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oils, fish carcass lipids and sperm oil
as based on GC over 15% DEGS is
presented in Table 1 and for the total
and glyceride acids from basking
shark liver oil M, in Table 2. The
total acid portions were quite simi-
lar in the number and distribution of
peaks except for some differences in
regard to a few components. Thus,
octadecatrienoic acid was not detect-
ed in basking shark liver and salmon
oils, nor the 20:4 acid in dog fish oil.
The 22:2 acid occurred in the latter
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sample, Irish shark liver and red fish
oils, the 22:3 component, in the last
product, salmon oil and basking shark
liver oil and the 24:1 acid, at
0.9-1.0% levels in basking and Irish
shark liver oils but absent or in trace
amounts in the other mixtures.

The most prominent acids account-
ing for at least 70% of the total com-
prised 16:0, 16:1, 18:1, 20:1 and
22:1. In this regard, hexadecenoic
acid ranged lowest in the Irish and
basking shark liver oils (2.7 and

TasLE 1.—GC Analyses of Esters of Total Fatty Acids from Fish Lipids and
Sperm Oil (DEGS Column) *

|
Norway Irish Pale British Raw Red
Dog Shark Shark | Columbia Cod Fish Sperm
C-NoP Fish Liver Oil¢ | Liver Oil | Salmon | Liver Oil 0Oil Oil
10:0....... 0.4 0.4 (0.1) 0.1 Td 0.2 0.2 0.6
11:0....... 0.4 0.3 (0.1) 0.1 T 0.2 0.2 0.3
12:0....... 0.5 0.3 (0.2) 0.2 0.2 0.4 0.2 3.3
13:0....... 0.3 0.3 (0.1) 0.1 T 0.2 0.2 0.9
14:0....... 5.2 5.1 (4.2) 3.8 5.9 3.0 4.6 9.0
15:0....... 0.9 0.6 (0.5) 0.6 0.5 0.8 0.9 4.9
16:0....... 15.9 | 11.0 (11.7) 10.3 11.0 12.7 10.6 9.6
16:1....... 7.2 2.7 (2.4) 5.3 12.8 8.6 7.7 14.9
17:1....... 0.8 0.7 (0.4) 0.7 0.8 0.9 0.8 1.0
18:0....... 2.9 2.1 (2.2) 3.2 2.2 2.2 2.1 1.3
18:1....... 18.8 8.4 (7.0) 20.2 16.0 25.0 15.0 26.5
18:2..... .. 1.8 0.9 (0.9) 1.5 1.4 1.8 1.8 1.7
18:3....... 0.5 0.3 (0.1) 0.3 |.......... 0.4 0.6 0.9
20:1....... 10.6 | 21.5 (21.8) 17.0 18.4 9.3 18.5 8.2
20:2....... 1.0 0.8 (0.4) 0.8 1.0 1.6 1.0 1.0
20:3....... 0.5 0.6 (0.2) 0.4 0.6 0.4 0.4 1.0
204 ... 0.6 (0.4) 0.8 0.6 1.1 0.4 0.7
22:1....... 15.9 | 31.5 (37.5) 18.7 17.0 8.6 15.6 4.6
20:55.. ... .. 4.9 2.7 (2.9 3.5 4.6 9.8 6.0 2.7
22:2. ..., 1.4 0.5 (T) | 0.6 |..........
22:3 . 1.3 |.......... 0.6 |..........
24:1. .. ... 1.0 (T) | T T |
22:4. ... ... 2.3 3.2 (2.5) 3.3 1.1 2.0 3.3 1.3
22:5.. ... .. 1.9 1.8 (0.8) 1.6 1.1 1.8 2.1 1.0
22:6....... 5.8 2.7 (3.3) 7.4 3.5 8.9 6.3 4.3
Saturated..| 26.5 |20.1 (19.1) 18.4 19.8 19.7 19.0 29.9
Unsaturated| 73.4 | 79.9 (80.6) 81.5 80.2 80.2 80.7 69.8
Mono—..| 53.3 |65.8 (69.1) 61.9 65.0 52.4 57.6 55.2
Poly—...| 20.1 |14.1 (11.5) 19.6 15.2 27.8 23.1 14.6
The total acids were obtained by saponification of the oils.

tography of the lipids over Florisil.
Trace.
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Number of carbon atoms: number of double bonds.
Values in parentheses refer to the free fatty acids which were isolated by chroma-
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3.3% ) and highest in salmon and
sperm oils, the levels being 12.8 and
14.9%, respectively. As with the
16:1 acid, octadecenoic acid was
lower in basking and Irish shark liver
oils, 4.8 and 8.4%, respectively, but
otherwise, occurred at 15-26.5% in
the other marine oils; the highest
levels were displayed by cod liver
(25.0% ) and sperm oils (26.5%).
The 20:1 acid was diminished in dog
fish, cod and sperm oils (8.2-10.6% )
as contrasted to 17-21.5% for the
remaining mixtures. In the case of
the 22:1 acid, the lowest amounts
were noted in sperm oil (4.6% ) and
raw cod liver oil (8.6% ), maximal
levels in basking shark (30.3% ) and
Irish shark liver oils (31.5% ) and
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intermediate ranges in the remaining
products. Octadecenoic acid occurred
at 3-9% and was higher in sperm oil
(9.0% ) and the 20:5 acid ranged
from 2.7 to 9.8%, basking shark and
cod liver oils containing 8.0 and
9.8%, respectively. A comparable
level of the 22:6 acid occurred in the
last oil.

