ( 1950 i tested the esters of the same ac id. 

Subc-utaneous injections of 0.6 c.e. into mice or guinea pigs 

produced no taxie effects. The ester did appear to have a 

bacteriotropic effect when injected into guinea pige infected 

with septie tuberculosis. 

Polgar (1948) test.ed 3,13,19-trimethyltricosanoic acid 

and found effects comparable to those o.f natural phthioic 

a cid. 

Many fatt.y acide have been tested for bactericidal 

activity against B.leprae. Stanley, Jay, and Adams (1929) 

synthesiz.ed a series of hexadecanoic and octadecanoic acide 

in which the carboxyl group varied from terminal ta central 

position on the carbon chain. The beat effect was produced 

by ac ids wi th the carboxyl group near the centre of the chain. 

These reporta indicate that branched-chain fatty acids 

have definite pbysiological effecta and that these effects 

are more pronounced in the higher molecular weight acide. Tb.e 

pr·esence of a f'ree carboxyl group has been shawn necesaary 

~~r physiological action in one instance and it may be that 

a free carboxyl group is prerequisite for biological activity 

in ail cases. 



27 

Cyclic Fatty A~ids 

The tropical plants o~ the family Flacourticeae produce 

chaulmoogra,. lukrabo, and gorli-seed oils which are rich in 

cyclic fatty acida (chaulmoogric, hydnocarpic, gorlic), all 

o.f which contain a terminal cyclopentenyl ring. Theae acids 

have been known for many years. 

More recently Hof'mann na d Lucas (1950 j isolated a c19 
cyclic acid from Lactobacillua arabino.ais which they called 

lactobacillic acid. This acid contains a non-terminal cyalo­

propane ring at the ll-12 positions. 

liydrolyzates of the polymixina have yielded a 6-methyl 

octanoic acid (cf". Fracton and Simmonds, 1953j. 

Nunn (1952) iaolated and characteriz.ed a cyclic fatty 

a cid from the kernel ail of Sterculia foetida. This ac id• 

called sterculie acid, has be.en identified as W -(2 n-o.ctyl­

cyclo-prop-l-enyli-octanoic acid. This acid bas a nan-terminal 

cyclopropene ring, and Nunn demonatrated tbat the acid only 

forma urea adducts with difficulty. 

Cbaulmoogra oil has long been used in the treatment of 

B.leprae, and investigators have tb.aroughly studied ita 

component fatty acida (cf .. Ralaton, 1948). It bas been 

establiab.ed tbat cyclic fatty a~ida ~f the ail possess 

bactericidal activity. T:his activity ia not greatly decreased 

by esterification. Many c.yclic and branched-chain fatty acids 

have been tested in vitro for bactericidal action an ~ 

leprae, and it b.aa been establiahed tb.at a cyclopent.enyl 
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ring is unnecessary. The principal requirement is high 

molecular weight. ( c:16-c·18 j wi th the molecular configuration 

being of secondary importance. Many other cycli and branched­

chain acide have been synthesi~ed and tested far activity an 

B.leprae, and many of these have proven to be as effective as 

chaulmoogric acid in vitra. 

Bernhard and Muller (1938) have shawn that oral 

administration of c-haulmoagric acid and its derivatives 

produce mild toticity, hene:e, in praphylaxis, the dose must 

be strictly controlled. Tb.ese authore failed t.o elucidate the 

metabolic role of the acid. 

Buu-Hoi and Rat.simamanga (1941) inveetigated the toxic­

i ty of chaulmoogric and hydnocarpic: ac ids. 'they ascribed the 

injurions eff'ects to the cyc.lo.pentenyl. ring. 

Sartory et al (l950j studied natural and eynthetic 

cyclopentenyl acide as well as some closely-related 

fatty ac-ids. They inject.ed rate and guinea pige wi th 0.6 c.e. 

and 1.0 c.e. of acid respectively. The dosee were administer­

ed both intraperitoneally and subcutaneouely. The aymptoms 

noted were t ( lQ Very severe convulsions, (2) respira tory 

spasms,. (;)j a dec-reased pulse rate, (4j elevated arterial 

pressure, (5) vaso-constrictions which arrested peristaltic 

movements of the digestive tract, (6j deatb. (0.6 c.e. in­

jected into rats caused death in tbree to six hours), and 

( 7 j in cases of delayed dea th, metllemo.globin formation. 

As a result of these etudies the autb.are believe tb.at 
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a :rive or six membered ring pos.seas.ing an isolated ethenoid 

bond is reaponsible :tor toxicity. Removal of the double bond 

by hydrogenation, or addition of" more double bonds t .o the 

ring, depressed the toxicity. This is in contrast to the 

bactericidal activity of the oil, where the double bond or 

even tb.e ring had no special effect upon tb.e activity. 



PAR'r II 

:METHODS 

Al.kali-refining and Bleaching 

Tb.e oils were alkali-refiœd in batc·bas o:r 1.5 kgm. in 

a 2000 ml. e-rlenmeyer f'lask wi tb. 20° Baume so.dium hydroxide. 

The acid value of tbe oil waa det~ined, and frnm tables 

(Bailey, 1945 j the c.orrect amount of alkali was calc-ulated. 

This was added to the oil at room temperature while stirring 

Tigorously witb. a mecb.anical stirrer. Whe-n tlla oil tt'brGke• 

the stirring was discontinued and the flask was placed on a 

steam bath. The temperature w:as raised to 50° a. with 

oecassional stirring, then removed and plaeed in a cold room 

(6° aj overnight. The c-lear oil waa decanted and the gummy 

reaidue discarded. The refined oil was washed free of alkali 

with warm wat.er and dried over sodium sulfate. The sodium 

sulfate waa removed from the oil by :tiltration. 

Batcbes ot 500 gm. of' refined oil •ere bleached with 

t.wo. per cent w/v activated bleachiog clay (Super Filtrol). 

"rlle ba teh of oil was he.ated to 50° under a stream o-r ni trogen 

tb.en the bleaching clay was added wi tb. stirring. The flask 

was swirled :for a tew minutes to aas.ure intimate mixing and 

then allowed to remain at 50° for fift.een minutes. Tbe 

bleacb.ed oil was :tiltere.d free of clay. 

thermal Poly.merizatio.n 

Tb.e polymerizat.ion apparatus is illuatrated in Figure 



1. It e:onaists CYr a 2000 ml. tbree-necked f'lask having a 

45/50 standard taper centre neck and 29/42 standard taper 

side necks. Tb.ese nec:ks aca.ommodate a 3.60° thermometer, a. 

thermoregulator-,. a gas inlet and outlet tub&. They are 

described in the legend on. page 33. 
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rae polymerization flask is heated by a Glas-aol hemi• 

spherical mantle. The upper b.alf o.f' the f'lask is iosulated 

w:.i th. a layer o.! glass wool. T'emperature control is effee:t.ed 

by means of a tb.ermoregulatar (Pr-ee:ision So-ientifie: c-ompany j 

attached t.o a mercury relay. A. Powerstat variable traostormer 

(set. a~ 85 volta) ia inserted between the power supply (llO 

V.A.a.} and the relay. :l!.b.is provicles a better temperature 

control and acta as a sateguard against relay failure. Tb.e 

temperature can be regulated to ± 2° c. 

The polymeriz.ation flask holds 1000 to 1200 gms. of oi1. 

Allewanc-e must be made for the expansion of the oil on 

heating. Wb.en this amount. of oil was used, little adjustment 

o:r the gas supply was neeessary. A vigorous at:team of 

earbon dioxide was bubbled tbrough the oil during ~he heat-up 

and c:ool-down peri~ds as well as during the actual polymer­

ization. ~iming was begun wban the temperature reached 275°. 

Approxjmately two hours w:era required to reach this temper­

ature. Wb.en tb.e: required heatin.g time b.ad alapsed, the power 

was shut off and the heating mantla and glass wool insulation 

removed from the poly.merizer. The gas. stream was in~rease4 

to a violent bubble in order t.o faoilitat.e removal at tb.e 
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KEY TO FIGllRE l 

A. Ket.al canopy provided with bayonet loak. bas prang 
terminala for cont.ac-t. wi tb. terminal fi tting of tb.e 
thermoregulator. A rubber-insula~ed lead conneats 
this a&p with L of the relay. 

B. 3ô0° thermometer beld by a 45/50 inaide Joint drawa 
to fi~ snugly about the thermometer. A small piece 
of r.ubber tubing provides. a seal. 

cr. A 29/42 inside taper joil!d wb.ieh serves to bold. tb.e 
thermoregulatoz D in position. A gas tight seal ia 
proYided by a neoprene rubber tube. 

D. Thermoregulator1 mere-tc-w:ire, acijustable with 
seale:d contact tPreeis.ioa S.cientifie crompany j. 

E. Glas-Col 2000 ml. hemispheriaal neating mantle. 

Jl. Rubber tube conneetion with carbon dioxide aylinder. 

G. Gas inlet tube with 29/42 joint which reae·nes 
almost to the bottom of the polymerization !lask. 

H. Gas out.let tube. Provides for the escape of' ao2 
and volatile products of pyrolysis. 

I. Rlectrical eGnnection of' heating mantl&. It is 
aonne.cted w:i tb. terminal K of the re lay. 

1. Relay, mera-to~erc (Precision Seientifie CQmpanyj. 

K. Terminal :ror mantle connection r. 
L. T'erminal -ror thermoregulator e·onneotion A. 

K. Lead from relay (Pj. 

N. Lead to llO volt A.cr. power aupply. 

o. Powerstat variable transformer. 

P. Lead from relay, attaches to Powerstat at M. 



FIGURE a. Apparatua for ~hermal 
polymerization 
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volatile prGducts of pyrolysis. Âfter the oil bad cooled 300 

to 40° • the s.tream ot carbon di oxide was redUC'ed and the oil 

wae allowed to aool to room temperature. This required 

approximately one and one hal! hours. 

Trans&aterifieation 

F'onnerly an alaob.olic· 0.5 per cent solution of sodium 

b.ydroxide was employed as catalyst. 'r.b.is. procedure had some 

detecta. e-.g. alc-ob.olysis waa otten incomplete. :nm.c:h time 

was required for dissolving tb.e alkali in ethanol or methanol. 

and the oil bad to be pre-wasb.ed wi tb. alcob.ol. 'tb.e present 

metho.d uses 0.4 per cent sodium metal in anhydrous &lc-ohol. 

Tb& weighed sodium is d6ssolved in the correct volume o! dry 

alaob.ol in a florence flask fitt.ed with a reflux condenser. 

'fllirty grams ot' ethanol or twenty grams o'! methanol were used 

ter eacb. lOO grams of oil. 'l'b.e oil •as b.eated to· 55° a in a 

round-bottomed nask and the sodium etb.o.xid& (or methoxide} 

solution added quickly. The sodium solution does not normally 

require heating beca.use ot the exothermie- nature of the 

reaction between sodium and alcohol. TbB mixture was shaken 

vigourous.ly for about a minute and tb.en replaced on the steam 

bath and b.eld at 55° for tbree hours. The ester mixture was 

tb.en allowed to cool to room temperature overnigbt. The dark 

red glyc-erol layer settled to tbe botto~ 

The asters (upper layer i were de.canted into a large 

separatory tunnel lsee page 36) and washed with large volumes 



FIGURE 3. Separatory tunnels used in oil researoh­
at. Macdonald C-ol lege. 
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o~ hot water until the wasning were neutral ta phenolphthalein. 

This served to removed the soaps and free alkali. The esters 

were then dried over sodium sulfate, filtered, and the last 

traces of moisture removed under reduced pressure. 

I~ the transesterification da.es not go ta completion 

(i.e. no glycerol layer appears}, the reaction can be forced 

by the addition of more (five to ten ml.) of warm sodium­

alconol solution and the procesa repeated. In this case care 

muet be exercised because more soaps are formed and the 

danger of emulsification during washing arises. Yields by 

this "forcedtt metb.o.d are always lawer than normal. 

Vacuum Distillatio.n · 

The esters were distilled in the apparatus illustrated 

in Figure 4. Claise:n. flaaks of various aiz.es were uaed, 

depending upon the volume of oil to be distilled. The usual 

si~e for preparation of oils for nutritional feeding trials 

was 500 ml. Heat waa aupplied by a wax bath (Fisher Batb. 

Wax). The distillation flask was filled with glass wool to 

minimize the bumping of the ails. 

Distillation temperature limita were establiahed for 

the esters because no manomater was available. the maximum 

allowable batb. temperature waa 240° although distillation of 

the monomeric material was usually complete at 210°. The esti­

mated vacuum on tb.e system was l to 3 mm. Wb.en distillation 

was complete, the bath was removed and the oil allowed to 

cool witb.out breaking the vacuum .. All fractions (bef'ore and 
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KEY T"O FIGURE 4 

A. 360° tbermometer for determining the temperature 
of distilling esters. 

B .. Glas.s wool covering upp·er portion of Claisen flask 
to facilitate distillation by approximating 
adiabatic conditions. 

c. alaisen flask 

D .. Glass wool in pot to prevent axcessive 
bumping of the oils during distillation. 

E. 011 or ester fraction. 

F. Wax bath (Fisher Bath Wax). 

G. Wire gauze to prevent excessive heat reaching 
aax bath. 

H. Rubber connections to vacuum system. 

I. Receiver for distillate. 

:r .. Distillate. 

KEY TO FIGURE 5 

A. Distillation tube drawn to scala. 

B. Diagram of distillation tube in position. for 
distillation. 

1. Tnermometer, 300° c. 
~. Wax bath (Fisher Batb.. Wax) 

3. To the vacuum system. 

4. Residue .. 

5. Distillate:. 

6. Point of severance. 

39 



Higure ~. Apparatua !or the aemi-miero diatillatioD 
~ vacao of vegetable oil ~actions. 
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a:rter d:istillation j were protec-ted from oxidation wi th 0. 05 

per eent Tenox II (Tennessee E.astman Corporatio,n j ant.i­

oxidant. 

A semi~icro distillation was used for the quantitative 

determination of the per cent distillable esters. ihe 

apparatus is shawn in Figure 5. A small charge of oil (0.5 

to O.? gm. j was placed in the bulb of the tared tube by means 

of a micro-pipette. ~be ~ube was re-weighed to determine the 

weight of the oil, and then the oil waa distilled in vacuo. 

The di.stillate collected in the si de arm of tb.e tube. After 

distillation the tube was severed just above the bulb and 

both parts were weighed. :.L'hen each was washed free of oil and 

re-weighed • .i."he weights of the distillate and residue were 

determined by difference. 

Urea Segregation 

Linear a18 fatty acid esters of ethanol or methanol 

c-ombine with urea in the approximate ratio of one part ester 

to tbree parts urea. Therefore to insure complete segregation 

of all linear materiel in tbe esters, a weight of 4 gm. of 

urea ta 1 gm. of esters was employed • .l:ne slurry technique, 

wi th l ml. of ethanol or methanol for every gm. o.f ure a, was 

used becauae of the large ~uantities involved. A description 

o,f a typical batch preparation auch as used in the preparation 

of ails for nutrition trials follows: 

500 gm. of ester was dissolved in two litera of absolute 
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ethanol and the solution warmed to 50° c:. Two kgm. of finely 

powdered urea was slowly added with stirring. Any lumps 

formed during the addition were broken up before more uree 

was added. The slurry was held at 50a. for thirty minutes. 

and then allowed ta cool gradually to room temperature over­

night. The adducts were removed on a large Buechner tunnel, 

washed with three portions of absolute ethanol saturated 

wi th ure a, and the w.ashings were added to the filtrate. 

The adducts were deeomposed with a large volume of hot 

water in which the urea dissolved and the oily es-ters rose to 

the surface. Tbe aqueous portion was drawn off in a separatory 

funnel and the remaining esters were washed with warm water 

and dried over sodium sulfate. The laat traces of moisture 

were removed under reduced pressure. 

The combined filtrat.& and waahings were diluted wi th 

warm water, poured into a separatory funnel, and the aqueous 

portion removed. T:he esters were washed and dried. Bath 

fractions, adducts and non-adducts. were protected with 0.05 

per c-ent Tenox. II. 

This proc-edure is a general one and can be used for any 

oila, heated or unb.eated. The procedure has an advantage over 

the solution method in that smaller volumes are handl ed, and 

the separation is almoat as efficient. The processing temper• 

atures are low (50° at the bighestj, hence there is little 

chance for the formation of peroxides. 

In quantitative work tb.e esters were recovered from tb.e 
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aqueous solutions by extraction with ether. Tbe extracts 

were dried over sodium sulfate and then the ether wae removed 

under reduced pressure in a tared veseel. 

Tbionrea Segregation 

T'he method closely followed tbat o:~ Sa-hiassler and 

Flitter (1952j. The modification wae in replacing tb.e 

methanol witb. ethanol as solvent for the ail. 

Me-an Molee:.ular Waigb.ts 

Mean molecular weights were determined by cryoscopy in 

purified cyclobexane. Tbe concentration of the solute was 

kept below five per cent for all determinations. The solutions 

were cooled in an ice-water bath and stirred wi th a etain­

lesa steel loop stirrer. A Be·ckmann thermometer ena bled 

freez.ing pointe to be estimated wi tb.in ::±: 0.002.0 c. Obaerved 

molecular weighta were corrected for free fatty acid content 

by the metho.d of Berstein {l948j. 

C:yclohexane was purified for cryo-sc.opy as follo:w.s t A 

q,uantity of cyclohexane was mechanically sb.aken wi th about 

ten per cent of its volume of twenty per cent fuming sulfurie 

acid for twelve hours. The acid layer waa drawn off and the 

cyclohexane wae shaken for another twelve hours with a similar 

portion of fuming sulfuric acid. ibis again was drawn off and 

excess acid in tb.e cyclohexane was removed by addition of 

granular barium hydroxide. Tb.e cyclohexane was then deca.nted 

and distilled tbrough a Steàman column. 
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Iod.ine Value 

Tb.e metho.d of Benham and Kle-e (l950j as used ex­

clusively tbroughout the present work. However, the reactio.n 

time has been inareased from one minute to one hour. The 

method bas been found satisfactory ~or comparative purposes. 

Acid Valuea 

A sample of about five grams of ail was dissolved in 

lOO ml. of a previously-neutralized mixture of toluene and 

ethano.l (l&l by volume). One ml. of the reagent of Klein­

zeller and Trim (1944) was added, and the solut.ion titrated 

wi th 0.1 N sodium b.ydroxide using vigorous stirring. The 

acid values were expressed as per cent llleic ac.id. 

Peroxide Values 

Pero.xide values were determined by the method of 

Skellon and Wills (1948j. They are- reported as milligrams 

cf peroxide oxygen per kilogram of ail (or ester). 

Refraative Indices 

R&fractive indices were determined at 25° cr. w.itb. a 

Zeiss dipping refractometer. A sodium vapeur lamp was used 

for illumination. 



Spectrophotometric Analyais 

Tbe absorption spectra and the fatty acid composition 

were de1termined using tb.e method recommended by the 

Spectroscopy C:ommitt.ee, American Oi1 Chemist.st Society 
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( 1949,. l95li. Certain suggested mo.difieation advanced by 

~ackson, Pascbke, et al (1952) were fol1owed when ana1yzing 

hea ted oila. 

The c-onstant temperature bath. uaed f'o.r alkali-isomer­

izations b.as been f'Ully described previously (Wells, 1952j. 

Only minor changea have been made by the author: these 

included insertion of' t.wo tubes fi1led with calcium chloride 

between the oxygen-absorption system and the gas manifold tc 

remove moisture. 

Viscosity 

Viscositiea were determined with. the Gardner Bubble 

Viacometer at 25° c:. 

Lead Salt Se~aration 

Tbe. meth.od w:as tb.at of Hildi ta b. ( 1947) 

Lithium Salt. Se:paration 

The metb.o.d o.f Hildi teh and Pe.delty (1939 i was used. 

this method incorporatea tb.e beat featurea of many previous 

methode, and was considered suitable for the present work. 
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Low Temperature Crystal1izatio~ 

Tb& procedure of Hiditch (1947Ï was emp1oyed in which 

acetone is the fatty acid solvent. In a subsequent crystal­

lization attempt, Skellysolve B was used because the fatty 

acide are lees soluble in it than in acetone (Foreman and 

Brown, 1943). No preaipitable material could be obtained 

from the acetone solutions. 

Multiple Fractional Extraction 

Tb.e tb.ea.ry and methode of Bus.b. and D&nsen (1948.) were 

followed. Tb.e work o:r Re bello and Daubert. (1951), who ex­

tracted dibasic acide :f'rom oxidized oil mixtures, waB used 

as a guide. Tcb.ese procedures were found to give satisfactory 

resulta. In tb.e ether-water solve~t systems emulsification 

frequently occurred. Tb.eae emulsions w:ere temp.orary and 

separated on standi~ a sufficient length of time, but they 

served to prolong tb.e extraction. A twenty-four extract 

(144 extractions) procedure required from five to seven 

days to complete because of the time consumed in allowing 

emulsions to settle out. 

De:termi~atio~ of Saturates 

Tbe oxidation•adsorption method of Schuette and Dal 

Nogare (l95lj was employed. ~he resulta of this method were 

found to agree well with the per cent saturates as obtained 

by using extraction procedures. 
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OXidative Cleavage 

Potassium permanganate in acetone solution will effect 

oxidative cleavage of unsaturated fatty acida at their double 

bonds. The products are monobasic and dibasic acide from the 

nommal unsaturated fatty acids (i.e. oleic, linoleic, 

1 inolenic, etc-. j, whereas cyclic or branched-chain acide 

would gi ve cyclic, branched-chain, or tri basic- fa tt y ac·ids 

from auch a procedure. 

(a) Permanganate oxidation 

The procedure was that of Armstrong and Hilditch (1925) 

as modified by Nunn (1952i. SGme further minor manipulative 

changes were mad& by the author and tb.ese are noted as they 

arise. 

(bj Nitric- acid oxidation 

A weighed sample of ail (ca. 5 gm.) was placed in a 250 

ml. round-bottomed flask fitted with reflux condenser and 25 

ml. of concentrated nitric acid was added tbrough the 

condenser. A gas trap was fitted to the end of the condenser 

t o collec·t escaping gas fumes and the mixture was gently 

warmed until the reaction started, tb.en the heating was stop­

ped. The reaction proceeded violently (exothermic-) for several 

minutes before subsiding. After an hour, when the mixture bad 

cooled, heating was resumed and the mixture was refluxed 

for two hours. The dark coloured product was treated similar­

ly ta the products from the permanganate oxidation (i.e. 

steam distilled). 
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After the author had completed tb.e work on nitric acid 
oxidation (August, 1953) with the successful separation 
of monobasic and dibasic acid fractions, tb.ere appear­
ed in tb.e literature a patent whicb. covered essentially 
the same procedure (u.s.P~tent 2,662,908 Dec. 15th~ 
1953, issued to R.L.Logan). A summary of tbis method 
followsa 5 parts of fish liver fatty acide were 
boiled with 25 parts of 9 % nitria acid under a 
pressure of 15 lbs. of air per square inc-h for eight 
hours .. Tb.e monobaaic acide were steam distilled from 
the reaction mixture and the dibaaic acide were 
recovered from tb.e reaction mixture (undistilledi. 

Paper Cb.r·omatograpby 

It is not necessary her to gi~e a detailed description 

of chromatographie techniques. If a discussion is desired of 

tb.e principles of cb.romatography,. reference may be made to 

Strain et al ( 1952 i. 

