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Essential Facty Acid Contents of Various Fats:

[nterpretations of Values by Physico-Chemical Tests

ROSLYN B. ALFIN-SLATER, University of California at Los Angeles, and
DANIEL MELNICK, Corn Products Company, Bayonne, New Jersey

Abstract

Biological assays of oil and fat produects, free
from isomers of the naturally-occurring e¢is-9,
cts-12 linoleic acid, have been shown to provide
estimates of essential fatty acid content which
agree well with values obtained by speectrophoto-
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 linoleic acid content by
using biological assay or spectrophotometry, thio-
cyanometric procedure, column chromatography
for satnrates plus iodine value, and gas liguid
partition (GLP) chromatography. This marga-
rine fat contained about 29% of the essential
form of linoleic acid, and had a ratio to satu-
rated fatty acids of 1.6:1.

The hydrogenated corn oil margarine is un-
like conventional margarines in providing high
amounts of the isomeric forms of linoleie acid
which lack essential fatty acid activity. For this
reason, poor agreement was obtained between
biological assay resnlts and those by physico-
chemical measurements of linoleic aeid content.
Such fat containg only about 6% of the essential
form of linoleic acid, with a ratio to saturated
fatty acids of ea. 0.3:1.

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

Introduction

HE REQUIREMENT for essential fatty acids (EFA)

by many animals 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 fatty aeid deficiency in the human in-
fant causes a dry and scaly skin which responds to
essential fatty acid therapy (8); linoleic acid is also
required for optimum utilization of the total calories
ingested (8).

Values for the human requirement for essential
fatty acids (viz., cis-9, cis-12-linoleic acid) have been
reported to range from 1-49% of the caloric intake
(8-10). Holman (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 ‘‘for some physiological functions the
requirement for EFA may be greater than 2% of
calories. For example, if hypocholesterolemia is a
desirable condition, the amount of highly unsaturated
fatty acids required to maintain it appears to be sev-
eral fold that amount.’”” The fact that other polyun-
saturated fatty acids, in addition to the essential fatty
acids, exert hypocholesterolemic effects (10,11) should
not lead one to regard the value of dietary linoleic
acid as limited only to those functions for which it
is essential. The hypocholesterolemic activity of the
essential fatty acids indicates another important fune-
tion, even though non-specific, of these nutrients in
human nutrition.

Three essential fatty acids are now recognized:
linoleic (cis-9, cis-12-octadecadiencic acid), linolenie
(e1s-9, cis-12, cis-15-octadecatrienoic acid), and ara-
chidonic (cis-5, cis-8, ecis-11, cis-14-eicosatetraenoic
acid). Arachidonic acid has been reported ca. three
times as effective as linoleic in promoting growth (12),
and linoleic acid is more effective than linolenic in
relieving EFA deficiency symptoms (13). Since-lino-
leic acid ean form arachidonic acid in the animal
body (14,15), investigators have concentrated atten-
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TABLE I

Essential Fatty Acid Content of Oil and Fat Products

Containing No Fatty Acid Isomers of Hydrogenation;

Comparison with Results by

Spectrophotometric Assay

Product Spectrophotometric Assay 2 Biocassay
cis-9
- Saturated Oleic Linoleic cis-13- P of
No. Description Tatty acid acid linoleic Spec.
acid
. . tri-
% triglycerides g];?f: erides
1 Cottonsee oil, liquid whole .................ooeeei il 24.7 21.3 49.5 48.0 97
2 Cottonseed oil, (winterized).. 21.3 20.5 53.8 51.7 96
3 Soybean oil, liguid whole ... 12.9 29.0 53.8) 59.1 110
4 Corn oil, liquid whole 12.3 28.3 54.2 45.7 84
5 82.5 parts of liguid cottonseed
oil inte;‘esteriﬁed with 17.5 4
parts of completely hydrogenate
cottonseed oil (21) ..o 39.2 13.6 42.8 44.0 103
6 Same as 5 above + edible
antioxidants (0.0229%) ...........ccccoiiiiiiiiiiiiiii ] 39.2 13.6 42.8 41.5 97
7 Sa?e as 6 above + completely
ydrogenated coconut oil, 85
parts + 15 parts L 47.5 11.7 36.4 i 34.5 95

% By the method of Brice et al.

