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Abstract 
Biological assays of oil and fat products, free 

from isomers of the naturally-occurring cis-9, 
cis-12 linoleie acid, have been shown to Provide 
estimates of essential fat ty acid content which 
agree well with values obtained by spectrophoto- 
metric analysis. However, when partially hy- 
drogenated fats, such as those used in marga- 
rines, are bio-assayed the estimates obtained are 
only about 60% of those derived by spectro- 
photometric tests. 

In a blended corn oil margarine, good agree- 
ment was obtained for linoleie acid content by 
using biological assay or speetrophotometry, thio- 
eyanometrie procedure, eolunm chromatography 
for saturates plus iodine value, and gas liquid 
partition (GLP) chromatography. This marga- 
rine fat contained about 29% of the essential 
form of linoleic acid, and had a ratio to satu- 
rated fat ty acids of 1.6:1. 

The hydrogenated ecru oil margarine is un- 
like conventional margarines in providing high 
amounts of the isomeric forms of linolei'e acid 
which lack essential fat ty acid activity. For this 
reason, poor agreement was obtained between 
biological assay results and those by physico- 
chemical measurements of linoleic acid content. 
Such fat contains only about 6% of the essential 
form of li~mleic acid, with a ratio to saturated 
fat ty acids of ca. 0.3:1. 

From this study it is now possible to character- 
ize, even without bio-assay data, the fatty acid 
composition of a highly isomerized fat, such as is 
found in hydrogenated corn oil margarine. The 
eharaeterizat}on groups the fatty acids into satu- 
rates and total linoleic acids, with the latter in- 
eluding estimates of the positional isomers of 
linoleie acid with widely spaced double bonds, 
tra~s forms of linoleie acid with methylene-in- 
terrupted double bonds, linoleie acids with the 
double bonds in conjugated position, and cis-9, 
cis-12 linoleic acid. The combined use of the 
spectrophotometric and thiocyanometric proce- 
dures makes it possible to estimate the essential 
fat ty acid content of hydrogenated fats contain- 
ing residual dienes. 

Tests 

Introduction 

T 
HE REQUIRE~[ENT for essential fat ty acids (EFA) 
by many animais is well documented (1-7). Not 

only are they required for proper growth, reproduc- 
tion, lactation, longevity, and tissue structure, but 
also for regulation of plasma and liver cholesterol 
levels and liver lipid levels (7). However, the human 
requirement is less well understood. It  has been shown 
that essential fat ty acid deficiency in the human in- 
fant causes a dry and scaly skin which responds to 
essential fa t ty  acid therapy (8) ; linolei'c acid is also 
required for optimum utilization of the total calories 
ingested (8). 

Values for the human requirement for essential 
fat ty acids (viz., cis-9, cis-12dinoleic acid) have been 
reported to range from 1-4% of the calori'e intake 
(8-10). Ho]man (9), in proposing his value of 2% 
of caloric intake as the minimal requirement, points 
out that " a  judicious selection of foods should pro- 
vide many times 2% linoleate calories, but diets con- 
taining high proportions of hard fats and sugars 
could lead to relative EFA deficiency." He also em- 
phasizes that " f o r  some physiological functions the 
requirement for EFA may be greater than 2% of 
calories. For example, if hypoeholesterolemia is a 
desirable condition, the amount of highly unsaturated 
fat ty acids required to maintain it appears to be sev- 
eral fold that amount." The fact that other polyun- 
saturated fat ty acids, in addition to the essential fat ty 
acids, exert hypoeholesterolemic effects (10,t l)  should 
not lead one to regard the value of dietary linoleic 
acid as limited only to those functions for which it 
is essential. The hypocholcsterolemie activity of the 
essential fat ty aeids indicates another important func- 
tion, even though non-specific, of these nutrients in 
human nutrition. 

Three essential fat ty acids are now recognized: 
linoleie (cis-9, cis-12-octadecadienoic acid), linolenic 
(cis-9, cis-12, cis-15-oetadecatrienoie acid), and ara- 
ehidonic (c/s-5, cis-8, cis-11, cis-14-eicosatetraenoie 
acid). Arachi'donic acid has been reported ca. three 
times as effective as linoleic in promoting growth (12), 
and linoleie acid is more effective than linolenie in 
relieving EFA deficiency symptoms (13). Since lino- 
leic acid can form arachidonic acid in the animal 
body (14,15), investigators have coneentrated atten- 
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T A B L E  I 
Essen t i a l  F a t t y  Acid Conten t  of Oil and  F a t  P r o d u c t s  C o n t a i n i n g  No F a t t y  Acid I s o m e r s  of H y d r o g e n a t i o n ;  Compar i son  w i t h  Resu l t s  by 

Spec t ropho tomet r i c  Assay  

P r o d u c t  Spec t ropho tomet r i c  Assay  a B i o a s s a y  

c/s-9, % of 
S a t u r a t e d  Oleic Linole ic  ci&12- 

~No. f a t ty  acid  acid  linoleie Spec. 
acids  acid  assay  

I 

D e s c r i p l ' c n  

Cottonsee oil, l iquid whole ........................................ 
Cot tonseed oil, (w in t e r i zed )  ..................................... 

