
Hydrogenation of Linolenate. I. Fractionation 

Characterization Studies 1 

and 

C. R. SCHOLFIELD, E. P. JONES, JANINA NOWAKOWSKA, E. SELKE, B. SREENIVASAN, and 
H. J. DUTTON,  Northern Regional Research Laboratory, 2 Peoria, Illinois 

Methy l  l ino lena te  h y d r o g e n a t e d  a t  140~ wi th  0.5% N i  
c a t a l y s t  and  1.1 mole of hydrogen  a t  a tmospher i c  pressure  
was s e p a r a t e d  in to  oc tadeeenoate ,  oe tadecadienoa te ,  and  oeta- 
deca t r i enoa te  f r ac t i ons  by  coun te rcu r ren t  d i s t r ibu t ion .  Gas 
c h r o m a t o g r a p h y  on a 200-ft. c ap i l l a ry  Apiezon L column re- 
vealed one component  in  the t r iene  f rac t ion ,  four  in  the dienc 
f rac t ion ,  and  n ine  in the monoene f rac t ion .  These conlponents  
were p a r t i a l l y  f r a c t i o n a t e d  by  low- tempera tu re  c rys ta l l i za t ion ,  
and  the i r  so lubi l i t i es  were cor re la ted  wi th  a lka l i  c on juga t i on  
results ,  w i th  i n f r a r e d  d a t a  for  cis and t rans  conf igura t ion  of 
bonds and  wi th  d ibas ic  acids  i so la ted  f rom the f r ac t i ons  a f t e r  
ox ida t ive  cleavage.  A p p r o x i m a t e l y  45% of t rans  acids  were 
presen t  in both  the monoene and  diene f rac t ions .  Cons iderable  
m i g r a t i o n  of double bonds  f rom the o r ig ina l  9, 12, and  15 
pos i t ions  occurred. Cis,cis dienes which could not  be conju- 
ga ted  by  a lka l i  were formed.  L i t t l e  ,q]terntion of the res idua l  
methy l  ] inolenate  was observed. The resu l t s  demons t r a t e  the 
�9 ~ppl ieabi l i ty  and  u t i l i t y  of new teetmiques of f r n e t i o n a t i o n  and  
ana, lysis  to the s tudy  of the hyd rogena t i on  mechanisnl .  

C 
ONSmERABLE nVIDENCE supports the belief that 
flavor stability of soybean salad oil would be im- 
t)rovcd by removing the 9% of linolenyl groups 

present in the oil. This removal of linolenate might be 
accomplished by hydrogenation if sufficiently small al- 
teration of other f a t ty  acyl groups oecurred so that  
a liquid oil was retained. However upon catalytic 
hydrogenat ion of f a t ty  materials, isomers of the nat- 
ural ly-oceurring fa t ty  acids are formed. 

Much current  research on hydrogenation of vege- 
table oils is on the formation of position and geomet- 
ric isomers by side reactions that  are inherent  in the 
hydrogeliation process. Not only are some double 
bonds saturated, but  others are t ransfer red  from cis 
to t rans  configuration, f rom noneonjugated to conju- 
gated positions, and are moved up and down the 
carbon chain (1).  Because these isomers differ in 
their subsequent react ivi ty with hydrogen, their pres- 
ence colnplieates the interpretat ion of kinetic studies 
(2). Fur thermore  isolinoleate isomers probably con- 
t r ibute to undesirable odors (3) in addition to the 
original linolenate. 

Lemoll found that  the isolinoleates from hydro- 
genated linseed and peril la oil contained t rans  bonds 
(4 ) ;  Rebello and Dauber t  fmmd a mixture  of at 
least three isomers, the 8,14-, 9,15-, and 10,14-isolino- 
leic acids (5). lVfuch of the information on isomers 
formed dur ing hydrogenat ion is necessarily inferen- 
tial because techniques of fractionation have not been 
commensurate in resolving power with the complexity 
of mixtures encountered. 