(22).
b Includes 7.39 linolenic acid.

tion on the determination, metabolism, and supply of
this fatty acid. Only the ¢is-9, cis-12-form of linoleic
acid possesses EF A 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 polyenoic fatty acids can be determined by
spectrophotometric, chromatographic, and other tech-
niques, 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 linoleic 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 fatty 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
teeding a fat-free diet after weaning. Depletion is
achieved when weight 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 are 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-

By IR absorption analysis (23), products contained about 2% apparent érams-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 fatty aeids or mixtures of
these and completely hydrogenated fats give, on bio-
assay, an average of 97% of that obtained speetro-
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 hio-assay (20). Thus, only 44-80% of the total
linoleic acid measured spectrophotometrically is shown
to be of the EFA type according to bio-assay (Table
11).

2l’he trans fatty acids in partially hydrogenated
margarine fats consist of frans-oleic and trams-linoleic
acids. Although the trans oleic 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, ¢is-12-linoleate,
little has been reported on the effect of frans-linoleic
acids. The speetrophotometric method measures all
the ¢is-9, cis-12-linoleic acid present but, under the
conditions of the test, only to a limited degree the

TABLE II
Essential Fatty Acid Content of Hydrogenated Margarine Fats; Comparison with Results by Spectrophotometric Assay
Product * Spectrophotometrie Assay ? Bioassay
cis-9
Saturated . . . A 9%, of
ipti Oleic Linoleic ¢is-12-
No. Description ;iltg; wcid acid linoleic es%iplggte
acid
% triglycerides t‘?i-
8 Soybean and cottonseed oil glycerides
hydrogenated directly to
margarine constants and blended .... 19.5 71.2 4.8 2.4 50
9 As No. 8, but another lot................. 18.9 71.1 5.5 2.4 44
10 As No. 8 and 9, but another lot 20.0 71.1 4.4 3.5 80
11 Same as No. 8 -+ liquid whole cotton-
seed oil, 98.5 parts |- 1.5 parts 20.3 70.3 4.9 2.4 49
12 As No. 8-10, but another lot 19.5 71.1 4.9 3.7 76
13 Plastic margarine fat made from
soybean and cottonseed oils hydro-
genated excessively and blended with
oils hydrogenated to a compensating
lesser deBree ..ot e 17.7 68.0 9.7 6.9 71
14 As No. 13 but another produet ... . 18.5 66.9 10.2 6.1 60

* Margarine fats No. 8-10 and 12 were products directly hardened to margarine constants under selective condition of hydrogenation. In
margarine fats No, 13 and 14, one portion of the oil blend was selectively hydrogenated to a degree in excess of that characteristic of whole
margarine fats, and the other portion was selectively hydrogenated to a compensating lesser degree. X )

b By the method of Brice et al. (22). According to IR absorption analyses (23), the above products contained about 339% trans-fatty acids

(expressed as elaidic acid).
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) TABLE III
Essential Fatty Acid Content of Two Types of Margarine Fats by Biocassay

cis-9, cis-12-
Supplement to Amount Avg. wt gain Calculated linoleic acid
fat-free diet No. of rats ingested 8-week period lm(i)]llet{:kacld content
€ of fat
myg /rat/day g mg/day %
None—control. . 17 0 10 o |
Linoleic acid 2—-control 13 20 108 20 100
Linoleie acid 2*—control... 10 50 136 50 100
Blended-corn-oil margarine b. 13 93 114 26 28,9
Hydrogenated corn-oil margari 12 270 61 14 5.3

2 Administered as pure methyl linoleate; quantity ingested expressed as linoleic acid.
b Separated margarine oil administered.