In the present wotk three distinct types of material were 

cbromatographed: long-chain monobasic: fatty acide of b.igb. 

molecular weight. aliphatic monobasic acide o.f low molecular 

weight (c2 to c10 j, alipb.atic dibasic acide tc2 to c10 ). 

In treating the high molecular weight fatty acide, 

reversed phase cbromatography was sometimee used. This 

necessitated tb.e preparation of specially treated papers. 

The methode of their preparation are as followet 

l. Silic:a-impreganated papera strips of Whatman No. l paper 

(2.5 by 25 cm.i were immersed in a saturated solution of 

s.odiu.m silicate, drained, and transfered to a 6 N solution of 

hydrochloric acid. Tb.e etripa were waahed free of acid and 



dried at 110° c. 1:ne method is that o-r Kirchner and Keller 

(1950j. 
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2. Velan-waterproo-red paper: similar etripa of Whatman 

No. 1 paper were thoroughly dried at 110° for tbree hours in 

an air oven. They were immersed in a 0.5 per cent solution 

of l-octadecyloxymethyl pyridinium chloride (Velan) in 

toluene kept at 90°. The papers were allowed to remain in 

this solution for three hours. 'l'he stripa were removed. 

drained, and rinaed five timea with absolute ethanol. They 

were then dried at 110°. The method is that of Baker (1953). 

3. Mineral oil impreganated paper: 2.5 by 30 cm. strips of 

Wbatman No. 1 paper were immersed in a bath of white mineral 

oil (White petrolatum), then hung for a day or two to remove 

the excess oil. They were used without further treatment. 

When cbromatographing the higher molecular weight fatty 

acids on Velan paper the method of Baker (1953) waa uaed. 

It should be noted that all chromatographie aolventa 

will be referred to only by Roman numerale tbroughout this 

text. A list of the solvants, and their composition, will be 

found in the appendix. 

The higher fatty acida were run as the hydroxamic acida 

and as free acids on silica-impregaated and oil-impregnated 

papers. T"wo procedures were used to prepare the hydroxamic 

acids - tbat of Inouye and Noda (195lj and that of Fiegl 

(1937). The free acids were made by the process of Nunn (1952). 

Cbromatography on the silice paper was exc-lusively done by 
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the ascending method. The strips were run in a large glass 

jar. It had all glass supporta, and the papera were secured ta 

the supports by meana of cotton tbread. Acids run on the oil­

impregnated paper were cbromatographed similarly (ascending). 

The lower monobaaic ac.ids were usually cbromatographed 

as their ammonium salta. These were prepared by mixing an 

exceas of cancentrated ammonia with the acid in a test tube 

or, if insufficient acid was available (as with the acids 

from the fractional distillationi, the acid was spotted o.n. the 

paper and then concentrated ammonia was added ta the spot 

dropwise. Each drop was allowed ta dry befo.re the next waa 

added. Five drops were usually sufficient ta form the salt. 

Untreated Wbatman No. 1 paper was used in chromato­

graphing bath the low molecular weight monobasic acids and 

the dibasic acids. These papers were run by aacending or 

descending methods as strips, cylinders (ascending), o.r 

sheets. Figure 6 shows the jar used for descending cbromato­

graphy with paper strips. On. the same fi gure is an illustra­

tion o.f a multi-sheet cbromatography cabinet. With this 

cabinet eleven chromatograms (sheets 20 by 20 cm.) may be 

run simultaneously either one dimensionally or two 

dimensionally. 

Two sprays were used for a11 acids except the hydroxamic 

acids for which an alcoholic solution of ferric chloride 

was uaed (Inouye and Nada, 1.949). The sprays were bromocreso1 

purp1e and bromocreso1 blue, and they were prepared as 
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follows: 0.5 per cent w/v bromocresol purple in ethanol was 

diluted with formalin (1:5 formalin:etb.anoli and then ad­

justed to pH 5 with 0.1 N sodium hydroxide (Reid and Lederer. 

1952). The formalin provides better spot definition by form­

ing urotropin (hexamethylene tetraminei with the ammonium 

salta present. The second indicator, 0.5 per cent bromocresol 

blue, was prepared in exactly the same manner. Exposing the 

chromatograms to ammonia vapour immediately after spraying 

usually gave more distinct spots. 



PARr III 

EXPERilŒNTAL 

SECTION I 

Preparation of T.barmally Polymeriz;ed Sunf"lowerseed Oila 
aad Cbarao~erization o~ the Varioua Hrac~iona 

Derived from Each 011 

Introduc-tion 

PreviGusly Wella (l952j bad poly.meri~ed linseed oil for 

twelve hours at 275° a and obt.aine-d from the oil a urea non­

adduct-~orming :t'l'ac-tion (lj. ~his :rraetion proved to be 

injurions when fed to growing rata. 

Linseed oil is elassified as a linolenic acid group oil 

because of its high content of linolenic acid (9.12,15-~cta­

decatrienoic· acidj. Beeause of this tact it bad been suspect­

ee! tb.at linolenic acid might be partly or wholly responsible 

for the formation of tbe NAF.D fraction. In order that tbis 

h.ypotb.esis be tested, an oleic-linoleic acid oil waa 

examined. SuDflowerseed oil, which contains about ten per 

cent saturated acide. tbirty per cent oleic acid, amd sixty 

per cent linoleic a~id• was chesen. It was treated in tb& 

same manner as tbat used by Wells. (l952Ï; batehes of oila 

were polymerized for varying lengths of time~ esteri!ied to 

aethyl esters, and thea distilled in vaeuo. Ia addition to 

tbese pro~•asea tbe distillable methyl esters were treated 

(li 'rhe rJon-adduct-forming traction of the distillable 
esters of an oil will henoeforth be referred to as 
the NAFD. 
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wit.h urea t.~ see if' any non-adduct-:rormiag material •s 
. ' " 

present.. This latter proc-edure bad not beeft tr'iecf witb. the 

soyabean oils. 

Procedure and Resulta . 

About tb.ree kilograms or raw sunnowerseed oil waa 

alkali-retined witb. 3.5 per cent or 20° Baume sodium 

bydroxide, washed, and dried. ~ loss ia ref'ining •a about. 

fif'teen per cent. Tb& ref'ined oil was bleached wit.h two per 

cent activated bleaching clay (Super Filtrol, Xobns-Manvill&), 

filtered, and then divide.d into batches o.t five b.undred grama 

eacb.. 

Eaah batcn was heated tor a different length of ttme at. 

275° under a stream of carbon dioXide. rbe b.eating times 

chosen were 4, 9, 15, 2:2.. and 30 bours. 'rb.& ref'raet.ive iadex. 

YisC:Q;sity, mean molecular weigb.t. (e-ryoseopic }, tree tat.t.;r 

ac-ids, and the io-dine value were determined for eaeb. of these 

ails. 

The methyl esters were prepared by transesterification. 

Met.hyl esters were prepared in preferenc-e t.o ethyl est.ers 

because ef' tbeir greater ease of preparation and tb.eir lesser 

liability to emulaif'y. The average losa during esterification 

was ten per ceat. 'fbe esters were w:ashed, dried, and analyzed. 

'fb.e metb.yl esters were distilled in vae:uo and: a mo.nœnerie 

fract.ion collected. T'he f'rac-t.ian c-ame off in the temperature 

range 160 - 200° under a pressure wb.icb. wa.s estimated at. t.wo 

t.o tbree mm. of mercury. Tbe upper limit for tbe monomerie 
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fraction: was taken at. 240° a. altb.ough. distillation was 

usually complet.e at 210°. A sem:f-micro distillation was also 

carried out on each fraction in order to determine accurate 

monœmer-polymer percentages. 

One- hundred grama of each distillate was treated with 

urea and a urea &dduct and noo-adduct were collect.ed. ~be 

cil was recevered by dilution of each ladduet. and non•adduetj 

with water followed by etber extraction. !be &tber &xtracts 

were dried, filtered, and evaporated to dryness en a steaa 

bath in a tared vessel. 'l'b.e pere-ent.age of each componeat ns 

calculated. No NAFD could be found in the oil that bad been 

heated for 4 or 9 hours; a small amount appeared in tb.& 

fraction that bad been heated for 15 hours; the fractions 

heated for 22 and 30 hours contained appreciable amounts of 

NAFD. 

A spectroscopie analysis of the refined and bleac·b.ed 

sunflowerseed oil showed tb.at linolenic acid was not present 

in detectable amounts. 

'.ra bles I., ll, lil, and lV, reapect.ively,. show the cb.emie:al 

and physical cb.aract.eristics of t.b.e wb.ole cils, tb.e methyl 

esters, the distillable methyl esters~ and the adduc-t-f'orming 

fraction of the distillable methyl esters. N& resulta were 

obtained for the liT.UID tractions. 

T:able V shows the relativ:e proportions of distillable 

and polymerie mat.erial in the metbyl esters as well as tbe 

percentages cf AFD· and NAFD. I~ ahould be noted tbat all 



figures in this table are expressed as pereent.ages of the 

total metb.yl estera. 
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Figures 7,. 8, 9, and 10 are grapb.ical representations of 

t~ data presen~ed in T.ablea I, II, and III. 

Tables VI and VII give the component fatty acids of tbe 

total methyl estera and the distillable methyl esters. The 

data in these tables were ealaulated trom spectroscopie 

measurements. In ealoulating tbe amount ot oleic acid, the 

percentage of saturated acide was considered t.o have remained 

cons tant throughout tb.e heating times (i.e. t.b.e same as the 

unheated esters i. 'fb.is bas been the view adopt.ed by bot b. 

Wella ( 1952 j and Wiseblat.t (1950). and stems from the tact 

tbat iodine values are too unreliable, when applied to heated 

oila, to afford a basie for ealculation at the amount o:r 

oleic aoid. 

It. should be noted that tb.e •tinoleic• and •11nolen1c• 

acid-s as given in Tables VI and VII aleo would include any 

isomerie- acide whieb. would giYe dienoic or trienoic conjug­

ation on alkali-isomerizatiGn (1}. 

Tb& data of Table VI is presented in Figure 14 to 

illustrate the relative changes in fatty acid compoaitioa 

with time. The abacisaa bas been takea as heating time rather 

tban iodine value. Former workers bave used iodine values and 

(1) For tb.e purposes of t.be present tb.esis, tb.eretore, 
~linoleic• denotes conjugable dienoic acid calculated 
as lin.oleic ac id. -Li nole nie• denotes conj ugable 
trienoic a~id calculated as linolenic acid. 
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bave strongly criticized the use o:f heating time because o:f 

the variance of heat-up and cool-dawn tim&.s. Kowever, in the 

present experimenta these times were quite constant; ~wo 

hours for heating up to 275°, and one and one half bours to 

cool to room temperature. The author considera that ~be error 

inherent in iodine values is as large, if nat larger, tb.an 

the error assoc·iated witb. bodyins time. 

In Figures 11 and 12 the decrease in absorption o~ tbe 

non-conjugated constituent& ef ~b.e methyl est.ers and the 

distillable metbyl esters respectively bas been sb.own. 

Essentially this provides confirmation o~ the iodine value 

determinations. ~igure 13 shows the same da~ as Figure ll 

arranged to show the rate o~ de~rease in diene absorption 

wi t.h tim.e. 

Figure_ 15 shows t.be straight-liae relationsb.ip. er tbe 

ref'ractive indic:es to per cent polymers. This shows t'bat 

polymeri~ed sunflowerseed oils ot a desired polymer conten~ 

can. be obtained with reasonable accuracy by polymeriz.ing to 

tbe appropriate retractive index. 

Discussion 

"Linolenie:• &cid was almost completely absent from the 

sunflowerseed oil fractions (l.l per cent being tbe largest 

amounti, yet a NARD traction was formed. !bis would seem to 

indicate tbat some agent otb.er tbaa linolenie acid is 

responsible tor NAFD formation in sunfloweraeed oil. However, 
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the possibility œt trace amounts of linoLenie acid in the 

oil being responsible, at least in part, cannot be excluded 

completely. Linol.enic- acid in small amounts could possibly 

undergo pyrolytio- disintergration into t:wo or more parts any 

of which~ attaching onto anotber ester, could easily areate 

an assymmetric compound incapable of urea adduction. Tbe 

indisputable tact is that sunflowerseed oil will form a NAFD 

traction when heated at 275° ~or fitteen hours or more. 

cromparing the yields o~ linseed and snnflowerseed oil 

NAFD fractions, it is evident that linseed Gil forme auch a 

fraction much more rapidly and in larger quantity (12 hours 

for 12 per cent yieldj tban the sunflawerseed oil (30 bours 

for lO per cent yieldi does. 

It is most probable tbat NAD formation in linseed oil 

is related to the high content of linolenie acid. Wbat causes 

formation of sunflowerseed NAFn is aot known, but linoleic 

acid most certainly plays a role. 

Wells (1952 i • in his study of b.eated soyabean oil, sa id 

tllat the polymerization process appeared t .o ha"Ve three stages. 

In tb.e first stage the •tinol.enie• and •linoleic • acide 

decline slowly in concentration as t.b.e oleic acid concentratioa 

and diene value increase slightly (Aj. Seaondly. oleie acid 

concentration began to increase rapidly acaompanied by a rapid 

deerease in .. linolenie• and "'linoleie• acid concentrations (Bj. 

In the final stage all reactions slowed up and levelled off 
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( C ). Figure 14 shows the relatien ot the fatt.:r a cid 

conc-entration in heated sunf'lowerseed metb.yl esters t.o tb.e 

b.eating time. On eomparing tb.e sunflowerseed pGlymeri~ation 

to tbat of soyabean oil it will be noted tb.at the induction 

stage (Aj is missing. ~be first step in suntlowerseed poly­

merization seems to be a rapid decrease in "linoleie• aoid 

witb. simultaneous increase in "'oleic .. ae:id concentration; tb.e 

reactions then gradually slow up and level ott, and a~ tb.irty 

hours tb.e oleio acid begins to decrease sligb.tly. Tbesa two 

ste:ps approximate the B and C stage-s o.t soyab&an poly­

merization. 

Wiseblatt.'a resulta (1950 j w:i tb. polymerized linseed oil 

indicated a tbree stage polymerization procedure similar to 

the soyabean oil. Sinc.e botb. linseed and soyabean oils co.ntain 

appreciable amounts of linolenio acid, it is possible t'bat 

tbe linolenic acid is responsible for the· c-haracteriatic 

induction period (Aj of these two oils. This initia~ slow 

deeline in the bigher unsaturates t · cona.entration could be 

explained by t.b.e prior c-onjugation or linolenic aeid before 

it react.s in direct polymerization. 

To summari~e, it seems tb.at in linseed and soyabean oils 

thermal polymeriz.ation b.as at least tbree stages before 

reaching tb.e gel point. In sunflowerseed ail, the initia~ or 

induction stage ia lacking possibly because of tb.e absence of 

linolenic acid. Linolenic acid, however, is not essential for 

t.be formation of a N.A.li'D fraettion. 
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TABLE ! 

Cbaracteristics of Thermally Pol~eri~ed Sunflowerseed Oils 

Time o.f Free 250 Mean lod.ine 
he a ti~ :tatty nD molecular- value 
(hours J a cid weigb.t 

(per cent j (cryoso-opict) 

• 0.03 1.47145 723 1~ 

4 0.94 1.47285 ?29 130 

9 0.04 1.47343 81'7 128 

15 1.03 1.47480 882 124 

22 0.99 1.4'1644 1374 119 

30 1.94 1.47869 1827 115 

TABLE II 

Qb.araoteriatioa of the Metb.yl Estera Derived !rom 
'.L~bermal1y Polymeriz-ed Sun:f'1owerse&.d. Oil Bato.-b.es 

Time of Free 25° Mean 
b.eati~ :ratty ~ mo1eeular 
( b.oura j ac ids weight. 

(per cent) (cryosoopici 

0 0.09 1.455?6 299 

4 0.09 1.45526 304 

9 0.18 1.45661 29~ 

15 0.24 1.45'130 314 

22 0.25 1.45891 31'1 

30 0.24 1.46117 345 

Viscosity 
(poise) 

25° 

---
0.65 

o.ao 
1.25 

2.63 

6.00 

lodi ne 
value 

132 

132 

115 

121 

116 

112 



TABLE III 

Cbaracteristies of the Distillable Kethyl Estera 
o,f Thermally Polymeriaed Sunflowerseed Oils 
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Heating Free 25° lodi ne Saponif'iaation 
ti me fatt.y nD value equivalent 
(hours j ac ids 

(per ~ent j 

4 

9 

15 

22 

30 

-- 1.45486 122 289 

--- 1.45459 120 294 

0.84 1.45450 11, 271 

1.87 1.45400 119 263 

4.92 1.452.43 101 256 

i'ABLE IV 

Cbaracteristics of tbe Adduct-forming Fraction (AJD) 
of tbe Dist11lable Metbyl Esters of ~bermally Pol1-
meriz:ed Sunflowerseed Oil. 

Heatiag 250 lodi ne 
time ~ value 
(b.oursi 

4 1.46155 120 

9 1.46037 115 

15 1.45603. 113 

22 1.45464 llO 

30 1.45711 103 



Time of 
heating 
( 'b.oura J 

4 

9 

15 

22 

30 

'fABLE V 

C'omposition. of t.b.e Met'hyl Esters of tb.ermally 
Polymeri~ed Sunflowerseed 011 

Resulta Expressed as Peroeatage of Total Ester 

Distillable Estera Noa-

62 

distillable 
esters 

Total Adduot- Non- (polymer1~ 
forming a.dduo-t- residue J 
(AFDj formiag 

(NA:FDj
1 

91.3 8.7 

89.5 10.5 

82.2 77.0 5.2 17.8 

78.6 70.7 7.9 21.4 

65.5 56.4 10.0 34.4 

1. Tbese values were based on the weig'b.t of the AFD and 
hence are probably sligb.tly big'b. beoause of losses 
of AFD during prooessing. 



TABLI' VI: 

Fatty A~d Camposition of tbe Total Mtxed Kethyl 
Esters of Therma1ly Po1ymeri~ed SUDt1owerseed Oil 

Hours b.eated 0 4 9 15 22 

% Conjugated die ne 0 15.5 13.0 12.2 3.a 

% 11'1inoleic:" acid 55.4 27.6 21.4 12.9 10.9 

% 11'11nolenic" aoid l.J. 0.4 0.2 0.2 --
% "oleic• ae:id 30 43 52.2 61.2 ?1t'1 

% satura tes 13.5 13.5 13.5 13.5 13.5 

!"ABLE VII 
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30 

8.5 

6.9 

---
?1.1 

13.5 

F"at.ty Acid Composition of the Disti1lable Metb.yl Esters of 
~rma1ly Polymerized Sunflowers.eed 011 

Hours b.eated 4 9 15 22 30 

% Conjugated dieae 13.56 15.7 14.0 10.1 2.4 

% "linoleic" a cid 30.1 2? .5 1?.1 9.6 8.8 

% ""1ino1en1c" acid 0.05 --- ---
% ""oleic" acid 46.1 42.5 48.6 53.9 58.4 

% Satura tes 10.1 15 20 25 30 
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SECTION Il 

The NutritiQnal Value o~ the Fractions 
Obtained from Tbermally Polymeri&ed 

Sun!lowerseed 011 

Introduction 

73 

The work of Wiseblatt (1950} bad sbowa tbat tbe 

distillable ethyl esters of linseed oil were lesa nutritions 

tban the unheated esters from the whole oil. Subsequently 

W&lls (l952j isolated a urea non-adducting fraction (NAFDj 

from the distillable esters whioh proved to be extremely 

injurious when fed to growing rats. The adduct-formiag par~ 

or the distillable esters (AFDi provad to be as nutritious as 

the unheated esters. This was the first time that a linseed 

oil fraction bad been fouad tbat was equal in nutritional 

value to the esters from the unheated oil. 

S.ince a NAFD :rrac·tion bad beeo isolated from thermally 

polymerized suntlowerseed oil (Section I), it was thought 

de-sirable to asses.s the comparative nutritive value or this 

oil. Six f'rac-tions were prepared from the polymerized oilt 

urea &dducts of the ethyl esters (AFEj, urea non•adduots of 

the ethyl esters (NA.FE), distillable esters, non-distillable 

esters (residuej, urea adduots of' tbe distillable esters (AFDj, 

and urea non-adduots of tb.e distillable esters (NAFDl. In c-o.­

operation with the Department of Animal Nutrition at 

Macdonald College, a reading trial was oonducted in whioh 

growing rats were ted the six fractions in definite daily 

amounta. 
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Procedure and Resulta 

Raw suntlowerseed oil was alkali-refia.ed, bleached, 

and polymeri~d in tbe same manner as reported in Seetion I. 

Ji. heating time of twenty--six 'tlours at 275° a was chosea GB 

the basie of previous experimenta. In tbese experimenta it 

had been found tbat there was not any appreciable amount of 

NAFD formation until the oil bad been heated for twenty hours. 

The ethyl esters were formed by transesterifiaatiom. aad 

a portion was fractionated with urea into adducts and non­

adducts. Tb& remaining esters were distilled iA vacuo to yield 

a polymerie residue and a monomeria distillate. 'fb.e distill­

able esters were segregated with urea into an adduct-forming 

portion (AFDj, and a non-adduct forming fraction (NAFD}. !ba 

scheme of separation is set out in Figure 16. Tbe yields of 

the various fractions are reported in Table VIII. 

'l!he e-hemical cbaracteristios were determined for four of 

the six tractions. Tbe urea adducts and non-adducts of the 

whole esters were not reported because, due to limitations of 

available processing facilities and manpower. the feeding Bt 

these two fractiol'lS was discontinued after two weeks. Table 

VIII shows the characteristios of tbe tractions. 

The absorption spectra ot some of the fractioDs were 

determined for comparative purposes and are presented in 

Figure 1'1 .• A more comprehensive discussion of the NAFD will 

be found in Section VII. 
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Figure 16. Flow sb.eet illuetrating preparation of 
fractions of esters of b.eated suntlowerseed 
~il usad 1~ feeding trials. 
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Because some of the previous experime11t.s. bad been partly 

vitiated by tb8 presence ~f peroxides, a peroxide determination 

was coDducted on each oil prior to its incorporation into the 

prepared rat diets. It was found that all values tell well 

witbin the satety limit. In additions all fractions were pro­

tected with 0.025 per cent TenQX II anti-oxidant during 

processing operations as well as betore being inoorporated 

1 nto tbe diets. 

Tbe ester fractions were incorporated iato standard diets 

at levels of ten and tweoty per· cent. The diet formulation is 

given in Table IX. It will be notad tbat whole wheat was sub­

stituted tor white flour in tbe seeond replicate. Tbe teàts 

ware condueted in duplicata wi~ a group et ten rata for 

each ester traction, thus making a total of 120 rats for the 

c-omplete trial. Some of the rats had to be wi tbdrawn from the 

trial for various reasons, and wben the stap,ly of' two of tb.e 

ester tractions was exhausted atter only two weeks, the rats 

Q;D these diets were also removed. Helic-e net all. of tb.e 120 

rats finished tb.e trial.. 'l'b.ese tacts are recorded aa tootnotes 

to t'be tables. 

Tbe age of the animale varied from twenty to thirty days. 

and one rat in each group of ten was a temale. Tbe average 

diet allowed each rat par day w.aa ten grams. 

The resulta of the f'eeding triala are set out 111 Tables 

X, Xl,. XII, and XIII. A eomparison between the mean weight gain 

of' rata ted 11nseed oils and those ted sunflowerseed oils is 
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reoorded in Tabla XIV. 'rhe data in tb.ese tables waa oompiled 

by Miss n.J .C!rawford ( 1953 j of tb.e Nutrition De-partment wb.o 

worked in oonjunotion witb. the autb.or on tb.e b.eated oil project. 

