killed 26.5 hours later, the acid and
lactate portion of the ester found were:
respired air 65.5 and 67.49; liver 4.9
and 2.49;; and carcass 20.7 and 18.99,
(Figure 11). There was no outstanding
difference between results obtained
with the two materials.

Specific Activity of Tissues. Since
the amount of activity administered by
stomach tube varied among the animals,
the specific activity, in terms of dis-
integrations per milligram of fresh
tissue, has been corrected to a standard
constant dosage of 100 uc. for all animals.
The data in Table VI represent essen-
tially random distribution, except that in
series 1, although the other tissues appear
tc have attained equilibrium at 24
hours, the specific activity of the liver
is ten times higher at 24 than at 48 hours.
Data in series 2 indicate that the specific
activity of the liver may be a more sensi-
tive indicator than the specific activity
in the respired air for measuring equi-
librium of lactic acid in the body, since
the specific activity of the liver had not
yet reached equilibrium (Table VI)
whereas the specific activity of the CH*O,
in the exhaled air had approached equi-
librium (Figure 6). Comparable con-
clusions may be drawn with respect to
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the lactate moiety of the ester (Table VI).
Because of the small size of the adrenals
and the difficulty in completely and
adequately isclating them from all
surrounding tissue, the accuracy of their
individual determination is less than that
obtained on the other individual samples.
The similarity between specific ac-
tivities under different conditions is
shown in Table VII. These values
indicated a close similarity between the
free and esterified lactate in series 1.
The greater variation in series 2 may
reflect the lesser activity administered.
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Gas-liquid chromatography was employed to investigate the nature of the fatty acids

present in margarines, spreads, shortenings, and some meat fats.

The results obtained

from polyester and silicone columns generally agreed, and showed that C; fatty acids were

present in 3 of 16 margarines, 6 of 14 spreads, and 1 of 7 shortenings.
marine oils appeared to be the main source of the long-chain fatty acids.

origin also contained fatty acids of odd-numbered carbons.

AI INTEREST in long-chain fatty acids
in foods was aroused when rape-
seed oil became a possible constituent
of the Canadian diet, Since C» and
C22 acids are also components of marine
oils, it was decided to investigate the
nature of the fatty acids present in
margarines, spreads, shortenings, and
some animal fats. Gas-liquid chromatog-
raphy was employed as an effective
means of obtaining quantitative analyses.

Materials and Methods

One-gram aliquots of margarines and
spreads were extracted with diethyl
ether; the ecther extracts were washed
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with water, dried with anhydrous sodium
sulfate, and evaporated in the presence
of nitrogen. The method of Bligh and
Dyer (2) was used to extract the lipide
material from meat. By direct transes-
terification (5, &), the methyvl esters of
fatly acids were prepared. Approxi-
mately 100 mg. of each margarine and
spread fat, of each shortening as pur-
chased, and each meat fat were methyl-
ated by refluxing in 10 ml. of methanol
and 1 ml of 79, HCI in methanol for
30 minutes. After removal of the HCI
and methanol with the aid of a water
bath and a stream of nitrogen, 1 ul
of the methyl esters was inserted into a
Beckman GC-2 gas chromatograph in

AGRICULTURAL AND FOOD CHEMISTRY

In these products
Fat of animal

which the injector was modified and the
gas sampling valve was removed. A
1-mv. recorder was emploved.

Methyl esters of fatty acids were chro-
matographed on a 6-foot, !/4inch
column packed with butanediol suc-
cinate {5) of m.p. 97° C. on acid-washed
Chromosorb W (1 to 6 parts by weight).
The temperatures of the injector and
the column were 206° and 232° C., re-
spectively, while the helium flow was
80 ml. per min. For confirmation of
the results obtained with the polyester
column, the fractions of each chain
length were determined with a 2-foot,
1/4inch column of silicone on Co. fire-
brick (1 to 6 parts by weight) operated