TABLE IV

Performance of EFA-Deficient Rats Following Repletion of Fat-Free
Diet with Blended Corn-Oil Margarine or Hydrogenated
Corn-Oil Margarine at Same Low Level

oil margarine (27) made with non-hydrogenated corn
oil as its major ingredient; other components of the
blend are a lightly hydrogenated cottonseed oil and
a partially hydrogenated soybean oil, The corn oil in

Blended Hydro- ! > . -
o coiﬁ-(fg gg;‘ifgﬁ this product provides about 90% of the total linoleic
Oriterion WATEATING |y roarine acid; the remaining 10% is contributed by lightly
group group g . . y
(BCOM) | (HC0M) hydroggnated.eottonseed oil. According to ‘the methqd
‘At end of deplofion period on fat free diet pf making this produet (27) very little linoleie aelq
Number of Anrimals 13 13 isomers would be expected. ITodine value (I.V.) of
Avg body wt, g 219 215

margarine fat of this type was 96.3.
In the second product, hereafter called hydroge-

After 8 wk repletion of same diet »
Margarine fat fed/rat/day/mg.. 37 37

No. of animals surviving. . 13 11 . . .

Ave. wt ;i?r?ﬂ‘svﬁii’i s 308 268 nated corn oil margarine (HCOM), each oil compo-
After 26 wk of repletion of same diet nent was hydrogenated to some degree. Hydrogena-

Margarine fat fed/rat/day/ 3 3 : i y i 1

No. oF amienals sarciaing./me 87 T tion coupled with a high degree of isomerization, is

Avg. wt of survivors, g .. 324 263 employed in making this fat, to provide a product

Avg. wt gain of survivors, g 105 48 ; .

having a high retention of octadecadienoic acids, but
with most of the residual dienes being of the isomerie

After 43 wk of repletion of same diet
Margarine fat fed/rat/day/mg...........ooooceee. 37 37

No. rats surviving. ... 7 5 . . .
Ave. wh of survivors, g . o] 286 216 forms of linoleic acid. 1.V. was 85.2.
Avg. wt gain of survivors, g 67 1

Results of the bio-assay show in Table III; the
BCOMF contained 28.9% cis-9, cis-12-linoleie acid
and the hydrogenated product contained 5.83%. Dos-
age levels used were based upon results of spectro-
photometric analyses for nonconjugated linoleie acid
content, where the BCOM showed 29.0% linoleic acid,
while the HCOM showed 9.5% ; therefore, three times

roneously high estimate of EFA content. Part of the as much of the latter was fed. The intent in both

. . . cases was to obtain a growth response between that
5(1)131 ings in Tables I and II have been published (19, obtained by feeding two known levels of linoleic acid :

90 and 50 mg of pure methyl linoleate per animal /day.
This was attained with the BCOM but not with the
HCOM.

*In ealculating cis-9, ¢is-12-linoleic acid content of the test fats from
these data, the fat in BCOM contained 29.7% EFA-linoleic acid; the
HCOM contained 6.5% linoleic acid of this type.

trans-isomers of linoleic acid (25,26). These framns-
isomers lack EF A activity and, to the extent that they
are present and included in the spectrophotometric
measurement, the spectrophotometric value is an er-

Studies of Two New Types of Margarine Fats
In the more detailed experimenis reported here,

the EFA contents (as linoleic acid) of the fats in
two widely differing types of margarine fats have been
determined, using the bio-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

To determine the relative nutritional values of the
two margarines the fats were fed at the same subop-
timal level of 87 mg fat/animal/day. Growth re-
sponses of the EFA-deficient rats and survival ree-
ords, when the fat-free diets were supplemented with
these margarine fats, show in Table IV. Since reple-