In recent years new techniques for analysis of 
methyl esters of fa t ty  acids have been discovered and 
older ones have been improved. Among them are a) 
the improved procedures for double bond hleation 
(65; b) infrared analysis of geometric isomers (7) ;  
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]~'m. 1. Gas c h r o m a t o g r a m  of hyd rogena t ed  me thy l  l i no lena te  
f rom a 4-ft. x 1A-in. column packed  wi th  10% Resoflex 296 on 
ehromosorb and  opera ted  a t  150~ 35.5 m]. a rgon  per  rain., 
u s ing  a r a d i u m  D ion iza t ion  detector .  

e) ultraviolet  spectrophotometric measurement of con- 
jugation both before and af te r  alkali isomerization 
(8,9) ;  d) countereurrent  distribution to separate oe- 
tadccanoates, octadeeenoates, octadecadiconatcs, and 
oetadcc, atrienoates (10) ;  and e) gas chromatography,  
where in the separation of geometric isomers a 200-ft. 
capillary column has been used with a sensitiw'~ ioni- 
zation detection system (11). The present paper de- 
scribes the application of these new and improved 
techniques to a s tudy of part ia l ly  hydrogenated 
methyl linolenate. 

Experimental 
Methyl linolenate, prepared by eountercurrent  dis- 

t r ibution between pentane-hexane and acetonitrile 
(10), was hydrogenated in glass manometric equip- 
ment by using a magnetic s t i rrer  at atmospheric 
pressure and 140~ To 15.2 g. of methyl linolenatc 
containing 0.5% nickel (a commercial catalyst con- 
sisting of nickel on kieselguhr in hardened oil) 1.1 
moles of hydrogen per mole of ester were added. 

Analytical  data on the hydrogenated material are 
shown in Table I. The measurement of alkali-isom- 

TABLE I 
Analysis ef Hydrogenated Methyl Linolenate 

Triono = Method of analysis Monovm, - -  

% 
Alkali conjugation ................................. I ...... 
(}as liquid chromatography . . . . . . . . . . . . . . . . . . . . . . . . . .  
Countereurrent distribution ................... I .26.9 

2)ien'~ I 

% I 16.4 
i5:~; ~ 2o.s 
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erized acids employed the 45-rain. heating procedure 
of Brice et al. (9). The gas-liquid chromatographic 
values were obtained f rom the chromatogram shown 
in Figure  1. A 4-ft. by l~-in, glass column packed 
with 10% Resoflex 296 on chromosorb was operated 
at 150~ and 35.5 ml. per rain. argon gas flow, using 
radium D ionization detector. Under these conditions 
methyl oleate, linoleate, and linolenate would be com- 
pletely separated. I towever the chromatogram of 
Figure  1 was so complex that  only the amount  of 
triene could be calculated with confidence. 

The hydrogenated ester was fract ionated by a 600- 
t ransfer  countercurrent  distribution between pentane- 
hexane and acetonitrile, using lO-ml, portions of up- 
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per  layer  and 40-ml. portions of lower layer  (F igure  
2). The solvent system has been found to separate  
esters into fract ions based upon the number  of double 
bonds in the molecule. Areas under  the curve in the 
monoene, diene, and tr iene regions were measured to 
give the values in Table I. 

Frac t ions  f rom the eountercurrent  distr ibution were 
combined, as shown in F igure  2, to give monoene, 

I 
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'~100 / ....... J 

200 . . . . .  

Monoene Fraction Diene Fraction Triene Fraction 
I I I I I 

300 400 500 6C 
T~ansfer Number 

Fro. 2. Countercurrent distribution of hydrogenated methyl 
]inolenate in a 200-tube instrument, using 40 ml. acetonitrile for 
h)wer layer and ]0 ml. of l)entane-hex:lne for upper layer. 

diene, and triene fractions. Analysis of these frac- 
tions is shown in Tal)le l[. Ultraviolet  absorption 
was measured in methanol solutions in a Cary  record- 
ing spectrophotomcter.  The absorptivit ies given are 
the maxima in the di(,nc region. No preformeft  triene 
conjugat ion was found. Esters  containing trans bonds 
were measured by in f ra red  spectroscopy as 4% solu- 
tions in carbon disulfide and were calculated by using 
methyl  elaidate as a s tandard.  

Oxidative cleavage and identification of the result- 
ant  dibasic acids were carrie(] out according to the 
procedure of Jones and Stolp (6), using a periodate- 
pe rmangana te  oxidation mixture  for cleavage and 
using liquid par t i t ion chromatography  for  separation 
and identification. Also methyl  esters of the dibasic 
acids were formed, and these esters were separated by 
gas chromatographic  procedures (12), using a 4-ft. 
column packed with 10% Craig sueeinate polyester 
on ehromosorb. The values obtained f rom both liquid- 
liquid par t i t ion  chromatography  ( L L P C )  and gas 
liquid chromatography  (GLP C )  are given in Figures  
3 and 4. 

