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A B S T R A C T  

An ana ly t ica l  s t udy  of  the  m o n o e t h y l e n i c  i somers  
in c o m m e r c i a l  samples  of  par t ia l ly  h y d r o g e n a t e d  
herr ing,  whale  and  seal oils is p resen ted .  T he  results  
show t h a t  wi th  h y d r o g e n a t e d  her r ing  oil the re  is a 
sl ight decl ine in m o n o e n e  t r a n s  c o n t e n t  f rom 37% in 
C16 through t o  32% in C22.  With  b o t h  whale  and  seal 
oils, m o n o e n e  t r a n s  c o n t e n t s  were c o n s t a n t  at  54% 
and  59%, respect ively ,  t h r o u g h o u t  all cha in  lengths .  
In general  the  c is  and  t r a n s  pos i t iona l  i somers  f rom 
h y d r o g e n a t e d  whale  and  seal oils were more  sca t t e red  
t h a n  those  f rom h y d r o g e n a t e d  her r ing  oil;  how eve r  in 
each  oil the  ma jo r  c is  i somers  of  each  cha in l eng th  
were indica t ive  of  or iginal  c is  fa t ty  acid i somers  in the  
raw oils. 

I N T R O D U C T I  ON 

In  c o n j u n c t i o n  w i th  n u t r i t i o n a l  s tudies  in our  labora-  
tor ies  on  par t ia l ly  h y d r o g e n a t e d  oils c o n t a i n i n g  C20 and 
C22 m o n o e n o i c  acids (1 ,2) ,  i t  was of  in t e res t  to  de t e rmine ,  
as far  as possible,  the  de ta i led  f a t ty  acid c o m p o s i t i o n  of  
these  oils. 

In a r ecen t  r e p o r t  (3)  we descr ibed the  e x p e r i m e n t a l  
t echn iques  deve loped  and  the  resul ts  ob t a ined  in a s tudy  of  
the  m o n o e n o i c  i somers  in rapeseed  and  par t ia l ly  hydro -  
gena ted  rapeseed  oils. We n o w  presen t  da ta  on  the  
m o n o e n o i c  i somers  in par t ia l ly  h y d r o g e n a t e d  herr ing,  whale 
and  seal oils. 

A l t h o u g h  the re  is i n f o r m a t i o n  on  the  m o n o e t h y l e n i c  
i somers  p resen t  in raw her r ing  (4) ,  and  whale and  seal oils 
(5) ,  on ly  he r r ing  has  been  e x a m i n e d  in detai l  a f te r  par t ia l  
h y d r o g e n a t i o n  (6,7) .  Data  have also been  r epo r t ed  on the  
i somers  p resen t  in  h y d r o g e n a t e d  f ish oils (8)  and  in a 
commerc ia l  margar ine  based on  a h y d r o g e n a t e d  mar ine  oil 
(9).  

MATERIALS AND METHODS 

Samples  of  par t ia l ly  h y d r o g e n a t e d  he r r ing  (HHO,  IV  
76),  whale  (HWO, IV 78)  and  seal (HSO, IV 84)  oils were 
p rov ided  by  Canada  Packers  Ltd. Methy l  esters of  each  oil 
were sepa ra ted  by  prepara t ive  gas l iquid  c h r o m a t o g r a p h y  
(prep  GLC) i n to  five f rac t ions  of cha in leng ths  14, 16, 18, 
20  and  22; small  a m o u n t s  of  odd  and  b r a n c h e d  cha in  acids 
be ing  i n c o r p o r a t e d  w i t h  the  prev ious  ma jo r  f rac t ion .  

TABLE I 

General Fatty Acid Composition of Partially 
Hydrogenated Herring, Whale and Seal Oils 

(Area % Composition b) 