J Soybean oil, l iquid whole .......................................... 
Corn oil, l iquid whole .............................................. 
82.5 pa r t s  of l iquid cot tonseed 

o i l in te res t e r i f i ed  w i t h  17.5 
p a r t s  of completeh,  hydro~'enated 
cottonseed oil ( 2 ( )  .......................................... 

Same  as 5 above -L edible 
an t iox idan t s  ( 0 . 0 2 2 % )  ...................................... 

Same  as 6 above -~- completely 
hyd r ogena t ed  coconut  oil 85 
pa r t s  _u 15 p a r t s  . . . . .  

% t r ig lycer ides  

24.7 21.3 49.5 
21.3 20.5 53.8 
12.9 29.0 53.8 b 
12.3 28.3 54.2 

39.2 13.6 42.8 

39.2 13.6 42.8 

47.5 11.7 36.4 

% tri-  
g lycer ides  

48.0 
51.7 
59.1 
45.7 

44.0 

41.5 

34.5 

97 
96 

110 
84 

103 

97 

95 

~' By  the method  of Br ice  et al. ( 22 ) .  By  Il~ absorp t ion  ana lys i s  ( 2 3 ) ,  
b Inc ludes  7 .3% linolenic acid.  

tion on the determination, metabolism, and supply of 
this fat ty acid. Only the cis-9, cis-12-form of linoleie 
acid possesses EFA activity; cis-trans and trans-trans 
isomers of linoleic acid lack EFA activity when fed 
to weanling rats at 50-100 mg/day (16,17). 

Biological Assay for EFA Activity 
Certain polyeuoic fat ty acids can be determined by 

spectrophotometric, chromatographic, and other tech- 
ni'ques, and by animal bio-assay technique. Although 
bio-assays are time consuming, they have the advan- 
tage of differentiating between the essential form of 
linoleic acid and its inactive isomers. When a product 
containing linoleic acid isomers is assayed by physico- 
chemical methods, the value reported as linoleie acid 
is erroneously high for the esential form of linoleie 
acid. 

We have developed a bio-assay method for linoleic 
acid based on growth response (18,19). The weight 
gain of rats, depleted of essential fat ty acids, was 
found proportional to the logarithm of the linoleate 
supplement given during the repletion period. The 
procedure involves depleting male rats of EFA by 
feeding a fat-free diet after weaning. Depletion is 
achieved when wei'ght either declines or reaches a 
plateau over a 3-week period, usually after 12-14 
weeks. Then the animals are divided into groups and 
linoleate supplements of established purity, or sup- 
plements of test substances, are added to the fat-free 
diet. Bio-assays arc carried out over an 8-week period 
and weights are recorded weekly. At the end of this 
period, the log dose of the known pure linoleate sup- 

produc t s  conta ined  about  2 %  a p p a r e n t  trans-acids. 

plements, expressed as linoleic acid, is plotted against 
the 8-week weight gain. From the straight line thus  
obtained, the linoleic acid content of the "unknown"  
substances is determined from the weight gain of the 
animals. 

Bio-Assay vs. Spectrophotometric Findings 
Samples with little or no linoleic isomers show rea- 

sonable agreements (20) between bio-assay and spec- 
trophotometric values (Table I).  Thus, fats contain- 
ing only natural forms of fat ty acids or mixtures of 
these and completely hydrogenated fats give, on bio- 
assay, an average of 97% of that obtained spectre- 
photometrically. 

In samples containing partially hydrogenated oils, 
considerable amounts of trans isomers of the polyun- 
saturated fatty acids are present. These are partially 
measured by spectrophotometry but do not show up 
in bio-assay (20). Thus, only 44-80% of the total 
linoleic acid measured spectrophotometrieally is shown 
to be of the EFA type according to bio-assay (Table 
I]).  

The trans fat ty acids in partially hydrogenated 
margarine fats consist of trans-oleie and traHs-linolei'c 
acids. Although the trans oleie acids have been shown 
(24) to have no effect on the development of EFA 
deficiency in rats on a fat-free diet, or on the response 
following addition to the diet of cis-9, cis-]2-1inoleate, 
little has been reported on the effect of trans-linolei'e 
acids. The spectrophotometric method measures all 
the cis-9, cis-]2-1inoleic acid present but, under the 
conditions of the test, only to a limited degree the 

T A B L E  I I  
Es sen t i a l  F a t t y  Acid Content  of H y d r o g e n a t e d  M a r g a r i n e  F a t s ;  Compar i son  w i t h  Resu l t s  by Spec t ropho tomet r i c  A s s a y  

:Product  " Spec t ropho tomet r i e  Assay  b B i o a s s a y  

c/s-9, % of 
S a t u r a t e d  Oleic Linole ic  cls-12- 

No. Desc r ip t ion  f a t t y  acid acid  l inoleic Spec. 
ac ids  ac id  e s t ima te  

% t r ig lycer ides  

9 
10 
11 

12 
13 

14 

Soybean  and  cot tonseed oil 
h y d r o g e n a t e d  d i rec t ]y  to 
m a r g a r i n e  cons tan t s  and  blended ........................ 