LLPC GLPC 

4.6 

19.5 

t2.3 

t6.7 

C6 C7 C s C9 CI O Cii CI2 CI3 CI4 CI S Cib 
M~lGr Perceefages of Dibasic Acid5 from A4onoene Eroctian 

Fro. 3. Molar percentages of dibasic acids obtained by oxi- 
dation of monoene portion of hydrogenated methyl linolenate. 
Dibasic acids analyzed by liquid partition chromatography 
and by gas chromatography. 

53.9 

I1.2 11.4 
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Fro. 4. Molar percentages of dibasic acids obtained by oxi- 
dation of diene portion of hydrogenated methyl linoleimte. 
Dibasic acids .malyzed by liquid partition ehrom'(tography and 
by gas chromatography. 

Gas chromatographic  analysis of the monoene and 
diene fraet ions was carried out at 215~ in a 200-ft. 
capi l lary column coated with Apiezon 1~, followed by 
a fl-ionization detector with s t ront ium 90 (Figures  
5 and 6). The monoene and diene fract ions were 
fu r the r  f rae t ionated  by crystall ization f rom methanol  
solutions (20 ml. /g . )  at --35~ and -60~  respec- 
t ively (Tables I I I  and I V  and Figures  5 and 6). 
The original monoene ehromatogram was run at a 
different t ime and under  sl ightly different c(mditi(ms 
f rom the filtrate and crystal  fractions, lilts t ime scale 
is shown at the top of F igure  5. For  comparison, 
Component  A in the original monoene has been 
aligned with the same component  in the filtrate. 

Results and Discussion 

Par t ia l  hydrogenat ion of methyl  l inolenate pro- 
duces a complex mixture  of monoene and diene iso- 
mers. The gas chromatographic  curve of F igu re  1 
indicates a number  of par t ia l ly  resolved monoene and 
diene components.  In  Table I the amount  of triene 
found by gas chromatography  agrees fa i r ly  well with 
amount  of alkali isomerization and by eountercurrent  
distribution. In  the diene fract ion the value found 
by  alkali isomerization is much less than  the total 
found by  countercurrent  distribution. This differ- 
ence indicates tha t  a large amount  of diene isomers 
formed by  hydrogenat ion is not conjugated by  alkali. 
These dienes m a y  be position isomers formed both 
by hydrogenat ion of the 12,13-double bond and by 
movement  of double bonds to positions separated by 
more than  one methylene group;  also the dienes may 
be geometric isomers containing trans bonds. Under  
these isomerization conditions as shown by Jackson 
et al. (13), cis-9, trans-12 linoleate would give a value 
of about  85% of the normal  value for  cis.ci.r diene 
and trans, trans linoleate, a value of about 35%. 

As shown in Table I I ,  the monoene fract ion con- 
tains 46.1% of trans esters and the amount  of these 
trans esters is reflected in the mel t ing point  of 34~ 
for  the free acid. The gas chromatographic  behavior 
of the monoene fract ion on the capi l lary  column is 
shown in F igu re  5, where at least 9 components are 
present.  Mixed ehromatograms of methyl  oleate and 
elaidate with the monoene fract ion show chromato- 
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T A B L E  ZI 

Ana lys i s  of F r a c t i o n s  f r o m  O o u n t e r c u r r e n t  D i s t r i b u t i o n  of 
H y d r o g e n a t e d  Methyl  :Lino]enate 

. . . . .  T r i e n e  F r a c t i o n  Monoene  Diene  

I o d i n e  va lue  ( W i j s )  ................ 186.9 1174.6 250.3 
P r e f o r m e d  d iene  conju-  [ [ 

ga t ion  an31 ............................ I ...... I 0.56 1.88 
Alkal i  c o n j u g a t i  . . . . . . . . . . . . . . . . . . . . .  I 0 . 4 %  diene~ 19 .7% diene  97 .3% t r i ene  

I I 3 . 1 %  diene  
Trans  es ters  ............................. I 4 6 . 1 %  I 4 4 . 7 %  ...... 
5~.P. ac ids  (~  ...................... I 34 I 14 ...... 

graphic identi ty of the oleate with peak B and the 
elaidate with peak C. Since the 11 positional isomers 
determined by the dibasic acid composition (Figure  
3) may occur in either cis or trans forms, some of 
the gas chromatographic peaks must correspond to 
two or more monoenes. Fur the r  s tudy with known 
monoenes is necessary to identify all peaks. 

