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The Nature of the Polycthenoic Fatty Acids o{ 
Butter Fat 1,2 
K. SAMBASIVARAO and J. B. BROWN,  Department of Physiological 
Chemistry, The Ohio State University, Columbus, Ohio 

Abstract 
Methyl C18 polyenoate concentrates were pre- 

pared from two samples of butter fat by low 
temperature crystallization and fractional dis- 
tillation. The concentrates were fractionated Oll 
a silieie acid column and the resulting' fractions 
were analyzed by ultraviolet and infrared spec- 
trophotometrie methods. About 42 and 3 0 ~ ,  re- 
spectively, of the non-conjugated dienoate in the 
two samples were shown to have the cis,trans 
configuration. Fractions rich in dienoate and 
trienoate were prepared from the Cls polyene 
concentrates by silieie acid chromatography and 
the nature of these acids was studied by bromi- 
nation, lipoxidase enzyme methods, and by alkali 
isomerization for varying periods of tilne. About 
65 and 73%, respectively, of the non-conjugated 
dienoate in the two samples investigated were 
found to consist of linoleic acid while 79 and 7 1 ~  
of the trienoate were linolenie acid. Linoleic and 
linolenic acids were identified by preparing the 
characteristic tetra- and hexabromostearic acids. 
A trans,trans isomer of linoleie aeid does not 
seem to be present in butter fat. A major pro- 
portion of the non-conjugated dienoie acid other 
than linoleic acid was found to have widely sep- 
arated double bonds with cix,trans eonfiguration. 
Occurrences of a C1~ saturated acid, a branehed- 
chain C17 saturated add, and a heptadeeenoic 
acid were indicated by gas chromatography. 
From a dissertation suhmitted by K. Sambasivarao to the Ohio 

State University in partial fulfithnent of the requirements for ~i~e Ph.D. 
deg'ree, Jane,  1960. 
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Introduction 

B UTTER FAT is one the most complex of all animal 
fats, lnore t han  25 fatty acids having been ideuti- 

fled. However, the nature of the Cls polyethenoic 
acids, particularly the dienoic, has not been ful ly  
characterized. Eekstein (1) reported small amounts 
of linoleie and linolenie acids. Many workers were 
unable to find any linoleic acid (2 -8 ) ,  because of 
failure to isolate either a petroleum ether-insoluble 
tetrabromide or the tetrahydroxystearie acids, which 
are characteristic deri'~atives of linoleic acid. Green 
and Hilditeh (4) and Brown (9) suggested that the 
oetadecadienoie adds of butter fat are principally 
composed of  geomet r i c  (cis,tra,~s or tra,ts,cis) i somers  
of l inoleie  a d d .  Later White and B r o w n  (10) re- 
ported the isolation of petrolemn ether-insoluble tet- 
rabromides f rom Cls polyenoic add concentrates of 
butter fat. On the basis of tetrabromide yield they 
reported that 66 and 7 5 ~  of the oetadecadienoie 
acids were linoleic acid. Shorland (8) reported that, 
while the octadecatrienoie acid is composed entirely 
of linolenie acid, the oetadeeadienoie acids from the 
New Zealand butter fat are principally composed of 
isomers of linoleic acid. In view of these divergent 
reports, it seemed important to reinvestigate the na- 
ture of the C13 polyethenoic acids of butter fat. 

Experimental 
Materials. The two specimens of sun lmer  butter 

fat used in the present investigation were kindly sup-  
p l ied  by the Pickaway Dairy Co-operative Associa- 
tion hie. ,  Circ levi l le ,  Ohio and the Department of 
Dairy Technology of the Ohio State University. One 
of these was received in the smnmer of 1956 (this 
will hereafter be referred to as SB-56) while the 
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T A B L E  I 

Resu l t s  of Spec t ropho tomet r i c  Ana lys i s  of Methyl  Es t e r s  and  
C'ls Pa lyene  Concen t ra te s  of B u t t e r  F a t s  

P recon j .  Non-eon~ugated,  % 

Sample  I . V .  diene, % n i e n e  T r i e n e  Te t r aen (  

Methyl  es ters  ( S B - 5 6 )  38.9 1.3 1.4 0.7 0.6 
Cls Fo lyene  conc. (C)  165.8 5.6 28.3 21.3 0.4 
Methyl  es ters  ( S B - 5 8 )  35.3 0.9 1.3 0.6 0.5 
C~s Polyene  conc. (C ' )  153.2 4.6 27.8 15.8 0.2 

other was procured in the summer  of 1958 (desig- 
nated as SB-58). Immedia te ly  on receiving the speci- 
mens, they were melted, most of the water  siphoned 
out, dehydra ted  under  reduced pressure and filtered. 
They were stored at  - 2 0 C  unti l  used. 

