COMPONENT FATTY ACIDS OF NORTHERN
ELEPHANT SEAL OIL

HIDEO TSUYUKI*

The marine carnivores such as the whale and seal has generally a thick
layer of fatty tissue under the skin, called as blubber, which is the
source of the oil.

The seal and whale oils have been used for many purpose. A number
of studies has been given to the whale family oil. While, as to the
study on the component acid of the seal family oil, we can find the
following reports: the common seal, Phoca vitulina, oil (Willlams &
Makhrov, 1935); Saghalien seal oil (Tsujimoto, 1916); common seal oil
(Bauer & Neth, 1942); commercial Newfoundland seal oil (Burke &
Jasperson, 1944) ; blubber and liver oils of Grey Atlantic seal, Halichoerus
grypus and common seal (Hilditch and Pathak, 1947, 1949) ; milk oils of
Grey Atlantic and common seals (Meara, 1952) ; blubber oils of leopard
seal, Hydrurga leptonyx and crabeater seal, Lobodon carcinophagus (Winter
and Nunn, 1950, 1953). Tsujimoto and Bauer supported the view that
the seal oil and the ordinary whale oil are similiar in fatty acid com-
position from their works. In the elephant seal, there are two species,
the northern elephant seal, Mirounga angustirostris and the southern
elephant seal, Mirounga leonina.

Reviewing the works ever reported on the elephant seal oil, Winter
and Nunn studied the fatty acid composition of the blubber oils from
a wide range of specimens of the southern elephant seal caught at
Macquarie and Heard Islands in the Antarctic (Winter & Nunn, 1950,
1953). On the other hand, the writer studied the differences in the
properties of the oils contained in various blubbers and tongue of the
northern elephant seal (Tsuyuki, 1957). However, there has not yet
been a study of the component fatty acids of the northern elephant
seal oil. So, the writer was fortunate enough to obtain the dorsal
blubber oil of the northern elephant seal and examine its fatty acid
composition.

It is a pleasure that the writer expresses here his sincere thanks to
President of Whales Research Institute, Dr. Hideo Omura and Prof. of
Nihon University, Dr. Akio Shionoya for their kind advices. He also
wishes to express his thanks to Prof., Dr. Hideo Oguni and Prof., Dr.
Hideo Hosoya who were kind enough to present him the sample oil,
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EXPERIMENT AND RESULT

The northern elephant seal, Mirounga angustirostris caught off the coast
of Mexico in January, 1955 and died on the 7th of June, 1956 in Kyoto,
Japan was used as the experimental material in the present work. This
is the same as used in the previous report (Tsuyuki, 1957).

The oil contained in the dorsal blubber of the seal body was prepared
by boiling the material with water and refined with a centrifugal
separator.

Some properties of the obtained oil were examined in ordinary manners
and iodine value was determined by the Wijs method. Saponification
was continued for two hours in an atmosphere of nitrogen gas. The
results obtained are shown in table 1.

TABLE 1. PROPERTIES OF OIL

Appearance - - Acid Sapon. Todine  Unsapon.
(20°C.) d, N, value value value m(a;t)e r
Reddish brown,
semitransparent liquid 0.9224 1.4636 15.6 187.6 128.7 0.98
TABLE 2. PROPERTIES OF UNSAPONIFIABLE MATTER
Appearance il Melting point Iodine
(30°C.) Ny °C.) value
Yellowish brown,
nontransparent solid 1.4246 28.5~32.5 99.5

Next, to some 400g. (I.V. 128.7) of the oil was added 400c.c. of abso-
lute ethanol and further potassium hydroxide solution (KOH 176g. and
H,O 320c.0.) and heated in an atmosphere of nitrogen gas for two hours
on a water bath, after which nearly 809 of alecohol was distilled off
and the resulting soap solution was cooled and diluted with water. The
unsaponifiable matters (Table 2) were removed from the soap solution
with ether, and the 365.5g (I.V. 133.9) of the mixed fatty acids were
recovered after decomposing the soap solution with 109 sulfuric acid
solution. The 3840g. of the mixed fatty acids thus obtained were
subjected to the lead salt alcohol separation method (Twitchell, 1921),
whereupon 51g. (I.V. 8.3) of solid (insoluble) fatty acids and 289g. (I.V.
155.8) of liquid (soluble) fatty acids were obtained.