Table I. Per Cent Fatty Acids in Margarine Samples A through O
Dovu-

Fatty ble A 8 c b F G

Acid Bonds P.Ce SCH PC.  SC. PC.  S.C s.C s.C. P.C. s.C. p.C. s.C. p.C. s.C.
Ci, 0 0.2 02 .. 0.2 0.2 0.1 0.2 0.1 0.1 0.1
Cus 0 03 02 03 02 40 338 0.4 0.5 0.9 0.8 0.2 0.1 1.3 1.3
Cis 0 ... 0.2 0.4 . 0.2 0.1
Cis 0 10.9 14.2 19.1 17.9 18.0 13.4 15.2
Cis 1 6.4 0.1 2.3 0.5 2.5
Total Cjs 10.9 10.8 14,2 13,8 25,5 24.8 18.0 18.6 20.3 19.8 13.9 13.9 17.7 17.0
Cyy 0 0.6
Ciy 1 0.4
Total Cy; 1.1 0.8
Cis 0 5.9 7.5 7.4 7.9 8.3 6.4 5.9
Cis 1 58.3 59.4 30.9 59.9 56.9 64.5 50.3
Cis 2 211 18.6 20.1 13.7 11.5 13.9 17.5
Cis 3 0.8 .. 0.6
Total C5 85. 85.2 855 86.0 58.4 57.6 81.5 80.7 77.5 78.0 84.8 85.2 74.3 74.3
Cor 0 1.4 0.8 . 0.8 0.5 2.2
Cap 1 1.9 4.2 .. 0.3 0.5 0.9
Cao 2 1.6 .. 0.1
Can 4 . . . . 0.2 .
Total Con 3.3 3.6 6.6 7.0 1.1 1.5 1.0 0.8 4.4 4.4
Co 0 2.3 2.4
Cf_)-_‘ 1 1.1 .
Cos 2 0.8 .. .
Total Ca, 4.2 5.5 2.4 2.4

H ! J K L M N )
P.C. S.C. Pc. sc. pPC. SC PC SC PC. SC. PC. SC. PC. S5C P s.C.

C» 0 0.1 0.1 . . 1.6 1 . 0.3 0.2
oty 0 3.5 29 01 0.1 0.2 02 02 02 1.1 1 0.1 0.1 03 0.4 04 0.5
s 0 0.2 0.3
Cis 0 20.2 . 1.8 ... 14.5 13.9 10.9 11.6 18.2 13.7
Cis 1 59 ... 0.3 ... 0.4 ... 0.3 ... 0.4 .. 0.5 ...
Total Cis 26.1 255 121 125 149 149 142 139 10.9 10.7 12.0 11.9 18.2 19.0 14.2 13.8
Ci; 0 0.8
C17 1 06 .
Total (5 1.0 1.0 . .. . .
Cis 0 5.4 6.8 6.1 7.6 8.9 8.0 6.3 7.8
Cis 1 27.9 58.2 67.6 62.1 62.5 64.5 60.7 59.0
Cis 2 18.7 20.1 11.2 14.6 14.8 14.7 12.5 18.3
Cis 3 0.5 ... 0.2 ... .
Total Cis 52.5 52.0 85.1 85.4 84.9 84.9 845 84.7 86.2 87.2 87.1 79.5 78.9 85.1 85.5
Czy 0 6.3 1.3 0.8 0.1 0.7 2.0
Cayg 1 1.8 1.3 0.3 0.1
Cao 2 0.6 .. .
Chag 4 0.8 ... .. .
Total Csy 9.5 10.5 2.6 1.9 1.1 1.2 0.2 0.4 0.7 0.9 2.0 1.7
Che 0 6.3
Cas 1 0.4
C-_)Q 2 0.5 .
Total Cs. 7.2 7.8

« Polvester column.
b Silicone column.

at 230° C. with an injector temperature
of 260° C. and a helium flow rate of
30 ml. per minute. The percentage com-
position of the methyl esters of fatty
acids was calculated from areas obtained
by drawing tangents to the curves on
the recorder charts, and measuring the
height and base of the resultant tri-
angles. Minor fatty acids were ten-
tatively identified from the relationship
of their retention times to those of known
fatty acids.

Results and Discussion

The fatty acid composition of mar-
garines, spreads, shortenings, and some
meat fats is shown in Tables I to IV.
In general the total fatty acids of each
chain length, as determined with the
polyester column, agreed with the results
obtained with the short silicone column,

In the fatty acids of the margarines
analyzed, Table 1, palmitic constituted
10.9 to 20.29;; stearic, 5.4 to 8.99;

YOL
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oleic, 27.9 to 67.69; linoleic, 11.2 to
21.19% Other work involving earlier
samples of margarine and older methods
of analysis showed that margarine fatty
acids were comprised of 42 to 799 oleic
acid and 3 to 139, linoleic acid (7), or
2 to 8% linoleic acid (7). In the prod-
ucts studied here, vegetable oils were
the source of most of the margarine
fats. The presence of marine oils, which
contain a higher ratio of Ci; to Cis
acids than vegetable oils and appreci-
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Table II.
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Per Cent Fatty Acids in Spread Samples A through N
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able amounts of Cy and Cs2 acids, was
indicated in margarines C, G, and H.