Dis~ussion 

Bven a ~sory study of tbe preceding tables will sb.ow 

tbat interpretation of the data from the reading trials 

presents considerable difficulty. Wbile the autb.o~ does not 

feel competent to attempt. al'iy comprehensive interpretation, 

nevertheless it is felt tbat tbree bread conclusions ean be 

drawn witb.out muob. risk of errort-

1. Linseed oil as a whole, and tb.e NAFn fraction in 

particular, is mucb. inferior to suntlowerseed oil 

nutritionally. 

2. The nutritional study of sunflowerseed oil shows 

tbat all ester fractions, save the polymerie ones 

(NAFE and residue), are capable of supporting 

growtb. in young rats. 

3. Inereasing tb.e amounts of ethyl esters from 

polymerized sunflowerseed oil in tne diet from tbe 

ten to the twenty per cent level caused a significant 

decreaae in the average adjuated gain. This bas been 

attributed to a lowering of the teed efficiency 

(D.J.Crawford, 1953). 

Tb.e cb.emical analysis of tb.e NAFD fraot.ion, w'b.icb. has 

proven to be nutritionally disstmilar to linseed, was also 
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chemically dissimilar. It. may contain a small portion o.f the 

same type o~ material as the linseed NAFD, but the bult of 

the non-adducting distillable esters must be ot a different 

and less noxious cbaracter. A further discussion at the NAFD 

fraction will be found in Section VII. 

TABLE VIII 

Yields and Cbaracteristi~s of Fractioas ef 
Ethyl Esters o~ Heated SUD!lowerseed 

Oil Uaed ia Feediag Trials 

011 Yield as 
fra.otion per cent lodi ne Mol. 

of total value wt.. 
esters of 
b.eated oil 

Wb.ole estera 100 109 338 

Adduct-:t'orming of 65 --- ---
the whole esters 

Non-adduct-forming 35 --- ---
ot whole esters 

Disti1lab1e ethyl 75 llO 303 
esters , 

Addua~-:r~rming of 65 10'7 295 
tb& dietillable esters 

Non-addu~~-for.ming of 10 130 296 
tb& disti1lable esters 

Ro.n-distillab1e esters 25 106 613 
(po1ymeri~ residuel 

26° 
nD 

--
---
---
--

1.4525'1 

1.45671 

1.4'1655 



~ABLE IX 

Percentage Comp~sition of Rat Diets Containing 
Ester Fractions of Polymeriz&d Sunflowerseed 0111 

Ingredients Percentage aompositioa 

10 % fat 
diets 

2.0 % fat 
diets 

Wbdte flour or ground 53.65 43.65 
whole wheat 

Skim milk powder 19.00 19.00 

Case in 11.50 ll...50 

Est.er fractions lQ.OO 20.00 

Y east 3.00 3.00 

Bonemeal 2.00 a.oo 

Salt. (NaCl) 0.50 0.50 

Chromic sesquioxide (2j 0.25 0.25 

Ferric citrate 

1. Supplement 

0.10 0.10 

1oo •. oo lOO.QO 

- each rat was given a weekly dose ot 
one drop of corn oil containing 175 
I.U. of Vitamin A and 35 I.U. of 
Vitamin D 

2. For tbe determination of digestibility 
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TABLE X 

'l'be Effeet of Feeding Fractions of Heat 
Polymerized Sunflowerseed Oil a~ tbe 

10 par cent Leve1 in the Diet 

(10 rats par lot) 

Heated oil Humber Average Average 
fraction fed surviving 28 day 28 day 

te.st gain dry 
period matter 

intake 

{gruus) (grams} 

Urea adducts of tb.e 10 lSO 360 
wb.ole etby1 esters 

Urea non-adducts of 51 150 345 
the whole esters 

Distillable ethyl 10 162 366 
esters 

Ure& adduct-forming 10 159 368. 
of the distillate 

Urea non-adduct• lO 142: 329 
forming of distil1ate 

Non-distillable 10 143 384 
esters 

80 

Ma an 
gaina 
adJuated 
t.o intake 
of 1000 
dig. cal. 

(gramal 

89 

101 

90 

87 

93 

84 

1. Five animale developed severe diarrbaa and wera 
removed from the experiment 



T .A.BI.rE XI 

Tb& Ef!eo~ of Feeding Fractions of Heat 
Polymerized Sunflowerseed Oil at tb& 

20 per cent Level in the Die~ 

(10 rats per lot) 

Heated oil Humber A. v er age· Average 
fraction surviving 2S day 28 day 
fed test gain drym 

period matter 
intake 

(grams) {grams) 

Urea adducts of the 10 143 32~ 
whole ethyl esters 

Urea non-adducts of 51 107 327' 
tbe whole esters 

Dist11lable ethyL 10 162 328 
astera 

Urea adduot-forming 10 151. 314 
of tbe distillate 

Urea non-adduct 1.0 97 ! .41 
forming of distillat• 

N'on-distillable 10 90 351 
esters 

81. 

llean 
gai as 
adjusted 
t.o iatake 
of 1000 
dig. eal. 

{gram.s) 

82 

69 

95. 

92 

77 

ô5 

1.. Five animale deve1oped severe diarrnea and were 
removed f'rom tb.e experiment 



Level 

lQ per 

2·0 per 

Level of 
heated 

TABLE XII 

cromparison of Data Accrued from Feeding ~wo 
LeTels of Heat Pol~ri~ed Sun!lower~eed 

Oil 1~ the Diet l60 rats per level) 

Average A. v er age Average 
28 day 28 day 28 day 
gain dry matter gains ad-

intake justed t.o 
intake of 

{grams i (grams Ï 
1000 dig .. 
{grams) 

cent 151 361 89 

cent 130 311 82 

'fABLE XIII 

C"omparison ot llean Weight Gains ( Graas) Per 
1000 Digestible Calories Ingested in TWo 
Re-pli.o-ates Wbere Heated Sunflowerseed 

Fractions Were Fad (lj 

Heated Fractions Fe.d 
Replioate 

82 

cal. 

oil in AD NAD Dist. AFD NA.FD Rea. 
di et 

10 l 
(white flour) 87" --2 84 74 83 86 

2 
( Ground whea t ) 91 101 96 101 lOl 81 

1 79 - 81 78 74 46 
{white tl oUt') 2 

2 84 69 lOS 103 79 84 
(Gr o. und whea t 1 

J&. Data rounded to nearest whole number 
2. Five rats ot replicate 1 developed severe diarrhee and 

were removed from the trial 



TABLE XIV 

:Meen Weigb.t Gaina in G:rams (Adjusted to 
Digestible C"alorie Intake ot 10001 ot Rats 
lle:d agregates ot Hea:ted Linseed and 
Suntlowerseed Oil (Average ot 20 values) 

.Fraction f'ed 

83 

Heated oil 
traetion 
:red AD DB Diat. JJfD NAFD Res. :U:eaa 

Linseed 

Sul'lf"lowerseed 

l. Rats died 

6l 

85 (90) 

53 

93 

58 --1 58 

89 (85} ' 75 

Notet figures in braokets were not inoluded in 
aomputing the mean 

58 

86 
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Introduc-tion 

SECTION III 

Preparation or Tbsrmally Polymeri~ed 
Soyabean Oil and the Cbaracteriaation 

o~ the Deriv.ed Jrractions 

85 

Previously urea non.-adducting tractions (.NAFDj from tbe 

distillable etbyl esters of polymeriaed linsee:d oil (Wella. 

1952) and tram polymerized sun!low.erseed Gil (Section I) ba4 

been isolated. Tbe NÀFD fraations !rom botb.. oils were ~ot 

nutritions, tb.e liaae:ed :rractio.n being extremely 111j ur ions to 

growing rats. 'r'o get. a logic-al sequence aoyabeaa o.il, an edi"bl.e 

oil , interm.ediate between linseed. and sunf'lowerseed oils 1a. 

praperties~ was chosen for study. rhe ob~eet waa to isolate 

and cb..aracterize an NAFD· tl--om Soyabear& oil prior to con.duc-t.iag 

a :reedir.ag trial with tb..e N.AF'D on grow:iag r ·ats. A.ft.er a surTey 

at tb.e properties of tbe methyl esters from heated soyabean 

oil (Wells, 1952j and a aonsideration of the relative yields 

of NAFD from linseed and sunf'lowerseed oils, an arbitrary 

time of twenty hours was chosen tor polymeriaation ot this oil. 

Procedure and Result.a 

Batc-b..es of raw soyabean oil were alkali-retined witb. 3.6 

per cent 2.0° Baume sodium hydrox.ide, washed, and dried with 

sodium sulfata. ~he last traces ot moiature were removed 

under reduc-ed pressure. !b& losse~ duriag refiaing were about 

ten per cent of the whole oil. Tbe oil was tben bleaohed wi~h 

two per cent bleaching o. lay (Super Fil trol j • tilt.ered. and. 

po.lymerize:cl at. 275° for twenty hours under a stream of' carboD 
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dioxide. 

Tbe ethyl esters were made by transesterifioation, 

wasb.ed, dried, and thea distilled .!!1 vacuo to yield. the 

distillable ethyl esters. !beee esters were subjeeted to urea 

:f"ractionation. 

Tb.e whole esters, be:f"ore distillation, w:ere also segrega-ted 

witb. urea to yield two fractions - tbs hon-adduct forming 

(RAD), and the adduct-forming (AFEi. 

Tbe chemic.al cb.aracteristic·s of" the various isolated 

fractions were determined. l!he resulte are reported in '!able 

n. 
~be relative amounts of the fractions isolated tram the 

mixed etb.yl esters are given in Table XVI. The perc:ent.ages in 

this table are based on tb.e total metb.yl esters being 100. 

Figure 18 shows the spectra ot tbe non-eonjugated coa­

stituents as determined by spectropb.otometrie analysis. The 

spectrum of the NAFD is given in Section VII. l'rom this data 

the fatty acid composition of the mixed ethyl estera waa 

aalculated (Table XVII). 

In washing the ethyl esters a distinct darkening ~ the 

oil w.as noted when distilled water :f'rom the building still 

was used. This darkening did not occur when water, purified 

by de-ionization ( Illco De·-ionizer, Illinois Wat.er Treatment 

Company J, was used. It was tb.ougb.t tbat. tbe copper co ils used 

in the commercial-type building still caused the distilled 

water to contain considerable copper. ~his dissolTed copper 
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was suspected as a cause o~ the darkening o~ the esters. 

Etbyl esters washed with distilled water and ethyl esters 

washed with de-ionized water were analyzed ~or their ~opper 

content (Boulet and MaFar~ane. 1945). ~h& resulta are 

reported in Table XVIII. 

Discussion 

Aa bad been antieipated. an NAFD :traction was isolated 

from tb& twenty hour heated soyabean oU. This tractioa C"Ona­

tit.nted about tea per ce at ~ the· total etb.yl eaten ( c:-f". 

linseed o.il - 15 pe:r cent at. 12 b.oura. sun.no.werseed ail -

10 per cent at 26 bours) wbich seems ta indicate tbat a rat.e 

of poly.merization intermediate between linseed and sunflower• 

seed oils oeaurred. 

'.L'he amount:a o:f the varioua tract.ions iso.lated indicated 

tbat production or enough material ~or a nutritional trial 

was feasible. 

A more complete discussion of tb.e ob.emical properties 

of tbe NAFD fraction will be round in Section VII. 

'rabl& XVI.II sb.owed tbat tb.e darkeaed estus contaiaed 

lOO per cent more CtO.pper tban the ligb.t-colo.ured est.era. ~bia 

obser~ation would se~ to substantiate tb.e view tbat the 

dissalYed copper in the wasb-water was responsible for tb.e 

darkening ot the etbyl esters. 

The darkeni ng or tb.e etb.yl esters bad bean noted pre­

'Viously by tb.e author when processing sunflowerseed ail. At 
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tbat time little aote waa taken o-r the matter as it waa 

tbDught to be a normal !eature of the proeess. Wben de-ionized 

water became available and esters washed with it remained 

light coloured~ it. was thought advis&ble to investigate 

further. 

rhe amount of oopper present is well belo• the normal 

toleranc-e of animal bodies for oopper. He,noe ttle disao.lved 

copper could not_ be responsible for tb.e deleterious effeets 

of the heated ester tractions. 

TABLE XVIII 

Amount. o! Disaolved aopper in tba 
Xthyl Esters of Heated 

Soyabean 011 

Wash water usecl 0 l gram 

D1etilled water •••••••••••••••••••• 8 

De:-ioniz;ed wat.er ••••••••••••••••••• 4 



TABLE XV 

Cbemical Cbarac~eristics o! tne Fractions 
Obtained !rom T"wenty Hour Reated 

Soyabean Oil 

Fraction 

Rtb.yl esters 

Addu~-forming ot the 
ethyl esters (AF.EÏ 

Non-adduc~-torming Gt the 
etbyl est.ers (HAFE.Ï 

Distillable ethyl asters 

Residue trom tbe 
distillation 

Non-addu~t-forming of tb.e 
distillable {JU.:rn·} 

Adduct.-torming &f the 
distilla ble (AFD} 

Iodine: 
value 

105 

99 

125 

106 

114 

143 

92 

1.45612 

1.45302 

1.46998 

---~-.--

-. ......... _. 

1.4'7001 

1.44935 

1. Calculated as per cent oleic aoid 

Mol. 
rt. 

327 

295.5 

415 

296 

415 

294 

293.5 

89 

J'ree 
tat.ty 
acids1 

0.9 

0.'7 

0.9 

0.4 

i-

o.t 

0.6 



l"otal 

74.4 

TABLR XVI 

Tb& Re1atiTe ~portions o.r tb& Fractions 
Isolat&d ~rom Twenty Hour Heated 

Soyabean 011 (1} 

Disti11able Et.b.yl Esters Polymers 

64 10.4. 

NAD 

1. Besu1ts expressed as per ee~t Gf total ethy1 esters 

crbemieal Compoai ti on ot the Jlixed Etbyl Esters 
from ~weaty Hour- Rea ted Soyabeaa Oil 

C:oa:stituent Pe-r c-ent 

Conjugated diene 

•·tino1eic• acid 

~lino1eai~• aeid 

•••••••••••••••••••••• 

••••••••••••••••••••• 

••••••••••••••••••••• 

Oleia acid •••••••••••••••••••••••••• 

Saturated material ••••••••••••••••••• 

16.45 

2.06 

45.4 

7.3 

Polymers ••••••••••••••••••••••••••••• 25.6 

90 



9l 
EXTINCTION-ex 

0 

h ~ ~ ~ 

~ l t 
M 
" ~ ~ 

~ 
~ c 

G) • 
~ • J 

~ 

~ 
~ 

' § "' 
)> 

~ ~ ~ ~ ~ ' ~ ~ 
Cl) 

~ C) 

~ ~ ~ ' ~ ... 
ht ' ~ ~ 0 
t> t-..1 

~ ~ ~ 

1 
~ Cl\ 
0 1 

1 • 
1. 

J. 0 ' ' ~ ~ ~ 

"., 
C) ~ ~ ~ ~ 

\\ol FIGURE" 18. \. 



SJICTIOK IY 

llutriti QBal Ia"Weat.igat1on ~ tbe YraC'Uoaa, 
:rr-c. !bermally Polyaeriaecl s-oyabeea Oil 

Int.rodu.cttioa 

92 

'l'be :DE :D'ac'tioa from beated liaaeecl oil, a liaGl&Die­

ac:id group oil, bas provea extremely tone to s;rewing rata. 

Wbea !"ad at leve la ~ 'teo per aeD~ iD tbeir diets, all rata 

41e4 w1 thia oae t.o two w:eeka. On tba o.tb.er band tba teediag 

ot sUllt'loweraeed lU.l'.D, an elei~·linole1e: a.eid group o1l,. 

eaused onl7 a sligb.t lltlpprea.toa et tœ growtb. rate. Soyabeaa 

o11~ aD oil in"rmediate bet.weeta liDaeed aDd suatlowerseecl 

oils in cb.emical compositio•,. bad beea. examiud aad a 1UJD 

traetion bad been isolated trom tbe distillable ethyl •s'e~s. 

T'bis ~aetio.a •a te-d to gro.wing rata t.G determine its e·:ttect.. 

It tbis proved to 'be iat.ermediata between tbe ottLer twe oila, 

\ben it would be reaaonable to assume tbat tbe inJurious 

ettects ot beated ~egetable oils are mainly 4ue to tbe t:raaa­

tormatioD produ~ta at 11nolen1c acid. 

Pr.ec-edœ:e a,ncl bsul ta 

bw aoyabeaa oil was a]..kali•refiaecl, bleaehed:, ar&d pol;y• 

merized in tbe mannar oatliaed in Se4tioa Xli. 

!be pêlJ.mtriaed oil was traaaformed to the ethyl estera 

by etha~olyais aad tbe reaultan~ es~ers w.er& d1vi4ed into two 

portions • !.be amaller -portion •s segregated wi tb. urea into 

&dducta- (AD l and non-addua:ts {HAB]. 'Eb.e larger amouot waa 

distilled !a vacuG to give a monomer1~ distilla~e aad a 
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polymerie- reaidue. 'fbe •tst.illate •• traationat.ed wi tb. urea 

1at.o. an ad4ucting (Alm} trac-tioa aad a aoa-add.ueting (al'Dl 

tr-action.. 'lhe scheme at separatioa et 't'b.e·se aiX trac-tioaa 

is 1llustra~e4 iD ~igure l'• 

~beee traetioae. possea•eà tbe same ~bemioal ~b.a~acteristiea 

as tb.oae described iR Sect.ioa ni (Table XYl~ !b.eir abeorp-

t.ion apectra are gi~en in Higure 16. 

'rb.e aiX trac·tiou were ted t.o youag ~at.s 1a. detini t.e 

daily amouau tor a period ot t.weu.t;r•eigb.t da)'&. ':be tiet. 

('hble IX} •• the stan.dard llacd.onalcl Collage 41et previously 

uaed in b.eated oil triala.. 'fbe proceclllre t~ tee41q -t.be ~ata 

bas beeo autliaecl ia S.c't.ioa II. 01te buaùed &Ad twent.y rata• 

a~ty on tbe ten per cent level, sixty oa tb.e twenty per oeat 

tat leT el,. were ted the six eet.er tl'actiona. In eacb. lnel teD 

rats were ted oae ester hactie.a makiag a total ot twenty rats 

on each ester traatioD (i.e. tea rau oa ten per cent. tat 

levet. t.ea rats on t.went.y per e:eat. levelj. lbe ap-pearance. 

weigb.t gaina- 11 teed intake, and adJusted teed iatake were 

tabulated {~able XIrl. 

Disetusa1oa 

~ba rata on tbe diets of noA-distillable esters at the 

tweaty per cent levels all deTeloped severe di&rrbeea &D4 

produc:ed extremely stie:ky teaea by wbicb. man;r e! tba animala 

•ere taatera•d to their e&gea. A f'n cu.H:. an~ tb.a rema1n4er 

were removed from the trial. Similu r.-esult.e ba4 beell o'bt.aiaecl 

•1 th t'be polyaer1c. mat.erial ot b.eat.ed liaaeed. oil. In tb.ia 
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latter caae it was tboug'tlt. tbat partial atarvation and exceaa 

tli~hoea ctauaed their- death ratl:Ler. tban an7 •toxic-• material 

within tb& traction itselt. ~ same- reaso.ning aan be- applied 

t.o the soyabean polymera. 'tbe tao.,t tbat tbia :t.r&ot.ioa ie not 

very digestibl• aan ~• seea when it ia reali~ tbat the 

polymerie material ia nseatially a a>yarniah•. Both frac-t.iou 

2 and 6 (N'AR and nea-d:istillable esters • !fable XI.Xj ca& be 

a-ons.idered in tbe catagory of varlliahea. ~he tact. tbat aoya­

bean polymers ( leas lin.oleaic.· acid) produete aimilar etfecta 

to liDseed polymers ean be rationalised wben it ia ~onaidered 

tbat linseed oil e:oDtaiu llUC''tl more polymerie: matter at a 

given heatiasg time tbaa d:oes soyabeaa oil (i.e. aoyabean Gil 

woul.d have to be polymeri&ed for t.weQt.y hours to obtain &D 

amount of polymer &Qual t.o liaaeed oil polymeriz.ed for 

twelve hours}. 

~be JlAFD tract.io.a from lillll&ed eil bad proven :ratal t.o 

youag rata wbile tbat tx-oa sunflowerseed oil as only slight­

ly inf'erie.r aut:ritionally to tbe otber aoa•erie· tractiou. 

l.D so.yabean oil tbe BAJ'1) seeE to baYa al:l etfact il:lt.eraediate 

betweea tb.ese other t.wo oila. tb.e a4.jut.ed gaina are aucth 

lesa t.b.an tb.e other moaomerie ~aetioaa (~amle. XIX) exeept the 

polymera. but they did DOt proTe fatal. Heaete it. SUlla t'bat. 

aome Dutritioaally deleterioaa material is present in tbe 

aoyabean liAFD. but. oDly ia autficieat quantity to ~use 

suppre.ased growtb., nat auttic·ient to b• fatal. 

'rberetore it appeara tbat the sup-position ment.ioned 
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previously, namely tbat the toxieity o~ heated vegetable oila 

ia proportio:aal to tbeir linoleoie aeid content • is Yalid. 

It is. thougb.t by the autb.or t.b.at tb.e t.era liaolanie aeid 

ab.ould not be taken literally but rather sb.oul.d. mean tr1eoo1c 

and other higb.er unsaturated ac-ida (i.e. ao-iù contaiaing 

tbre:e- or more ethenoid bondai. 
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TABLE XIX 

Results of Feeding Six Ester Fractions from Thermal~ 
Po1ymerized Sqyabean Oi1 to Growing Rats 

(10 rats per lot) 

Heated oil Per cent Average 28 Average Average Gains adjusted 
fraction fed esters in day gain1 28 day digest. by regression 

di et dry matter calories to equal dig. 
intake calories 

(grams) (grams) (grams) (grams) 

Urea adduct of whole 10 99.0 246.0 994 80.3 
ester (AFE) 

20 92.8 220.1 9.50 79.8 

Urea non-adducts of the 10 62.9 213.7 809 68.2 
whole esters (NAFE) 

20 ---2 -- -- -
Distillable ethyl esters 10 101.4 252.3 978 84.8 

20 83.4 217.6 932 72.7 

Adduct forming esters of 10 98.9 247.2 948 86.2 
distillate (AFD) 

20 9Q.6 219.8 938 79.2 

Urea non-adduct forming 10 36.4 160.2 626 6.5 • .5 
distillate (NAFD) 

20 1.5.9 114.8 472 6.5.0 

Non-distillable esters 10 68.6 244.1 8.52 68.) 
{po~eric residue) c.o 

0\ 
a> --2 -- ...... -

Mean difference at P o.os 9.6 

L. Nine rats per lot used in the calculations. 2. Rats were removed from trial because of diarrhoea. 



SEC'fiON V 

i'b.& ~eet. Upon A.dult Rats o:r Subcutaneoua 
Inj&otions of Ethyl Esters o~ Thermally 

Polymerized Linseed Oil 

Introduction: 
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~ NAFD tract.ion of b4at.ad linseed oil has proven fatal 
·- . . 

to young rata wben incorporated into tb.eir diets at. levela of 

ten per cent or more. It is not known how tbese esters ac~ to 

produce dea tb. in suc-b.. a short time (one t.o two wee.lœ- j tor tb& 

diet.a are quit.e digestible and t-he feed intake is auff'iaient. 

to maintain growth, y et t.he animal a die. 