TABLE V
Comparison of Assay Methods for Determining EFA Content of Two Margarine Fats
Blended corn-oil margarine fat (BCOM) Hydrogenated corn-oil margarine fat (HCOM)
Assay Method * Saturated Oleic Linolsic Saturated Oleic Linoleic
fatty acids acid acid fatty acids acid acid
9% of triglycerides % of triglycerides
Spectrophotometry (22) 19.0 47.2 29.0 12.3 72.1 9.5
Thiocyanogen - iodine value (28) 17.8 49.1 28.7 14.8 67.0 13.8
Column Chromatography for ¢ saturates -+
iodine value (29)4 19.3 45.9 30.4 17.4 61.9 16.3
GLP Chromatography (30-32)¢ 18.5 45.0 29.6 17.5 58.2 17.4
Bioassay (18-20).......coiiiiniiiiiee L 28.9 | e e 5.3

» By IR absorption values (33), the BCOM contained 25% trans acids; the HCOM contained 42% trans acids, expressed as elaidic acid.

» This valne does not incinde 1.8% linoleic aecid with double bonds in conjugated position; such isomers of linoleic acid are readily measured
spectrophotometrically. These known isomers obvicusly should not be included in a linoleic acid value intended to refleet essential fatty acid activ-
ity, as they lack this special nutritional value.

¢ Gravimetric method depends on separation of saturated fatty acid methyl esters from mercuric-acetate derivatives of unsaturated fatty acid
esters, latter held on the alumina column, with correction made by I.V. for small amount of methyl oleate in filtrate and washings.

. (95.6 — %8 — %L) JoL
471V, Bala = 9. .
1.V alance 100 ><8J9+100><1811
where 8 = % saturated fatty acids in the triglycerides
L = 9% linoleic acid in the triglycerides
Hence, %1, = 100 X Todine Vah;el—z 89.9 (95.6 — %S)
and % Oleic acid =95.6 — %8S — %L
¢ Beckman Model GC-2 Gas Chromatograph equipped with 11 ft X % in. stainless steel column; stationary phase 20% succinic acid-diethylene

glycol polyester on 60-80 mesh acid-washed Chromosorb W (Wilkins Instrument and Research, Inec.); temp 200-210C; helium as carrier gas at
flow rate to permit elution of fatty scids in 40 min; test solution 5 xl of 209% solution of methyl esters of sample in acetone.
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TABLE VI
Patty Acid Composition of Fat in Hydrogenated Corn Oil Margarines

Fatty Acids

9% Triglycerides in

Explanatory Notes

Kind margarine oils
Is Ir»e
Saturated.................. 175 16.4
Total Linoleic. 16.9 21.7
Positional isom
with widely spaced double bonds ................ 3.1 5.0
Trans form of linoleic with methylene-
interrupted double bonds ..cooooooo . 5.0 7.4
Conjugated 1inoleic..............ooceiimviviiieiieiiiiee 1.8 4.9
Cis-9, ¢is-12-1inoleic.........cooocoeeeens TP 7.0 4.4
5.3

(A) Avg of values obtained by direct test, column chromatography
and GLP chromatography

(B) Avg obtained by combination of column chromatography and
I.V. and by GLP chromatography

() Value by (B) minus that based on thiocyanometric procedure

{D) Difference between total linoleic acid by thiocyanometiric and
specirophotometric procedures multiplied by 2 ¢

(E) Obtained spectrophotometrically

(F) Spectrophotometric value for nonconjugated linoleic acids minus
difference between the total linoleic acid values obtained by thio-
cyanometric and spectrophotometric procedures

(G) By bioassay

&« Margarine oil (I) bioassayed for essential fatty acid content; I.V. 85.2; 429 total trams-fatty acids, expressed as elaidic acid.

b Margarine oil (I1) found to increase serum cholesterol level in humans (39); I.V. 91.8; 50% total trans-fatty acids, expressed as elaidic acid.