As No. 8, bu t  ano the r  lot .......................................... 
As No. 8 and  9, b u t  ano the r  lot ................................ 
Same  as No. 8 -~- l iquid whole  cotton- 

seed oil, 98.5 p a r t s  -~- 1.5 pa r t s  .............................. 
As No. 8 -10 ,  b u t  ano the r  lot ..................................... 
P las t i c  m a r g a r i n e  f a t  m a d e  f r o m  

soybean  and  cot tonseed oils hydro-  
gena t ed  excessively  a n d  blended wi th  
oils h y d r o g e n a t e d  to a compensating" 
lesser  degree  .......................................................... 

As No. 13 b u t  ano the r  p r o d u c t  . . . . . . . . . . . . . . . . . . . .  

19.5 71.2 4.8 
18.9 71.1 5.5 
20.0 71.1 4.4 

20.3 70.3 4.9 
19.5 71.1 4.9 

17.7 68.0 9.7 
18.5 66.9 10.2 

% 
tr i-  

g lycer ides  

2.4 
2 .4  
3.5 

2 .4  
3.7 

6.9 
6.1 

50 
44  
80 

49 
76 

71 
60 

a M a r g a r i n e  fa t s  No. 8 - 1 0  a n d  12 were  p roduc t s  d i rect ly  h a r d e n e d  to m a r g a r i n e  cons tan t s  u n d e r  selective condi t ion  of hyd rogena t ion .  I n  
m a r g a r i n e  fa t s  No. 13 a n d  14, one po r t ion  of the  oil blend w a s  select ively h y d r o g e n a t e d  to a deg ree  in  excess of t h a t  cha rac te r i s t i c  of whole 
m a r g a r i n e  fats ,  a n d  the  o ther  por t ion  was  select ively h y d r o g e n a t e d  to a compe nsa t i ng  lesser  degree.  

b B y  the  method  of B r i c e  et aI. ( 2 2 ) .  A c c o r d i n g  to I R  absorp t ion  ana lyses  ( 2 3 ) ,  the  above p roduc t s  con ta ined  about  3 3 %  trans-fatty acids 
( expressed  as e la idic  a c i d ) .  
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T A B L E  I I I  
Essen t ia l  Fa t ty  Acid Content  of Two Types of Marga r ine  Fa t s  by Bioassay 
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Supplement  to 
f a t - f r e e  diet  

None---control  . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . .  
Linolete  acid a - - c o n t r o l  ............................ 
Linotete acid * - - c o n t r o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Btended-corn-oil  m a r g a r i n e  b ................... 
Hydrogena ted  corn-oil m a r g a r i n e  b ........... 

No. of ra ts  

17 
13 
10 
13 
12 

A m o u n t  
ingested 

m y ~ r a t ~ d a y  
O 

20 
50 
93 

270 

Avg. w t  ga in  
8-week per iod 

ff 
10 

106 
136 
114 

61 

Calculated 
l inoleic acid 

in take  

m y / d a y  
0 

20 
50 
26 
14 

e i s -9 ,  c@-12 -  
l inoleic acid 

content  
o f f a t  

% 

100 
100 

28.9 
5.3 

a Admin i s te red  as pure  methyl  l inoleate;  quan t i t y  ingested expressed as l inoleic acid. 
b Separa ted  m a r g a r i n e  oil adminis tered .  

T A B L E  I V  
Per fo rmance  of EFA-Defic ient  Ra t s  Fo l lowing  :Repletion of Fa t -Free  

Die t  wi th  Blended  Corn-Oil  M a r g a r i n e  or Hydrogena ted  
Corn-Oil  Marga r ine  a t  Same Low Level  

Blended Hydro-  
corn-oil genated 

corn-oil 
Cr i te r ion  m a r g a r i n e  m a r g a r i n e  

~roup group 
(BCOM) ( H C O ~ )  

At  end of depletion per iod on fat-free diet  
Number  of An ima l s  ........................................ 
Avg  body wt, g ................................................ 

After  8 wk reple t ion of same diet  a 
M a r g a r i n e  fa t  f e d / r a t / d a y / m y  ..................... 
No. of an imals  s u r v i v i n g  ............................... 
Avg.  wt  of surv ivors ,  g ................................. 
Avg.  wt  ga in  of surv ivors ,  g .......................... 

After  26 wk  of reple t ion of same diet  
M a r g a r i n e  fa t  f e d / r a t / d a y / m y  ...................... 
No. of an imals  s u r v i v i n g  ................................. 
Avg. wt  of surv ivors ,  g .................................. 
Avg. wt  ga in  of surv ivors ,  g .......................... 

After  43 wk of replet ion of same diet  
M a r g a r i n e  fa t  f e d / r a t / d a y / m y  ...................... 
No. rats surviving .......................................... 
Avg. wt  of surv ivors ,  g ................................ 
Avg. wt  ga in  of surv ivors ,  g . . . .  