Monoene 
Fraction a Saturated c trans cis Polyene IR d 

Hydrogenated herring oil 
14 ( 7 . 4 )  95.0 5.0 --  --  
16 (19.2) 60.5 14.8 24.7 --  15.1 
18 (17.5) 14.0 26.2 48.8 11.0 31.5 
20 (23.9) 8.5 27.6 55.6 8.3 31.0 
22 (31.0) 6.4 29.5 64.1 --  33.0 

t rans  (Originea) 27.9% 
trans (Summed) 26.4% e 

Hydrogenated whale oil 
14 ( 6 . 0 )  92.0 8.0 . . . .  
16 (25.8) 60.0 21.6 18.4 --  22.6 
18 (36.9) 15.5 43.5 36.5 4.5 45.2 
20 (16.2) 6.2 36.4 31.6 25.8 73.4 
22 (14.6) 3.8 25.5 22.3 48.4 102.4 

trans (Original) 50.2% 
trans (Summed) 49.4% 

Hydrogenated seal oil 
14 ( 4 . 8 )  90.0 10.0 --  --  
16 (27.5) 38.7 36.1 25.2 --  33.9 
18 (30.7) 15.5 50.0 34.5 --  48.3 
20 (22.0) 6.3 40.3 28.7 24.7 71.7 
22 (15.0) 4.2 25.3 16.3 54.2 101.8 

trans (Original) 54.7% 
trans (Summed) 55.2% 

aFigures in parentheses after chainlengths are area % composition on SE30 column. 
Small amounts of odd and branched chain acids are incorporated with previous major frac- 
tion. HHO and HWO also contain 1% and 0.5% C24. 

bFrom preparative gas liquid chromatography fractions. Saturated-monoene-polyene 
from gas liquid chromatography (DEGS); eis-trans from argentation thin layer chromatog- 
raphy. 

Clncorporates branched and odd chain acids. 
dtrans  content from IR measurements. 
e t rans  summed = (19.2 x 15.1) + (17.5 x 31.5) + (23.9 x 31.0) + (31.0 x 33.0) = 26.4%. 
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TABLE II 

Composi t ion of Raw and Partially Hydrogenated Herring, Whale and Seal Oils a 

HO b WO 

Fraction chainlength S c M P S M 

SO HHO HWO HSO 

P S M P S M P S M P S M 

14 7 --  - -  7 1 - -  6 1 l 7 1 - -  6 . . . .  5 . . . .  
16 12 9 2 15 12 --  10 19 1 12 7 --  16 10 --  11 17 --  
l g  1 13 4 3 32  3 1 26  2 3 13 2 6 2 9  2 5 26 --  
20 --  15 8 --  10 4 --  12 7 2 20 2 1 11 4 1 15 5 
22 --  23 6 --  7 6 - -  4 l l  2 29 --  1 7 7 1 6 8 

Total 20 60 20 25 62 13 17 62 21 26 70 4 30 57 13 23 64 13 

aData for raw herring oil summarized from Ackman and Eaton (10), and for raw whale and seal oils from Ackman et al. (5). 

b H o  = Herring oil, WO = whale oil, SO = seal oil; HHO, HWO and HSO = above oils partially hydrogenated.  
c s  = Saturates, M = monoenes,  P = polyenes. 

TABLE III 

Isomers of Major Monoenoic Acids in Hydrogenated Herring Oil 

Composi t ion of aldehyde-esters, mole % 

Fraction 5 6 7 8 9 10 11 12 13 14 15 

16 (7.6%) a 
trans (37%) b 1 12 4 14 45 14 6 3 1 - -  - -  
cis (63%) m 2 t 5 80 5 4 1 - -  --  - -  

18 (13.2%) 
t r a n s ( 3 5 % )  ~ - -  5 11 40 17 17 7 3 - -  - -  
cis (65%) --  - -  6 3 66 3 16 3 3 --  - -  

20 (19.9%) 
trans (33%) . . . .  3 9 15 50 15 5 2 1 
cis (67%) --  - -  - -  1 10 4 75 5 5 --  - -  

22 (29.0%) 
trans (32%) . . . . .  2 15 57 17 6 2 1 
cis (68%) . . . .  2 3 82 4 9 --  - -  

aper cent in parentheses after fractions refers to monoene content  of total  oil. 
bper cent in parentheses after trans and cis refers to per cent wi thin  monoene fractions. 

F r a c t i o n s  w e r e  s u b s e q u e n t l y  s t u d i e d  b y  gas l i q u i d  c h r o m a -  

t o g r a p h y  ( G L C )  a n d  i n f r a r e d  s p e c t r o s c o p y  ( I R ) ;  s e p a r a t e d  

b y  a r g e n t a t i o n  t h i n  l a y e r  c h r o m a t o g r a p h y  ( A g + / T L C ) ,  a n d  

g e o m e t r i c  i s o m e r s  o f  m o n o e n e s  e x a m i n e d  b y  m i c r o - o z o n o l -  
ys i s .  T h e s e  t e c h n i q u e s  w e r e  as d e s c r i b e d  p r e v i o u s l y  (3 ) ,  

e x c e p t  t h a t  p r e p  G L C  f r a c t i o n a t i o n s  w e r e  p e r f o r m e d  w i t h  

m a n u a l  t e m p e r a t u r e  p r o g r a m i n g  f r o m  1 8 5 C  to  2 2 0 C .  