¢ Under standardized conditions of the spectrophotometric method, the specific absorption values for the trans forms of linoleic acid vary from
229 (trans, trans) to 66% (cis, trans) of that for cis, cis-linoleic acid (26). For the purpose of calculation, it was assumed that the spectrophoto-
metric method includes in the linoleic acid estimate about 50% of the trans isomers present. Whereas the precision of this figure may be ques-
tioned, it does not introduce a significant error in making the required correction of the spectrophotometric estimate. The corrected value agrees
well with the figure derived from bioassay, as shown above. Further confirmation is obtained by comparing bicassay results from margarine fats
8-12 of Table I1 with the spectrophotometric values hefore and after correction for the frens isomers included in the spectrophotometric estimates.
The products, for which thiocyanogen values were available, contained ca. 6.89; linoleic acid by the thiocyanogen procedure and ca. 4.9% spec-
trophotometrically. The corrected spectrophotometric estimate then indicates ca. 8.0% cis-8, ¢is-12-linoleic acid in these products.

tion studies in Tables III and IV were begun about
the same time, growth responses in the second study
{Table 1V) after 8 weeks of repletion may be con-
sidered replicate bio-assays estimating the EFA con-
tent as cis-9, cis-12 linoleic acid. The growth response
curve in feeding 0, 20, and 50 mg linoleic acid (Table
I1T) 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 HCOMF, which agree with previous re-
sults (Table III).

Table IV shows that the weight gain of the animals
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-chemical methods and by
bio-assay (Table I11) show in Table V. Linoleic acid
values by bio-assay and by the four physico-chemical
tests are in good agreement for the BCOM. Findings
indicate unequivocally that this produet contains no
significant amount of linoleic acid isomers. Liquid
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
physico-chemical tests. Liquid soybean oil, contain-
ing linolenic acid, offers some problems when assayed
according to the thiocyanometrie procedure (28) un-
less a direct and reliable test for saturated fatty acid
content is first made. Thus, any of the five unrelated

TABLE VII

Comparison of Results of Assay Methods for Determining Fatty Aecid
Composition of a More Highly Isomerized Fat in HCOM

More Highly Isomerized
Margarine Fat 2

Assay Method Satu- .
rated Oleie Ii“i“."
faity acid ae(d
acids o

% of triglycerides

7.4 74.9

8.1V
10.5 68.4 16.7

Spectrophotometry {22)
Thiocyanogen - 1.V. (28) ...
Column. chromatography for

saturates + 1.V, (29) 16.2 57.0 22.4
GLP chromatography (80-32)... 16.7 50.6 21.0

3 Sample contained ¢a. 50% trans acids, expressed as elaidic acid in
the triglycerides, according to IR values (33).

b This value excludes the 4.9% linoleic acid with double bonds in
conjugated position present in the fat before alkali isomerization.