In the spreads, Table II, the major
fatty acids were: palmitic, 11.0 to
23.9%; stearic, 6.6 to 14.3%; oleic,
31.7 to 67.5%; linoleic, 5.2 to 14.8%.
Products B, D, E, L, and N appeared
to contain marine oil.

Sample D of the shortenings, Table
IIT, was labeled as ‘“‘pure vegetable
shortening” and contained the highest
proportion of Cis acids. It was evident
from the fatty acid composition of sample

122

F that some marine oil was present. The
major fatty acids in shortening were:
palmitic, 14.1 to 25.49,; stearic, 14.1 to
18.5%; oleic, 34.8 to 56.29,; linoleic,
7.1t0 18.29%,.

Hartman (6) reported that odd-num-
bered, straight-chain acids and branched
chain acids appeared in ox, sheep, and
butterfat; Chisholm and Hopkins (3)
found that heptadecanoic and hepta-
decenoic acids occurred on musk-ox fat.
From the analyses of the materials studied
here, fatty acids of odd-numbered car-
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bons were apparent in products con-
taining marine oil or other animal fat
and in most of the meat fats shown in
Table IV.

Samples of meat fat were obtained
from available supplies without knowl-
edge of the dietary history of the animal
involved. The fatty acid composition
of each fat could be expected to vary,
for pork fat was reported to contain 2 to
6% linoleic acid (4). In haddock fat,
the sample which provided the least
agreement between the polyester and



Table Nl. Per Cent Fatty Acids in Shortening Samples A through G

Dou-

Fatty ble A 8 c b E F G

Acid Bonds P.C2 S.Cso P.C. S.C. P.C. S.C. P.C. s.C. P.C. S.C. P.C. s.C p.C. S.C.
Cis 0 0.2 0.1 0.1 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Cyy 0 1.3 1.9 1.2 0.2 1.6 2.1 1.8
Cu 1 0.4 0.3 0.1 0.3 . 0.2 . 0.3
Total Cy4 1.7 1.2 2.2 2.0 1.3 1.0 0.2 0.3 1.9 1.2 2.3 1.9 2.1 1.8
Cis 0 0.3 0.2 0.2 0.4 0.1 0.1 0.3 0.4 0.2 0.2 0.3 0.1
Cis 0 17.9 25.4 20.1 141 21.9 N 23.2 23.9
Cis 1 1.4 2.8 1.6 0.3 2.3 3.6 4.2
Total Ciys 19.3 18.7 28.2 27.8 21.7 22.0 14.4 14.5 24.2 24 .4 26.8 26.1 28.1 27.3
Cyy 0 0.6 0.7 0.5 1.0 0.8 0.8
Cyy 1 0.2 0.3 0.2 0.5 0.2 0.1
Total Ci; 0.8 1.3 1.0 1.4 0.7 0.3 1.5 1.3 1.0 0.8 0.9 1.0
Cis 0 15.3 17.4 14.8 14.1 18.5 . 17.1 15.6
Cis 1 42.2 39.6 41.1 56.2 38.1 .. 34.8 41.3
Cis 2 18.2 9.9 18.2 13.9 13.1 o 7.1 9.9
Cis 3 1.4 0.3 0.6 0.4 0.8 . 0.2 0.5
Total Cis 77.1 77.6 67.2 67.0 747 75.1 84.6 84.3 70.5 71.3 60.5 60.5 67.3 68.1
Cao 0 0.3 0.7 0.2 0.5 0.7 3.6 . 0.2
Cao 1 0.3 0.4 1.0 0.1 0.8 0.8 . 0.9
Cao 2 0.1 0.7 . 0.1
Cao 3 0.5 .
Cao 4 0.2 . ..
Total Cyo 0.6 0.9 1.1 1.3 1.3 1.3 0.6 0.8 1.5 1.3 5.8 6.7 1.2 1.6
Cay 0 2.8 N
Co2 1 0.5 .
Total ng 3.3 3.7

¢ See Table 1.