13 
219 

37 
13 

305 
86 

37 
10 

324 
105 

37 
7 

286 
67 

13 
215 

37 
11 

253 
38 

37 
7 

263 
48 

37 
5 

216 
1 

a I n  ca lcu la t ing  c i s -9 ,  c i s -1 2 -1 i n o l e i c  acid content  of the test  fa ts  f rom 
these data,  the fa t  in  BCOM conta ined 29 .7% EFX-l inoleic  ac id ;  the 
H C O M  contained 6.5% linoleic acid of th is  type. 

trans-isomers of linoleic acid (25,26). These trans- 
isomers lack EFA activity and, to the extent that they 
are present and included in the spectrophotomctric 
measurement, the spectrophotometric value is an er- 
roneously high estimate of EFA content. Par t  of the 
findings in Tables I and II  have been published (19, 
20). 
Studies of Two New Types of Margarine Fats 

In the more detailed experiments reported here, 
the EFA contents (as linoleie acid) of the fats in 
two widely differing types of margarine fats have been 
determined, using the bin-assay procedure described 
above. Both margarines were purchased on the open 
market in Los Angeles. The first, hereafter called 
blended corn oil margarine fat (BCOMF) is a liquid 

oil margarine (27) made with non-hydrogenated corn 
oil as its major ingredient; other components of the 
blend are a li'ghtly hydrogenated cottonseed oil and 
a partially hydrogenated soybean oil. The corn oil in 
this product provides about 90% of the total linoleic 
acid; the remaining 10% is contributed by lightly 
hydrogenated cottonseed oil. According to the method 
of making this product (27) very little li~oleic acid 
isomers would be expected. Iodine value (I.V.) of 
margarine fat of this type was 96.3. 

In the second product, hereafter called hydroge- 
nated corn oil margarine (HCOM), each oil compo- 
nent was hydrogenated to some degree. Hydrogena- 
tion coupled with a high degree of isomerization, is 
employed in making this fat, to provide a product 
having a high retention of octadecadienoie acids, but 
with most of the residual dienes being of the isomeric 
forms of linoleic acid. I.V. was 85.2. 

Results of the bin-assay show in Table I I I ;  the 
BCOMF contained 28.9% cis-9, cis-12-1inoleic acid 
and the hydrogenated product contained 5.3%. Dos- 
age levels used were based upon results of spectre- 
photometric analyses for noneonjugated linoleic acid 
content, where the BCOM showed 29.0% linoleic acid, 
while the HCOM showed 9.5% ; therefore, three times 
as much of the latter 'was fed. The intent in both 
cases was to obtain a growth response between that 
obtained by feeding two known levels of linoleic acid: 
20 and 50 mg of pure methyl !inoleate per animal/day. 
This was attained with the BCO1V[ but not with the 
H C O M .  

To determine the relative nutritional values of the 
two margarines the fats were fed at the same subop- 
timal level of 37 mg fat/anima!/day.  Growth re- 
sponses of the EFA-deficient rats and survival rec- 
ords, when the fat-free diets were supplemented with 
these margarine fats, show in Table IV. Since reple- 

T A B L E  V 
Compar ison  of Assay Methods for  D e t e r m i n i n g  E F A  Content  of Two ~-~argarine Fa t s  

Assay Method a 

Spectrophotometry (22)  ................................................... 
Thioeyanogen -~ iodine  va lue  (28)  ................................... 
Column Chromatography  for  c sa tu ra tes  -{- 

iodine  va lue  (29)  a ........................................................ 
G L P  Chromatography  ( 3 0 - 3 2  ) e ...................................... 
Bioassay  ( 1 8 - 2 0 )  ........................................................ : .... 

Blended corn-oil m a r g a r i n e  fa t  (BCO]K) 

Sa tu ra t ed  Oleic Linole ie  
fa t ty  acids acid acid 

% of t r ig lycer ides  
19.0 47.2 29.0 
17.8 49.1 28.7 

19.3 45.9 30.4 
18.5 45.0 29.6 
. . . . . . . . . . . .  28.9 

Hydrogena ted  corn-oil m a r g a r i n e  fa t  (HC'OM) 

Sa tu ra t ed  Oleic Linoleic  
fa t ty  acids acid acid 

% of t r ig lycer ides  
12.3 72.1 9.5 b 
14.8 67.0 13.8 

17.4 61.9 16.3 
17.5 58.2 17.4 
. . . . . . . . . . . .  5.3 

By  I R  absorpt ion va lues  (33) ,  the BCOM conta ined 25% t r a n s  acids ;  the HCOM contained 4 2 %  t r a n s  acids, expressed as elaidic acid. 
b This  va lue  does no t  inc lude  1.8% lineleic acid w i th  double bonds in  conjuga ted  pos i t ion ;  such isomers of l inoleic acid are read i ly  measured  

spectrophotometr ical ly.  These k n o w n  isomers obvious ly  should  not  be i n c l u d e d  in a l inoleie aeicl va lue  in tended  to reflect essent ia l  fa t ty  acid activ- 
ity, as they lack th is  special  n u t r i t i o n a l  value.  

r G r a v i m e t r i c  method depends on separa t ion  of sa tu ra ted  fa t ty  acid methyl  esters front mercuric-acetate  de r iva t ives  of unsaturo. ted fa t ty  acid 
esters, la t ter  held on the ah tmina  column, wi th  correct ion made by I .V. for  small  a m o u n t  of methyl  oleate in  f i l t rate and washings .  