The 280g. of the liquid fatty acids was then subjected to the lithium
salt acetone separation method (Hilditch, 1956), when 222.4¢g. (I.V. 118.2)
of lowly unsaturated (insoluble) fatty acids and 57.6g. (I.V. 301.8) of
highly unsaturated (soluble) fatty acids were obtained.

Some characteristics of the fatty acids thus obtained were measured
by the usual manner and the following results were obtained (Table 3).
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Each group of the fatty acids were separately converted into methyl
esters (Table 4) and fractionated as usual through Longenecker’s E.H.P.
column modified by the writer (Figs. 1, 2). Saponification values and
iodine values of each of the subfractions of all the groups of methyl
esters were determined, and the data are given in tables 5~-7.

TABLE 3. PROPERTIES OF FATTY ACIDS

dpdoh, mber  Avpmece  Refractive Vit Todine Newral. e,
atty acids °C.) weight
?ﬁéi‘;dacids — Egg{‘;:;zg;;g?g;md (13;3%(_’) 27.5~29.5 133.9 198.3  282.9
o cids 5.0 O e solid (6050 47:0~51.5 8.3 214.5 2616
fatty acide 675 Goncparent haud  @orcy  — 8.2 1975 2841
fighty wnsat.  g7.5 Reddish brown @ Goeey - 3013 1871 2999
g&l;iicids 85.0 gz%@;fglrelzftoﬁghid (13(;1‘?(835) pr 155.8 195.3 287.3
TABLE 4. PROPERTIES OF METHYL ESTERS

Kind of Appearance Sapon. Todine

ester (20°C.) value value

ST s Bontranabarent.olid 205.2 6.2

Beter of lovly  Reddish brown,

tnoat. acie™ Ganspavent Tauid w88 2836

From the iodine value and saponification value of each ester fraction
obtained by the fractional distillation, it seems that the following fatty
acids are contained in the northern elephant seal oil :

Saturated fatty acids:

myristic acid CiHa0,, palmitic acid CigH3:0s, stearic acid CisHseOj, arachidic acid CapHygOs,
behenic acid CgHyOs.

Unsaturated fatty acids:
mono- ethenoid Cys acid. mono- and tetra- ethenoid Cy acids.
mono- and tri- ethenoid Cyg acids. mono-, tetra- and penta- ethenoid Cs acaids.
mono-, di-, tri- and tetra- ethenoid Cis acids. mono- and penta- ethenoid C,s acids.

The composition of each of the ester fractions was calculated from
saponification values and iodine values according to the method described
by Hilditech (Hilditch, 1956). The mean unsaturation expressed as the
fractional number of hydrogen atoms short of saturation, for example,
—2.0 (monoethenoid), was determined by interpolation and extrapolation
from the respective ester fractions in each of the groups from which
the mean saponification value of each of the homologous ester groups
(C, Cis, Cy, ete.) follows. The results calculated are shown in Tables
8~.10.
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TABLE 5. FRACTIONAL DISTILLATION OF METHYL ESTERS
OF SOLID FATTY ACIDS

Yield

Fraction ———— Appegrance B.P. °C./3.5mmHg Sapon. value Iodine value
Wt(g) % (10°C.)
S-1 1.8 6.2 ~150 223.6 0.6
S-2 1.41 4.8 nWOgitr;’nsparent wlid  150~153 220.1 1.9
S-3 1.8 6.3 X‘{)gittr‘;’nsparent wld  153~156 218.8 2.4
s-4 197 67 White sparent solid  196~159 215.3 2.6
S-5 201 6.8 nwoﬁittrz’nsparent wq | 159~159 214.5 3.2
S-6 2.38 8.0 Xgittri{nsparent wlia  159~160 212.2 3.4
s-7 213 7.2 White sparent solid  160~161 210.3 3.7
S-8 1.93 6.5 nwo?littri{nsparent wlia  161~163 207.1 3.8
S-9 1.9 6.6 rYY)?litiznsparent wld  163~165 204.6 4.0
$-10 2.1 7.1 nwogiéz’nsparent wolid | 165~167 202.8 5.1
S-11 2.23 7.5 r‘:‘(’)gittr‘gnsparent olid | 167~173 199.7 7.7
s-1z 209 7.1 White parent solid  173~179 196.8 8.0
§-13 2.01 6.8 Xﬁittrf{nsparent wlid | 179~188 190.7 11.5
S-14 1.50 5.1 rYglrllittgnsparent wlia  188~195 186.8 12.5
S-15  1.36 4.6 g;rgn%rggglg’g;ﬁ white,  195~200 184.4 16.3
S-16 0.80 2.7 Yellowish brown, Residue 171.5 30.0