Analytical Methods. Iodine values, saponification 
equivalents and U.V. analyses before and af ter  alkali 
isomerization were carr ied out according to the Offi- 
cial Methods of the A.O.C.S. Linoleic and linolenic 
acids of selected samples were estimated by the 
brominat ion procedures of Whi te  and Brown (11,12). 
All-cis single methylene- in ter rupted  polyunsatura ted  
f a t t y  acids of certain samples were determined by an 
enzymatic procedure (13). The trans acids were de- 
termined by  an I.R. spectrophotometr ic  method (14). 
Ext inct ion coefficients of methyl  esters used as refer-  
ence compounds in the calculation of trans acids are 
as follows: stearate, 0.027; oleate, 0.038; elaidate, 
0.428; linoleate, 0.060; linolenate, 0.065. Trans acid 
contents were calculated using the following equation 
which was developed by Shreve et at. (14). 

Trans component, weight % ---- 100 (Kob -- KeY - 
K s Z ) / ( K t  -- Kc) where Kob = observed extinction 
coefficient for the mixture  -- 

O.D. at 10.36 
( canon, of solute g / l )  (cell thickness, era) 

Kc = extinction coefficient of methyl  oleate 
K t  ---- extinction coefficient of methyl  elaidate 
Ks = extinction coefficient of methyl  stearate 
Y = total  weight f ract ion of octadecenoate 
Z = total  weight f ract ion of s tearate  

The above equation was modified in certain cases 
where there were no sa tura ted  esters present. In  frac- 
tions composed of octadeeenoate and octadecadienoate, 
Kc and K~ are the extinction coefficients of linoleate 
and oleate, respectively, while Y and Z are the total  
weight fract ions of oetadecadienoate and octadece- 
noate. In  fract ions composed of octadecadienoate 
and octadecatrienoate, Kc and Ks arc the E.C. of lin- 
oleate and linolenate, respectively, and Y and Z are 
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T I M E  IN M I N U T E S  

F r o .  1. G~Is c h r o m a t o g r a p h i c  s e p a r a t i o n  o f  f r a c t i o n  I ( T a b l e  
I I ) .  P e a k  i d e n t i f i c a t i o n :  1. Cls e s t e r ,  2. C~T b r a n c h e d - c h a i n  
e s t e r ,  3. h e p t a d e c e n o a t e ,  4. o c t a d e e e n o a t e .  C o l u m n  10 f t  b y  1~ 
i n c h  p a c k e d  w i t h  e t h y I e n e  g l y c o l  s u c c i n a t e  s u p p o r t e d  o n  C h r o -  
m o s o r b  W ( W i l k e n s  I n s t r u m e n t  & R e s e a r c h  I n c . ,  C a l i f o r n i a ) ;  
c o l u m n  t e m p e r a t u r e  2 0 6 C ,  h e l i u m  p r e s s u r e  15 p s i g ,  s ~ m p l e  s i z e  
0 .3  # h  

the total weight fractions of oetadecadienoate and 
oetadecatrienoate. 

Preparation of Concentrates of C~s Polgene Esters 
from Butter Fats. Methyl esters were p repared  f rom 
the two samples of but ter  fat  (SB-56 and SB-58) 
by trausesterification with methanol using hydrogen 
chloride gas as catalyst. Unwanted sa tura ted  esters 
that  are present  in large quanti t ies in the methyl  
esters were first renloved by a pre l iminary  crystal- 
lization of nlethyl esters at - 3 5 C  using methanol as 
the solvent. The esters f rom the filtrates were then 
fract ionally distilled at low pressure to obtain the 
C18 esters. These Cls esters were then successively 
crystallized f rom methanol at --40 and -65C .  Over 
9 0 ~  of the C18 polyene esters was concentrated into 
the final - 6 5 C  filtrate fractions. The results of 
U.V. spectrophotometric analysis of the concentrates 
as well as the original esters are given in Table I. 