!ba lack of' assential f'at.t.y acide in the diet does not. 

seam possible because analysis bas sb.own tbat the oils ~ontain 

suff'ieient amounta for n.ormal metabolism. It is possible, b.n­

ever, tbat a substance is present. in the JiAJ'ID· wbieh preventa 

their utilization. Isomerie acide (positional and geometrie) 

have been sb.own to met.aboliz.e as well as the normal acide in 

~nimal bodies and not, as som.e authoritie.s b.ave thougb.t, act 

as ant.ago-nist-a to the normal diet.&ry fatt.y acicls. Renee some 

injurioua factor- must be present .• 

It. •s suspeoted tbat e.stere of brano:b.ed-chain and cyclic 

ratty acide f'or.med part of the NAFD. They would be formed 

during the polymeriz:ation process from tb.e normal aeids. 

Previous workers bave demonstrated tbe toxiaity of' auch acids 

wnen inj ect.ed inta. mi ce and guin.ea pigs. '!he chief response 

of tbe guinea pig is tb.e production of t .ubercle.•lilœ les.ions 

and ultimately death. 
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The NAFD esters 1fi th o.tber innoc-uoua ( orally) est.e.ra a a 

controle were injected subcutaneously into adult. male rat.s. 

The rats were killed after completion of the test and were 

examined for abnormalit.ias. Some workera bave demonstrated 

tb.at hemolysis occurs when brancbed-cbain f'atty acide are 

inje~ed into animale~ tbe-refore tb.e b.emoglobin levels of' 

the test rats were e.b.ecked at. the st.art and at tb.e termination 

of tb.e trials. 

Tba result.s wera e.xpec~ed to give some indic-ation aa to 

wbather the toxicity of the linseed HAFD was a phenomenoa 

&.ssociated witb.. only oral. administratiorL or wb.ether an in­

jurious ef'fect could also be produced on subcutaneous ad• 

ministration.. 

Procedure and Resulta 

Six groups ot tour adult male rat.s were used in this 

study. 'l'broughout tb.e test. tney were f'ed the Macdonald 

aollege rat diet No. ô whicb. bas the compositiont 

Wb.eat 38 % 
C'ereal grass 7 
Fisbmeal· · 15 
oat groats 10 
Wheat germ 10 
crorn 9.5 
Soyabean. oilmeal 5 
Yeast 3 
Bo nemea l 2 · 
Salt.. ( iodized j 0.5 

The rats were kept in individual wire-bottomad cages and given 

feàd. and water ad libitum. Injections of fractions of b.eate.d 

linsee.d oil esters were made aa ab.own in 'rabl.e XX. 



'r.ABLll xx 
&ebe.dule ot Subcutaneou.a InJ ec'tiou ot .Katar 
Braction& ot Heated Linaead 011 I~to Adult 

Jrale Rat:s 
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Group Jrraction Duratio-D IDjecUoa Ortgiaal 

1 

2 

~ 

4 

5 

6 

inJ,ecte.à. of test s~badule dose le?.el 
(daya j (dayaj (al/dose j 

Ratera Gt whole uaheated 2ad.4t.b. 0.5 
linseed eil 

Bat&rs fr.! wbole tmhe&'ted 28 2D4. 9th.l6th 0.051 
lins.eed oil 23rct 

Noa-adduat. tormiD& bd.4th o.~ 
traction ot distillate 

He~-addu~ torminc 28 2Dd,.9tb.,.l6th o.oo1 traction ot distillate 23rd 

Adduct tormiag tract1Ga 2ad.4th o.~ 
of distillate (AFDj 

.A.dduat tormiag traction 28 2acl.9th.l6th 0.051 
at distillate (AJDj 23rd 

1. 'lhen tàe. aaimals aurTived trom the tirst iqJeotion 
the dose as inareased to o.~ ml.. 

'rlae site of" injection ot tb.e esters waa ta tb.e right ot 

tb.a spine. approximat.ely balf an inc-h anterior ta the tail. 

'l'be G.il tractio.ns ure iaj eot.ed slowly asiag a bypoclermic. 

ay:ringe int.o a sb.aved spot. On tb& tiret. and the last days ot 

eaab. experiment s.amples o! blood wer• taken tor tba estimation 

of be.oglobin level. fàe bemoglobia ~alues were deterained 

by the method ~ Gibeon al!ld I:larriso.n. (1945). 
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No signa of acute t .oxicity were evident eitb.er direotly 

following the injections or tb.rougb.out tb.e experimentaL 

period. S'ome of tb.e animale developed lumps at the site of 

the injection which, on autopsy, proved to be undispersed oil. 

Tb.ese lumps, if present, usually became more pronounced after 

the second or third injections. 

Tb.e b.emoglobin levels are sb.own in Table XXI. In tb.ese 

tablas the normal (averagej rat hemoglobin level is taken as 

sixte en per cent. Tb.e animale on the seven day te-st bad 

b.emoglobin levels sligb.tly below standard. tb.e group average 

being about 1.1 per cent lower than sixteen per cent. Tb.oae 

on the twenty-eigbt day trial exbibited a group average eithe~ 

above or not more than a.s per cent below the standard. 

The change in liveweigb.t and feed consumptions were not 

abnormal. They wer& tabulated by Miss Barabara alark of the 

Nutrition Department and are recorded in report on Project. 

No. 253 (B.Clark, 1952). Because they were not significant 

they are not reported b.ere. 

At the end of the seven day test the rats were killed 

and given a macroscopic examination. Ten rats appeared normal. 

Two others exhibited enlarged blood vessels in the intestine 

but otberwise appeared normal. 

The rats on the twenty-eight day test were transported 

alive by the author to tb.e Ânimal Diseases Research Institute 

(Can. Dept. Agri.) at Hull. ~~ebec. There Dr. P.J.Plummer, 

a pathologist, examined the animale for possible presence ot 



TABW: ni 

IndiTi4ual Initial ani J'inal Hemoglobin Levela ( l) ot Bata InJeoted 
8uboutaneousl7 With Etby1 Esters from Heated Ltnaeed 011 

Group 
Io. 

Ethli esters 
inJeoted 

Rat 
Bo. 

lat Averaae 7th Average 28th AYerage Ditferenoe 

:L 

2 

z 

4ç à.a;v 4ç ( 2) 

Eaters l1Dheate4 
lilsaèecl o11 

Estera llDheated 
linseed o11 

" 9 
14 
19 

6 
10 
16 
20 

Bon-aclduot for.a1ng 24 
fraction of the 29 
d1st11late (lAID) 54 

19 

16.4 
16.0 
16.0 
16.9 

1'7.1 
16.1 
16.4 
16.4: 

16.0 
16.1 
17.1 
16.4: 

16.8 

16.2 

16.0 

16.6 
14.6 
14.4: 
14.2 

14.9 
15.1 
16.2 
14.0 

14.9 

16.0 

16.4: 
14.7 
16.4 
14.9 

1. Standard rat blood assumed to be eixteen per cent hemoglobin 
2. Difference between lat and 7th da;vs or lat and 28th daJs 

1.4 

16.4: o.s 

1.0 

Cont1l:lue4 

.... 
0 .... 



G;J:OUp 
Io. 

4: 

i 

6 

:Et~1 esters 
1n~eoted 

Bon-adcluct-forming 
fraction of the 
cl1st111ate lHAID) 

Adduot forming 
f:raotion Qf 
d1st11late (A.FD) 

Add.uot forming 
fraction of 
dist111ate (AlD) 

Ra'i 
Io. 

26 
30 
35 
-'0 

44 
49 
64: 
69 

46 
50 
65 
60 

fABLE Xli (Continueà) 

lat 
clç 

20.7 
19.7 
15.9 
17.1 

15.4 
16.1 
16t.9 
17 .• 8 

19.3 
15.6 
16.1 
l7.Z 

Average 

11.2 

' .16.3 

17.1 

7th 
4a;r 

15.6 
16.1 
16.7 
16.7 

A.T er age 

16.8 

28th 
da;r 

19.2 
1&.6 
15.& 
16.0 

16.2 
15.0 
16.8 
17.4 

1. Stan4ard rat b1ood assumed to ie sixteen per oent hamog1ob1D 
2. Difference between lat and 7th 481& or lat and 28th 4çs 

ATerage 

16.3 

16.1 

Difference 
( 2) 

1.9 

0.6 

1.0 

..... 
0 
l" 



tubera-le-like lesions or other abno.rmalit.ies. Ria report 

verbatim& 
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"Bach animal was subj ected to tb.orougtL autopsy. Âll 

orgaas and tissues macroac:-opically are wi thia normal limita. 

1'be s.ubcutaneoua tissue in tb.e regioa ot tb.e r igb.t groia ot 

rat Xo. 5 did appear more yellow tban in other regioas b•t 

tbere 'Rs no indic-ation ~ addi t.ional ab.ange. 

Histopatb.ology - parattia seetioaa were prepared trom tbe 

tollowing organs; tbyroid glaad~ cross sectioa ot the great 

"''essels Just anterior to tb.e heart, beart., lung. stomach, 

t.b.ree portions Gt the small intestine • t:wo portions of the 

large intestine including the caecum. liver, s.pleen, kidaeya, 

urinary bla4der, adrenal gland. adrenala, alao varions 

lymph nod&s. No significan~ changes w~e fouad- ia the aboYe 

organs taken from any of the twelv& rats.• 

Discussion 

Bo significant differences were found in tbe b.emoglobia 

levela, tbe liYeweight.a, ~eed oonsumptions, or interaal 

structures G-r any of the rat.& in tbe test afte:r injectiou 

of beated oil tractiollB. 

Tbese :r-esulta do not neeessaril;r mean tbat tb.e tatty 

ac ids ~ the- HAFD are not iQjurio-lila when inJ ected. eub• 

c:-utaneously. but they do eeem to indicate tbat inJections of 

NA.li'll yjera cause no ill attecta t .o the animala o-ver a periocl 

of four weeka. 'fhe difference is important. lLGst at t.b.e toxic 

etf'ects Boted in tbe literature bave bean produ~:ed with 
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brano·hed or cyclio fatty a aida, not esters. It is qui te 

possible that in the gut b.ydrolytic action f'rees. the acids 

from tb.e ester structure and the liberated f'atty acids then 

are capable of' exerting a pb.ysiological eff'ect. Hydrolytic 

enzymes or secretions auch as are found in the gut are absent 

from most other regions of the body, hence the iDjected esters 

would remain uncbanged and innocuous. Kucb. more work b.as to 

be done before we can say with any degree ef' certainty how 

the NAFD fraction &xerts its fatal etf'eot• 



SEC'riOlf VI 

An Inv-.tigatiom of tbe Cbsmical Nature 
of tb.e Jlon.1cfduot Formiag :rractioll o~ 

tbe Distillable Bthyl Bsters of 
Poly.merized Linseed 011 

I ntroduo ti on 
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'!be NAFD f'raotion from polymerized linaeed oil bas proYea 

extremely injurious to 31"owing rats~ mucb. more so tban NAFD 

from either soyabean or sunflowerseed oit. B•eause of' this 

!act, it was adjudged the beat fraction on whicb. t .o conduct 

a cb.emi~al investigation. Prior to the present work the 

cb.aracteristics shown in Table XXII bad been established for 

this fraction. 

TABLB XXII 

~be Cbamiœal Cbaraoteristica o~ the 
llAl'D :rraotio.a ot Heat.ed. Liueed 011 

~erminal metbyl number ••••••••••••••••• 
lodine value (average} •••••••••••••••• 
Mean molecular weigb.t. (oryo-soopic} •••. 
Per cent bydroxy groups ••••••••••••••• 
Sauonitioation equivalent •••··~·····•• 
Retrsotive index: (25/0 c:.} ••••••••••••• 

1.70 
170 
300 
0.~4 
33() 
1.46986 

% ~oaJugated dieae ••••••••••••••• 
$ oonjugated triene •••••••••••••• 
1 llr].inoleio-• ac-id •••••••••••••••• 
$ •tinoleni~~ acid ••••••••••••••• 
Unidentified •••••••••••••••••••• 

2.7 
o.o 
3.1 
2.5. 

91.7 

'lbe work present.ed in tb.is section eompriaed t .wo distinct 

lines of attaok on the prob1em of tb.e composition and oonst.it~-
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tion ~ the NAFD: traction. Firatly, a general atudy Gt the 

~baracteristies of tbe fraction as a whole; and, sec~ndly, 

a study of the producta of disruptive oxidation of the HArD. 

T:b.e general experimenta~ scb.eme was as fol lon t-

l.l 

1.2 

1.3 

~.4 

1.5 

1.6 

1.7 

a.o 

IRVESTIGATIOX OF THE FRACTION AS A WHOLE 

Preparation of the tree aoids 

Determination of tb.e saturated material 

Lead salt separatioza 

Lithium salt separation 

Low temperature crystalliz.at111n 

Cbromatography of the bydroxamio aoids 

Tbiourea segregation 

DISRUPTIVE OXIDATIOlf 

Permanganate oxidatioa 

2.1 Oxidation 

2.2: Removal of the neutral matter 

2.3 Isolation o.f tba steam volatile and Bon­
volatile matter 

&.4 !rea~ent of ~be isolated tractions 

llonobasio aaids 

2.4.1 Duc-laux o-onstanta 

2.4.2 abromatograpbJ 

2.4.3 Fraotional distillation 

2.4.4 Cbromatograpby ef tractions :rraa 
traotional distillation 



3.0 

Dibaaia acida 

2.4.5 Neutralizatioa equivalen~ 

2.4.6 Preltminary solvent separation 

2.4.'1 C:bromatograpby of tb& dibasio- acids 

2 .• 4.8 Jlultip~e !raettional extraction 

2.4.9 Cbromatograpby of the solvent-
separat.ed fractions. 

Nitric· aoid oxidation 

3.1 Oxidatio-n 

3 .. 2 Steam distillation 

3.3 Residue from steam distillation 

3.4 DistUlate 

3.5 h'aat.ional distillation 

3.6 Neutralizatioa equivalent 

3.7 C.bromatograpby 

3.8 Deri'Yatives 

IliVliSTIGATIO!f OF THE FRAcn.Oli AS A WROLE 

1.1. Preparation of t'be J'r·ee A-cids from tb.e HAHn Esters 
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Proeedure and resultat saponification. of the oil waa effected 

by mixiDg the :tlAFD Witb. a aol.d cone. 

alaob.olic solution ot sodium b.ydroxide and allowing the mix­

ture to stand overlligb.t .• Tb.e solution was aeidified wi th 

sulfuria a a-id and extraated wi tb. et ber. 'lbe e·ther extracta 

were aombined and was'hed witb. aqueoua sodium hydroxide. 'l'b.e 

alkaliae wasb.ings were aa14ified and then extracted with ether. 
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t'he extraots then being dried, tiltered. and taken to dryness 

on a steam batb. in a tared vassel. 'lb.e produot w.as a dark reel 

viso-oua oil. The ree:overed ac-ids constituted eighty per cent. 

ot tbe Nun sample. Tb.e produot was stored in a vacuum 

desioO'ator at. 6° c. 

Discussiog Tba abrupt darkening of tba ~il when alkali is 

added seems t.o be a cbarac·t.eristic of alkali­

oil reactiou. It. is almo.st c:ertaia t.bat the saponitieatioa 

process causes some cbanges in tne ob.emictal oonstitutioll of 

tb.e fa tt y aoids, but it is most likely to be ot a llinor 

nature (i.e. migration ot double bo.DCls) rather tban to in• 

volve· any structural changes in tb.e carbon skeleton. 

1.2: Determination of tne Saturated Katerial 

Procedqre and resultat O.Q083 grams of the NAFD. esters waa 

retlued with potassium permanganate 

in aceton-e for two hours. Tb.e oxidiz.ed esters were tben. trans• 

ferred to a bea ker~ tlle oxides of manganese decompased wi tb. 

sodium sultite, and tbe soluti~n aciditied with sulfuric acid. 

'rhe ac-idified so.lution was transferred to. a se-paratory 

tunnel and extracted witb. cblorotorm. Tb.e combined extracts 

were wasbed witb. wate.r, d.ried, aad. allowed to percolate 

tbrougb.. a11 alumina eolwm tintad wi tb. bromo phenol blue. !be 

percolate was collected until the yellow. bad of ac-id. 

material approaohed tb.e lower end ot tb.e colUDlll. ':rb.e eluted 

fra~tion was tb.en takea to dryneas. li'ound 0.0087 grau ot 
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sat.ura~ed ester-a were present. Tbis is equivalent to 1.7 per 

~ent of tbe total estera. 

Diac·ussioD '.rbe result of 1.7 per cent. confirma t.b.e 

supposition that this fraction is almos~ com­

ple~ely composed of unaaturated material. This value also 

agrees well •ith the 2.2 per cent. ob~ained by ether extraction 

ot tbe sodium soaps ot th.e oxidiz.ed N.All'D (Seotiom VI, 2.2). 

Bath. these resulta (1.'1 and 2.2·j . tend to invalida te tba 

c·oatention tb.at: the diserepany between molecular weigl:l~s 

calc-ulated from saponification. equiTalent. (330) and from 

o-ryoscopy (3.00) is o-aused by neutral b.ydro.carbons. 

1.3 Le&d Salt. Separation 

Pro~edure and resultat 2.6 grams of the free ac ids, prepared 

t'rom the JUFD.· esters, was dissolTed 

in anbydroua ethanol, b.eated to boiling, and a boiliag five 

par cent solutiom of lead acetate in ethanol was added (lOO 

Ill.} with stirriag. Tbe mixture as stirredi for several 

minutes with heatiag and then allowed to stand overnigl:lt at 

room temperature. No pre~ipitate formed. Tl:le solutioa waa 

kept at 6° cr. f~ tbree weets. No pre~ipitate settled out 

cturirag this t ime. 

Discussiog ~be lead salt separation will precipitate 

saturated tatt7 acids from alcobDlic solution as 

lead soaps. However, some oleic, iso-oleic acide, and certais 

conjugated acids (el&eosteari~:i will also pre<lipitate. T'be 
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ab.sena-e ~ any prec-ipitate indicates tb.at litUe or no acids 

ot tbese types are present. Tbe traction is most likely 

c-omposed ot unsaturata:d ac·ids of suab. a structllr'e tbat tbey 

will not form urea addncta. No racorded data are avai1ab1e 

aa to bow branab.ed-obain. or cyalia tatty acids react witb. 

lead salta. Tbe result is in agreement with the determination 

o! saturated material. 

1.4 Litb.iua Salt. Separation 

Proqedure ap.d resul.tat 0.7a75 g. ~ tba tree tatt,. aaids ot 

the RlF.n traction was disaolved ia 

15 ml.. ot anbydrous acetone. The solution was warmed and 

titra.ted wi tb. a aaturated aqueous solution o! li tbiua 

b.ydroxide to pH 9. pHydrioa paper (Jlicra lrsaential La bora tory l 

•a wsed as illdicat.or becauae the solution wa.a t.oo dark t.o 

uae an internal indicator. The solution became progreasively 

darker as the end poin.t. waa approaclled. Water waa a4tled to 

make a ninety-f'ive per cent. acetone solutio-n. the mixture as 

swirled several. times and t.b.en allowed to. stand at room. 

temperature overnight. 

A dark nci preeipitate sett.l.ed out. Tb.is was aollected 

on a Htracb. tunnel, waab.ed with ninety-tive per cent aoetoae 

aad the wasbings were &dcted to tb.e filtrate. The tiltrate 

(soluble aoapa} was aciditied with hydrocblorie ac14, tbe 

acetGne was removed on the steam bath, and the remaining 

solution was extracted wi th ether. !he ether extraot.s were 

drie·<i, tiltered, and evaporated to dr;yae.aa. Tb.e produot •• 

a red, mobile oil. Yiel4 473.5 mg. 
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The insoluble soaps (residue j were aciditied wi th 

dilute b.ydroc,hloric· aeid, transferred to a Buchner tunnel 

and wasb.ed wi tb. a little cbloroform. T'be filtra te was tban 

extracted witb. ether and the extracts were dried over sodiwa 

sulfate, filtered~ and the filtrate taken to drynass iD a 

tared vesael. Fouad 260.2 mg. of a dark red, viscous oil. 

Tb.e weigb.t of the acid.s treated was 787.5 mg., w.bile the 

reoovered acide weigbed 733.7 mg. This representa a losa et 

six per cent. 

Table XXIII shows the relative proportion of tbe soluble 

and insoluble fatty ac-ids of tb.e liraaeed NAFD when separated 

as the lithium soaps. 'fable- XXIV givea tb.e iodiae values of 

the two tractions. 

TABLE XXIII 

'rbe Resolution of tb.e J'atty bida 
from Liueed ()11 J'AFD· as 

~e·sse-d as 
per eellt of 
t.,tal esters 

EXpre.aeed aa 
per o-eat et 
recovered ac-ids 

tb.e Li tb.ium Salta 

Soluble 
tatty 
ac ids 

61 

Insoluble: 
fatty 
a a-ids 



'rABLB XXIY 

'rbe Iodine Values fit the :ratty AC:icl 
FractioDS Sepa:nt&d by the 

Lithium Salt Jletb.od 

1lraot.ion 

Soluble tatty acids 

Insoluble tatt.y ac-ids 

Iodine value 

23€) 

l2Q 
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D1sggasiog arystallization of tbe lithium salta trŒm ainety-

tive per cent acetone solution resolTea the fatty 

acids iatG two tractiooa& a bigbly uasatura~ed soluble traotien. 

and a more saturated iRaoluble traction. !he iodina values as 

ahown in Table XXIV eoatirm this tact. 

From 'rable XXI.II it. seema. tbat aixt;r-aix per ceat. of the 

fra~tion is oompoaed of polyethenoid acide. Ho reterea~•• are 

&Yailable oa ~yolie aad branched-cbain tatty acid reaction 

with lithium bydroxide in acetone. 

I~ should be no~ed tbat tbe origina~ l1thima salt 

separatiGn (TauJ;imoto, 1920) as used to etteot a separatioa 

of tbe polyethenoid tatty acids Q( tbe crao aad cra~ series 

found in wb.ale and fish oils. T't'liS raises an interestiq 

poin"- conc:erning the aolu'ble fraetioa. It ia possible tbat 

tbia frae-tien migb.t be oomposed ef monomers of biglaer 

ao.leoular nig'tlt t'ban tbe mean moleoular weight {300 l woul' 

indioa te (cf. S.E. 330 j. It could reasonably be aasumed tbat, if 

tb& tirst supposition ia true. extra carboaa ara attachad at 
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non-terminal positions ao as to form branches. The insoluble 

fraction could poaaibly be compoaed of auch acide whiah have 

loat part of their carbone through breakage of the chain 

(i.e. at the double bonda). 

1.5 Low Temperature Crystallization 

Procedure and resulta: 12.9 grama of the free acide of tbe 

NAFD were diaaolved in aixty-five 

ml. of acetone (anhydrousj in a large test tube. ~he tube was 

placed in a De.war flask fi tted wi th thermometer and atirrer 

and the wb.ole cooled to -70° c. gradually by meana of dry 

ice and ethanol. ~he solution waa kept at -70° for thirty 

hours with occasional atirring. No insoluble material 

separated out during this period. 

The free acide (8.5 g.) were diaaolved in ninety ml. of 

Skellysolve B in a test tube. ~he tube waa cooled to -70° 

and maintained at that temperature for thirty hours. A small 

precipitate b.ad formed by this time. The upper liquid was 

decant.ed and the remainder removed with a sintered glass 

filter stick using suction. The precipitate was isolated and 

weighed 0.45 grams (five per cent of the total weight). It 

was dark red and viacous. The refracti ve index and i odine 

value were determined: 

I.V. 