RESULTS AND DISCUSSION 

The  g e n e r a l  f a t t y  a c i d  c o m p o s i t i o n s  o f  t he  o i l s  u n d e r  

i n v e s t i g a t i o n  are  s u m m a r i z e d  in  T a b l e  I. T h e s e  v a l u e s  f o r  

c h a i n l e n g t h  c o m p o s i t i o n  fa l l  i n  t h e  s a m e  r a n g e  as t h o s e  

r e p o r t e d  p r e v i o u s l y  f o r  l i q u i d  ( 1 0 )  a nd  h y d r o g e n a t e d  

h e r r i n g  o i l  ( 7 )  a n d  f o r  l i q u i d  w h a l e  a n d  seal  oi ls  (5) .  T h e  

e s s e n t i a l  d i f f e r e n c e s  b e t w e e n  t h e  t h r e e  o i l s  are  t h e  r e l a t i v e l y  

h i g h  p r o p o r t i o n  o f  l o n g e r  c h a i n  ac id s  (C20  + C 2 2 )  in  H H O  
( 5 4 . 9 % )  c o m p a r e d  t o  t h a t  in  H W O  ( 3 0 . 8 % )  a n d  HSO 

( 3 7 . 0 % ) ,  t o g e t h e r  w i t h  t h e  c o r r e s p o n d i n g l y  h i g h e r  l eve l s  o f  

s h o r t e r  c h a i n  a c i d s  (C16  + C 1 8 )  in  t h e  w h a l e  a n d  sea l  oi ls .  

F o r  e a c h  o i l  t h e  t o t a l  t r a n s  c o n t e n t ,  c a l c u l a t e d  b y  

s u m m a t i o n  o f  I R  m e a s u r e m e n t s  o f  e a c h  f r a c t i o n ,  s h o w s  

e x c e l l e n t  a g r e e m e n t  w i t h  t h a t  o f  t h e  o r i g i n a l  m e t h y l  e s t e r s .  

Also ,  in  t h o s e  f r a c t i o n s  o f  p o l y e n e  c o n t e n t  less  t h a n  5%, 

t h e r e  is g o o d  c o r r e l a t i o n  b e t w e e n  t o t a l  t ra n s  c o n t e n t  

m e a s u r e d  b y  I R  a n d  m o n o e n e  t r a n s  c o n t e n t  ( A g + / T L C ) .  In  

f r a c t i o n s  of  h i g h e r  p o l y e n e  c o n t e n t ,  t h e  I R  t r a n s  v a l u e s  are  

c o n s i d e r a b l y  h i g h e r  t h a n  t h o s e  f r o m  A g + / T L C ,  i n d i c a t i n g  

s i g n i f i c a n t  t r a n s  c o n t r i b u t i o n  f r o m  p o l y e n e s .  F r o m  a 
c o n s i d e r a t i o n  o f  t h e  a m o u n t s  o f  p o l y e n e  i n v o l v e d ,  i t  is  

16 

18 

20 

22 

TABLE IV 

Isomers of Major Monoenoic Acids in Hydrogenated Whale Oil 

Composi t ion of  aldehyde-esters, mole % 

Fract ion 5 6 7 8 9 10 11 12 13 14 15 16 

(IO.3%)a 
trans (54%) b 2 6 6 19 44 16 4 3 . . . .  
cis (46%) - -  2 6 12 67 8 3 2 . . . . .  
(29.5%) 
trans (54%) --  1 5 14 40 18 13 6 3 . . . . .  
eis (46%) 6 9 57 9 15 3 1 . . . .  
(I1.0%) 
trans (54%) 1 5 12 15 39 15 7 3 2 1 
cis (46%) 1 4 16 8 53 8 6 3 1 - -  
(7.0%) 
trans (53%)  1 5 15 47 19 9 4 - -  - -  
cis (47%) - -  5 10 62 9 11 3 --  - -  

aper cent in parentheses after fractions refers to  monoene  content  of total  oil. 