ClTromatographic Separation of Cls Folyene Concen- 
trates and Analysis of the Different Fractions. The 
C18 polyene concentrates (C and C') were f raet ionated 
on a silicic acid column following the procedure of 
Rienlenschneider et al. (15). The adsorbent  mixture,  
which consisted of 4 par ts  of silicic acid and i pa r t  
filter aid, was heated to 75C for  4 hr  pr ior  to pack- 
ing in the column. The column (3.4 c m x  50 cm) was 
oacked with 150 g of the adsorbent  mixture  in the 
form of a s lur ry  in redistilled petroleum ether (bp 

T A B L E  1I  

Analy t ica l  Resul t s  of the  V a r i o u s  F r a c t i o n s  Obta ined  by Silicic Acid C h r o m a t o g r a p h y  of C' Es t e r s  

F rac -  E lua t  
t ion vol. 
No. 1 

1 d 2.0 
2 1.15 
3 1.0 
4 1.6 
5 2.0 
6 3.0 
7 5.2 
8 1.5 e 
9 ~ 1.1 e 

diene, a n d  t r i ene .  

Wt .  
f rac-  
t ion,  

g 

0.98 
1.01 
0.73 
0.92 
0.75 
0.71 
0 .86 
1.03 
2.78 

9.77 

I .V .  
W i j ' s )  

59.5 
102.3 
118.1 
139.8 I 
152.6 
154,5 
158.1 
183.4 
208.0  

I V ~. P recon j  

eeted) a e, 70 % 

598 I ~  o.4 

143.9 I 32.8 4.7 
158.2 15.2 6,4 
160.6 13.6 7.0 
164.5 I 9.1 7.4 
189.5 I 0.2 7,0 
212.9 3.3 5.6 

Non- ] Non-toni  d iene  
[iene,C~ (calcd. )  b~ 

0.1 ~ 0.00 
11.2 19.2 0.19 
23.9 ] 37.4 / 0.27 
38.0 62.5 0.58 
50,6 78.4 0.59 
54.1 79.4 0 .56 
50.2 83.5 0.72 
47.0 73.2 0.75 
25.7 42.4 1.18 

l%Ton - 
Couj. 

triene, 
% 

( U . V . )  

0.0 
0.0 
0.O 
0.0 
0.0 
0.0 
0.0 

19.6 
47.8 

Ktn.3e# 

0 . 0 5 2 -  
0.110 
0.117 
0.128 
0.136 
0.123 
0.121 
0.131 
0.121 

Trans, 
% 

4.6 
18.5 
19.0 
20.7  
21.5 
17.9 
17.1 
19.0 
15.8 

Trans 
nlono- 

erie, %r 

4.6 
5.3 
4.0 
2.2 
1.0 
0.9 
0.6 
0.0 
0.2 

Tronz diene 

% Wt.  
g. 

0.0 0.O0 
13.2 0.13 
15.0 0.11 
18.5 0,17 
20.5 0.15 
17.0 0.12 
16.5 0.14 
19.0 0.20 
15.6 0.43 

1.45 

~'on- 
conj.  
d iene  

as  
tr~?18, % 

0.0 
68.8 
40.1 
29.6 
26.1 
21.4  
19.8 
26.0 
36.8 

a C o n j u g a t e d  dienoic  ac ids  absorb  only ha l f  the  theore t ica l  a m o u n t s  of ha logen ( 1 6 )  and  the I .V.  were  correc ted  accord ingly .  
b Composi t ion of f r ac t ions  2-7 w a s  calculated f r o m  I .V.  as a m i x t u r e  of monoene  and  d iene  and  f r ac t ions  8 and  9 as a m i x t u r e  of monoene,  

r 6 . 7 %  of t he  monoene .  F o r  exp lana t ion  see text.  
d Conta ined  3 0 . 6 %  s a t u r a t e d  esters .  
�9 F r a c t i o n s  8 and  9 w e r e  eluted wi th  pe t ro leum ether  c o n t a i n i n g  1 and  10% ethyl ether ,  respect ive ly .  