The dibasic acids f rom C-7 to C-15 were obtained 
by oxidative cleavage of the monoene fraction with 
pernlanganate-periodate reagent. They were fraction- 
ated by liquid parti t ion chromatography, and their 
molar percentages are given in Table I1 as well as 
the percentages obtained for the same acids after  
conversion to methyl esters with diazomethane and 
separation by gas chromatography on the 4-ft. col- 
umn. The dibasic acid composition shows that, al- 
though there has been considerable movement of 
double bonds, the largest amount of dibasic acids 
still corresponds to the original 9, ]2, and 15 
positions. 

Solvent crystallization of the monoene fraction 
(:l)ntaining 46.1% of trans acids f rom methanol at 
-35~  resulted in the recovery of 67% of the esters 
in a crystal fraction and of 33% in the filtratc. The 
filtrate contained 19% of trans acids all(] the crystal 
fraction, 64.8% (Table I I [ ) .  

A comparison of chromatograms for the filtrate 
and solid fractions (Figure  5) tends to confirm that 
the peak B is cis octadeccnoate, "o lea te , "  and that 
the fraetion E is trans octadeccnoic, "e la ida tc . "  
Because the remaining peaks tend to concentrate il, 
the crystal fraction, it is inferred that  these acids 
also are probably trans acids. Peaks C, D', E' ,  and F '  
in the filtrate curve arc displaced from the corre- 
sponding peaks in the other curves and do not neces- 
sarily represent the same components. 
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FI(~. 5. Gas chromatogram of monoene portion of hydrogen- 
ated methyl linolenate and its liquid and crystal fractions from 
methanol at --35~ from a 200-ft. capillary column coated with 
Apiczon L, operated at 215~ and using a strontium 90 ioni- 
zation detector. Dotted line, monoene; dash line, crystal; solid 
line, filtrate. 

T A B L E  I I I  

Gas  C h r o m a t o g r a p h i c  Ana lys i s  of Methyl  Oc tadecenoa te  
and  of I t s  Crys ta l  and  F i l t r a t e  F r a c t i o n s  

Total  m o n o e n e  
trans 4 6 . 1 %  

F r a c t i o n s  

Crys ta l l ine  ( 6 6 . 8 % )  
trans 64 .8% 

P e a k  % Wt .  J P e a k  % Wt.  

A 
I 

20.5 J A B (oleate)  ]3 (oleate)  "3:5 
C (e la ida te )  33.2 J C (e l a ida te )  
D + E  D + E  22.7 39.8 30.2 

. . . .  ' 

I s t e a r a t e  0.6 

F i l t r a t e  ( 3 3 . 2 % )  
trans 1 9 . 0 %  

P e a k  % Wt .  

A 3.3 
B (oleate)  56.8 
C (e la ida te )  23.9 
D '  8.8 
E '  2.8 
F '  4.4  

From the area under curve B of the monoene frac- 
tion it is estimated that  the oleate amounts to 20.5% 
of the sample. This figure agrees rather  well with 
the amount of C9 dibasic acids formed on oxidative 
cleavage of 19.5%. 

In  the diene fraction the small amount of pre- 
formed diene conjugation is equivalent to only about 
0.5% of esters. Af ter  alkali conjugation a value of 
19.7% diene was obtained. As stated, this low value 
is probably caused both by positional and geometric 
isomerism. The value of 44.7% trans ester is calcu- 
lated with methyl elaidate standard. This calculation 
assumes that only cis, trans dienes are present. The 
value would be lower if trans,trans esters are assumed 
to be present. Since at least 55% cis,cis esters are 
present and only 19.7% esters whieh can be conju- 
gated by alkali, it is clear that  cis,cis positional iso- 
mers which are not conjugated by alkali are formed. 

()f the four nlajor peaks shown for the diene frac- 
tion (Figure  6), peak A appears to be cis,cis linoleate 
by mixed ehronmtogram. On fractional crystalliza- 
tion 28% of the diene was recovered in the crystal 
fraction and 72% in the filtrate. A less dramatic 
fraetionation of the trans esters occurred among the 
dienc esters than among the monocnes (Figure  4 and 
Tallle IV) .  In part  this differem.e is caused by the 
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FIO. 6. Gas chromatogram of diene portion of hydrogenated 

methyl linolenate and its liquid and crystal fractions from 
methanol at --60~ from a 200-ft. capillary column coated 
with Apiezon L, operated at 215~ and using a strontium 90 
ionization detector. Dotted line, diene; dash line, crystal; solid 
line, filtrate. 
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TABLE IV 
Gas Chromatographic Analysis of Octadecadienoate and of 

Its  Crystal and Filtrate Fractions 

Total diene 
trans 44.7% 

Cenjugatable diene 
19.7% 

Fractions 

Crystalline (28%) Filtrate (72%) 
trans 52.1% trans 37.9% 

Conjugatable diene Conjugatable diene 
26.6% 14.6% 

Peak (~o W't. P e a k  % }Vt. 