Table IV. Per Cent Fatty Acids in Various Samples
Dou-

Fatty bolg Pork Beef Mutton Lamb Horse Chicken Haddock

Acids  Bonds P.C.2 S.CA p.C. S.C. P.C. S.C. P.C. S.C. p.C. S.C. P.C. s.C p.C. S.C.
Cis 0 0.1 0.1 0.1 0.1 0.8 0.8 0.3 0.2 .
Ciy 0 1.8 4.3 2.2 6.7 5.3 .5 1.1

14 1 .. 1.4 1.2 1.2 0.4
Total Cy, 1.8 1.6 5.7 5.2 3.4 2.5 7.9 8.0 5.7 5.6 0.5 1.3 1.1 1.1
15 0 0.3 0.7 1.0 . 0.9 0.4 0.5
Cis 1 . 0.4 0.6 0.4
Total Cis 0.3 0.2 0.7 0.6 1.4 1.8 1.5 1.3 0.8 0.3 0.5 0.7
Cis 0 25.9 27.1 21.0 21.0 26.7 24.5 22.7
Cis 1 3.4 .. 5.3 3.0 3.5 7.8 3.2 4.7
Cig 2 - . 0.9 0.8 . 0.3
Total Cig 29.3 28,9 324 31.8 249 242 253 25.6 34.5 35.0 28.0 28.0 27.4 24.6
Ciy 0 0.8 .. 1.6 2.1 1.6 0.8 1.5
Cir 1 0.4 . 1.4 0.7 1.0 1.1 0.5
Total Ciq 1.2 0.6 3.0 3.2 2.8 3.3 2.6 2.6 1.9 1.0 2.0 3.7
Cis 0 14.8 . 15.7 27.1 17.5 4.4 9.6 5.3
Cis 1 43.7 .. 38.6 34.5 37.2 27.5 39.1 15.1
Cis 2 6.3 . 3.4 3.0 3.8 9.9 20.8 2.5
Cis 3 1.1 . 2.9 2.9 14.2 1.0 0.3
Total Cys 65.9 66,3 57.7 58.8 67.5 68.2 61.4 60.8 56.0 56.9 70.5 69.5 23.2 22.1
Csn 0 . 0.4 0.5 0.8 .. 0.6 0.3
Ca 1 1.4 .. . 0.2 3.5
Ca 2 .. - .. 0.3 0.4
Cy 4 . . . 1.8
Cyo 5 . . 14.3
Total Cyo 1.4 2.3 0.4 0.2 0.5 0.6 0.8 1.0 1.1 2.2 20.3 20.1
29 4 ) PEREEY e DR DRE . e 0.4 “ae
Ci 5 0.7
oy 6 24.3
Total Cgy 25.4 27.8

a See Table I.

silicone columns, the many unsaturated
Cy and Cs; acids constituted a large
portion of the total fatty acids and the
long-chain fatty acids were as prevalent
as in many rapeseed oils. Fats of marine
origin are a likely source of dietary long-
chain fatty acids.

Acknowledgment

The author is indebted to Barbara A.
Ginn for competent assistance.

Literature Cited

(1) Babayan, V. K., Cochran, W. M,,

Coughlin, F. J., Jacob, W. A., Justice,
Royce, H. D.,
Spannuth, H. T., Vander Wal, R. J,,
Mattil, K. F., J. Am. Oil Chemists® Soc.

J. D.,, Rini, S. J,

36, 181 (1959).

(2) Bligh, E. G., Dyer, W. J., Can. J.
Biochem. Physiol. 37, 911 (1959).
(3) Chisholm, M. J.,
Can. J. Chem. 35, 1434 (1957).

Hopkins, C.

YOL

Y.,

10,

(4) Coons, C. M., J. Am. Diet. Assoc.
34, 242 (1958).

(5) Craig, B. M., Murty,

N. L., J. Am.

Oil Chemists® Soc. 36, 549 (1959).
(6) Hartman, L., Ibid., 34, 129 (1957).
(7) Sreenivasan, B., Brown, J. B., Ibid.,

33, 341 (1956).
(8) Stoffel, W., Chu, F., Ahrens, E. H,,

Jr., Anal. Chem. 31, 307 (1959).

Received for review February 10, 1961, Ac-
cepted June 30, 1961.

NO. 2, MAR-APR,

1962

123