Con ta ined  0 . 9 %  t e t r a e n e .  



342 THE JOURNAL OF T H E  A M E R I C A N  O I L  C H E M I S T S  ~ SOCIETY VOL. 39 

30-60C).  The column was operated under  ni t rogen 
pressure (18 ern mercury) .  About  10 g of the con- 
centrate dissolved in 100 ml P.E. was added to the 
column. Elutions were carried out first with P.E. 
and later  with P.E. to which ethyl ether was added 
to hasten the elution of esters. The eluted fract ions 
were analyzed by U.V. and I.R. spectrophotonletrie 
methods and the results obtained with one of the 
concentrates (C')  are described in Table I I .  

The progressive increment  in the iodine values of 
the different fract ions in Table I I  reflect the excel- 
lent fraet ionation achieved. Triene was absent from 
fractions 2-7 which have a high concentration of di- 
enoate. Three conclusions drawn f rom the analytical  
results are discussed below. 

The first conclusion concerned fraction 1 which con- 
tained 30.6% sa tura ted  components;  this amounted 
to 3% o.f the concentrate (0.17o of the but ter  fa t ) .  
The concentrate C' is the fract ion soluble at - 6 5 C  
and the sa turated eonlponents are unlikely to be 
stearate or palmita te  since both these esters are ex- 
t remely insoluble at this t empera ture  (17). In  order 
to ident i fy  the sa tura ted  components, f ract ion 1 was 
fu r the r  resolved by  gas chromatography.  The instru- 
ment  used was an Aerograph A-90-C gas chromato- 
graph (Wilkens In s t rumen t  & Research, Inc., Calif.) 
and the results are shown in F igure  1. 

The peaks in F igure  1 were identified on the basis 
of relative retention times. Peak  1 with a retention 
time between those of nlyristate and palmita le  was 
believed to be a C15 saturated ester which, however, 
comprised only a small proport ion of the total satu- 
ra ted  components. Shorland et al. (18) have reported 
the isolation of pentadecanoic acid from but ter  fat. 
Peak 2 eluted slightly earlier than tha t  would be ex- 
pected for  a C17 sa tura ted  ester. Based on the obser- 
vation that  branched-chain esters elute before the 
corresponding straight-chain esters (19), peak 2 was 
believed to be a C17 branched-chain ester. Hansen 
and Shorland (20) reported the presence of two 
isomeric C~7 branched-chain acids in New Zealand 
but ter  fat.  Peak  3 corresponded to a C17 ester with 
one double bond which to our knowledge has not been 
previously reported.  (Since wri t ing this repor t  Han-  
sen et al. [Biochem. J.  77, 64 (1960)] reported the 
isolation of a cis,9-heptadeceuoie acid f rom but te r  
fat.)  F u r t h e r  identification of these esters was not 
a t tempted  due to lack of reference compounds. 

The second conclusion concerned fractions 2 through 
7 which did not contain t r iene;  hence a reasonable 
calculation of the composition of these fract ions could 
be made f rom the iodine values as a mixture  of mono- 
erie and diene esters. Considerable difference was 

found between the calculated percentages of non-con- 
jugated  dienoate and those obtained by alkali isomeri- 
zation. Fo r  example, by I.V. f ract ion 7 contained 
83.5 % total non-conjugated dienoate, whereas by alkali 
isomerization only 50.2% was fomld. Thus about 
33.3% ,,-as not conjugated by the usual conditions of 
isonderization. Only a par t  of this diene that  is not 
conjugated represents a cis , trans isomer of linoleic 
acid, since fract ion 7 contained only 16.5% t rans  
diene and since a pa r t  of the t ra~s  diene will be 
conjugated under  the conditions of isomerization em- 
ployed (21). The remainder  should therefore consist 
of positional isomers whose double bonds are sep- 
ara ted by  more than one methylene group. These 
have not been reported previously. 