, % L  d i . V .  Balance  -- (95"6 -- % S  -- % L )  X 89 .9~-  1 - ~  X 181.1 
100 

where S----% sa tu ra t ed  fa t ty  acids in  the t r ig lycer ides  
L = % linoleic acid in  the t r ig lyeer ides  

Hence, % L  -- 100 X Iod ine  Value - -  89.9 ( 9 5 . 6 -  % S )  
91.2 

and % Oleic acid---- 95.6 --  % S - -  % L  
e Beckman  Model GC-2 Gas Chromatograph  equipped wi th  11 f t  >( ~ in. s ta inless  steel co lumn;  s t a t iona ry  phase 20% succinic  acid-diethylene 

glycol polyester  on 60 -80  mesh acid-washed Chromosorb W (Wi lk in s  I n s t r u m e n t  and :Research, I n c . ) ;  temp 2 0 0 - 2 1 0 C ;  he l ium as carr ier  gas at  
flow ra te  to pe rmi t  e la t ion  of fa t ty  ~cids in  40 ra in;  test  so lu t ion  5 /~1 of 20% solut ion of methyl  esters of sample in  acetone. 
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F a t t y  Acids  

K i n d  

S a t u r a t e d  ................................................................ 

Total Linoleie ........................................................ 
Pos i t iona l  i somers  of linoleic 

wi th  wide ly  spaced  double bonds  .................... 
;!'runs ~orm of l inoleic wi th  methylene-  

i n t e r r u p t e d  don ble bonds  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Co n j u ga t ed  linoleic ................................................. 
Cis-9, eis-12dinoleic ................................................. 

% Tr ig lyce r ides  in 
m a r g a r i n e  oils 

I "  ] I  b 

17.5 16.4 

16.9 21.7 

3.1 5.0 

5.0 7.4 

1.8 4.9 
7.0 4.4 

5.3 

E x p l a n a t o r y  Notes 

(A)  Avg  of va lues  obta ined by d i rec t  test,  co lumn c h r o m a t o g r a p h y  
and  G L P  c h r o m a t o g r a p h y  

( B )  Avg  obta ined by  combina t ion  of column c h r o m a t o g r a p h y  and  
I .V.  and  by G L P  c h r o m a t o g r a p h y  

(C)  Va lue  by ( B )  m i n u s  t h a t  based on t h iocyanome t r i c  p rocedure  

( n )  Di f fe rence  be tween  total  l inoieic acid  by t b iocyanome t r i c  a n d  
spec t rophotomet r ic  p rocedures  mul t ip l ied  by 2 e 

( E )  Obta ined  spec t rophotometr ica l ly  
(F )  Spec t rophotomet r ic  va lue  for  n o n c o n j u g a t e d  linoleic ac ids  m i n u s  

difference be tween  the  total  l inoleie acid  va lues  ob ta ined  by thio- 
cyanomet r i c  and  spec t ropho tomet r i c  p rocedures  

(G)  By b ioassay  

M a r g a r i n e  oil ( I )  b ioassayed  for  essent ia l  f a t ty  acid con ten t ;  I .V .  85 .2 ;  4 2 %  total  t rans- fa tW acids,  expressed  as elaidic  acid.  
b M a r g a r i n e  oil ( I I )  f ound  to inc rease  s e r u m  cholesterol level in  h u m a n s  ( 3 9 ) ;  I .V.  91 .8 ;  5 0 %  total  t rans- fa t ty  acids,  expressed  as elaidie  acid.  
e U n d e r  s t a n d a r d i z e d  condi t ions  of the spec t rophotomet r ic  method,  the  specific absorp t ion  va lues  for  the  t rans  f o r m s  of l inoleic ac id  v a r y  f r o m  

2 2 %  ( trans,  t rans)  to 6 6 %  (cis,. t rans)  of tha t  for cis, cis-linoleic acid  ( 2 6 ) .  F o r  the pu rpose  of calculat ion,  i t  was  a s s u m e d  tha t  the  spcctrophoto-  
m e t r i c  method  inc ludes  in  the  linoleic acid  e s t ima te  about  5 0 %  of the  t rans  i somers  present .  W h e r e a s  the  p rec i s ion  of th is  f igure  m a y  be ques- 
t ioned, i t  does no t  i n t roduce  a s ign i f i can t  e r ro r  in m a k i n g  the  r e q u i r e d  cor rec t ion  of the  spec t rophotomet r ic  es t imate .  The  cor rec ted  va lue  ag rees  
well w i t h  tile f igure  de r ived  f r o m  bioassay,  as shown  above. F u r t h e r  conf i rma t ion  is obta ined by c o m p a r i n g  b ioassay  resul t s  f r o m  m a r g a r i n e  fa t s  
8 - 1 2  of Table  I I  wi th  the spec t ropho tomet r i c  va lues  before  a n d  a f t e r  cor rec t ion  for the tra.as i somers  inc luded in the  spec t rophotomet r ic  es t imates .  
The p roduc t s ,  for  w h i c h  th iocyanogen  va lues  w e r e  avai lable,  conta ined  ca. 6 . 8 %  linoleic acid  by the  t h iocyanogen  p rocedure  and  ca. 4 . 9 %  spec- 
t rophotometr ieaI Iy .  The  cor rec ted  spec t ropho tomet r i c  e s t ima te  t h e n  ind ica tes  ca. 3 . 0 %  sis-9, cis.12-1inoleic acid  in these  p roduc t s .  

tion studies in Tables I I I  and IV were begun about 
the sanle time, growth responses in the second study 
(Table IV) after  8 weeks of repletion may be con- 
sidered replicate bio-assays estimating the E F A  con- 
tent  as eis-9, cis-12 linoleie acid. The growth response 
curve in feeding 0, 20, and 50 mg linoleic acid (Table 
I I I )  has provided the bio-assay reference curve where 
the three points are on a straight line, i.e., when the 
log doses of the known pure  linoleate supplements 
are plotted against the 8-week weight gains. The 
findings were 29.7% linoleic acid in the BCOMF and 
6.5% in the HC()MF, which agree with previous re- 
sults (Table I I I ) .  

