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The linoleic acid and trans fatty acids of
margarines1

J. L. Beare-Rogers, Ph.D., L. M. Gray, B.Sc., and R. Hollywood

ABSTRACT Fifty brands of margarine were analysed for cis-polyunsaturated acids by lipox-

idase, for trans fatty acid by infrared spectroscopy, and for fatty acid composition by gas-liquid

chromatography. High concentrations of trans fatty acids tended to be associated with low

concentrations of hinoleic acid. Later analyses on eight of the brands, representing various

proportions of linoleic to trans fatty acids, indicated that two of them contained still higher levels

of trans fatty acids (>60%) and negligible amounts of hinoleic acid. It is proposed that margarine

could be a vehicle for the distribution of some dietary linoleic acid and that the level of linoleic

acid and the summation of the saturated plus trans fatty acids be known to ascertain nutritional

characteristics. Am. J. Clin. Nut,. 32: 180S-1809, 1979.

Margarine is frequently consumed in a pru-

dent diet because it is a source of polyunsat-
urated fatty acids, lacks cholesterol, and con-
tains a level of saturated fatty acids lower
than that of animal fat. Its composition, how-
ever, differs greatly from the oils from which
it is derived. That an appreciable portion of
vegetable oils is partially hydrogenated be-
fore consumption was not taken into account
in the studies attempting to relate composi-

tion of food supplies to the risk of developing

cardiovascular disease (1, 2). This situation
was previously discussed (3, 4).

Hardened vegetable fat, processed as for
margarine, was found to contain variable
amounts of residual linoleic acid (5-9). The
inclusion of isomeric forms of this fatty acid
would lead to an overestimation of the effec-
tive pobyunsaturates.

Trans fatty acids in the presence of choles-

terol were reported to increase serum choles-
terol levels of man only slightly less than a
mixture of lauric acid and mynstic acid (10).
Adverse effects of trans fatty acids in the rat
were nullified with safflower oil, a rich source
of linoleic acid (II). According to Houts-

muller (12), trans fatty acids would not be
expected to cause undesirable effects, pro-
vided sufficient linoleic acid were present in

the diet. He proposed that the levels of limo-
leic acid and trans fatty acids should be equal
so that appropriate pairs of fatty acids in
phospholipids could ensure proper fluidity.

Margarines were therefore examined to de-

termine the relative concentration of the lin-
oleic acid left in the oil and of the trans acids
formed during hydrogenation.

Materials and methods

Fifty locally available brands of margarine were ob-

tained for fatty acid analyses. A central plug from each

product was extracted for lipids with diethyl ether, the

extract dried with sodium sulfate, and the ether evapo-

rated. Some samples were also extracted with chloro-

form-methanol by the procedure of Bhigh and Dyer (13),

and also by the procedure of Sheppard et al. (14).

The cis-polyunsaturated fatty acids (principally hino-

leate) of the margarines were determined by lipoxidase

(linoleate: oxygen reductase, EC 1.13.1.13), using a mod-

ification of the method of MacGee (15). The enzyme was

obtained from P-L Biochemicals, Milwaukee, Wis., and

the stock solution (1 mg/mI) was used after the sample
had been saponified overnight. Trans fatty acids were

determined by infrared spectrophotometry by the meth-

ods of Allen (16) and the A.O.A.C. (17). Fatty acids, as

their methyl esters, were analyzed on the basis of chain-

length and degree of unsaturation with a Hewlett-Pack-

ard gas chromatograph, model 7620A, equipped with a

six-foot, one-eighth inch column of 10% butanediosuc-

cinate, operated at 190 C, and coupled with a digital

integrator.

After sufficient time for possible reformulation of

margarines, eight brands were analyzed again. These are

designated as the 1977 samples.

Results

The diethyl ether extraction of margarine

provided an adequate estimation of the mar-

From the Bureau of Nutritional Sciences, Food Di-

rectorate, Health Protection Branch, Department of Na-
tional Health and Welfare, Ottawa, Canada KIA OL2.

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcn/article-abstract/32/9/1805/4692338 by guest on 04 February 2019



% cL�. c.a-182 (LIPOXIDASE)

FIG. 1. Distribution of hinoleic acid (cis, cis-18:2, as

determined by lipoxidase) in margarine.
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FIG. 3. Relationship between hinoleic acid and trans

fatty acids in margarine.