The last conclusion is concerned with the tra~s 
diene esters. The t rans  components in the various 
fractions in Table Ill were due to monoene, diene, and 
also possibly triene esters. The I.R. speetrophotomet- 
rie method (14) does :lot distinguish between these 
acids, but estimates them together. The h'ans diene 
percentages, therefore, could be ascertained only af ter  
making several assumptions. Thus, a t rans , t rans  iso- 
mer  of linoleic acid was assumed to be absent in but te r  
fat, an assumption which was iu par t  val idated by 
later  work. I t  was fu r the r  assmned that  the preeon- 
jugated dienoate had the same I.R. extinction coeffi- 
cient as linoleate. F r a c t i o n  1 contained only traces 
of diene and, therefore, all the trans content in this 
fract ion must  have been contributed by monoene only. 
Thus the t rans  monoene in fract ion 1 amounts to 
6.7% of the nlonoene. Consequently, it was assumed 
that  the Irons monoene in the rest of the fract ions 
amounted to not nlore t h a n  6.7~ of the monoene. 
Actual ly  there would probably  be less since Scott 
et al. (22) have observed that  t rans  components will 
be concentrated in the earlier fract ions dur ing chro- 
matography.  A similar observation was made with 
respect to tra ns diene as evidenced in the last eol- 
mnn of Table I I .  I t  was fu r the r  assmned in fractions 
8 and 9 that  the tr ienoate had an all-cis configuration 
and did not contribute to the total  t rans  content. This 
assmnption was not entirely valid as indicated in 
fractions 8 and 9 by the increasing percentages of 
non-conjugated dieuoate that  has t rans  configura- 
tion. As Nso found by Scott et al. (22), trans diene 
was concentrated in the earlier fract ions and the 
percentage of non-conjugated diene having t rans  
configuration decreased progressively. However,  the 
percentages suddenly increased as triene began to 
elute which indicated that  there may  be some t rans  
triene. 

The percentage of t rans  diene in each fract ion was 

T A B L E  I I I  
Preparatior~ of n i e n o a t e  and Tr ienoate  Concentra tes  by Silicic Acid Cromatography  

F rac t ion  No. 

Or ig ina l  C 10.0 g 
C-1 ................................ 
C-2 ................................ 
(]-3 ................................ 

Or ig ina l  C' 10.0 g' 
(]' -1 ............................... 
CG2 ............................... 
(~'-3 ............................... 

E lua te  
vo], l 

3.8 
16.2 

1.7 a 

2.4 
14.2 

1.4 ~ 

W t  frac- I.V. 
tion, g / (~Vij's) 

1.2 [ 54.9 
4.3 ~ 147.4 
4.3 208.3 

1.4 60.2 
4.7 141.6 
3.7 200.6 

;2  

I . u  1 ra ted  re t t ed)  Satu- 

55.7 / 37.7 
152.4 [ 0,0 I 
213.2 0.0 

60.3 29.7 
146.0 0.0 
205.5 0.0 

Es te rs  we igh t  c?~,~ 

Monoene 

59.6 

70.2 
30.4 

4.7 

�9 i Non-0onj 
Precn~ [ " diene ' 

~le e _ ( U A r )  

09 / 1.8 
5.s I 41.7 
5.7 30.6 

0.1 0.0 
5.1 41.1 
5.7 33.9 

~on-r  i . 
d i e n e  
( ta lc . )  

1.8 
71.0 
44,2 

O,O 
64.5 
47.8 

Xon~coI]j, 
t r iene  

0.0 
0.0 

44.7 

O.O 
0.0 

4 1 . 1  

Xon-coll j. 
te t raene 

0.0 
O.0 
0.8 

0.0 
0.0 
0.7 

a Elu ted  wi th  pet roleum ether  con ta in ing  10% ethsq ether. 
b The composi t ions of the different  f rac t ions  were calculated from their  corrected I.V. af ter  m a k i n g  the fol lowing assumpt iens .  I n  frac- 

t ions C-1 and  C'-I,  i t  was assumed tha t  all the dienoate was est imated by the alkali  i somerizat ion method. The composit ions of C-2 and C'-2 
were calculated from the I .V. as a mix ture  of monoene and diene esters. I n  C-3 and C'-3, i t  was assumed that  all the t r ienoate  and te t raenoate  
were est imated by the alkali  i somerizat ion method. 
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TABLE I V  
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Linoleic I Non con" --%Lin~ Acids f rom Non-conj. 
by bromi-  . .  " . ]' by  bromi- t r ienoic  