Table IV shows that  the weight gain of the auimals 
fed the BCOMF was strikingly superior to that  of 
the HCOMF. Also, the superior survival is worthy 
of emphasis. Animals receiving the hydrogenated fat  
had a poorer appearance, such as coarse hair, skin 
lesions, and matted fur.  

Values by the physico-ehemieal methods and by 
bio-assay (Table I I I )  show in Table V. Linoleic acid 
values by bio-assay and by the four physieo-chemical 
tests are in good agreement for the BCOM. Findings 
indicate unequivocally that  this product  contains no 
significant amount of linoleie acid isomers. Li'quid 
non-hydrogenated vegetable oils, such as cottonseed 
and corn oils, have also given good agreement for 
linoleic acid content by bio-assay and by the four 
physieo-ehemieal tests. Liquid soybean oil, contain- 
i'ng linolenie acid, offers some problems when assayed 
according to the thiocyanometrie procedure (28) un- 
less a direct and reliable test for saturated fa t ty  acid 
content is first made. Thus, any of the five unrelated 

T A B L E  VII 

Compar i son  of Resu l t s  of A s s a y  )~ethods for  D e t e r m i n i n g  F a t t y  Acid  
Composi t ion  of a 3lore H i g h l y  I somer i zed  F a t  in  H C O ] ~  

Assay  Metllod 

Spec t ropho tomet ry  ( 2 2 )  .................................. 
T h i o cyanogen  @ I .V.  ( 2 8 )  ..... . . . . . . . . . . . . . . . . . . . . . . . .  
Column c h r o m a t o g r a p h y  for  

s a t u r a t e s  -~ I .V .  ( 2 9 )  ................................. 
G L P  c h r o m a t o g r a p h y  ( 3 0 - 3 2 )  ......................... 

More  H i g h l y  I somer i zed  
M a r g a r i n e  F a t  a 

Sara-  Lino-  
r a t ed  Oleie 
f a t ty  acid leie 
acids  acid  

% of t r ig lycer ides  
7.4 74.9 8.1 b 

10.5 68.4 16.7 

16.2 57.0 22.4  
16.7 50.6 21.0 

Sample  con ta ined  ca. 5 0 %  tran8 acids,  expressed  as elaidic acid  in  
the  t r ig lycer ides ,  a cco rd ing  to I R  va lues  ( 3 3 ) .  

b T h i s  va lue  excludes the  4 . 9 %  linoleic acid w i t h  double bonds  in  
con juga t ed  posi t ion p r e s e n t  in  the  f a t  before  a lkal i  i somer iza t ion .  

assay methods may be used to obtain the E F A  
nutri t ional  value of products such as the BCOM. 

For  the fat  in the IICOM, a different situation pre- 
vails. The physico-chemical methods, using GLP 
chromatography (30-32) and direct eolmnn chroma- 
tography for separating the saturated fa t ty  acids 
(29), with calculations of linoleic and oleic acid con- 
tents based on the I.V. of the total unsaturated fa t ty  
acids, include all forms of oetadecadienoie acid in the 
linoleie acid estimate. The difference between the total 
linoleie acid value, and that  derived from the thio- 
eyanometrie measurements (28), is a measure of lino- 
leie acid isomers with double bonds so far  removed 
from each other that  each double bond reacts with 
the thioeyanogen reagent like the one double bond 
in oleic acid. Such linoleic acid isomers are thus not 
included in the li~oleie acid values by the thioeyano- 
metric method and, to the extent that they are not 
included, the value for saturated fa t ty  acids is er- 
roneously low. The difference in linoleie acid found 
by the thioeyanometrie and speetrophotometric pro- 
eedures is a measure of trans-linoleie acids which are 
not meluded in the speetrophotometric estimate (25, 
26). In the thiocyanometrie method, the trans forms 
are measured to the same degree as cis, cis-linoleie 
acid (34,35) ; this led to the conclusion (36) that  the 
thioeyanometrie procedure gives results (37) higher 
than do biological tests. To the extent tha t  trans- 
linoleie acids are not measured by the spectrophoto- 
metrie nlethod, the value for saturated fa t ty  acids is 
fu r ther  reduced below the true value. These low 
saturated fa t ty  acid values by the speetrophotometric 
procedure are fu r the r  reduced by the fai lure of this 
method to include in the linoleic acid estimate those 
isomers of linoleie with double bonds so far  removed 
from each other that  they cannot be brought into con- 
jugated position by the alkali i'somerization procedure. 
Therefore, it is apparent  that  of the non-biological 
methods reported to date, the speetrophotometrie pro- 
cedure is still the best single method for measuring 
the nutr i t ional  value of hydrogenated fats relatively 
high in linoleic acid isomers. This procedure permits 
measurement of isomers with double bonds in conju- 
gated position, but  these are readily differentiated 
from cis, cis-linoleic acid; positional i'somers with 
widely spaced double bonds are missed by this method ; 
and the trans isomers of linoleie acid with methylene 
in ter rupted  double bonds are included in the spectro- 
photometric estimate only to a limited degree. 
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TABLE ~III 
Physieo-Chemical Assays 'o f  Commercial Samples of Oils and Fats  and Interpreta t ions  

Sample Identi ty a 

~tations 

Assay 
Metho~t b 

Cottonseed oil Non-hydros. St)co. 
winterized Thio. 