• • • • • • • • • • • • • • 

• • • • • • • • • • • • • 

1.48399 

147 



114 

Discussion The only normal, natural fatty acid, saturated 

ar unsaturated, which is appreciably soluble in 

Skellysolve B at -70° is linolenic acid (4.27 g. inlOOO g. 

solvant). All others are practically insoluble, i.e. their 

solubilities are lesa than 0.5 gram per 1000 grams of solvant. 

In acetone solution solubilities increase somewhat (e.g. 

linolenic - 4.23 g. to 17.6 g. per 1000 g. solvent) but, 

basides linolenic, only linoleic is appreciably soluble 

(4 g. per 1000 g.j. The negligible amount of precipitated 

matter (lesa than five per centi indicates that linolenic 

acid is the only normal acid that could possibly be present. 

Spectroscopie data have shawn that about ai~ per cent 

linolenic (or isomersj is present. This would account for the 

precipitated matter. Therefore- over ninety per cent of the 

fraction is composed of soluble ratty acids other tban 

linolenic or linoleic acids. 

Little information is available on the solubility of 

cyclic fatty acids in Skellyaolve B or acetone solutions. 

However, information on the lower molecular weigb.t cyclohexyl 

acids (cyclohexylacetic to cyclob.exylcaproic) indicate only 

moderate solubility (Dow, 1950) in acetone. This, of course. 

does not necessarily mean that the higher homologues behave 

in a similar manner. Notbing is known of the solubilities of 

cyclic polyethenoid fatty acids. 

It is known tbat the branched-cb.ain fatty acids are 

extremely soluble in acetone and petroleum ether. They will 
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not crystallize out at law temperature or else they will come 

out in the last fraction at the lowest temperature. It bas 

been observed (Mariee and Shorland, 1952) that two or more 

methyl groups, or alkyl groups other tban methyl, increase 

the solubility of a given fatty acid. These considerations 

tend to support the contention that the NAFD fraction 

contains branched-chain fatty acide. 

1.6 Cbromatography of the Hydroxamic Acide 

Procedure and resulta Whatman No. 1 paper and three spec­

ially-t.reated papers were used in 

cbromatographing the hydroxamic acide. The three special 

papers were Velan-waterproofed, silica-impreganated, and oil­

impregnated. The methode of preparation of these papers and 

o.f the hydroxamic ac ids are listed under metb.ods. The ac:ids 

were spotted by means of a small glass rod in spots not more 

than one cm. in diameter. In this preliminary study con­

centrations were not exactly determined - just au:dficient was 

added to get a discernable spot. The spots were placed two 

cm. above the solvent surface in the case of ascending 

cbromatograms, and four cm. from the reservoir in the case of 

descending ones. The paper strips were 2.5 cm. wide, while 

the length varied with the cabinet used - twenty to forty cm. 

Ferric chloride (FCÎ, bromocresol blue (BCB), and bromo­

cresol purple (BCPJ were tb.e sprays employed. 

Eight different solvent systems were tried in conjunction 

with different papers. The various solvents are listed in the 
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appendix and will be ref"erred to throughout tb.is section by 

Roman numerale only. 

Table XXV shows the result of the chromatography of 

the hydroxamic acids. 

Sol vent 

XIV 

x 

XIV 

VIa 

Vlb 

v 

v 

XI 

II 

II 

XVIII 

XII 

l. 

2. 

TABLE x:x:l 

Paper Cb.romatography of" the Hydroxamic Acids 
Derived :rrom the NAFD Fraction O·f Linseed Oil 

Paper Method Rf x 1001 Spray2 

Silica-impreg- Ascending 0 FC 
nated strips 

Silica-impreg- Ascen.d.ing 0 FC 
nated str:ii.ps 

Whatman No. l Ascending lOO BCG2 

Wb.atman No. l Deacending lOO BCG 

Whatman No. l Descending 0 .. 5 BCP 

Wb.atman NG. l Descending 16 .. 5 BCP 

Silica-impreg- Descending 16.5 BCP 
nated atrips 

Paraff'in oil Ascending 60 reG 
impregnated 

Wb.atman No .. l Ascending 24.2 BCG 

Wb.atman No. l Ascending 32 BOP 

Velan paper Deacending 

Wb.atman No. l Ascending 20.2 BOP 

Rf is equal to distance moved bl a cid 
distance moved by front 

Sprays: FC, ferric chloride; BCG, bromocresol green; 
BCP, bromocresol purple. 
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Discussion The f'act that the NAFD f'raction is not homo­

geneous was demonstrated by the lithium salt 

separation. Therefore at least two spots should appear on a 

satisfactory chromatogram. No satisfactory resolution bas 

been accomplished. 

1.7 Thiourea Segregation 

Procedure and resulta: 1.2 grams of linseed NAFD was dissolved 

in twenty-f'ive ml. of anhydrous 

ethanol and the solution saturated wi th thiourea at room 

temperature. The mixture was then shaken vigonously and 

a llowed to stand at 6° for two weeka. 'l'he crystals were 

separated on a Buechner funnel and the filtrate collected, 

decomposed wi th warm wat.er, extracted wi th ether, and the 

ether extracts dried over sodium sulfate. On evaporating the­

extract to dryness, the recovered non-adduct forming material 

weighed 1.2 grams. 

Discussion Only compact, short-chain molecules conforming 

to an outside diameter of 5.8 to 6.8 R. form 

tbiourea adducts !Schiessler and Flitter, 1952). Renee 

branched-chain and olefi~c c18 molecules do not form adducts. 

Because of these facts the polyethenoid acids of the NAFD 

were not expected to form adducts. They did not. 
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DISRUPTIVE OXIDATION PROCEDURES 

2 .• Permanganate Oxidation. 

2:.1 Ox.idatio.n: 6.8528 grams of NAFD. were placed in a 500 ml. 

round-bottomed, ground glass s.to.ppered flask 

fitted with reflux condenser and Glas-Col heating mantle. 

Seventy-five ml_. o:t anhydrous acetone was added and tb.e whole 

gently reflu::œd. Forty-two grams of finely-pow:dered potassium 

permanganate was added gradually aver a period of four hours. 

The permanganate was waahed dawn the condenser with small 

portions of dry acetone. The mixture was allowed to reflux 

for twenty-four hours. 'l'be acetone was then distilled o.ft 

and water added. Large lumps were broken up and suffi~ient 

sulfurous ac.id added to decolouriz.e the solution, followed by 

s ulfuric a cid until t.he solution. was ac id. 'lha mixture was 

then filtered. Tb.e filtrat.e contained the oxidiz.ed esters and 

the neutral or unoxidized esters. 

2 .. 2 Removal. of the Neutral. Ma tt er A dark red ail waa noted 

floating on top of the 

aqueous filtrate, this was decanted (Fraction lj. 'lhe remain-

ing solution was extracted witb. ether and the extracts were 

combined and washed with ten per cent w/v aqueous potassium 

hydroxide. Tbe colour passed from the ethereal layer to the 

aqueous. during tbese wasbings.. i!h& ether solution was washed, 

dried,and filtered. On evaporation it yielded 152.2 mg. of a 

clear yello:w ail (Fraction 2j. This compoaed 2..2 per c-ent 
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af' the total weight a:r the oxidiz.ed NAFD and is the neutral 

meterial, most probably comprising the saturated esters 

(cf'. Section VI, l.2j. 

2:.3 Isolation of the steam volatile and non-volatile acidst 

The alkaline wasb.ings from 2.2 were acidif'ied with 

sulfuric acid and steam distilled. A f'ew ml. of' concentrated 

ammonia w:as placed in the receiver to trap the more volatile 

acide as their ammonium aalts. About a liter and a b.a.lf of 

distillate was co.llected. '1\he distillate was made alkaline 

wi tb. sodium b.ydroxide and concentrated t.o lOO ml. on tb.e 

ateam bath. The concent.rate was acidified with sulfuric acid 

and e.xtracted with ether. Tb.e colour passed to the ether 

layer. Tb.a ether extracta were combined, dried, f'iltered, and 

evaporated. The product was a visc~us. yellow ail whicb. bad a 

pungent. small (Fractioa 3). Weigb.t 18.8 mg., eqUivalent to 

0.2:7 per ce n.t of tb.e total weigb.t. Tb.ia f'rac.tion ia compoaed 

of' tb.e monobasic acide. 

An alternative proc:edure was somet.imes used to f'ree the 

fraction from sodium salta wbich interfere in cbromato­

graphy and other determinatioas.. Af'ter concentra ting to 

a small volume on the st.eam bath, tb.e solution was paaaed 

tbrougb. a cation excb.ange column (Dowex 50) whicb. b.aci 

been c.onditioned witb. dilu.te hydrocb.loric· acid. Tb.e sodium 

ions were removed and tb.e free organic acide were co.llect.­

ed as perc.olate. Tb.is can be extracted w.ith e.tb.er or used 

direc-t.ly inc cbromat.ograpb.y. 
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The residua~ ~iqour in the diatilling f~ask was extraot­

ed with ether. The &xtracts were combined and dried. The dried 

extracts were concentrated to 100 ml • on the steam bath. ']he 

resultant solution was then washed wi th twent.y per aent 

aqueous sodium carbonate. The colour passed to the aqueous 

layer. ·~he remaining ether layer was dried and yielded,. on 

evaporation, 23.5 mg. of a dark-coloured oil (Fraction 5j. 

Tb.ia is equivalent ta 0.34 per cent o.f the total weight. 

The ~arbonate washings were acidified with sulfurio acid 

and ex.tracted with ether. T.he yield from the extracts was 

1.297 grams of a white. waxy solid (Fraction 4j. Thia 

constitut.ed nineteen per ~ent of the total weigb.t and was 

composed of dibasic or polybasic acide. 

Discussion As d.e.scribed above,. five fractions have been 

isolat.e.d from the oxidiz.ed NAFD esters • to witl-

1. A neutral oil, immiscib~e in water, of unkbown 

cbaracteristics (about fift.ee:n J;>er cent). 

2. A neut.ral fraction (2.2 per cent) camposed of aaturated 

esters. 

3. St.eam distillable fraction (0.27 per centi composed 

of volatile monobasic· acide. 

4. A non-steam volatile fraction (nineteen per cent i 

c-onsisting of the polybasic. acide - mainly dibasic. 

5. Oi.l of unknown composition (0.34 per cent). 

Fraction l may yet prove to be the most impartant one for it 



121 

c-ould possibly contain saturated, branched-c-b.ain fatty acids. 

The amount of this particular fraction seemed to remain 

fairly constant w'tlet'tler the oil w:as oxidized for eig'tlt,.. 

twenty-four, o.r forty-&ight hours. This indiaated a material 

~uite resistant to oxidation. and not, as first suspected, 

m.erely unreac-ted NAFD. 

The procedure outlined above is. the quantitative one, 

usually the process is carried out qualitatively to get 

sufficient material for t.he analytical. work. 

The five frac:tions listed above: aaco.unt far tb.irty-seven 

per c-ent of the NAFD. S~ty ta sixty-five per cent bas not 

be:en acconnted for~ or has bee.n lost. Beeause the tb.irty­

seven per cent amaunt bas remained c-onstant during many 

oxidations, it is thoug'tlt tbat the remainder ()f t.he fraction 

must have been completel.y oxidiz.e:d, under the conditions 

employed, to unrecoverable fragmenta. 

2.4 Traatment. of the: Iaolated Frac:tiona 

2.4.1 

aTEAM. DISTILLABLE FRAC~ION 

Dualaux constantat the aqueous steam distillable 

fraction (no ammonia added to 

the receiveri was used. The distillate was arbitrarily divided 

into two portions: the first 150 ml. of distillate, called 

distillate No. 1. and the remainder of tb.e distillate (ca. 

800 ml. j aalled distillate No. 2. Tb.e Duclaux constants were 

determined on botb.. The resulta are given in Table XXVI. 
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TABLE XXVI 

Duc-laux Constants of tb.e: Steam 
DistiLlable- Fractions Obtained 

by Permanganate Oxida tian of 
the NAFD from Heated Linseed Oil 

Fraction Constants 

Distillate llo. 1 

Distillate NG~ 2 13.1, 7.9, 7.7 

Cbromatograpby of the monobasic acidst 

122. 

the aqu.eous 

distillates 

obtained as desc.ribed in 2 .• 4.1 were c·hromatographed as tb.eir 

ammonium salta with solvent XIII by the ascending method. Tb.e 

distillat.es and known monobasic aetds (standards.) were 

spotted on a cyclinder of Vlbatman No. 1 paper (untreated) and 

run in a Bell jar. Tb.e resulta are shown in Table XXVII. 

T'able- XXYIII shows tb.e resulta of cbromato.grapb.y of tb.e 

whole monobasie: acid fraction. (2.3) from an. alcoholi~ 

solution. The ascending metho.d was u.sed witb. solvent II. 

Fractional distillation A small sample of the 

monobasic acids was placed 

in an Emicb. tube and covered witb. a wad of asbestas. 'l'he 

alosed end of the tube was placed in a warm wax bath (Fisher 

Bath Wax) and the temperature gradually raised by means of a 

micro.-burner. Fractions were removed at intervals witb. a micro-



TABLE XXVII 

Results o-r tb.& Cbromato.grapb.y of the 
Monobaaic: Aoid .Fraoticm Obtained by 
Permanganate OxidatioŒ o~ the· NA.FD 

from Heated Linaeed 0111 

Ac ids 
c-bromatograpb.ed 

Rt x. lOO 

Ne. l diatillate 
No. 2 distillate 

35.6 59.7 
34.3 77.1 

Acetic acid 
Propanoic: acid 
Butanoic acid 
Levulinic aoid 
Hydracrylia aoid 
Laotio· acid 
Glyoolic acid 54.5 

TABLE XXVIIr 

59.7 

57.8 
62.7 

Resulta af the Cbramatograpby ~f the 
Monobas.ic:- Acid Fraction Obt.ained by 
Permanganate Oxida ti on of tb.e. NAFD 

from Hea te d Linseed 0112 

Acicts 
c·broma togra p bad 

Monobasie: :fraot.:t.on. 

Hydracrylio acid 
Levulinia aoid 

lOO 

54 
88. 

1. Asoending method wi th Solvant XIII. 
2:. Ascending method W.itb. solvent Ir. 

123 
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pipette. The list. of f"ractions given in Tabla XXIX is for two 

typical distillations. 

The p-t.oluidide of fractio,n a (Ij wa.s prepared 

(Schriner and Fuso.n, 1948.1 .. It w.as found to melt. at 6&-70°; 

mixed mel ting point w.i tb. p-toluidida of butanoic- a cid waa 

68 - 690. 

Fraction 7 (!) was tre~ted in a similar manner. The 

p-toluidide melted at 600 c. 

2.4.4 Cbromatograpgy of the fractions fram fractional 

distillation: the fractions wera cbromatographed 

by t.he ascending met.hod on sheeta (20 b.y 20 cm.j of Wb.atman 

No. 1 filter paper in a mUlti-paper cabinet (Figure 6). 

The solvants are listed under Table XXX. 

Discussion The monobasic- acid fractio.n f'rom the perman­

ganate oxidation has been shown to. contain 

a ce tic and buta.moic acids. C.broma.tographic study o.f the mixed 

monobasic acids and fractions 1 and 2 from the fractional 

distillation ahowed the presence of acetic acid. Butanoic 

ac·id was detected by cbromatography, and its presence: was 

conf'irmed by a mixed melting point on the p-toluidide of 

fraction 4 with p-t Gluidide of butanoic acid. 

Tb.e Rf values for fractions 6 ta 11 (T'able XXX) show: 

anly one spo.t wb.ich appeared in all cbromato.grams in the same 

general region. The R:r values of tb.ese spots are almost 

identical witb. that of hexanoic (caproic) ac-id, but. it will be 
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nQted tbat tbeae ~ractions, when run alongside hexanoic acid~ 

their Rt values were slightly lower than tbat of hexanoic. 

This must signify that hexanoie or a very closely related 

acid is present.. 

Perhaps it should be mentioned here tbat in collecting 

these fractions (ô to llj, a very definite adour was detected. 

It was almost identical wi th that of hexanoic a cid. 

It. bas been the experience of the autho~ and that of ethers 

(Re id and Le der er, 19 52.i tha t the ~ of a normal mono.bas ic 

acid is somewhat larger t .àan that of the corresponding isomer 

(i.e. buty:ric P isobutyria; valerie:, isovalerie-; caproic~ 

isocaproic i. Henc:e the fa ct t'bat fractions 6 to 11 have Rf' s 

slightly lower tban t.hat of hexanoic acid could mean the 

presence of an isomer - likely 4-methylpentanoic acid (iso 

eaproicj. 

The p-toluidide of traction 7 w.as made. It melted at 

60° (without recrystallizationi. lsacapro-p-toluidide melts 

at 61 - 62.5° (Under\'IOOd and G~~e, 1934). It. seems. reasonable 

t o assume tbat is.oeaproic ac-id is present. 

Table XXIX presents the relative amounts of the variaus 

cuts from the tractional distillatio.n. It will be seen that 

but.yric. and isocaproic acide together constitute the major 

portion of the monobaaic acide. Acetic acid formed only a 

relatively small percentage. The absence of acetic actd in 

large amount may be significant, or it may be that it was 

lost during the steam distillation and/or during fractionation 



TABLE XXIX 

Resulta or the Micro Fractional Distillation 
o~ the Monobasic Acid Fraction Obtained by 
P&rmanganate Oxidation of the NAFD from 

Heated Linseed Oil 
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Fi:rst. ~ractionation (Ij Second ~ractionation (2j 

Fraction Temperature Amount 
No. range1 (rel. j 

Fraction Temperature Amount. 
No. range1 (rel.) 

1 

2 

~ 

4 

5 

6 

7 

a 
g 

10 

11 

-100 small l --lOO small 

100-110 medium 2 100-110 medium 

110-1~0 large 3 110-1~0 

120-1~0 large 4 120-130 

130-140 v .large 5 l~0-140 

140-145 large 6 140-145 

145-150 large- 7 145-150 v.large 

150 large 8 150 

150-155 small 9 150-155 

155-172 minute 10 155-172 small 

172-216 minu.t.e ll 172-200 small 

1. Rapresents the bath temperature. The temperature inside 
the Emicb. tube was probably b.igher because o~ the 
temperature dif'f'erential witb.in the heating bath. 

beaause of its vo1atility. 

ln the 1ight of the f'oregoing evidence it ~an be said tb.at 

acetic, butyric, and isocaproie acids bave been establisb.ed as 

tb&. major components of tbe isolated monobasic acid fraction. 
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TABLE XXX 

Re-sul.ta of the:· Cbromatography of Ac-ids from 
t'b.& Monobasic Acid Fraction Separated by 

Fractional Distillation1 

Standard acrids 
and fracrtions 

Pro.panoio acid 
Butyrio acid 
lsovaleric acici 

Fraction N.o. 5 
10 
ll. 

Propanoic acid 
Butyric acid 

Fraction No. ll. 

Butyric acid 
Caproia acid 

Fraction No. 2 
9 

Propanoic aaid 
Caproic ac·id 

Fraction No. 9 

Acetic- acid 
Butyric acid 
Caproic acid 

Frac-tion No. 4 

But.yric acid 
c·aproic ac·id 

Fraction No. 4 

1 

Rf x. 1.00 of Manobasic &oids2 
2 3 4 5 6 

67.7 

71.7 
80.0 

76.5 

66.6 
72 

77.5 

70.3 

76 

80 

77.5 

81.1 

80.5 

85 
84 

5.3 

81 

92 

92.8. 
88.5 
aa.5 

84.5 

87 

Continued next page 



Standard acide 
and fractions 

buty.ric acid 

Fraction No. 6 

Acetic acid 
Propanoic acid 
Butyric acid 
c·aproic- acid 
Capric acid 

Fraction No. 4 
3 

l 

TABLE XXX ( Continued j 

Rf x lOO of Mono basic 

2 3 4 5 

79.3 

63 
67 

79.3 

70 
61 
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acids2 

6 

89.1 
89.0 

85.3 
(95} 

1. Solvent XX. was used in tb.ese chromatograms, and tb.e 
spray was bromocresol purpla. 

2. The numbers 1~ 2, 3• ••• etc. refer to the number of 
carbon atoms in the acid molecule. 
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NON-8TEAM DISTlLLABLE FRACTION 

2.4.5 Neutralization equivalentr weighed samples of the 

mixed ae:ids 11ere 

dissolved in et ba nol and ti trated wi th sodium b.yd.roxide to 

pb.eno.lphtb.alein end point. A. blan.k w:as run on the ethanol. 

Rasults are presented below. 

Weight of mixe:d acids. grams 

ml. Gf sodium hydroxide 
0.152 N 
0.0305 li 

Corree:tio.n for blank, ml. 

Calculated mean molecular weight 
assuming dibasic acide present 

2.4.6 Preliminary s.olvent separation 

8.65 

0.045 

204.9 

0.07687 

25.14 

0.225 

202.2 

The dibasic ae:id 

fraction was extrae:t-

ed witb. cold water, filtered, and the filtrate taken to dry­

ness. The dry solid was dissolved in benzene, refluxed for 

thirty minutes, and then filtered. The filt.rate was taken to 

dryness. Tbree !rac.tion were isolated by tbis metb.od:. 

1. Wat.er soluble fraction - a waxy solid of distine:tive 
adour and baving a granular texture. M.Pt.. 78-84°. 

2 .. Wat.er soluble, benz.ene. soluble fraction - a waxy 
brown solid. M.Pt. 64-67°. 

3. Wat.er soluble, benz.ene insoluble f'raction - a small 
amount of a greasy solid. 

In a separate determination it was found that about 

ninety-five per e:ent of tb.e dibasic acid fraction was water 

soluble, five per cent insoluble. The former fraction, i.e. 

the water soluble part., was not e:omposed of completely water 
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soluble acide~ :t"or it was no.ted that the soluble fraction 

aontained suspended matter. This material could not be 

remo~ed by filtration and remained in suspension even after 

standing several days. Tberefore whe:n the term soluble di­

basic acide is used this consideratio:n must be borne in mind. 

2.4.7 Chromat.ography o"f the dibasic aoids The dibasie: 

ac-id frac-tion 

as a whole- and the fractions obtained by preliminary solvent 

separation w.ere cbromatographed. The resulta of these in­

vestigations are reported in Tables XXXI, XXXII, and XXXIII. 

The solvents used are cited in footnotes to the tables. 

Whatman No .• l paper was used in all the chromato.grama. 

2:.4.8 Mul.tiple fractional extraction About one gram of 

the water soluble 

portion of" the dibasic acid m~ture was added to 100 ml. o:r 

ether-saturated w.ater. Tb.is was tranafer:red to a separatory 

funnel and fourty ml. of w.ater-saturated ether added. Twenty­

five e.xtractions were performed according ta the proeledure 

outlined in methode. Ten extraots were isolated; five ether, 

and five water. They were taken to dryness o.n the st.eam bath 

and their appearance and melting points noted wb.ere possible. 

The resulta are reported in Table XXXlV. 

A sample o:f tb.e water soluble fraction (0.661 g.j of the 

dibasic acid mixture was dissolved in sixty ml. of ether­

saturated water and poured into a separatory funnel. Twenty 
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ml. of water-saturated ether w.as adcted. One: hundred extract.-

ions were carried out in the usual manner. and twenty extracta 

isolated. The fractions were e.vaporated to d.ryness and their 

c-b.aracteristic-s noted (Table X:XXVj. 