bper cent  in parentheses after trans and cis refers to per cent within monoene fractions. 
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TABLE V 

Isomers of Major M o n o e n o i c  Ac ids  in H y d r o g e n a t e d  Seal Oil 

C o m p o s i t i o n  o f  aldehyde-esters, mole % 

Fractions S 6 7 8 9 10 11 12 13 14 15 

16  ( 1 6 . 8 % )  a 
trans (59%)  b ~ 3 5 18 4 6  19 6 2 1 - -  - -  
c/s (41%) -- 1 5 11 65 13 4 1 --  - -  - -  

18  ( 2 5 . 9 % )  
trans (59%) 1 4 8 14 31 17 14 7 3 1 --  
ci$ (41%) --  2 12 8 46 9 16 4 3 --  --  

20 (15.2%) 
Vans (58%) --  --  3 5 11 17 39 15 7 3 -- 
c/s (42%) -- - -  1 6 14 12 49 lO 6 2 --  

22 (6.2%) 
trans (61%) -- - -  3 5 8 13 29 17 14 7 4 
c/s (39%) ~ --  3 4 5 8 41 12 19 5 3 

aper cent in parentheses after fractions refers to  m o n o e n e  c o n t e n t  o f  to ta l  oil. 
bper cent in parentheses after trans and c/s refers to per cent within monoene fractions. 

ev ident  t h a t  some po lyenes  mus t  c o n t a i n  more  t han  one  
trans doub le  b o n d  per  molecule .  These  po lyenes  were n o t  
inves t iga ted  fur ther .  

The  c o m p o s i t i o n  of  each  oil in t e rms  of  sa tura tes ,  
m o n o e n e s  and  po lyenes  in each  f rac t ion  is given in Table  II. 
A l t h o u g h  the  raw oils were n o t  available for  compar i son ,  
previous  analyses  of  12 he r r ing  (10)  and  three ,  each,  of  
whale  and seal oils (5)  have given the  average values also 
inc luded  in th is  table.  Compar i son  of  these  data  would  
ind ica te  t h a t  on ly  7-8% of  the  original  or  newly  fo rmed  
m o n o e n e s  and  po lyenes  are ful ly h y d r o g e n a t e d  u n d e r  the  
commerc i a l  h y d r o g e n a t i o n  c o n d i t i o n s  employed .  I t  can also 
be observed  t h a t  in HHO there  is cons iderab le  r e d u c t i o n  in 
po lyene  c o n t e n t ,  whereas  w i t h  b o t h  HWO and HSO 
signif icant  a m o u n t s  of  po l yene  are still p resent .  These  
resul ts  p r o b a b l y  ref lect  d i f ferences  in the  process ing  of  each  
oil. 

The  p r o p o r t i o n s  of  m o n o e t h y l e n i c  i somers  p resen t  in  
each  oil are s h o w n  in Tables  III,  IV and  V. I t  can  be 
observed  w i th  HHO (Table  I I I )  t ha t  the re  is a slight decl ine 
of  pe rcen tage  trans f rom the  C16 m o n o e n e  (37%) t h r o u g h  
to  the  C22 m o n o e n e  (32%).  Similar  obse rva t ions  have b e e n  
m a d e  previous ly  wi th  a par t ia l ly  h y d r o g e n a t e d  her r ing  oil 
(7).  These  resul ts  are s o m e w h a t  unusua l ,  as i t  m igh t  have 
been  p red ic t ed  t h a t  the  C20 and  C22 m o n o e n e s  in this  oil 
wou ld  c o n t a i n  h igher  trans percen tages  t h a n  the  C16 and  
C 1 g m o n o e n e s ,  s ince the  f o r m e r  f rac t ions  in raw he r r ing  
oils (Table  II)  con t a i n  m o s t  of  the  po l yuns a t u r a t e s .  
However  prev ious  s tudies  on  a par t ia l ly  h y d r o g e n a t e d  
rapeseed  oil (3)  have i n d i c a t e d  t ha t  i somer i za t ion  of  cis 

m o n o e n e s  to  trans i somers  m a y  n o t  be i n d e p e n d e n t  of  
cha in l eng th  and,  neg lec t ing  cis and trans f o r m a t i o n  by  
po lyene  r educ t ion ,  t h a t  i somer i za t ion  m ay  occur  in the  
o rder  C18 > C20 > C22.  Thus  in HHO we have the  
a p p a r e n t  case where  p o l yene  c o n t r i b u t i o n  to  trans, in  the  
long  cha in  f rac t ions ,  is o f f se t  by  a r educed  m o n o e n e  
c o n t r i b u t i o n ,  resu l t ing  in sl ightly less trans percen tage  in 
these  f ract ions .  