assay methods may be used to obtain the EFA
nutritional value of products such as the BCOM.
For the fat in the HCOM, a different situation pre-
vails. The physico-chemical methods, using GLP
chromatography (30-32) and direct column chroma-
tography for separating the saturated fatty acids
(29), with calculations of linoleic and oleic acid con-
tents based on the 1.V, of the total unsaturated fatty
acids, include all forms of octadecadienoic acid in the
linoleie acid estimate. The difference between the total
linoleic aeid value, and that derived from the thio-
eyanometric measurements {28), is a measure of lino-
leic acid isomers with double bonds so far removed
from each other that each double bond reacts with
the thiocyanogen reagent like the one double bond
in oleic acid. Such linoleie acid isomers are thus not
included in the limoleic acid values by the thiocyano-
metric method and, to the extent that they are not
included, the value for saturated fatty acids is er-
roneously low. The difference in linoleic acid found
by the thiocyanometric and spectrophotometriec pro-
cedures is a measure of ¢{rans-linoleic acids which are
not imeluded in the spectrophotometric estimate (25,
26). In the thiocyanometric method, the trans forms
are measured to the same degree as cis, cis-linoleic
acid (34,35) ; this led to the conclusion (36) that the
thiocyanometric procedure gives results (37) higher
than do biological tests. To the extent that frans-
linoleic acids are not measured by the spectrophoto-
metrie method, the value for saturated fatty acids is
further reduced below the true value. These low
saturated fatty acid values by the spectrophotometric
procedure are further reduced by the failure of this
method to include in the linoleic acid estimate those
isomers of linoleic with double bonds so far removed
from each other that they cannot be brought into con-
jugated position by the alkali isomerization procedure.
Therefore, it is apparent that of the non-biological
methods reported to date, the spectrophotometric pro-
cedure is still the best single method for measuring
the nutritional value of hydrogenated fats relatively
high in linoleie acid isomers. This procedure permits
measurement of isomers with double bonds in conju-
gated position, but these are readily differentiated
from cts, cis-linoleic acid; positional isomers with
widely spaced double bonds are missed by this method ;
and the trans isomers of linoleic acid with methylene
interrupted double bonds are included in the spectro-
photometric estimate only to a limited degree,
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TABLE VIII
Physico-Chemical Assays-of Commercial Samples of Oils and Fats and Interpretations
Interpretations
Fatty Acids Found f
< . - Assav Ratio
ample Identity Method P EFA of EFA
lino- lino-
Satu- Oleic Lino- Lino- Conjug. Conjug. leia leic:
rated Ieic lenic dienoie trienoic Sat.
% trigl, % trigl. % trigl. % trigl. % trigl. % trigl. 9%, trigl.
Cottonseed oil Non-hydrog. Spec. 21.4 20.4 53.3 0.2 0.0 0.2
winterized Thio. 21.7 21.0 52.9 . 52.7 2.5
Col. 20.4 23.4 51.8 | . .
Corn oil Non-hydrog. Spec. 12.4 27.2 55.2 4.7 8.0 8.1
Thioe. 12.2 28.5 54.9 e . 54.7 4.8
Col. 11.2 30.5 53.9
Margarine oil (another Predominantly Spec. 17.4 49,0 28.9 0.3 0.0 0.1
lot of blended corn non-hydrog. CO Thio. 19.1 47.9 28.6 o 28.6 1.6
oil produet) + hydrog. SBO Col. 18.8 48.4 28.4
and hydreg. C8SO
Margarine o0il Blend—hydrog. Spec. 17.5 63.2 12.5 0.4 1.9 0.0
CS0 and hydrog. Thio. 19.7 59.7 16.2 . .. 11.1 0.5
SBO Col, 20.6 57.8 17.2 .
Margarine oil Hldrog. SBO Spec. 13.8 68.6 10.6 0.5 2.1 0.0
about 159 non- Thio. 16.2 63.3 16.1 L 7.7 0.4
hydrog. CSO Col. 19.8 56.1 19.7
Margarine oil Blend—hydrog. Spec. 14.0 72.9 7.5 0,3 0.0 1.0
SBO and hydrog. Thio. 14.7 71.6 9.3 o 7.0 0.4
C80 -+ a few % Col. 18.8 63.4 13.4
butter oil
Margarine oil {another Hydrog. CO Spec. 7.3 75.4 11.9 0.0 1.0 0.0
lot of the hydrog. Thio. 13.5 64.5 17.6 7.2 0.4
corn oil product) Col., 18.2 55.1 22.3
2 CO =corn oil; SBO = soybean oil; CSO = cottonseed oil.
» Spec. = spectrophotometric; thio. = thiocyanogen -+ iodine value; col. = column chromatographic + 1.V.

For estimating the saturated fatty acid content of
hydrogenated fats, particularly those high in linoleic
isomer countent, 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 eomposition of
a highly isomerized margarine fat, such as that in the
HCOM. The biological assay for estimating cis-9,
c1s-12 linoleic 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 physico-chemical procedures. This method is
applicable to most margarine fats, those made with
domestic vegetable oils and containing no residual
linolenic acid. When the latter is present, for each
per cent of linolenic acid the value for saturated fatty
acids by the thiceyanometrie procedure is correspond-
ingly low.