The water insoluble portion of the dibasic- acid mixture 

was given a simple aix stage extraction and tbree fractions 

were isolated. Tbe melting point determinations allowed: 

2..4.9 

1. m.p. 
2.. m .. p. 
3 .. m.p·. 

105-1o7o a. 
114 
126 

Cb.romatograpey of the solvent separated fractions 

Fractions from beth the ten and twenty multiple 

fractional extractions were cbromatographed .. The resulta are 

present.ed in Tables XXXVI. and XXX.VI..I... 

Discussion The neutralization equivalent on the mixed ac-ida 

wa.s 200 (calculated as a dibasic acid),. w.hich 

augges.ts that the higher dibasic acide predominated in the 

mixture,. i.e. pimelic-, suberie. az.elaic, and aebaciC'. Tbis 

view waa further supporte4 when the meting point of tb& 

fraction (65°j waa considered. Hence the pr·esenC'e of ap-

preciable amounts of the lower dibasic acide with high mett­

ing points (axalic, malonie, adipici is excluded. Tbe ac-ids 

present in appreciable amounts were most likely glutaric. 

pimelic, suberic, az.elaic, and sebaeic. 

Tb.e c-bromatograms of the mixed ac ids showed !our spots. 

From Table XXXI it appears tb.at suberic and sebacic acide 
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were present. However the Rf values ot the mix.ed ac-ids are 

different from that of an acid run singly on a chromatogram. 

Otb.e-r factors ( time, temperature, etc-.) being constant, tb.e 

relative pr-oportion and tb.e number of acide in a mixture 

have an influence on tb.e Rf value Q;f any single aaid of tb.e 

mixture. The situation could be compared with melting point 

mixtures. From Tables XXXVI and XXXVII, it se ems that, wi th 

the solvents studied, mixtures of four very alosely related 

fatty acide of low molecular weight bave larger ~ values 

tban miXtures of similar ac-ids of higher molecular weight. 

For example, pimelic acid,when incorporated into a mixture 

of dibasic acide of b.igher molecular weight tb.an itself, 

has an Rf four to ten unite lower tb.an if' it were mixed wi th 

dibasia acide of' lower molecular weight. Tb.ase facts must be 

kept irumnind w:ban reading the tables o.f Rf values. 

Tlle probability tb.at h.ydroxy acide f'oxm part of' the 

dibasic acid mixture be:e:ause of the oxidative proee-dures was 

dispraven. It waa show:n tb.at hydroxy ac:ids have uniformly 

lo.w Rr values, mucb. lower tb.an the majority of' the dibasic 

acide of the non-volatile fraction when they were cb.romato­

graphed togetb.er in tb.e same aolvent. 

Tric-arballylic acid, a tribasic acid, b.ad an Rr of' 

z.ero when cbromatograpb.ed in the ammoniacal solvent uaually 

used in dibasic acid chromatography. Tberefore the tribasic 

acide form no appreciable proportion of the residue. 

Two dimensional cbramatography indicated the presence of' 
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suberic acid (Table XXXI.Ij. It is of int.erest to note tb.at 

o.nly one spo,t from the dibasic acid fraction appeared in tb.e 

second dimension - all others disappeared in the second 

solvent (phen~lj. 

In the preliminary solvent separation, the water soluble 

portio.n contained too. many acida to give any definite know­

ledge of the composition.. Chromatography,.in most cases, will 

show trace amounts of ac-ids,. b.ence give an uns.atisfactory 

picture of the mixture as a who.le. However, the wa ter in­

soluble portion, on cbromatograpb.ing, seemed to c·ontain 

suberi~ and sebacic acide. The relatively higb. melting point 

of this portion (2.4.8) supported the cb.romato.graphi~ 

evidence (m.p. suberic 140°, sebacic l34°j. 

Tb.e two multiple fractional extractions did not clarify 

the picture greatly because it seems tb.at the extractions 

were not numerous enougb. to give complet.e. separation.. Renee 

the cb.romatograms sb.owed spots for acide wb.ich. were really 

present in only very minute amounts. It was no.t. possible to 

arrive at any conclusion as to whicb of t .be spots was the most 

significant. These extractions, b.owever, verif'ied th& previous 

supposition tbat the dibaaic acid mixture is composed mainly 

of bigb molecular weight dibasic acida -pimelic to suber.ie:. 

No. dibasic acids bave been definitely identified. Tb.e 

posaibilit.y exista that brancb.ed-chain acida sucb. as methyl 

succinic or ethyl Ill&lonic are present. Samples of suc b. a ci da 

were not availa•le for examination. 



TABLE XXXI 

Re-sulta o:f tb.e- Descending Cbromatograpb.y 
of the Dibasic Acid Fraction Obtained by 

Permanganate Oxidation of the NAFD 
:from Heated Linseed 0115 

Fractio-n or 
standard acid 

Rf' x lOO 
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Dibasic acid 
fraction 

2.5 15.0 26.9 35.8 

4.0 Tartaric acid 
Citric acid 
lfalic acid 
Maleic acid 
Fumaric acid 
Azelaic acid 

3.0 

Dibasic acid 
fraction (2j 

Malonie· acid 

Dibasic acid 
fraction (3) 

2.64 
2.12 

Oxalic acid 
Adipic- acid 

1.2 

Tricarbally1ic o.o 

1. Solvant XVIII 
2. Sol-vent XII 
3. Sol vent XII 
4. Sol vent XII 

3.6;) 

5.9 
5.7 
5.1 

5.5 

5.8 
8.3 

?.3 

8.5 
?.9 

14.7 
14.1 
10.6 

17.6 
18.5 

19.8 
18.5 
18.5 

29.3 

22.6 
23.6 

25.2 
2.3.2 
22.0 

1 

2' 

4 

5. The lines between the groups of figures means that each 
section was run on the same paper, i.e. identica1 
conditions. 



TABLE XXXII 

Resu.l.t.s o-r 
T"wo Dime·naio:nal Cbromatography on tbe 

Dibasic Acid Fraction Obtained 
By Permanganate Oxidatian 

o'f NAFD from Heat.ed 
Linseed Oil1 • 2 

Fra~tion o~ ~ x lOO 
standard acid 

Firet Second 
dimension dimension 

Dibasic ac-id 20.3 91.3 
frac-tion ( 4 i 18.1 90.6 

2:0.7 92.0 
2.1.0 90.0 

li.alonic ac-id 3.6 68.7 
Succinic ac-id 3.8 78.6 
Adipic- ac-id 8.0 85.5 
Az.elaic ac-id 19.5 92.6 

Dibasic acid 15.4 87.4 
fraction (2j 12.9 86.6 

Tricarbally1ic ac id o.o 73.6 
Malonie acid 0 .. 7 69.3 
Succinic acid. ~.5 72.8 
Azelaic aoid 12 .. 4 87.0 

1. Ascending method using multi-paper apparatua 
illustrated in Figure 6. 

2. Solvent XII in the fi~st dimension, Solvent II 
in the second dimension. 

135 
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Explanation o! Cbromatography Tables 

XXXIII • XXXVI • XXXV"II 

Tbe horizontal lines separating the various sections o! 

tbese: tables meana tbat the substances. wi thin the li nes were 

cbr·omatograpb.ed at tb.e. aame time in the. same eolven.t. A 

eomparison be:t.ween substanc&a w:i tb.in tbaae encl a sures is more 

valid tban a CQmparison b&tween enclosures. 

Solven.t.s. and Methode 

'rabl& XXXIII& 

Table XXXV'It 

'rab le . .x.xx.vii t 

l. Descending atrips with Solvent XXI 

2. Deacending etripe with Solvent XXII 

3. Ascend.ing eheet w:ith Solvent XX. 

4. Ascending sb.eet w.i th Solve nt XX 

5. De:sc·e.ndiag a trips with Solvant XIX 

6. Descending a trips with Solvant XIX 

1. Descending a trips with Solvent. XXI 

2. Descending etripa with Solvent XXII 

3. Deecen.ding strips witb. Sol.vent XXI 

Numbers 4 to 9 inclusiTe were cbromatograpbed 

by tb.e aseending method on sheeta using 

Solven.t. xx. 
All parts o! this table. used the aame solvent 

and metbod - descending strips with. Solvent 

XII. 



TABLE XXXIII 

Resulta of Preliminary Chromatographie Experimenta with Solvant 
Extraction on the Dibasic Acid Fraction 

Fractions Rf x lOO 
Chromatographed 

O:xalic Malonie Succinic Glu tarie Adipic Pimelic Su berio Aze laie Sebacic 

Standard acids 54 61.3 67.6 74.6 
Standard acids 34·9 41.8 50.3 57 
Standard acids 49 64.8 75.8 

Benzene soluble 62.2 69 75.6 
Benzene insoluble 63.5 71 
Water soluble, 
ether soluble 61.7 68.3 

Standard acids 51.3 58.2 64.5 71.5 
[1] 

Standard acids 75.8 80 86.7 92.5 
Standard acids 69.3 74.3 79.0 82.0 

Benzene soluble 84.2 
Benzene insoluble 78.9 85.4 

[21 

Standard acids 42.0 47·3 53-3 58.6 
Benzene soluble 53·3 60 
Water soluble, 
ether soluble 45.2 

[3) 

Standard acids 44.5 51.6 58.1 64.6 
Water insoluble 54.6 61.3 

[41*" .... 
~ 
....:J 

Continued 



Fractions 
Chromatographed 

Standard acids 
Benzene soluble 
Benzene insoluble 
Water soluble, 
ether soluble 

Water soluble, 
ether insoluble 

Water insoluble 
Dibasic acids 

[5} 

Adipic acid 
Azelaic acid 
Succinic acid 
Malonie acid 
[6) 

TABLE XXXIII (Continued) 

Results of Preliminary Chromatographie Experimenta with Solvant 
Extraction on the Dibasic Acid Fraction 

Rr x 100 

Oxalic Malonie Succinic Glutaric Adipic Pimelic Suberic Azelaic Sebacic 

52.2 63.4 83.7 
73.6 84 90.2 97.1 

48.5 74.2 98.5 

76.1 83.1 96.4 

76.2 91·3 
83 96.7 

54-4 76.8 89.5 96.6 

65.5 
82.5 

60.7 
50.8 

1-' 

~ 



No. 

l. 

2. 

3. 

4. 

5. 

No. 

l. 

a. 
3. 

4. 

5. 

6. 

7. 

s. 

9. 

10 .. 
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T"ABLE XXXIV 

Cbaracteristi~s ot ~en Rxtracts o~ Multiple 
Fractional Solvent Extraction 

AgueGus EXtracts Ether E.xtracts 

M.Pt. hount. li o. :U:.P't.. Amount. 

large 6. 70-85° large 

70-74° meditml 7.. 80-85° large 

ca. 65° meditœ s. 71-'77° large. 

C'a. 65° small 9. 64-67° small 

'70-90° medium 10. large 

TABLE. XXXV 

Cbaracteristiaa 0~ ~wenty Extraets ar ~tiple 
Fractional S.olvent S.eparatio.n 

Ether Extracts Ag;ueous EX-tracta 

l!. .. Pt .. . Amount No .. K.Pt. • Amount, 

102-104° medium 11. 65-84° mediam 

66-750 large 12. madium 
'l20 

94-95.0 meciium 13. large 

87-90° large 14. ---
83° large 15. medium 

medium 16. medium 

95° small 17. medium 

12.4° small 18. large-

minute 19. large 

minute 20. minute 



Fractions 
Chromatographed 

Standard acids 
Standard acids 
Standard acids 

Fraction No. 5 
Fraction No. 7 
Fraction No. 8 
Fraction No. 9 

[1] 

Standard acids 
Standard aoids 

Fraction No. 8 
Fraction No. 9 

[2} 

Standard acids 
Standard acids 

Fraction No. 5 
Fraction No. 7 
Fraction No. 8 
Fraction No. 9 

[31 

Standard acids 
Fraction No. 3 
Fraction No. 8 

[41 

TABLE XXXVI 

Resulta of the Chroma.tograpb.y of the Products from Ten Counter Current Extraction 
of the Water-soluble Portion of the Dibasic Acids 

Rf x lOO 

Oxalic Malonie Succinic Glu tarie Adipic Pi.melic Su berio Aze laie 

54 61.3 67.6 
34·9 41.8 50.3 57 

47 64.8 
6.1 69.8 
o2 
63.1 70.2 
65.2 

40 49 61 
20.6 55.3 

52.4 71.6 
49·1 

34·3 39.4 46.5 
29.8 37.1 44 
32.2 
30.1 
28.8 38.2 
30·9 

44.5 51.6 58.1 
52.2 

44.8 51.3 

Continued 

Sebacic 

74.6 

75.8 

78.5 
81.6 

56 
53.5 

64.6 
.... 
~ 
0 



TABLE XXXVI ( Continued) 

Fractions Rf x 100 
Chromatographed 

Oxalic Malonie Succinic Glu tarie Adipic 

Standard acida 
Standard acids 26.7 

Fraction No. 8 
[5} 

Standard acids 
Fraction No. 7 

[6) 

Standard acids 
Fraction No. 5 
Fraction No. 9 

[7} 

Standard acids 
Fraction No. 5 
Fraction No. 1 

[ 8] 

Standard ·::acids 
Fraction No. 9 

[9] 

Pime1ic Suberic 

43.6 51.3 
40 

41.3 48.6 

42 47.3 
45.6 

46.8 52.5 
42.8 
45.5 

46.6 55 
51.2 58.5 
52.7 

43.6 51.1 
48.8 

Aze laie 

57·3 

53·3 

59 

62.6 

57.8 

Sebacic 

64.6 
53·3 

58.6 

64.8 

68 

64.6 

.... 
~ .... 



Fractions 
Chromatographed 

Standard acids 
standard acids 

Fraction No. 1 
Fraction No. 2 
Fraction No. 3 
Fraction Mo. 4 

Standard acids 
Fraction No. 5 
Fraction No. 6* 
Fraction No. 7 
Fraction No. 8 

Standard acids 
Fraction No. ll 
Fraction No. 12 
Fraction No. 13 
Fraction No. 15 
Fraction No. 16** 
Fraction No. 17 

standard acids** 
Fraction No. 18 
Fraction No. 19 
Fraction No. 20 

TABLE XXXVII 

Resulta of the Twenty Fraction Counter Current Extraction 
of the Water Soluble Portion of the Dibasic Acids 

Rf x 100 

Oxalic Malonie Succinic Glutaric Adipic Pimelic Suberic Aze1aic Sebacic 

14 24.4 32.9 46.7 
14.9 40.4 52.8 
15.6 30 45.5 56.2 
13.6 29.6 49.3 
12.8 29.5 50 

8.8 15.8 20.2 u.o 
14.9 32.2 36.1 
13.3 (s1.) 29.8 
13.1 (s1.) 31.2 

16.4 41.6 
18.3 31.3 
18.0 30.9 
16.7 
17.2 
14.0** 26.0** 
17.9 

13.6 33.6 
15.6 29.2 
14.8 32.9 

24.1 

* No. 6 should read No. 7, etc. ** This belongs with standards below (indicated by **) 

~ 
~ 

"' 
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NITRIC~ ACID. OXIDATION 

3.1 Oxidation:: twent.y-five ml. of conaentrated nitrie 

ac-id was added to four grams of .NAFD in a 

round-bottomed flask fi tted wi th a reflux condenser. Tb.e 

condenser was fitted with a gas trap to catch gaaes liberated 

during the reaction. The mixture was gently warmed until a 

reaction started - as evidena.ed by production of much brGwn 

gas - then the heat was withdrawn unt.il tb.e first. violent 

phase of the reaction subsided. During this period a violent 

effervescenc-e liberated brown fumes of nitrogen oxides 

whie:h indicated the redua.tion of the nitric ac.id. Wb.en the 

effervescence atopped, another twenty-five ml. o.f ni tric· ac id 

was added, and the heating was. continued. Tb.e last twenty­

five ml. o.f acid dissolved tb.e dark-c-oloured material tb.at 

h&d formed during tb.e initial phase of the oxidation. 

Heating under reflux was continued for two hours. Tb.e produc.t 

was a dark-coloured solution with a blac-k oily layer ~loat­

ing on top. This oil resembled fraction 1 (2.2j wb.icb. as 

isolated from the potassium permanganate oxidation. 

3.2 Steam distillati~nt tb.a ac.id mixture was steam distilled 

and a volatile and non-volatile fraction collected. 

3.3 Residue. from steam distillation Tb.e non-volatile 

acide (and nautral 

matter 1 were extracted wi th etb.er, and tb.e extracted wa.shed 
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wi tb. ten per cent w/v aqueous sodium c-arbonate. A.t tb.ia 

point. a dark ail separat.ed at tb.e interface betw.ean the 

water-ether layera (cf'. a.2j. This waa removed. The carbonate 

e·xtracts w.ere ac-idified wi th aulfuric ac·id and ex:tracted wi th 

ether. Tb.e ether extracts, on evaporation, yielded a dark-red 

v iacous oil. This should contain the di basic ac-ids. 

Distilla te The aqueous distillate was a c-lear solu­

tion witl:l a very sb.arp, pungent odour. not 

unlike tb.at of formic- ar acetic- ac-ids. T'ba Dualaux constants 

were determined on tb.e first lOO ml. of distillate and •ere 

found to bet 12.4, 9.9. and 9.7. Tb.e material used in the 

Duc-laux. determination was added to tbe: main body ot distil­

late and the whole neutralized witb. potassium hydroxide and 

concentrated to small volume on t.b.e st.eam bath.. Tb.e c-o.ncentr­

ate was acidifîed with sulfuric acid and extracted with etb.er. 

The e.tb.e.r extracts., cm evaporation ta dryness, yielded 158 

mg. of a brown, waxy solid. Tb.is constituted appro.ximately 

4.5 per cent of tb.e total NAFD oxidiz.ed. It sb.ou.ld cont.1n 

the monobasic ac-ids. 

3.5 Fractional distillation A portio.n of tb.e monobasic 

mixture (3.4 j was frac-tio.n­

ally distilled by the Emich tube technique. The f'ractions 

collected are sb.o.wn in Table XXXVII:r. The amounts and boil­

ing points ane alea ~oted. 
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3.6 Neutralization equivalent' a weigbed sample or mono-

basic aeids wb.en titrated 

with sodium hydroxide gave a neutralization equivalent of 

135. It is tb.ougl:lt. tb.at this figure is somewbat b.igl:l b&aause 

of tb.e difficulty enaountered in tb.e weighing of tb.e sample. 

3.7 Cbromatograpb.y: tb.e monobasic acid fraction as a 

whole and the fractions from tb.e 

frac·tional distillation were cbromatographed. Tb.a resulta ~e 

re,ported in Tables XXXIX and XL. 

3.8 attempts to m.ake d.erivatives from tb.e 

cuts obtained from the fractional 

distillation railed. The derivatives were invariably lost 

Derivativest 

during the processing. This may be understood when it is 

considered that only one or two milligrams of each fraction 

was available. However the anilide on the forerun of tb.e 

ste.am distillation was made and was found to melt at 114-

1160 c. (anilide of acetic acid, m.p. 114° c.j. 

Disc-ussion T'he nit.ric- acid oxidation procedure was quite 

violent, but this does not neaessarily mean the 

oxidation was more complete tb.an tb.e permanganate oxidation. 

In point of fact, more monobasic acids were recovered from 

the ni tric acid oxidation - four per cent (cf. 0.3 per cent 

from permanganate·). Tb.e dibasic acids, b.O\'V'ever, were dark­

colour-ed, viscous semi-solids as compared to tb.e white wax 

obtained from tb.e permanganate process .. Tb.ese dark-c-oloured 
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ac-ids are probabl.y higb.l.y oxidiz.ed. N.o satiafactory method 

has yet been devised to crystalliz.e this visco.us fraction. 

from solution. 

The monobasic ac-id frac-tian. seems to have been c·ompased 

af ace tic, propanoic·, and some ac ids o-f the C 4 to c-6 range 

("'smelly acide.-). Tb.e odaur from the higher fraction.s of 

the fractional distillation. (fractions 4 to 6) wa.s 

cb.ar.acteristic of these type acide .. 

The presence o:f a low· molec·ular weignt acid bad been 

inf'erred from the value of the Duc-laux constants on the 

fo-rerun of the steam distillation. Cbromatography showed the 

probable presence o:f acetic ac-id~ This was co.nf'irmed by 

makiog the derivative lanilide J .. Ac-e tic a cid c-ould be expect• 

ed to ocaur as a fragment . from the complete oxidation. of 

some of the oil constituants. 

The presence of· but.yric (or isobutyric j seems possible 

from c-bromatograpb.ic resulta, and an acid (or acide) or 
b.igb.er molecular weight tb.an butyric is present-~ 

To summarize-, it. seems tb.at acetic &.cid, butanoic acid, 

and at least one acid of molecular weigb.t greater than 

butanoic are present in the monobasic acid fractio.n from the 

oitric acid oxidation o:f tb.e NAFD. No resolution of tb.e 

dibasic acid portion bas been accomplished. 



TABLE XXXVIII 

Results of tbe ~actional Distillatian o~ the 
Mo.nobasie: Ac-id Frac-tion Obtained by Nitric- Ac::id 
Oxidatio.n of tb.e NAFD from Heated Linse-ed Oil 

Fraction 
oum ber 

L 
2 
3-
4 
5 
6 
7 

Boiling 
point oc 

85-90° 
118-12:1 
119-121 
135.5 
143-153 
15a-15:l.5 
190 

TABLE XXXIX 

Amount Odour 

small sb.arp 
large 
large 
medium butyric 
large 
medium 
minute: caprylic 

Resul.ts o~ the· Cbromatography of the Mono.basic 
A.c-i.d.a Obtained by Ni tric Ac-id Oxida ti on 

of t.he NAFD from Heated Linaeed Oil1 

Fraction 

Monobaa ic- acide 

Foœmic- acid 
Butyria acid 

Formic-, propanoic~ 
butano.ic mixture 

76.6 

54.6 
76 

54 65.2 75.5 

l. Ascending metb.od, solvent xx. 

88.5 
86.3 

147 



TABLE: :xL 

Resulte. of the Cbromatograpby o~ tb.e Fractions 
Obtain&d by Fractional Distillation of tb.e 
Monobasic Acid Fracti~n from Nitria Acid 

Oxidation ~f the NAFD from 

li'racti~n or 
standard 
a cid 

Acetic acid 
Isobut.yric acid 

A~tic, isobutyria 
acid mixture 

Fraction No. 3 
4 
6 

Heated Linseed 0111 

Rr x 100 

25.9 
52.6 

23.7 68.3 

24.3 
23.1 

16.7 

1. Aaaending method with Solvent XII 

76.1 

148 



Introductio.n 

SECTION VII 

A aompariaon of the NAFD Fractions 
~rom Thermally Polymeriaed Linseed~ 
Soyabean, and Sunflow:erseeà. Oils 

149 

VerJ little naw experimental work will be intxoduced in 

tb.i& section, wb.ich fa a c-ompilation and correlation of the 

experimental work deacribed in other sections - princ-ipally 

Sec--tions: I, II, III, IV, and VI~ In the following discussion 

the work of other authors Will be compared to the present 

work, and conclusions draw~ when possible. The experimental 

procedures are mentioned in the discussion as they occur. 

Disc--ussion 

The t'bree NAFD tractions. have one property in common,. 

to wit, they will not form urea inc-lusion compounds. This 

~act means tbat their structure must be different from tbe 

normal, straight-chain, saturat.ed ethyl esters w:hicb. will 

readily form auch molecular compounds. 