- - _ _ n a t i ~  ulenolc na t ion  (U .V . )  

C-2 ....................................... 3 7 1 7 1 [ - -  .... 0.--~-- 
C'-2 ...................................... ' ' 0.0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C'-3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 41 

obtained by subtract ing the percentage trans mono- 
ene f rom the total  trans. When the trans dienoate 
in all the fract ions was added, it amounted to 15% 
in C'. Thus about  30% of the non-conjugated di- 
enoate had  the cis,trans configuration. Again, it is 
to be stated that  this value was obtained only af ter  
making several assumptions. Nevertheless, a consid- 
erable proport ion (70%) of the non-conjugated di- 
enoate had an all-cis configuration. 

Similar results were obtained with the concentrate 
(C) f rom SB-56. The sa tura ted  components amounted 
to 0.2% of the but ter  fat.  About 42% of the non-con- 
jugated dicnoate had the trans configuration. 

Preparation of Dienoate and Trienoate Concentrates 
by Chromatography a,~d Their Characterization by 
Various Methods. In  Table I f  t r ienoate was absent 
f rom the fract ions (2-7) containing a high concen- 
t ra t ion of dienoate, suggesting tha t  concentrates of 
dienoate free of tr ienoate could be prepared.  About 
10 g each of the concentrates (C and C') were sep- 
ara ted into three fractions on a similar column as 
shown in Table I I I .  

Fract ions C-2 and C'-2 contained a high concen- 
t ra t ion of dienoate while C-3 and C'-3 were rich in 
trieuoate. The nature  of the dienoic and trienoie 
acids in these fractions was studied by bromination, 
lipoxidase enzyme methods, and by  alkali isomeriza- 
tion for  va ry ing  periods. 

Bromination Studies. White and Brown (11,12) 
described empirical methods for  the estimation of lin- 
oleie and linolenie acids. The yields of P.E.-insoluble 
tetrabromides and ether-insoluble hexabromides were 
related to the percentages of linoleic and linolenic 
acids, respectively. Port ions of the dienoate (C-2 and 
C'-2) and tr ienoate (C-3 and C'-3) concentrates of Ta- 
ble I I I  were converted into f a t ty  acids and brominated 
according to the procedures of White  and Brown (11, 
12) and the results are given in Table IV. 

Cont ra ry  to a previous repor t  (8) which stated that  
all the tr ienoate was linolenic acid, only 79 and 71%, 
respectively, of the tr ienoate f rom C and C' was lino- 
lenic acid, the remainder  probably  consisting of geo- 
metr ical  isomers. The ether-insoluble hexabromides 
were separate ly  crystallized 6 times f rom xylene at 
room tempera ture  when a crystall ine product  with a 
mp of 180-181C was obtained. The mp was not de- 
pressed when mixed with synthetic hexabromide. This 
is conclusive evidence for  the presence of linolenic 
acid in but te r  fat. Likewise, the P.E.-insoluble tetra- 
bromides were crystallized 4 times f rom pentane-ether 
(1:1 vo]) at  - 2 0 C  to give a white crystalline product  

Frac t ion  All-cis poly 
u n s a t u r a t e d  

! fa t ty  acid 
Linoleie Linolenic 

c-2 ................................................ [ 39 39 o 
C'-2 ............................................... ] 41 41 0 

a % P F A - - %  Iinolenic (Table  I V ) - - c , 4  t e t raene  (Table  l I I ) .  