Col. 

Corn oil Non-hydreg. Spee. 
Thio. 
Col. 

Margar ine  oil (auother 1)redominantly Spec. 
lot of blended corn non-hydrog. CO Thio. 
oil product)  + hydrog. SBO Col. 

and hydrog. OSO 

Margar ine  oil Blend--hydrog.  Spee. 
CSO and hydrog. Thio. 
SBO Col. 

Margar ine  oil t tydrog.  SBO Spec. 
+ about  15% non- Thio. 
hydrog. CSO Col. 

Margar ine  oil Blend--hydrog.  Spec. 
SBO and hydrog. Thio. 
CSO + a few % Col. 
butter oil 

Hydrog.  CO Margar ine  oil (another 
lot of the b_ydrog. 
corn oil product)  

Spec. 
Thio. 
Col. 

Ratio 
of EFA 

lino- 
leie : 
S~t. 

2.5 
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4.6 

1.6 

0.5 

0.4 

0.4 

0.4 

a CO = corn oil; SBO = soybean oil; CSO = cottonseed oil. 
Spec. = spectrophotemetric; thio. ---- thiocyanogen n- iodine value;  

For estimating the saturated fatty acid content of 
hydrogenated fats, particularly those high in linoleic 
isomer content, the preferred method is the direct 
test of column chromatography or GLP chromatog- 
raphy. 

From the results of this study, it is now possible 
to characterize in detail the fatty acid composition of 
a highly isomerized margarine fat, such as that in the 
HCOM. The biological assay for estimating cis-9, 
cis-12 linoleie acid content is a costly and time-con- 
suming test of ca. 20 weeks and hence will never be 
used as a routine test. However, fairly good charac- 
terization of the fatty acid composition of highly isom- 
erized margarine fats can be achieved by using four 
of the physieo-chemical procedures. This method is 
applicable to most margarine fats, those made wi'th 
domestic vegetable oils and containing no residual 
linolenic acid. When the latter is present, for each 
per cent of Iinolenic acid the value for saturated fatty 
acids by the thiocyanometric procedure is correspond- 
ingly low. 

Table VI gives a characterization of the fatty acids 
in the ItCOM (I) which had been bio-assayed. This 
table also gives the characterization of another pro- 
duction lot of this same margarine (II) ,  an even more 
highly isomerized fat, but with the same solids con- 
tent index (38) values. The latter fat has recently 
been shown to increase the serum cholesterol levels 
of humans (39) when compared with a fat of the 
same fat ty acid pattern but free from isomers. ~ Ta- 
ble VII  summarizes the results of the analyses of this 
fat by the four physieo-chemical tests. The ratio of 
isomeric forms to natural linoleie acid was 4:1. This 
high ratio may explain why this product increased 
the serum cholesterol level in contrast to the finding 
by others (40) that ti'noleic acid isomers up to 8% 
of the fats fed do not elevate the cholesterol level. In 
the latter study (40) the ratio of isomeric forms to 

1 Anderson, et al. (39) in comparing results obtained with those of 
their prediction equation, unfortunately attributed the serum cholesterol 
ra is ing  effect of this margar ine  fat  to the t rans  monoenes present. No 
such departure of results from those of the prediction equation was 
noted in their three earlier tests with hydrogenated vegetable oils, con- 
ta in ing the same eoncenta'a.tions of t rans  monoenes but very little 
linoleic acid isomers;  they found serum cholesterol results in these 
t e s t s  were eitker in agreement  with the values of the prediction equa- 
tion or were actually less than expected. 

col. = column chromatographic ~ I.'V. 

natural linoleic acid in the hydrogenated fats was 
relatively small, varying from a low of 0.1:1 to a high 
of 0.4:1. Hence, results noted by Anderson, et al. 
(39) could readily have been missed in the McOsker, 
et al. study (40) where less critical test systems were 
investigated. 

Since the fat in the BCOM contains almost no iso- 
mers of linoleie acid, the characterization of the fat ty 
acids present may be taken as the average of the 
values obtained by all five assay methods listed in 
Table V. Thus, this fat contains 29.3% cis-9, cs 
linoleic acid, 46.8% oleic acid (25%, absolute, being 
trans oleic acid), and 18.7% saturated fat ty acids in 
the triglyeerides; essential to saturated fatty acids is 
1.6,:1. In the fats of the HCOM, essential to satu- 
rated fatty acids is 0.3:1. 