Tb.ere are tbree possible structural types whicb. would 

not form urea adducta& branched-cb.ain esters,. cyclic esters, 

and bighly unsaturated esters. I~ the alkyl cbain is 

aufficiently long, terminal branching or cyclization will 

not prevent adduatio12; however, non-terminal groupa will 

inhibit urea inclusion. 

Tbe tendency for fatty acids to form inclusion compounds 

with urea decreasea with increasing unsaturation. Linolei~ 
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and linoleni~ acids form urea addu~ts least readily of the 

normal vegetable oil acide. In fraational segregation of the 

vegetable oi1 aaids (Swern and Parker, 1952. &, 1952 b, 1953), 

1ino1eia aomes out witn the 1ast segregate, and linolenic acid 

usually remains in tne liquid filtrate unless low temperatures 

are employed (6° c:. j. In c·omplexing the etnyl esters of tne 

heated oils,. room temperature {23.0 to 27° i was tb.e lowest 

proc-e,ssing temperature reaaned. Hence some adductible esters 

migb.t have remained in the NAFD. 

Tbe effeat of ais-trans isomers and conJugation on urea 

inclusian bas not been extensively studied because most o~ 

the compounds have not been isolated yet in pure form. How­

ever, in a preliminary study ( Se:b.lenk and Holman, 1950) 

c-onjugated isomers were found to form urea adducts more 

readily than the normal acid, and e1aidie acid (transi yield­

ed slightly more adduct than the normal aeid, oleic (ais). 

Tb.erefore, thermal polymerization w.ould tend to f'avour tile 

production of more adducting esters in so far as it causes 

c·onj ugation and elaidiniz.ation. 

Bran~ed-chain acids do not form adducts and, if present 

in the distillable portièn,. would appear in the NAFD after 

urea adduction. Tb.e terminally-branched acids only form 

adducts witb. difficulty, and would most likely also augment 

the NAFD. 

C"yclie: fatty acids of c-b.aulmoogra oi1 do not form urea 

adducts. This was demonstrated by Wells (l952).>wb.o made tb.e 
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ethyl esters and subjected them to urea segregation. Ninety 

per cent cou1d not be made to form adducts. 

TABLE XLI 

Typica1 Analysis of' CbauLmoogra 0111 

Constituent 

Palmitic acid 
Oleic: aoid 
Lower cyolio homologues 
Hydnocarpi~ acid 
Chaulmoogrio aoid 
Gorlic- acid 

Fer cent 

4.0 
14.8 
0.4 

35.3 
22.7 
22..8 

l. This table was taken from Hilditoh (l947j. 

Table XLI showa that about eighty per cent o~ the oil is 

composed of cl6 to crl8 f'atty acide possessing a terminal 

~yclopentenyl ring. In general, i t is probable, that cyclo­

haxyl, cyclohexenyl, and cyclopentyl rings will also prevent 

adduct formation. Nunn (1952) bas shawn that cyclop~opyl rings 

:form adducts with dif:fiolll.ty. Terminal pb.enyl rings only form 

inclusion compounds w~th difficulty, and only if the chain is 

of suf~ioient length. 

From the preceding disc·usaion, it is evident. tb.at the 

possible number of compounds that could compose the NAFD 

:f"raction is quite large. Eliminated are the atraight-chain, 

saturated and monounsaturated esters. In the doubttul clasa 

fall the terminal-branahad or terminal cyclic.- esters. Wi tb. 

auch compounds it is unoertain whether they would adduct under 
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tb.e experimental conditions. Most probably tb.ey w:ould form 

part of tb.e NAFD:. 

Nutritionally, the ails are lins&ed, soyabean, and 

aunflowerseed in decreasing arder of injuriousness. Tbe same 

sequenae b.olds for aome ()f the ob.emiaal properties. Tb.e 

iodine values, refractive indices, and the polymerization 

time required to form an NAFD, all oomply witb. tbis observation. 

Tb.e data are recorded in Table XLII. 

Figure 19 shows a plot of tbe per cent polymers vs. 

iodine value for linseed, soyabean, and sunflowerseed metb.yl 

esters (from whlch tb.e NAFD e:an be obtained). The slopes 

( 6. I.V .. / ô% polymer i of all three are similar, except tb.at 

sunflowerseed oil laoks the initial steep deorease wb.icb. botb. 

other ails exbibit. 

Tb.e esters differ most markedly in respect to tb.e resulta 

of spectral examination. Figures 20, 21, and 22 show the ab­

sorption spectra of sunf'lowerseed, soyabean, and linseed 

NAFD before alkali-isomerization, af'ter a twenty-f'ive minute 

isomeriz.ation,. and after a six hour isomeriz.atioll. Figure 23 

sb.ows tb.e spectra of Fi.gures 20 to 22 on tb.e same paper for 

&asier comparison. 

Linaeed NAFD is the most unttSual of the tbree ails. I~ 

has a very low absorption at all wavelengtb.s wb.en compared tc 

the otb.er two ails. Tb.e latter show much absorption at 233 mu. 

and this inarease.s greatly after a six hour isomerization. 

Tb.e suntlowers.eed o,il NAFD bas tha greatest. absorption at botb. 
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times. 

Tbe remarkable inorease in absorption with soyabean and 

sunflowerseed oils ~an be explained on the basis of ~is-trans 

isomerization. Pas.~b.ke, Jackson,. and Wheeler- ( l952i nave 

shown that methyl linoleate on thermal polymerization reaot­

ed as followss-

·---cronj ugated isomers 

(9.ll;lO,l2;ll,l3) 
Methyl linoleate ---1 

(9, 12~ ~is-cia 1 --Non-conj ugated isomera 

(main.ly ois-trans. small 
amount of trans-trans) 

Of ~ourse, a portion must have also int.eracted to form 

d.imeric- and ot.b.er polymerie. material .. Tb.e: ois-trans. non­

c-onjugated isomer comprised a large portion ~f the monomeri~ 

frac-tion. This compound requires a fiTe to six hour isomer­

ization to reach maximum absorption (i.e. completely con­

jugated), while the normal cie-ois ester required but twenty 

to thirty minutes. Therefore a twenty-five isomerization 

time (Offic-ial A .. o.a.s.i gives a ralse result wb.en &pplied 

to b.eated oils. 'J:he siX hour period is more nearly correct. 

In 1"able XLIII the spectral analysis are repor-ted from data 

obt.ained by both twent.y-f'ive minute and aix hour isomerisation 

times. It will be seen t.bat a seriously false impression of 

c-omposition would be ent.ertained if' only the t.wenty-f'i ve 

minute time had been used. This table shows tb.at botb. 



aunflowerseed and soyabean NAFD oontain twenty-five per cent 

more "'linoleate"' than the official analysis proo-.edure would 

have shown. Linseed NAFD would only be tbree per cent in errœ. 

Weighed samples of sunflowerseed NAFD were alkali­

isomerized for varying lengtb.s of time. The abso·rption at 233 

mu., the maximum absorption peak, were noted. From these 

resulta the Kt 233 was calculated, and then plotted against 

time. The graph is shawn in Figure 24 .. This curve is almost 

identical with that obtained by Jackson, Paschke, Tolberg, et 

al (1952') wb.en they isomeriz&d cie-trans, non-conjugated 

linoleate. This further substantiates the claim that mu~h of 

tbe NAFD fractions of soyabean and sunflowerseed ails are 

composed of cis-trans isomers. 

Na resulta are available on the transformation of 

linolenate (ois,cis,a-is-9,12,15-octadecatrienoate) Gn thermal 

polymerization, but it is probable that a similar o-is-trans 

ebange would coeur and that the non-conj ugated, cie-trans 

isomers formed would require long isomerization times (i.e. 

six hoursi. It is strongly suspeoted, therefore, tbat a eon­

siderable portion of the NAFD fractions of soyabean and 

sunflowerseed oil is composed of cis-trans compounds. Lin.seed 

NAFD contains a much lesser proportion of this type of 

ester. Of course, there must be other modifications of 

structure in these esters to prevent adduction, fGr all 

positional isomers oomplex equally well with urea. The 

point is that somewhere in the alkyl chain of these non-
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adducting estera, a ~is-trans ~onfiguration must exist. 

With sunflowerseed and aoyabean NAFD it could be tbat the 

majority o~ the unsaturation is contained in these ~is-trans 

isomers. Highly unsaturated compounds do not form urea in­

~lusion compounds. The othar esters ~omprising the NAFD 

(~a. fifty per cent) must possess some structural modification 

tbat prevents adduction. This reasoning cannat apply to the 

NAFD of linseed oil be.cause only a small percentage is 

composed of ois-trans isomers (six per centj and the iodine 

value is qui te high ( 178). The six. per cent could not pos sibly 

contain all the unsaturation, or even a major portion of it, 

and still retain its stability towards peroxidation. The 

linseed NAFD is comparatively stable towards autoxidation 

(Wells, 1952). Renee all the linseed esters must contain 

appreciable unsaturation. The possible structures of tb.e 

fractions bav& been tabulated in TabLe XLIV. 

T'able XLIII shows tbat ninety per cent of the linseed 

NAFD, fifty per cent of the soyabean NAFD, and fifty per cent 

af the sunflowerseed NAFD ia composed of non-conjugable 

esters. These portions are most probably composed of non­

terminal cyclic or branched-cb.ain fatty esters .. In tb.e case 

of linseed oil the ring or branch probably is situated between 

the double bonds. This would account for the difficulty in 

conjugating the esters by alkali-isomerization .. 

Figure 25 shows the absorption spectrum of the ethyl 

esters of chaulmoogra oil after a twenty-five minute isomer­

ization. This diagram is inserted for comparative purposes. 
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TABLE XLII 

A aœmparisGn of the crhemi~al Cbaracteristics 
of the NAFD Fractions from Heated Linseed·, 

Soyabean, and Sunflowerseed Oils 

C'b.aracteristic Linseed Soyabean Sunflowerseed 

I odine walue 178 143 130 

Moleoular weignt 300 294 296 

Saponification Eq. 330 

Ref'raot.ive index 
at 2·50 1.46986 1.47001 1.45671 

Solid matter on 
standing at 6o c. none none none 
( saturates) 

Required time o.f 
polymerization for 12 20 26 
ten per cent yield 
of NAFD· (hours) 

TABLE XLIV 

Possible Structure of Camp~unds in the 
NAFD Fractions of Polymeriz.ed Oils 

Linseed NAFD 

Cyclio and/ or 
branched-cba.in 

Highly unsaturated 

Low per o-ent of 
ois-trans isomers 

90 per cent 
non-conj ugable 

Soyabean NAFD 

Cyclic and/or 
branched-chain 

Le as 

25 per eent of 
ois-trans isomers 

50 per cent 
non-e·onj ugable 

Sunfl o,werseed N.AFD 

Cye:lio and/or 
branched-chain 

Lesa 

25 per cent plus 
cis-trans isomers 

50 per cent 
non-conjugable 
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Per cent Canstituenta in the NAFD Fractions 
As Calculat&d from Spectrosaopie Data 

167 

Constituent Linseed S.oyabean Sunflowers&ed 

A. 25 minute isomeriz.ation 

Conjugated dien& 2.7 2..54 3.25 

C:onjugated tri en& ---
"linoleic-"' a~id 2.5 28.8 30.6 

~'linoleni~a a~id 3.1 2.8 

Satura tes 2. little little 

B. SiX hour isomeriz;ation 

Conjugated die ne 2.7 2.54 3.25 

Conjugated trie ne 

.. linoleie:" ac-id 6.0 53.6 59.0 

•11nolenia:• ac-icl 2.5 

Summary 

It seems. tb.at, in the case o.f the tbree vegetable cils 

studied, a high degree of unaaturation ia associated wi th a 

high degree of injuriousne-ss. Linseed is the most barmfu~ and 

sunflowerseed the least harmful. Tbe amount of non-eonjugable 

material in the NAFD fraction inareases with the •toxic-ity• 

of the fraction. Tb.is material, which varies in degree of 
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unsaturation and bigheat in linaeed and loweat in sunflower• 

seed, ia probably compoaed of non-terminal, bran~hed-chain or 

/and cyclie: groups attached to tb.e main fatty acyl chain. All 

tb.ree NAFD ~ractions display a degr-ee of e:is-trans isomer­

ization.. How.e"ler, the most injurions one·, linseed, b.as tb.e 

least. amount of sucb. isomerie: material, and b.enc-e it is 

reasornable to assume that auch compounds have little effect 

upon tb.e nu tri tional value o.f tb.e oils.. 
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Figure 20. The. absorption spectr-a of tb.e NAFD· fraction 
fram thermally polymerized sunflowerseed oil 
showing the absorption before iso~eriaati~n. 
after a 25 minute isomeri~ation~ and after a 
six hoùr isomerization. 
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SJWTION VIII 

Some Observations on Two Heat-treated 
Oils of Industry 

Introduction 

166 

lt bas been known for some time (B.l •. o.s., 1947) tt.Lat 

~~er~ial use \'.Las been made of' thermal poly.merization for 

atabil13.itlg polyunsaturated vegetable oils against :f'lavour 

reversion. W.b.en tb.is laboratory was :f'ortunate enougt.L to 

r&e&ive two samples of industrial oils - a heated h&rring oil 

and a heated soyabean oil - it was clecided to examine tt.Lem 

fOir the possible presence of' NAFD traotio.n.s. In the light of 

the nutritionally deleterious e:f'feots oc:f' t.Leated soyabean and 

linseed oil NAFD fractions, two oils tt.Lat nave been studied 

in this laboratory, it would be o.f iaterest. to see if these 

e:ommercial oils cont.ained. any material (NAFDi whieh migb.t 

possibly be harmful... At thi.s time, tb.e separated fractions 

have not yet been: examined nutritionally. 

Bott.L b.erring and soyabean oils cont.ain appreciable un­

saturation, soyabean oil being. tb.e most unsaturated (total j 

although herring oil contaiu a portion o.! more highly un­

saturated :f'atty acids (e.g. ~lupanodonic acid,. a pentaenoio 

acid). ~his small amount of' higb.ly unsaturated matter in the 

b.erring oil would. on tb.e basis of previous resulta, be ideal 

for the production of' a NAFD. 

'rb.e e:tb.yl esters w:ere made from oi1s by transesteri!ica­

tion and t.he esters were segregated wi th urea .• The non-
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addue:tin.g fraction was tb.en distil~edi in vaouo to give tb.e 

NAFD. 

Tb.is proO'edure varied sligb.tly :t'rom that usually used in 

this laboratory in that the ethyl es~ers were segregated 

be-fore distillation rather tb.a.n af'terward.s. '.l'b.e amall amo.unt 

of' material available f'avoured the adoption of this 

modification. 

Procedure and Resulta 

A sample o.f 212: gm. of heated herring oil was warmed on 

the steam bath. t.o 50° cr .. and the c·aloulated amount. of sodium 

in warm (50°) ethanol was added witb. stirring. The solution 

immediat.ely turned an intense ruby red oolour from the pre• 

vious ligh.t yello•. 'rb& dark red glyeer·ol layer was allewed 

to settle and tb.en removed in a separatory tunnel. The esters 

were washed free of' alkali and dried. 

Herring oil esters tended to solidi:t'y wb.en obilled. Tb.e 

whole oil exll.ibited tb.e aame tendency and, theref'ore, bad to 

be warmed before it could be bandled for weighing. Tbis is a 

c-b&raoteristie property of fish oils be_c:ause of' t.heir larga 

eon-t.en~ of totally saturated aoids. 

The etb.yl esters were segregat.ed with urea in the uaual 

manner and gave a non-adduct forming (NAFB j :traction and a 

adduct forming fractioa (AFE). The NAFE was distilled in 

vaeuo .. Tb.e monomeric distillate oolleoted was the .NAFD·. 

Soyabean oil was treated in the same manner. 

The pereentages of eaoh. fraction, based on the ethyl 
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&st.ers as lOO, bas been report&d in Tables XLVI and XLVII. 

'rba C'tlemia-al c:-b.aract.eriatica were determined when :f"eaaible 

(i.e. enough materiali and haYe been listed in the same tables. 

A portion of the w.hole heated oil and of the NAFD from 

herring oil waa alkali-isomerized (Offie-ial Metb.o·d, A.o.c.s. j 
for· t.wenty-five minut.e.s and for aix. hours. The apectrwa of 

the whole oil inoreased alightly (not ahown) indicating that 

conjugation was not at a maximum af'ter twenty-f'ive minutes ot 

iaomerization. 'l'he NAFD., however, bad a lower absorption at 

six hours than at twenty-five minutes (Figure 26j. lierb and 

Riemenschneider (195~) have pointed out tbat polyunsaturated 

fatty aeids should be alkali-isomeriz.ed for fifteen minutes 

( ten minutes lesa than usual) witb. twent.y-one per cent 

potassium hydroxide in glycol (cf. six per cent in Offic·ial 

Method) for beat resulta. Hammond and Lundberg ll953) decreas­

ad this time to five minutes. Tb.ese authora shcnred tb.at, 

while dienoie and trienoic aeids will show some increaae in 

absorption witn a longer heating period• the polyunsaturated 

acids undergo destruction more rapidly than they conjugate 

after four or fiYe minutes and the total absorptioa will 

deerease. This is applicable to berring NAFD wbich oontains 

the majority of the unsaturates. Figure 26, therefore, doea 

no:t. show tb.e maximum absorption of the NAFD• frae:tion. The 

graph is suitable., nevertheless, for eomparing the apectra to 

thase or! otb.er vegeta ble oil NAFD. fractions. 
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Discussion 

Table XLVrr shDwed tbat soyabean oil contaiaed oaly five 

per ~eat NAFE. On distillation tbia yielded negligible 

distillats (NAFD), bene~ the amount of NAFD was b&low one per 

~ent. Unless the affect of NAFD is ac~ummulative, whi~h ia 

doubtful (although the problem has never been examined), tbe 

oil is b.armless. 

Tb& b..eated b.erring oil, b.owev.er, contained approximately 

twelve per os-nt NAFn. 'rhe iod.ine value was 220, tb.e highest. 

yet obtained with a NAFD fraction. In Table XLV it is seen 

tbat the majority of tb.e unsaturated fatty acids contain 

carbon cbains of t.wenty or twenty-two a toms, this would mean 

that the average number of double bonds per molecule would be 

about two (cf .. linseed NAFD', two bonds per molecule}. !he 

fact. tb.at tb.e fraction is higb.ly unaaturated and do&s not 

form urea adducts tends to support tb.e previous contention 

(Section VII}, t.o wit, tb.at polyunsaturat.ed fatty ac ids 

probably form a large part o~ all NAFD fractions. Wbat otb.er 

structural modifications are present in the herring NAFD are 

unknown, altb.ough with tetraenoic and pentaenoio fatty a~ids, 

a great variety of produots oould be formed. 

Because of tb.e large percentage (12 per centj of NAFD in 

b.eated b.erring oil, it is thougb.t by the autb.or t'bat this oil 

anould be given a tborougb. nutrttional examdnation before 

being allo.wed on commerc-ial markets in any form. 
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TABLE XLV 

Typiaal Analysis of Herring 011
1 

saturated Unsaturated 
Fatty Ac-ids Fatty Acic:ls 

No. earbons Per cent. No. carbo.ns Per cent 

~4 8 al~ --~~ ... 
cu; 4.6 

~ 15.7 vl6 
al a 22.2 

crls 0.2 cr2o 22. 

c:22. 27 .3. 

cr2·4 
___ ..... 

1 .. Hilditcb. (1947} 

TABLE XLVII 

Cbemic-al Characteristie:a of Soma F'ractio.na 
E'rom Heated Soyabean Oil 

Fraction 

Whole heat.ed 
oil 

Ethy'l estera 
(AD} 
Adduet forming of 
esters (AR i 

Non-adduc~ forming 
of estera (NA.FB) 

Per c-ent 

lOO 

lOO 

95 

5 

Iodine value 
250 

nn 

124 .. 2 1 .. 47214 
121 .. 0 

12'4.3 1 .. 5606 

--- 1 .. 45410 



'l'ABLB XLVI 

Cbemical Cbaraot.erist.ia·s o:t Soae. lf:rao-tio,as 
F'r-om Reated Herring 011 

011 
Fraation 

Heated Gil 

Ethyl as ter a 

Ad du c-t f orming 
af estera (Ani 

Non-adduct forming 
of e-sters ( NAFE j 

Non-adduct. forming 
of distillate 
(NAFDj 

Residue 

Per cent 

lOO 

lOO 

71 

12' 

17.4 

lodi ne: 
Ya1ue 

105.5 1.47431 

98.5 1.45732 

62 1.44a47 

191 -----... --
220 -~----

---.... ~ ... 

l'!l 
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SECTION IX 

Preliminary S.tudies of Heated 
Ethyl Esters of Linseed Oil 

173 

The monomeric nortion of linseed oil tb.at b.as bee·n noly­

meriz.ed f'or twelve hours yields a non-adduct forming fraction 

(NAFD i. S.tudiea on the structure of tbis fraction bave been 

reported in Section VI. Only a ~eliminary investigation of 

the possible mecb.anism of formation bas so far been reported 

(Wells, 1952:). As a preliminary study on mechanism of NAFD 

f'ormation, the ethyl esters of linsee.d oil were polymerized 

in exactly the same manner as the whole oil. It was of interest 

to find if the p~lymerized esters would yield a NAFD. If so, 

then it can be inferred tb.at tb.e t .riglyeeride structure is 

not necesaarily a prerequisite for ~AFD formation. It b.as 

previously been sb.own (Wells, 1952; Section I, Section IIIÏ 

that fatty ac id composition of the oi.ls is important to the 

quantity and quality af the NAFD produced on thermal poly­

merizatiort. The importance of tb.e triglyceride structure can 

be gauged by the etb.yl ester polymerization. 

Proc-edure and Re sul t .s 

A small batah of alk&li-refined linseed oil was trans-

esterified wi tb. ethanol to form th.e ethyl esters. Tb.ese mixed 

esters were polymeriz.ed a.t 2:75° c. for twelve hours under a 

constant stream of carbon dioxide. 'l'be b.eated esters were 
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then distilled .!!! vacuo to yield a monomeric: distillate. 'l.'b.e 

distillate was segregated with urea, and a urea non-adduating 

and a urea adducting fraction were collected. 

Table XLVIII shows tb.e yields of tb.e fractions as per 

cent of tb.e heated etb.yl esters. 

:.l'he c-hemic-al a-haracteristics of the oils are presented 

in Table XLIX. 

In Figure 21 the absorption apectra of the alkali-. 
isomerized·and unisomerized NAFD of the b.eated esters has 

been contrasted to tb.e NAFD isolated from heated linseed ail. 

Figure 28 shows the absorption c-urves of the var~ous ester 

fractions from the polymerized ethyl esters. 

Discussion 

The resulta indicata that the triglyceride structure is 

not essential for the formation o:f a NAFD .. 

In recent years mue-b. study b.as been given to the poly­

merization of simple (monohydroxy alcoholsi esters of fa~ty 

ac-ids because experimenta with the whole oils yield a very 

c-omplex mixture of products, and authorities preferred to 

analyze the relatively simple products of ester polymerization 

before tackling the more complex. t.riglyceride structure. 