lipoxidase and this method thus affords a specific 
means for est imating linoleie and linolenie acids in 
the presence of their  geometric isomers. This proce- 
dure does not distinguish between the different poly- 
unsaturated f a t t y  acids, but estimates them together. 
However,  the only all-cis p o l y u n ~ t u r a t e d  f a t ty  acid 
that is likely to be present in the dienoate concen- 
trates (C-2 and C'-2) is linoleic acid. Both finoleic 
and linolenic acids are present  in C-3 and C'-3. I t  
is conceivable that  positional isomers of linoleic acid 
with an all-cis configuration (e.g., 12,15-octadecadi- 
enoic) will be also estilnated by this method, but acids 
of this type have not been reported in but ter  fat. Also 
the te t rabromides f rom these acids should be expected 
to be different f rom those obtained f rom linoleie acid. 
Since the mp of the te t rabromides obtained f rom 
but te r  fa t  did not change when mixed with synthetic 
te t rabromides (prepared  f rom vegetable oils), it can 
be reasonably assumed that  isonlers of this type are 
not present  in but te r  fat.  

The dienoate and tr ienoate concentrates of Table 
l I I  were analyzeed following MaeGee's  procedure and 
the results are shown in Table V. 

The linoleic aeid content of C-2 and C'-2 as deter- 
mined by this method agreed ( •  with those ob- 
tained by bromination method. I t  should be borne in 
mind that  both these methods are only empirical. The 
percentages of linoleic acid in C-3 and C'-3 were ob- 
tained by subtract ing the percentage linolenic (deter- 
mined by bromination) acid and the small amount  of 
tetraene present  f rom the total polyunsatura ted  f a t ty  
acid. I f  the linoleie acid in both dienoate and tri- 
enoate concentrates is added, it amounted to 65% of 
the non-conjugated dienoate in C and 73% in the 
case of C', the remainder  (35 and 2 7 ~  ) consisting of 
geometrical isomers. The later values are comparable 
to those obtained by I.R. method of analysis (42 and 
30%) in which several assmnptions were made. 

Alkali Isomerization for Varying Periods. Jackson 
et al. (21) repor ted that  the geometrical isomers of 
linoleic acid (cis,trans or tra,~s,eis and trans,trans) are 
isomerized to conjugated acids at different rates than  
linoleic acid. These authors studied the isomerization 
rates of pure  esters and developed three simultaneous 
equations for  their  estimation. In  the absence of a 
trans,trans isomer, these equations are simplified into 
two equations which are as follows: 

K~ = 87.2x + 57.4y 
K,, = 88.7x + 80.4y 

solving for  x and y 

with a m p  of 115-116C. No change in mp was ob- 
served when synthetic  te t rabromide was added. This 
is considered as an absolute proof for  the presence of 
linoleic acid. 

Lipoxidase Enzyme Studies. MaeGee (13) described 
an enzymatic procedure for  the estimation of all-cis 
polyunsatura ted  f a t t y  acids ( P F A )  in which the 
double bonds are separated by  one methylene group. 
A n y  trans material  is not a substrate  for the enzyme 

x = 0.0419K1 -- 0.0299K2 
y = 0.0454K2 - 0.0462KI 

TABLE VI 
Alkali I somer iza t ion  of C-2 and  C'-2 for V a r y i n g  Per iods  

Ton- 
Frac-  conj. 
tlon diene, 

% 
C-2 71 
C'-2 65 

K~.~. I Uno- I c~s'~r~"~ 
_ _  . l e i c ,  o r  

trc~n8.cis, 
2 5 m i n  I 6 0 m i n  4 h r  % % 

39.6 41.1 41.4 43 4 
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TABLE ~r 

Approximate Composition of Oetadecadiene in the Concentrates 

Precon~ugated diene ................................................. 
Non-conjugated diene ................................................ 

Linoleic .................................................................. 
]isomeric linoleie a .................................................. 

Total trans diene ....................................................... 

Percentage of 
total diene 

9C o C' 
9 

91 
59 66 
31 25 
38 27 

a Includes both ci,,trans or tra~s,cis isomer of linoleie acid and geo- 
metric isomers with widely separated double bonds. 

where K1 and K2 are the observed specific extinction 
coefficients of the sample at 232 m/, following alkali 
isomerization for 25 and 60 min, respectively (af ter  
correcting for conjugation originally present) ; x and 
y are the weight fractions of linoleate and cis,trans 
or tra~s,cis isomer, respectively. 

Fract ions C-2 and C'-2 were isomerized for 25 nlin, 
60 rain, and 4 hr with 6.5% K O t t  in ethylene glycol 
following the procedure of Jackson et al. (21) and 
the results appear  in Table VI. 