P h y s i c o - C h e m i c a l  A s s a y s  a n d  N u t r i t i o n  V a l u e  

From this study it is possi'ble to obtain a good 
estimate of the essential fat ty acid content of hydro- 
genated fats containing residual dienes. By sub- 
tracting from the spectrophotometrieally found value 
for non-conjugated linoleie acid the difference be- 
tween a) the total linoleic acid value obtained spec- 
trophotometrically, and b) that obtained by the thio- 
cyanometric procedure, a figure in reasonable agree- 
ment with the biological assay estimate is obtained. 
Such application of the physico-ehemical methods is 
shown i~ Table VII I  which gives the assays on a 
number of commercial oils and fats. In the first three 
samples, each practically free of linoleic acid isomers, 
the values for linoleic acid and those for the saturated 
fat ty  acids by all three assay methods are averaged 
for nutritional interpretations. For the latter four 
samples, containing linoleic aci'd isomers, the total of 
conjugated fatty acids and apparent linolenie acid 
found by spectrophotometric analyses is added to the 
figure for non-conjugated linoleic acid, and the sum 
subtracted from the linoleic acid value obtained by 
the thiocyanometrie procedure. This difference is then 
subtracted from the spectrophotometric figure for 
non-conjugated linoleie acid content to provide the 
value for EFA-linoleic acid. The latter is divided by 
the figure for saturated fatty acids obtained by col  
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umn chromatography (and/or  GLP chromatography) 
to give the ratio of EFA-linoleic acid to saturated 
fa t ty  acids. 
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Isomerization of Mono Ethenoid Acids 
During Hydrogenation' 
M. R. SUBBARAM and C. G. YOUNGS, National Research Council of Canada, 
Prairie Regional Laboratory, Saskatoon, Canada 

Abstract  
Methyl petroselinate, methyl oleate, and methyl 

erucate were hydrogenated under conditions used 
in industry  for selective hydrogenation. The re- 
sulting products were separated into saturated 
esters and trans- and cis-unsaturated esters on a 
silver ni t rate  impregnated silieie acid column. 
The positional isomers in the total hydrogenated 
samples and the cis and trans-fraetions were de- 
termined by oxidation with permanganate-per- 
iodate and GLC analysis of the resulting di- 
carboxylie fragments. Positional isomers were 
found in both trans and cis-fraetions with equal 
shifting of the bond toward and away from the 
carboxyl group, regardless of whether the bond 
was originally in the 6,9, or 13 position. The ratio 
of trans to cis-form in the positional isomers in 
all eases was higher than the reported equilib- 
r ium proportions of 2:1. 

Int roduct ion 

I SOMERIZATION of mono ethenoid acids during part ial  
hydrogenation has been studied by several investi- 

gators. F rom part ial ly  hydrogenated ethyl oleate, 
Moore (9) isolated both positional and geometric 
isomers, while Hilditeh and Vidyarthi  (7), working 
with methyl oleate, obtail~ed trans-isomers with bonds 
in the 8 and 10 positions. Boelhouwer et al. (4) and 
Knegtel  et al. (8) showed the formation of large 
amounts of positional isomers during the hydrogena- 
tion of unsaturated fa t ty  aeids. Allen and Kiess (3) 
demonstrated that  bond shifting" toward and away 
from the carboxyl group was equal during hydrogena- 
tion of oleie acid. By separating" the trans from the 
cis-aeids by acetone crystallization at)d detemnining 

1Issued ~s NRC No. 7736. 

the positional isomers present in the purified trans- 
fractions, these authors concluded that  the positional 
isomers were composed of an equilibrium mixture of 
c/s and trans-isomers. Feuge and Cousins (6) studied 
the influence of temperature,  rate of hydrogen disper- 
sion, type of catalyst, and catalyst concentration on 
the bond shifts during hydrogenation of methyl oleate. 
The amount of trans-isomers formed was not propor- 
tional to either the degree of hydrogenation or the 
extent of nligration of the double bonds. Effects of 
operating variable during part ial  hydrogenation of 
methyl oleate were also studied by Albright and Wis- 
niak (1). They found that the ratio of trans to cis- 
isomers approached 2, and that  the rates of hydro- 
genation for cis, trans and positional isomers were the 
same. This latter point was also noted in a recent 
paper  by Allen (2) on the hydrogenation of methyl 
cis 6-, cis 9-, and cis 12-oetadecenoates. Scholfield 
et al. (11), s tudying the part ial  hydrogenation of 
methyl linolenate, isolated the monoenes formed and 
fractionated these into the cis and trans-isomers by 
countercurrent  distribution between methanolie silver 
ni t rate  and petroleum ether. In the cis-fraetion, the 
major  par t  of the double bonds remained in the orig- 
inal positions, while in the trans-fraetion the bonds 
were widely scattered. In the mouoenes with double 
bonds in other than the original positions 13-25% 
were cir. 

The present paper  describes the application of a 
silver ni trate impregnated silieic acid column, as de- 
scribed by de Vries (5), to the quantitat ive separa- 
tion of saturated esters and trans and cis-isomers 
formed during the part ial  hydrogenation of methyl 
petroselinate, methyl oleate, and methyl erucate under  
selective conditions. Positional isomers in the hy- 
drogenated esters and their c/s and trans-fraetions 