The ratio of unsaturated to satur-
ated acids was about 4:1 for the
marine products except for greater
saturation in the dog fish and sperm
oils with values of 2.3 and 2.6, re-
spectively. As would be expected in
view of the above discussion, the dis-
tribution of unsaturated components
also showed variations in type. Thus,
the ratios of mono- to polyunsatur-

TaBLE 2.—Basking Shark Liver Oil M Total and Mono-, Di- and Triglyceride
Fatty Acid Components (DEGS). »
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a. Fatty acids were obtained from the glycerides by transesterification.
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ated acids were highest for sperm,
salmon and Irish shark liver oils, 4.0,
4.3 and 4.7, respectively, and lowest
for raw cod liver oil (1.9); the re-
maining marine oils displayed values
of 2.6-3.2. It should be pointed out
that the free fatty acids obtained from
Irish shark liver oil by chromatog-
raphy over florisil simulated the cor-
responding total acids except for an
apparent increase in the monounsat-
urated homologs (mono-: polyunsat-
uration, 6.0). Of the two North Sea
commercial oils, the Irish shark liver
oil more closely resembled the bask-
ing shark product in fatty acid com-
position.

The acids obtained from transes-
terification of the basking shark liver
oil glycerides paralleled those of the
total acids in most respects. The oct-
adecenoic acid contents (7.2-7.9%)
ranged higher for the glycerides than
that of the total acid mixture and the
20:5 acid, lower (3.6-4.9% ). The
ratios of mono- to polyunsaturated
components were 4.6, 3.6 and 3.8 for
the mono-, di- and triglycerides, re-
spectively, as compared to 2.7 for the
total acid content. However, the
ratio of saturated to unsaturated acids
was rather constant for the four
batches. A comparable distribution
of glycerides as well as of the com-
ponent fatty acids also resulted by
application of the thin-layer chroma-
tographic method employing silica
gel G to this marine oil (Singh et al.,
1966).

In marked contrast to the marine
oils, the fatty acids of the pig liver
lipids displayed greater saturation, the
ratio of olefinic to saturated acids
averaging 1.2 for the samples; the
ratios of mono- to polyunsaturation
were 1.0, 1.5, 1.7 and 1.3 for the

total, free, monoglyceride and tri-
glyceride acids, respectively (Table
3). The diglycerides were not ana-
lyzed due to overheating of the mix-
ture during processing. The compo-
nents, 22:0, 22:1 and 22:2 were
detected solely in the total acids and
the presence of the 22:3 homolog
could not be substantiated among the
free acids. The most prominent mem-
bers were 16:0 (16.0-26.7% ), 18:0
(12.2-22.5%), 18:1 (25.1-32.0%)
and 18:2 (7.7-14.6%). The free
and glyceride acids contained more
hexadecanoic acid but less octadece-
noic acid than the total acid sample
and the octadecanoic acid content
was lowest for the triglyceride frac-
tion. It will be noted that the last
acid made up only 1.3-3.2% of the
various marine mixtures (Tables 1
and 2).

Aside from general species differ-
ences, the fatty acid composition is
greatly dependent on the metabolic
and nutritional status of the animal.
Such considerations, notwithstanding,
the present data are in good agree-
ment with several prior publications,
although many of the analyses did
not employ GC criteria. In a report
by Gelpi and Oro (1968), a South
American basking shark liver oil sam-
ple showed the presence of about
18.5% each of 18:1, 20:1 and 22:1
acids in addition to 5.5% 12:0,
20.3% 16:0, 6.8% 16:1 and 3.1%
18:0; the total fatty acid content was
33.8%. Such findings are in con-
trast to the higher acid content of the
present product, presumably of north
Atlantic origin and containing lower
14:0 and 18:1 and higher 16:1 and
22:1 acid contents, among others.
The analysis advanced for British
Columbia salmon is at variance with
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TasLe 3.—Pig Liver Free and Total Fatty Acids and Acids Derived from the
Mono- and Triglycerides (DEGS).

| Monogly- | Trigly-
C-No. Total Free ceride ceride
T14:0. .o 1.1 1.8 1.8 3.0
15:0. o 0.6 0.9 0.4 1.5
16:0. . o 16.0 20.6 22.2 26.7
16:1. . 2.0 3.7 2.6 3.8
17:0. 0.6 0.4 0.4 0.7
18:0 . . oo 22.5 20.6 19.1 12.2
181 25.1 29.3 32.0 26.7
182 . 14.6 7.7 10.6 9.9
20:0. . . 0.6 0.9 0.8 0.7
183 2.3 1.3 1.3 1.5
2002 e 0.6 0.4 0.8 1.5
203 . 0.9 0.4 0.8 T
22:0 . . 0.6 |
22l 1.1 |
2004 . 4.1 7.8 4.0 3.8
221 2.0 |
22 1.4 |.......... T 0.7
D24 1.4 0.9 0.4 3.8
D222 S 1.1 1.3 1.3 1.5
220 . 0.9 1.3 0.8 1.5
24:0 . T T T T
Saturated.... ... ... .. ... ... 42.0 45.2 44.7 44.8
Unsaturated. . ... ..o
MONO-. . . o 28.2 33.0 34.6 30.5
Poly-. ... .. .. 29.3 21.1 20.0 24.2

data reported for Coho salmon (Sad-
dler et al., 1966), the former show-
ing higher 20:1 and 22:1 contents
and diminished 18:2, 20:3, 20:4 and
22:6 levels. However, aside from the
species differences, Stansby (1967)
demonstrated wide variations in the
fatty acid composition of Coho sal-
mon from fresh and salt water and
for fingerlings.
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