In b o t h  HWO and  HSO, the  m o n o e n e  trans percen tages  
are relat ively c o n s t a n t  a t  54% and 59%, respec t iveh  
t h r o u g h o u t  all cha in leng ths .  With  these  two  oils p red ic t ion :  
and  observa t ions  are more  d i f f icul t  to  correla te ,  since high 
a m o u n t s  of  po lyene  remain .  Never theless ,  w i th  HSO, the 
C22 m o n o e n e  trans percen tage  is s l ightly h igher  (61%) t h a r  
t h a t  of  o t h e r  cha in leng ths ,  as would  be p red ic t ed  f rom 
compar i son  of  the raw and  h y d r o g e n a t e d  oil da ta  given in 
Table  II. 

E x a m i n a t i o n  o f  the  cis m o n o e t h y l e n i c  i somers  in each  
cha in l eng th  shows t h a t  in  general  these  isomers  are more  
sca t t e red  in HWO and HSO than  in HHO. In the  l a t t e r  oil 
the  ma in  i somer  general ly  represen t s  70-80% of each  
m o n o e n e  f rac t ion ,  whereas  in  whale  and  seal oils i t  
app rox ima te s  on ly  40-65%. Also,  as f o u n d  previously  w i th  
h y d r o g e n a t e d  rapeseed  oil, the  ma jo r  cis i somers  in the  
var ious  f rac t ions  are indica t ive  of  m o n o e n o i c  i somers  in  the  
raw oils. These  isomers ,  s u m m a r i z e d  in Table  VI ,  are in  
ag reemen t  w i th  those  r e p o r t e d  for  he r r ing  (4) ,  whale and  
seal oils (5) .  

In  all cases the  trans i somers  are m o r e  widely  sca t t e red  
t han  c o r r e s p o n d i n g  cis i somers .  The  ma jo r  i somer iza t ions  
are s imilar  to  those  f o u n d  previous ly  in par t ia l ly  h y d r o -  
gena ted  rapeseed oil, viz.,  a convers ion  f rom original  cis 

m o n o e n e  to  trans w i t h  the  doub le  b o n d  re t a in ing  its 
pos i t ion ,  a c c o m p a n i e d  by the  f o r m a t i o n  of  trans i somers  on  
e i the r  side of  the  original  doub le  b o n d  pos i t ion .  

The  one a p p a r e n t  a n o m a l y  in these  data  is the  relat ively 
h igh percen tage  o f  a trans hexadec-6-eno ic  acid in HHO 
(Table  III) ,  c o m p a r e d  to  t h a t  of  the  cis i somer .  This  cou ld  
ind ica te  the  presence  of  th is  acid in  the  raw he r r ing  oil. A 
s imilar  acid has been  cha rac t e r i zed  in sea tur t les  (11) .  

The  values p r e sen t ed  in Tables  III,  IV and  V p e r m i t  the  
pe rcen tage  of  any  i somer  to  be ca lcula ted .  Thus  the  ma jo r  
C22 cis m o n o e n o i c  acid in HHO represen t s  82% x 68% x 
29.0% = 16.4% of  the  to ta l  m e t h y l  esters.  Similar ly the  
ma jo r  C22 cis m o n o e n e s  in HWO and HSO are 2.0% and  
0.9%, respect ively.  

TABLE VI 

Possible Monoethylenic Isomers in Raw Herring, Whale and Seal Oils 

Isomer a 
Monoenoic acid Hydrogenated Hydrogenated H y d r o g e n a t e d  

chainlength herring oil whale oil seal oil  

16  9 9 9 
18 9,11,7 9,11 9,11,7 
2 0  1 1 , 9 , 1 3  11 ,9  11 ,9  
22 11,13 11,13 11,13 

aIsomers presented in order  o f  decreas ing  magnitude. Figures refer t o  p o s i t i o n  o f  double 
bond from carboxyl group. 
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