As mentioned by  ,Jackson et al. (21), the results 
are nbt quantitative. Nevertheless, two conclusions 
could be drawn from the results. A trans,trans isomer 
of linoleic acid is not present in amounts detectable 
by this method since the K232 values at 4 hr are essen- 
tially the same as at 60 rain. Also contrary  to previ- 
ous reports (4,9), only a small anmunt of the isomers 
in these fractions consisted of cis,tra~s isomers of 
linoleic acid. The remainder of the isomers must 
eonsist of non-conjugated acids whose double bonds 
having cis,trans configuration are separated by more 
than one methylene group, since the specific extinc- 
tion coefficient did not increase even af ter  long peri- 
ods of isomerization. The tr ienoate concentrates (C-3 
and C'-3) could not be examined by this method since 
linolenic acid undergoes destruction during the long 
periods of isomerization (23-25). 

Further  Comments on the Nature of Octadecadi- 
enoic Acids. The presence of appreciable amounts of 
linoleic acid in but ter  fat  has been reported only once 
(10) and has not since then been confirmed. The 
present work offers conclusive evidence for the pres- 
ence of linoleie acid. On the basis of the results, the 
approximate composition of octadeeadiene in the con- 
centrates was calculated and is given in Table VII .  

In explanation, the calculation of the composition 
of one of the fractions (C') may be described as fol- 
lows: fract ion C' contained 4.6% preconjugated diene 
(Table I) and 48% non-conjugated diene (obtained 
by addin~ the non-conjugated diene in all the frac- 
tions in Table I I ) .  These values were converted to 
percentage of total diene. About 73% of the non- 
eonjngated diene was linoleie acid (from bromination 
and lipoxidase enzyme methods),  the remainder  of the 
non-conjugated diene being isomers of linolcic acid. 
The trans diene percentage represented 3 0 ~  of the 
non-conjugated diene. 

The trans diene percentages were slightly higher 
than those of isomeric linoleie acid. This was probably 
caused by a combination of two factors. The trans 

diene values are undoubtedly subject to error  since 
several assumptions were made in their  calculation. A 
major error  is probably caused by assuming that  all 
the trans content in fractions 8 and 9 was due to diene 
whereas in fact  some t riene seemed to have tra~s con- 
figuration. The percentages of linoleie acid were ob- 
tained by bromination and ]ipoxidase enzyme methods 
which are semi-quantitative. Actual ly  the difference 
was amplified by expressing them as percentage of 
total diene. Nor example, in C' the total r diene 
amounted to 15% whereas the percentage of isomeric 
linoleie acid could be calculated to be 13. 

The isomerie linoleic acid is composed of cis,tra~ls 
or tra~s,eis isomers of linoleie acid and gemnetrical 
isomers with widely separated double bonds, the for- 
met  anmunting to only a minor proport ion of the 
total isomers. Isomers with widely separated double 
bonds should have a eis,tra~s type of configuration 
since the cis,trans isomer of linoleie acid as estimated 
by the procedure of .Jackson et al. did not account 
for all the t ro~ls diene. It  is po~ible, however, for  
one half the positional isomers to have a tra~ls,trans 
configuration, the other half having an all-cis eon- 
fi~mlration. 

Since a eonsiderable proport ion of the non-conju- 
gated diene of but ter  fat  consists of positional isomers 
of ]inoleic acid with widely separated double bonds, 
fu r the r  work should be done to isolate these acids, 
to determine the position of the double bonds, and to 
s tudy the nutri t ional  signifieanee, if any, of these 
acids. 
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JAOCS, 39, 278 (1962), ~ORRE~ ~T AL.: CONTINU- 
OUS 0 N E - S T E P  R E F I N I N G - ~ u  u OF C R U D E  

Coco~TuT 0IL. Delete line six of the introduction, 
first column. The first paragraph,  seemld sentence 
should read: 

" . . . .  Commercial installations have demonstrated 
good performance of these machines in continuous 
processes for degmmning, alkali refining, and water 
washing of a variety of oils ( 2 , 3 ) . "  