FIG. 2. Distribution of trans fatty acids in margar-
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inc.

garine fat, that is 80% of the product. Lower
values, in the order of 74 to 76% fat were

obtained with the method of Sheppard et al.
(14). The procedure of Bligh and Dyer (13)
gave intermediate values.

The concentration of total cis-methylene-
interrupted polyunsaturated fatty acids
(largely 18:2w6) in the fat of SO brands of
margarine is shown in Figure 1. The most
frequent occurrence was in the range of 5 to
10% linoleic acid. More than half of the mar-

garine fats contained less than 10% binoleic
acid whereas two exceeded 40%. The corre-
sponding values for the trans fatty acids (Fig.
2), showed that the most frequent occurrence

8

was in the range of 30 to 35% and the beast
frequent under 5%. The inverse relationship

in Figure 3 demonstrates the high bevel of

trans acids associated with low levels of bin-
oleic acid. This was particularly evident in
the print or block margarines, but three tub
products contained more than 25% trans acid

and bess than 5% binoleic acid in the total
fatty acids. Margarine fat having more than
20% binoleic acid was derived solely from
vegetable fat, and had the lowest bevels of
trans fatty acids.

In Table I are given the P/S ratios and the

total octadecadienoic acids (18:2), as deter-
mined by gas-liquid chromatography, the
concentration of binobeic acid from the bipox-
idase assay, and the summation of saturated
plus trans fatty acids. It is noteworthy that
the two highest P/S ratios, above 3, occurred
with inferior levels of binobeic acid and high

concentrations of saturated plus trans fatty

acids. The group of margarines with a P/S
ratio from 1.5 to 1.9 appeared to be the
superior print margarines. Generally, the tub

margarines with similar or higher bevels of
binoleic acid contained lower bevels of satu-
rated plus trans fatty acids than the print
type, but there were outstanding exceptions.
A wide range in the binoleic concentration
occurred in both the print margarines (2 to
32%) and the tub margarines (2 to 45%). The
products containing marine oil, with or with-

out animal fat, had the lowest concentrations
of linoleic acid and from 54 to 59% saturated
plus trans fatty acids.
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TABLE I
Criteria used to judge fatty acid composition

V Print

Percentage weight of -

Type of
margarine

18:2
Percentage weight of
Irans plus saturated

fatty acids
hyGLC

Total cis.
PUFA by

Lipoxidase

22.0 2.6 52.9

18.3 1.6 53.8

36.7 29.1 40.3

32.9 30.2 45.2

32.9 26.0 45.1

34.2 31.8 42.9
20.5 8.1 56.9

21.8 2.6 51.1

28.6 15.8 60.8

21.6 11.4 51.5

19.2 6.5 54.1

20.3 15.8 36.8

17.7 11.4 53.7
18.4 6.5 57.7
18.8 9.7 60.5

16.4 9.7 56.7
16.5 4.9 56.8

13.4 3.2 59.3

14.0 8.2 46.5

6.0 2.1 62.7

9.4 8.0 45.4

3.66

3.06

1.89

1.82

1.80

1.52
1.38
1.35

1.28

1.19

1.00

0.87

0.85

0.76

0.75

0.75

0.69

0.63

0.48

0.28

0.28

2.53

2.53

2.44

2.41

2.33

2.30

2.29

2.05

1.99

1.97

1.94

1.94
1.78

1.78

1.59

1.52

1.51

1.38

1.30

1.14

1.81

0.91

0.56
0.38

0.34

0.29

0.73

0.35

0.30

V Tub

V and A”

V and A and M’

V and M

A

42.8

44.9

45.1

37.7

41.5
19.9

37.7

34.7

16.3

36.2

30.4

34.8
32.2

29.4

30.0

16.8

26.4

26.0

30.5

21.5

17.3

18.1
18.5

12.8

9.8
9.6

17.5

6.7

10.3

26.4

42.4

45.0

37.0

31.5
14.5

31.5

34.0
1.6

36.0

23.0

34.0
32.0

24.4
26.6

2.2

3.5

15.2

14.6
17.8

9.4

8.2
9.2

9.8

5.9

5.9
5.2

1.7

9.6

32.9

31.7

29.6

35.1

32.6

25.4

35.5

38.6

51.5
33.9

39.4

39.4
38.9

40.2

36.4

60.9

44.8

48.2

48.2

49.9

46.0

55.2
48.1
45.8
55.2

56.5

54.1

59.1

42.5

P/S. polyunsaturated: saturated fatty acids, determined by gas-liquid chromatography (GLC). Total 18:2 = P.