Polymerization involves two main stepa: (l) thermal 

c-onjugation to aonjugated diene ar triene ac-ids - a slow 

reaction, and (2Ï addition o.f dienophile to the conjugated 

diene to form a polymerie compound - a fast reaction. Most 

evidence points to this latter reaction as occurring via a 
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Diels-Alder type addition, although other mechanisma undoubt­

edly contribute to ~olymer formation (Barker~ Crawford. and 

Hilditch., 1951 a J. In this present study we are mainly 

concerned with the monomeric portion of the heated esters 

and reaction (2) is not too important in monomer formation 

and transformation, unless, of course~ dimers are pyrolyzed 

to simple monomeric products. An outline of some possible 

reactions of simple unsaturated fatty acid esters is showl'l 

below:-

Nl c.2 

a and/or N ~ isG-acids with same number of 
double bonds per molecule 

C and/or N !ill' iao-&cids wi th fewer double 
bonds per mo.lecule 

a and/or N cyclization 

a 8l'ld/or li ~ pyrolysis to simpler products. 
with cr, perhaps branched 

cr al'ld/or N =llo addition of pyrolysis products 
to molecule to form branches 

c + N )a D3 

N + N D 

c + a ) D 

D, N, a + D ) Polymers 

D '> Decarboxylation 

D )o Pyrolysis 

1. N representa the normal unsaturated fatty acid group 
2. C represente the conjugated fatty acid group 
3. D represente a dimeric molecule 
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On polymerization o:r normal methyl linoleate at 290° to 

300° for sixto ninety-six hours, Paschke and \Yheeler (1949) 

found that approximately twenty per cent of the monomeric 

fraction contained non-conjugable material based on a twenty­

five minute isomerization with alkaline glyco~. Ac. examic.atioc. 

o:r this twenty per cent. portion showed that about forty per 

cec.t could be hydrogenated to stearate, the remaining sixty 

per cent could c.ot be identified. The authors thought that 

it was probably composed of cyclic monomers. 

Ic. subsequec.t work (Paschke, Jackson. and Whee~er, 1952j 

the non-conjugable portion was isomerized for six hours with 

alkaline glycol, and forty per cent waa found to be compoaed 

o:r ois-trans or trans-trans isomers of linoleate. These 

isomers require a six hour isomerization to reach maximum 

absorption, hence would remain undetected in a short twenty­

five minute iaomerization. There was still tee. to fifteen per 

cent of the t _otal monomer fraction composed of unknown esters 

- called the ~x~ fraction by the authors - which were c.on­

conjugable, yet exbibited appreciable iodine values. It ia 

thought by the present author that this material would behave 

most probably as a NAFD. 

The NAFD fraction from polymerized whole ethyl esters 

of linseed ail constituted about fifteen per cent of the 

monomeric material (Table XLVIIIj. T.bis eompares favourably 

wi th tb.e ten per cent of the •x"' component iaolated by Paachke 

et .!1:... from polymerized methyl linoleate. Spectral analyais e! 
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the NAFD: yie-lded data from which. the amount of conjugable 

material in the fraction was calculated. It was f'ound to be 

compoaed of fiv.e per cent tnermally conjugated matter, taree 

per cent coojugable matter, and over ninety per cent of non­

coojugable esters. Ïbe resulta are based on a twenty-five min­

ute iaomerization time. It ia almoat certain that~ in view 

of the previotts resulta of Pasehke, Jackson and Wb.eeler (1952), 

a six hour isomerization would show more conjugable material -

but at least seventy per cent of the NAFD is probably compoaed 

of non-conjugable estera. The structure of this portion 

could be comparable to the •x• fraction of' the methyl 

linoleate. :.Che NAFD. fractions of all the oils studied see:m to 

be characteristically composed of large proportions of non­

conjugable material (Section VII). 

Figure 28 shows the absorption eurves of the various 

ester fractions tram the polymerized ethyl esters of linseed. 

It will be seen that the spectrum of the AFD pos.tion. of the 

m~nomer closely resemb~es that of the unh.eated esters. Tbis 

atrongly suggests that the AFD contains a majority of un­

reacted ethyl esters plus some straight-chain isomerie esters 

of low idone value (i.e. more saturatedj, wbile the NAFD, 

wb.ose absorption spectrwn bears no resemblance to tb.at of the 

unheated esters, contains the thermally transformed esters 

whioh. would be of an entirely different constitution. 

A comparison of the NAFD from the wh.ole heated linseed 

oil and the NAFD from the polymerized ethyl esters is shown 



178 

in F-igure- 27. 'l'he c-omparison is remarkable. It will be se en 

that neitb.er f'raction ab.o.ws a great increase in diane con­

jugation when alkali-isomeriz.ed. The increase in both cases 

c·an be traces directly to a small amount of "'linolenatett 

which further isomeriz.es to increase the diene absorption. 

If the ester NAFD had be-en isomerized for six hours, i t is 

most probable that tb.e diene absorption would have increased 

to a limited extent. However, tb.e linseed NAFD (poly.merized 

oil J, on six hour isomerization, only increased from tb.ree to 

six par cent, a very small amount. This still left ninety per 

~ent of non-conjugable mat~er. It is assumed tb.at the ester 

NAFD would act in a similar mannar. 

Tb.~ small amount Gr diff'icul~ly-conjugable matter can be 

explained on the basis or cia-trans isomerization. Tb.e normal 

cis-cis esters isomerize to cie-trans non-conjugated esters 

on b.eating. The-se cie-trans esters require a fo.ur to five- b.our 

alkali-iaomerization period to reach maximum absorption. It 

is most proabable that auch esters are also. non-adducting 

with urea, hence would form part of the NAFD. It. bas been 

shown that esters of this type form a very large portion of 

the sunfloweraeed and soyabean NAFD fractions. 

Tb.e cb.emical pha.racteristics or the linseed oil NAFD 

and the linseed ester NAFD are set out in Table L. Both 

resulta are quite aimilar, it will be noted. 

It sb.oul.d be mentioned that Bo;elb.o.uwer et !! (1953) in 

etudies on polymerized linseed oil, methyl linoleate, and 
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methyl linolenate found tbat the monomeri~ fractions contain­

ed small amounts of cyclic material. 'l~b.eae compounds were 

determined by a method of ring analysis baaed on the conver­

sions of the esters to hydrocarbons (Vlugt.er, Uaterman, and 

van W"esten, 1935 a, 1935 bi. Tb.ese analytical metb.ods are not 

absolutely infallible because a mathematical treatment of the 

pb.ysical constants is uaed rather than classical organi~ 

analytical techniques. 

Summary 

1. The linear etb.yl esters of linseed oil will produce a 

NAFD on thermal polymeriz.ation. 

2. The percentage of NAFD formed from tb.e ethyl ester poly­

merization and the whole oil (triglyceridei polymerization 

is almost the &ame (ten to twelve per centj. 

3. Botb. NAFD fractions (ester and oil) contain similar 

amounts o.f non-conjugable material of higb. iodine value. 

4. Both NAFD fra~tions contain a small amount of diffieultly­

conjugable esters. Tb.eae are most probably geometrical 

isomers of linoleate and linolenate. 

5. The resulta with the heated ethyl esters of the whole 

linseed oil agree well with previous resulta of other 

autb.ors on simpler esters. 



TABLE XLVIII 

aomposition of the Heat.ed Ethyl Esters 
of' Linseed 0111 

18.0 

Distillable este-rs Polymerie 
residua 

T'otal AFD NAFD 

95 83 12 5 

l. Resulta expressed as a percentage of heated 

TABLE XLIX. 

Cbaracteristias of the Heated Ethyl 
Esters of Linseed Oil 

Fraction 

Whole oil 

Unnea.ted etb.y1 esters 

Heated ethyl esters 

Distillable esters 

Adduct forming estera 
of distillate (AFDÏ 

No.n-adduct forming 
esters of dist111ate 
( NAFD'Î 

1.46124 

1.46790 

1.45837 

1.45508 

1.46975 

Mean 
molecular 
weight 

(cryoscopici 

339 

379 

300 

313 

346 

esters 

Iodine 
value 

184 

195 

141 

139 

116 

154 
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TABLE L 

rrompariso~ of the Obaracteristies of the 
NAFD Fraction of Polymerize.d Linseed 

Ethyl Esters to the NAFD· frœn 
Polymeriz.ed Linseed Oil 

Ch&racteristic-

Non-eonjugable material 

Small amount of difficult1y-
1somerizable materia1 

Tnermally conjugated estera 
(before isomerization) 

Spectrum 

Iodine value 

Molecular weight 
250 

nD 

Per c-ent. of the total 
esters 

Number of double bo.ads per 
molecule. calculated from 
I.V~ and Mol. Wt. 

Conjugate.d dien&. % 

... linoleic• aeid $ 

•tinolenic"' ac·id % 

Linseed 
e.thyl 
esters 

c:a. 80 % 

yes. 

large 

Whol.e 
linseed 
oil 

ca. 80 % 

y es 

large 

Both fractions exhibit similar­
spectra before and after the 
isomeriaation 

1~4 

346 

1.46975 

12 

3.47 

170 

300 

1.46986 

12 

2 

2.7 (2.7jl 

2.5 (s.oj 

3.1 (2.5j 

1. (} indicate:s a six hour isomerization time. 
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GENERAL DISCUSSION 

Tbe purposes of these researebes bave been twofolda 

firstly to investigate the charaeter and composition of tb.e 

non-adduct forming (NAFD) fraction of the distillate from 

heated linseed oil, and, sec-.ondly,. to examine otb.er heated 

vegetable oils for the presence of injurious material 

similar to that found in b.eated linseed. 

Tb.e examination of the linseed .NAli'D has sb.own tbat •­

(a) Brancb.ed-chain acids were present in tb.e NAFD be~ause 

isocaproic acid b.ad been iaolated from oxidatively 

cleaved NAFD. 

(bi Tb.e six hour alkali-isomerization illustrated tb.at the 

fraction contained about three per cent of difficultly­

conjugable material, pr~bably ~is-trans iaomers. Ninety 

per c-e.nt was composed of non-conjugable esters. 

· l c-) T.b.e traction contained the maj ori ty of tne unsaturated 

material as shown by tb.e high iodine value (170-lSOj. 

(d) The percentage o:f saturates waa n&gligible (lesa than 

two per cent.) as e-videnced by the f'ailure to form 

insoluble lead salta and by t.wo different direct 

determinations of unsaturated material. 

(a) me non-b.omogeneity of the fraction b.as been proven by 

lithium salt separation wb.icb. divided tb.e NAFD into 

thirty-tb.ree per cent. insolubles and sixty-aix per cent 

solubles. 
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Cr) Tbe :ra at. that the lins.ead oil etb.yl esters, on polymer­

iz.:ation,. formed a NAFD f'raction. showed that. triglyc.eride 

structure was n.ot esaential for the formation of a NAFD 

in linaeed oil. 

(g) cromparative etudies with soyabean. and sunflowerseed oils 

indi~ated tb.at the presence o.f polyunsaturated fatty 

acide favoure.d formation of a NAFD. Tb.e greater tbe 

conc·en.tration of auch acide, the shorter was tb.e b.eating 

time required to produce a NAFD. Studies wit~ a marine 

oil (b.erring), containing tetraenoic and pentaenoie aoids,. 

showed that tb.e acide are conoentrated in the N.U'D. 

Nutrit.ional etudies have sb.own tb.at the injuriousness of 

a heated vegetable oil parallela the lino.lenia- aoid 

concentration. 

(b.Ï The fraction was oomposed of very soluble fatty acyl 

groups as evide.nced by its refusal to crystalli~e from 

solution at low. temperature. 

These are the tacts. Recent review articles have pointed 

aùt the non-injurious nature or the geometrieal and position­

ë:tl isomers of normal unsaturated fatty acide. Tb.ese acids,. 

wh.ose presence in the NAFD is a:ertain, c-annot account for tb.e 

del&terious affect. of the material. Tberefore, only tbree 

types or tatty ac·ids c-an be consideredl cyclic, branched­

cb.ain, and polyunsaturated. All tbese tb.ree types bave been 

proven toxic to experimental animale. 
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Polyunsaturated fatty acide bave proven taxie to rats 

and calves and they also only form urea adduots with 

diffioulty. The iodine value of the NAFD is quite nigh, in­

dioating dienoic esters (average). But two factors mitigate 

against polyunsaturates as being th.e major toxic factor. 'îhe 

iodine value is not extremely high, altbough a portion of 

the NAFD may be highly unsaturated, this would mean that 

another portion would bave to have little unsaturation. 

Seoondly, if' straight-chain polyunsaturates were present, 

then a muon bigher absorption spectrum would be expected both 

before and af'ter alkali-isomerization (cf. h.erring oil). In 

point of fact, the linseed NAFD spectra are lesa than that 

of either the sunflowerseed or soyabean ail NAFD fractions. 

and very much lesa than that of herring oil. Hence poly­

unsaturation has not been seriously considered as the major 

lethal f'act.or·. 

C"yclio fatty ao:ids are known to b.e harmful, both wb.en 

administered orally and when injected suboutaneously or 

intraperitoneally. Most will not form urea adducts. If cyclie 

ac-ids are present they must, of neoessity, contain some 

unaaturation. The locatiott o,f the double bonds must be suoh 

that they c:annot cpnjugate, for the maj ority of the NAFD ia 

composed of non-conjugable material. tais would mean that 

tb.e double bonds would have to b.e on opposite aides of a 

non-terminal ring. This structure would give a dibasio aoid 

with a ring in the alkyl chain on oxidation. If a bond. were 
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in the ring~ oxidative oleavage would have given a tribasia 

or tetrabasic acid, and none were found among the oxidized 

fragments. 

It is not known with certainty how well a ring would 

prevent conjugation O:ccurring on alkali-isomerization. 

Laughton ( 1954) considera t'hat the presenc·e of a non-terminal 

cyclohexane ring would not prevent conjugation. albeit it 

might be slow. He thinks tb.at, if the bonds were on opposite 

aides of the ring, conjugation would finalize in tb.e ring 

thusly -

/cr-· c,· . 
c: = c: - c /·. cr -=- c. - c a ·- c 

'cr-e ........____;r 
(ii (iii 

Suc·h a structure (ii j would lead to grea ter substitution 

about the pi-bonda and stabilizes the configuration. Sueh a 

structure might exhibit a different absorption t'han t'hat of 

normal conjugated fatty acide. 

A branched-cb.ain acid, isoaaproic, b.as been round among 

tb.e oxidative products of the NAFD traction. It is not likely 

tb.at tb.ia resulta from rupture of a cyclic structure during 

permanganate oxidation as the conditions of oKidation were 

quite mild. Hence it is fairly certain t'hat aome of the fatty 

aoids, perhapa the majority, contain alkyl aide chaine. 

Laughton ( 1954 j b.as stated that alkyl branc.hed uns a tura ted 

compounds will not isomerize as readily a.s normal straight­

cbain compounda. It is thought tbat double bonds on opposite 

aides of an alkyl branch would not conJugate. If tbis ia so, 
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then. the ninety per cent of the estera of the NAFD, which 

will not conjugate, coUld be rationaliz:ed. Laughton., however,. 

was merely applying theoretical knowledge to the problem, no 

experimental evidence esiats, as far as is known, coneernin.g 

alkali-isomeri:&ation reactions witb. branched-chain (or cyclio-) 

fatty ac·ids. '.i:he position of the carboxyl group would also 

influence bond shifts in the alkyl chain. 

It is known th.at branched-cb.ain saturated fatty acide 

melt at a much lower temperature tb.a.n the normal aeids of 

c orresponding carbon content. It is th.erefore almost certain 

that the solubilities of auch. branch.ed-chain acide in most 

solvents will be much greater than tbat of corresponding 

normal acide, and similarly one would expect the lithium and 

lead salta to be relatively soluble in acetone, aleohol, ete. 

(Hilditch., 1954). The cyclic compounds are not nearly so 

soluble (cf. cbaulmoogric acid) henae, the experimental 

evidence suggests branched-chain fatty acids as being tb.e 

ma.j or constituants of the NAFD fraction. 

The presence of deleterious material has been discover­

ed in soyabean oil.. Tb.is was to be expected beaause of the 

appreciable cono·entration of trienoio aaid in the oil. 

Sunf'lo.werseed oil, predominately dienoic in character, produ­

~ed a NAFD atter a long thermal polymerization period. However. 

the. NAFD so-·produced bad only slightly impaired nutri tional 

value. The presence of polyunsaturated fatty acids, tb.eretore, 

must be easential for production of harmtul material in the 
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he~ted oils studied. Herring oil. whioh aontains a ~air 

amount of unsaturated fatty acide, has been saown to contain 

a NAFD fraction. Whether or not this. fraction is toxia has 

not yet been established. 

In view of the foregoing facts it is rather doubtful 

if thermal polymerization is a satisfactory means of reduoing 

flavour reversion unless a more selective poly.merization 

proc·ess can be developed or urea segregation employed to 

separate the nutritious straight-chain monomers (AFD) from 

the toxia non-adduo~ing monomers (NAFDj. Tais latter prooess, 

however, might prove too expansive for widespread commercial 

adoption. 



SUMM.ARY 

1. The toxi~ fraction (NAFDj from the distillable ethyl 

esters of heated linseed oil has been investigated. 

It was found to contain little saturated material, some 

ois-trans isomers (about three per cent), and a main 

portion composed of non-conjugable material. 'l'his latter 

portion has been shown to contain unsaturated branched­

chain fatty acide. 

2. Subcutaneous injections of the NAFD esters from heated 

linseed ail produced no detectable physiologieal effects. 

3. A urea non-adducting fraction (.NAFD) from the distillable 

ethyl esters of heated suntlowerseed oil has been 

isolated. Nutritional tests have shown tbat the heating 

only slightly tmpaired its nutritive value. 

4. A urea non-adducting fraction (NAFD) from the distillable 

ethyl esters of heated soyabean oil bas been isolated. 

Nutritional tests bave shown that this material is 

intermediate between aunflowers.eed and linaeed oil N.AFD 

fractions in nutritive. value. 

5. A comparative study bas been made o~ the NAFD fractions 

from heated sunflowerseed, aoyabean, and linseed o.ils. 

6. Two oammercially polymerized oils, a soyabean oil and a 

b.erring oil, bave been examined for NAFD content. A. NAFD 

fraction was obtained from the heated herring oil. This 

fraction bas not yet been examined nutrition&lly. 
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Solvent. I 

Solve-nt II 

Solvent III 

So.lvent IV 

Solvant V 

APP.ENDIX 

C"bromat.ographic Solvents 

C"ompGsitionr 

Applica tio·n: 

Reference:. 

Composition: 

Application:. 

Composition a 

Ether ••••••••• 13 parts (vol j 
Acetic acid ••• 3 parts 
Wat.er ••••••••• l par~ 
Forms a homogeneous mixture 
which is generally used in 
ascending chromatography. 

Denison and Phares (1952j 

Phenol •••••••• 75% by volume 
Water •••••••• 25% by volume 
Formi<l' ac id • • l % of total 
Forma a homogeneous mixture 
which has been exclusively 
employed in ascendiag chromato­
graphy. In two. dimensional work 
this forma tb.e secon4 sol vent­
to difficult to remove ta be 
used for ~irst dimension. 

Benzy1 a1cohol •••••• 5 ml. 
n-butanol ••••••••••• 5 ml. 
water ••••••••••••••• 1 ml. 
Formic actd ••••••••• 1% total 

A-o-olicationa Homogeneous mixture tb.at is used 
in ascending chromatography. 

Refe•encer Danison and Phares (1952j 

Compo.sition: n--butanol ....... 100 volume:s 
water ••••••••••• 15 volumes 
diethylamine •••• l volume 

Applicat.iorlt Homogeneous solvent tb.at b.as 
been used in ascending and in 
descending chromatogra~by. 

Reference t .Tones, Dowling, & Skraba ll953}. 

Composition: Isobutanol saturated with 1.5 N 
ammollia .. 

Application: The upper organic phase is used 
to run the chromatograms in, the 
aqueous lower layer is used to 
place in cabinet to saturate the 
at.mospb.ere with ammonia. 

Reference: Reid and Lederer (1951). 



Solvant VI 

Solvant VII 

So~vent VIII 

Solvent. IX 

Solvent X 

So.lvent XI 

Solvent XII 

S olven:t XIII 
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Compo;sition: n-butanol •••• saturated with 
water 

Application& The butanol saturated witu water 
is cal.led VIa, the water saturated 
with butanol is called VIb. Two 
p-hase system. 

ReferenC!e:- Inouye and Nada (1951 c). 

c·omposi ti on: n-pentanol is saturated with a 
50 % v/v solution of ammonia­
water. 

Auulicatioat Use organic phase. 
Re-ferenc-e: Inouye and Noda, ibid. 

Composition a 

Applications 
Re·f'erenc-e: 

Composition.: 

Application.t 
Reference: 

Composition: 

Applic-ationt 

Compositions 

Application: 

Ethanol •••••• 1 part by volume 
Water •••••••• t part by volume 
homogeneous solvent. 

Inouye and Noda, ibid. 

Benzene •••••• 1 part. by volume 
Butanol (n) •• 1 part by volume 
Saturate the mixture witb. water 
Use the organic phase. 

Inouye- and Noda (1952). 

Cblororfor.m ••••• 1 part 
Ether ••••••••••• 1 part 
Homogeneous solve-nt 

n-propanol •••••• 9 parts 
~ter ••••••••••• 2 parts 
Homogenous solvant 

Composition:- Isobutanol ...... 80 parts 
Ammonia ••••••••• 15 parts 
Glycol •••••••••• 5 parts 

Application:- Homogeneous solvant used in 
both. ascending and descending 
work, especially with dibasic 
ac-ids. 

Reference: Zahn and Wo.lf (1951) 

Composition: n-propanol ••••• 50 volumes 
Water •••••••••• 12 volumes 
Ammonia •••••••• 12 volumes 

App1icationt Homogeneous so1vent . 
Ref"erenc-e ·' Isherwood and Ranes (1953 J 



Solvant XIV 

Solvant rf 

Solven~ XVI 

Solvant XVII 

Solvant XVIrr 

Solvant XIX 

Solvant XX 

Solvent XXI 

Solvant XXII 

Composition: Ethanol ••••• 25 parts 
Ammonia • • • • • 2 parts 

Application: Homo.geneous solvent 
Reference t Ke·nnedy and Bar ker ( 1951) 

Composition& Iso.butanol ...... 80 volumes 
Ammonia ........... 10 volumes 
Glyc·erine •••••• 10 volumes 

Application: Homogeneous solve nt 

Composition' Isobutanol ••••• 80 volumes. 
Monoethanolamine 10 volumes 
Ammonia •••••••• 10 volumes 

Application b.omogeneous sol vent 

Com:Qositionl Isobutanol ••••• 20 volumes 
Ammonia ......... 4 volumes 
Glycol ........... 10 volumes 

Application: Homogeneous solve nt 

C'omJ2oBition:- 70/30 methanol&water· mixture 
saturated witb. decalin. 

A:QJ2lication: tb.e lower aqueous methanol 
portion is used. 

Com:Qosition: Isobutanol ....... 24 volumes 
Ammonia ........... 6 volumes 
Glycol ........... 3 volumes 

AJ2:Qlication: Homogeneous sol vent. 

Composition: Propanol ••••••• 60 volumes 
Ammonia •••••••• 40 volumes 

Auulication: Homogeneous solvant 
Referenc-e' Isb.erwood and Ranes (1953j 

Com:aosition: Isobut.anol ....... 80 volumes 
Ammo.nia ......... lO volumes 
Glyco,l ••••••••• 10 volumes 

A:QJ2lication: Homogeneous sol vent 

Com:Qosition: Isobutanol ....... 70 volumes 
Ammonia ......... 20 volumes 
Glycol ........... 10 volumes 

A:e:Qlication.: Homogeneous sol vent 
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