" ( A 30.8 14.1 
B 42.0 19.9 
C 20.1 40.7 
D 7.1 24.1 
.... I ...... E 1.2 

Peak ] % Wt. 
I 

BA 34.0 
47.7 

C 15.7 
2.6 

complex relat ion of cis,trans isomers of octadecadi- 
enoates to their  solubility characteristics. Thus the 
proport ions of trans esters change only slightly on 
fract ional  crystallization. Isomers corresponding to 
peaks C and D tend to concentrate in the crystal  
fraction, and the trans content in this f rac t ion  also 
increases somewhat. 

Oxidative cleavage of the dienoic acids results in 
two dibasic acids, one tha t  includes the original car- 
boxyl and the other tha t  is formed f rom the carbon 
atoms between the double bonds. The shorter  dibasic 
acids are largely  formed f rom this group between the 
double bonds. Fo r  example, C6 dibasic acid is formed 
f rom 9,15 dienoic acid which results f rom hydrogen-  
ation of the 12 bond. The 50% value for  Co acids 
results f r o m  the large amount  of acids in which the 
9 bond is still in the original  position. 

The tr iene fract ion appears  to undergo compara-  
t ively little change dur ing  hydrogenat ion.  I t s  iodine 
value is 250, and it contains about 2% conjugated 

diene but  no conjugated triene. Alkali conjugatable 
triene comprises 97.3% of the fraction. 
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Some Characteristics of the Membranes 

Oil Emulsions in Protein Solutions I 

Protecting 

J U A N  M. M A R T f N E Z  M O R E N O ,  C. G O M E Z  HERRERA, E. M/{RQUEZ D E L G A D O ,  
C. J A N E R  D E L  V ALLE,  and L. D U R A N  H I D A L G O ,  Instituto de la Grasa y Sus Derivados, Seville, Spain 

Expressed olive juice contains emulsified globules of olive oil. 
Electron photomicrographs of these globules show a rough 
membrane protecting them against coalescence. Some features 
of the membranes, such as the existence of "Doles" and de- 
posited microcrystals, are disclosed by the photographs and by 
electron diffraction patterns. Heavy metals appear to concen- 
trate in the membranes and not in the aqueous medium. 

W 
HEN" A N  OIL P H A S E  i s  dispersed into a water  
phase, or conversely, the droplets  formed tend 
to coalesce because of surface forces, cohesion, 

and differences in density. The emulsion is stabilized 
when these forces are counteracted by other forces 
prevent ing  the droplets f rom coming into direct  con- 
tact  with one another.  The viscosity of the continuous 
phase plays a role here, bu t  a more effective preven- 
tion is the format ion  of a bar r ie r  of electric charges 
sur rounding  the droplets  or of a thin film of a th i rd  
substance with  affinity for  both phases. Both may  act 
simultaneously.  

Na tu ra l  emulsions of the "o i l - i n -wa te r "  type  are 

i Presented at  the 50th annual  spring meeting, American Oil Chem- 
ists' Society, New Orleans, La., April 20-22,  1959. 

often stabilized by  lipoproteins, which fo rm a very  
thin layer  sur rounding  the droplets.  This discovery 
was made by  Ascherson who proposed the name "hap- 
togen m e m b r a n e s "  for  these films in 1840. Milk is a 
typical  example of this kind of emulsion and the one 
most extensively studied to date. Pa lmer  and co- 
workers devoted 20 years  to the s tudy of the mem- 
branes protect ing the fa t  droplets in milk, and the 
techniques developed by him for  the isolation of these 
membranes  have been used by  m a n y  other investi- 
gators  to s tudy  milk and other na tu ra l  emulsions. A 
recent book on this subject (1) constitutes a very  use- 
ful  up-to-date s tudy  with m a n y  references. 

Our  interest  in these studies was aroused because 
an oil-in-water emulsion also forms when olives are 
ground in the first step for  the extract ion of their  
oil. In  this emulsion the olive oil droplets are pro- 
tected by  l ipoproteie membranes  formed at the ex- 
pense of the substances dissolved in the juice of the 
olives. The extract ion consists of two steps: separa- 
tion of the emulsion f rom the solids present  in the 
ground paste, and settling or eentr i fugat ion to free 