“Total cis-methylene-interrupted fatty acids which would include linolenate. The results represent the maximum
linoleate; PUFA, polyunsaturated fatty acids. ‘Vegetable oil. � Animal fat in print margarine. Marine fat

in print margarine.
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In the later series of analyses (Table 2), two
of the eight margarines contained more than
60% trans fatty acids and negligible amounts
of linoleic acid.

Discussion

If margarine is consumed as a source of

polyunsaturated fatty acids, that is, linoleic
acid, the P/S ratio is inappropriate and some-

times misleading. The indiscriminate P in-
cludes biologically inactive isomers of linoleic
acid and the S would not include the trans
fatty acids which tend to resemble saturated
fatty acids in biological systems. A ratio of
two variables in a complex mixture provides
no quantitative information. It is possible to
have a high P/S ratio in an oil that has little
of either P or 5, and is predominantly mon-
ounsaturated. The concentration of linoleic
acid in a margarine is the essential informa-
tion on polyunsaturates.

Houtsmuller (12) argued that since essen-

tial fatty acids, if available, occupied the 2-
position and straighter chain fatty acids the
1-position of glycerophospholipids, there
should be equal amounts of linoleic acid and
trans fatty acids in the diet. Elaidic acid did
not appear to interfere with the synthesis of
prostaglandins so long as the diet contained

adequate linoleic acid. For the structural
components of membranes, it would appear
that the essential fatty acids for the 2-position
of the glycerophospholipids should approxi-

mate the concentration of the straighter chain
fatty acids, that is, the saturated and trans

acids.
Trans fatty acids have been shown to be

readily oxidized in the rat ( 18, 19). In cardiac
tissue, however, triglyceride levels increased
when the diet contained partially hydrogen-
ated soybean oil, and elaidic acid showed an
affmity for the cardiolipin molecule (20, 21).
Also trans fatty acids differed from cis iso-
mers and more closely resembled saturated
fatty acids in acyl transferase reaction and
incorporation into glycerophospholipids (22-
24). Vergroesen (10) found that they ex-
hibited a hypercholesterolemic effect in man

but Mattson et al. did not (2S). Addition of
elaidic acid lowered the growth response to
linoleic acid in an essential fatty acid deficient

rat (11). Overall, there appears to be little
justification for taking into account the satu-
rated but not the trans fatty acids of a par-
tially hydrogenated fat.

High levels of trans fatty acids without
detectable linobeic acid in a margarine is an
unfortunate situation. If the trans fatty acids,
such as elaidic acid, are to be increased, so
should the linoleic acid. It would be desirable
to reduce high levels of trans fatty acids and
to retain some of the original linoleic acid in
the fmal product, thereby furthering the sup-

ply and distribution of an essential nutrient.

U
The technical assistance of L. Thompson was appre-

ciated.

TABLE 2
Percentage by weight of fatty acids in 1977 margarines

Fatty acid No. I No. 2 No. 3 No. 4 No. S No. 6 No. 7 No. 8

14:0 0.1 0.1 0.2 0.1 0.1 0.1 0.2 0.1

15:0 0.2 0.1

16:0 5.9 12.5 4.4 11.9 12.4 12.4 11.2 4.1

16:1 0.3 0.2 0.3 0.1 0.1 0.1 0.1 0.3

17:0 0.1 0.1 0.1 0.1

18:0 6.4 6.3 9.4 6.4 6.0 6.6 7.1 6.3

18:1 64.2 36.5 72.2 36.5 49.6 36.9 39.8 73.0

18:2 16.0 42.9 8.2 44.0 31.2 43.1 35.9 10.4

18:3 4.9 1.0 0.6 0.4 0.7 5.0 1.1

20:0 0.5 0.3 0.6 0.3 0.3 0.2 0.3 0.7

20:1 1.4 0.2 2.8 0.2 0.3 3.6

20:0 0.1 2.0 1.3

Total saturated 13.3 19.4 16.6 18.7 18.8 19.3 18.9 12.6

Total PUFA#{176}

18:2 + 18:3 20.9 43.9 8.2 44.6 31.6 43.8 40.9 11.5

cis PUFA 14.4 36.1 NDb 37.8 25.3 33.5 30.0 ND”

trans fatty acid 25.7 12.0 64.1 12.3 27.9 13.6 21.8 64.8

“Polyunsaturated fatty acids. b N ot detectable.
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