Table VI gives a characterization of the fatty acids
in the HCOM (1) 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 fatty acid pattern but free from isomers.! Ta-
ble VII summarizes the results of the analyses of this
fat by the four physico-chemical tests. The ratio of
isomeric forms to natural linoleic 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 linoleic 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
raising effect of this margarine fat to the f{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-
taining the same concentrations of ¢rans monoenes but very little
linoleic acid isomers: they found serum cholesterol results in these

tests wore either in agreement with the values of the prediction equa-
tion or were actually less than expected.

natural linoleic aeid 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) eould 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 linoleic acid, the characterization of the fatty
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, cis-12
linoleic acid, 46.8% oleie acid (25%, absolute, being
irans oleic acid), and 18.7% saturated fatty acids in
the triglycerides; 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.

Physico-Chemical Assays and Nutrition Value

From this study it is possible to obtain a good
estimate of the essential fatty aecid content of hydro-
genated fats containing residual dienes. By sub-
tracting from the spectrophotometrically found value
for non-conjugated linoleic acid the difference be-
tween a) the fotal 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-chemical methods is
shown in Table VIII which gives the assays on a
number of commereial 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
fatty acids by all three assay methods are averaged
for nutritional interpretations. For the latter four
samples, containing linoleic acid isomers, the total of
conjugated fatty acids and apparent linolenic 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 thiocyanometric procedure. This difference is then
subtracted from the spectrophotometric figure for
non-conjugated linoleie acid content to provide the
value for BEF A-linoleic acid. The latter is divided by
the figure for saturated fatty acids obtained by eol-



150 THE JOURNAL OF THE AMERICAN O CHEMISTS  SOCIETY

umn chromatography (and/or GLP chromatography)
to give the ratio of EFA-linoleic acid to saturated

fatty acids.
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[somerization of Mono Ethenoid Acids

During Hydrogenationl
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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 nitrate impregnated silicic acid column.
The positional isomers in the total hydrogenated
samples and the ¢is and trans-fractions were de-
termined by oxidation with permanganate-per-
iodate and GLC analysis of the resulting di-
carboxylic fragments. Positional isomers were
found in both #rans and cis-fractions 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 cases was higher than the reported equilib-
rium proportions of 2:1.

Introduction

SOMERIZATION of mono ethenoid acids during partial

hydrogenation has been studied by several investi-
gators. From partially hydrogenated ethyl oleate,
Moore (9) isolated both positional and geometric
isomers, while Hilditech and Vidyarthi (7), working
with methyl oleate, obtained trams-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 fatty acids. Allen and Kiess (3)
demonstrated that bond shifting toward and away
from the carboxyl group was equal during hydrogena-
tion of oleic acid. By separating the frans from the
cis-acids by acetone crystallization and determining

1Tssued as NRC No. 7736.

the positional isomers present in the purified frans-
fractions, these authors eoneluded that the positional
isomers were composed of an equilibrium mixture of
cts and frgns-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 frans-isomers formed was not propor-
tional to either the degree of hydrogenation or the
extent of migration of the double bonds. Effects of
operating variable during partial 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 cts, 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-octadecenoates. Scholfield
et al. (11), studying the partial hydrogenation of
methyl linolenate, isolated the monoenes formed and
fractionated these into the cis and trens-isomers by
countercurrent distribution between methanolic silver
nitrate and petroleum ether. In the cis-fraction, the
major part of the double bonds remained in the orig-
inal positions, while in the trans-fraction the bonds
were widely scattered. In the monoenes with double
bonds in other than the original positions 13-25%
were c¢is.

The present paper describes the application of a
silver nitrate impregnated silicic acid column, as de-
scribed by de Vries (5), to the gquantitative separa-
tion of saturated esters and trens and cis-isomers
formed during the partial hydrogenation of methyl
petroselinate, methyl oleate, and methyl erucate under
selective conditions. Positional isomers in the hy-
drogenated esters and their c¢is and Irans-fractions