nontransparent solid
Total 29.60 100.0 — — _ —

TABLE 6. FRACTIONAL DISTILLATION OF METHYL ESTERS OF LOWLY
UNSATURATED FATTY ACIDS

Yield

Fraction ———— Apé)ggéa?ce B.P. °C/2mmHg Sapon. value Iodine value
Wwt.(g) % :
Yellow,
LU-1 9.88 8.2 transparent liquid ~150 214.6 38.6
Yellow,
LU- 2 7.20 6.0 transparent liquid 150~155 209.4 49.3
Yellow,
LU- 3 8.62 7.2 transparent liquid 155~157 200.4 73.7
Yellow,
L.U- 4 6.88 5.8 transparent liquid 157~-160 194.7 84.2
~ Light yellow, -
1LU-5 5.96 5.0 transparent liquid 160~161 192.5 91.9
LU-6 5.64 47  Light yellow, 161~163 190.9 93.7

transparent liquid
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TABLE 6 (Continued)

Fraction WtF;%eld? A pa%%rca;l ce B.P.°C/2mmHg Sapon. value Iodine value
LU-7 7.80 6.5 hlfrl;lstpzfelil()tvvl1 quid 163~165 188.6 97.9
LU-8 8.90 7.4 %r{f;l;pgfég’twﬁquid 165~167 186.3 99.8
LU-9 88 7.3 tLr{agr?Stpgfgﬂwh quid 167~168 185.1 106.3
LU-10 7.16 6.0 %riagr?stpgf;g)twﬁ quid 168~169 184.2 110.1
LU-11  6.38 5.3 {}iaggpgfé}l‘;wﬁqui q 169~171 183.6 114.5
LU-12  5.08 4.2 {;{aggpgféh"t‘”h quid 171~172 183.2 122.6
LU-13  7.18 6.0 %rlagr?stpgfggwh quid 172~176 180.1 127.5
LU-14 7.3 6.1 {;iagfstpgféﬁwl’i quid 176~183 175.4 172.0
LU-15 7.02 5.9 {‘r{agr?s“pgfglll"t“’h - 183~ 185 172.5 214.9
LU-16  4.70 3.9 }r?g‘;gar S — 185~193 164.9 246.4
LU-17 540 45  Reddish brown, Residue 164.0 177.8

nontransparent solid
Total 120.00 100.0 — . — —

TABLE 7. FRACTIONAL DISTILLATION OF METHYL ESTERS OF HIGHLY
UNSATURATED FATTY ACIDS

Yield

Fraction e ALZIfgggilce B.P. °C./lmmHg Sapon. value Jodine value
Wtig) %

HU-1 2.24 4.4 ggﬂg;:fgnfﬂ?ggfd ~163 219.8 181.6
HU-2  2.73 5.4 ggﬂgl‘jgfgnt"fﬁfd 163~169 212.8 190.4
HU-3 291 5.8 ggﬂggfgnfﬁfggfd 169~176 198.5 194.7
HU-4  3.64 7.2 ggﬂ;’xj:ntorlj‘ggf’d 176~184 188.0 216.0
HU-5 419 8.3 ggﬂg}g;‘fé‘nfﬁfggfd 184~185 186.5 300.5
HU- 6 4.66 9.2 gggol‘;:jélnt"rﬁgl%fd 185~ 188 183.3 310.7
HU-7 523 10.4 gzg‘s’xfgnffgﬁfd 188~190 179.8 319.3
HU-8 4.8 9.6 gzﬂ‘s’xf?nfﬂﬁ‘gﬁfd 190~194 175.1 330.2
HU-9  5.07 10.1  Dark vellowish orange, o, o6 168.5 334.3

transparent liquid
Reddish brown,
transparent liquid

Reddish brown,
transparent liquid

Reddish brown, s
HU-12 4.90 9.7 transparent liquid Residue 156.4 175.0

Total 50.50 100.0 — — — —.

HU-10 4.50 8.9 196~197 154.8 358.0

HU-11 5.57 11.0 197~-198 163.5 340.3
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TABLE 8. CALCULATED COMPOSITION OF ESTER-FRACTIONS
OF SOLID FATTY ACIDS
Saturated Unsaturated Tatal
Fraction solid
Cs Cis Ci Cu Cn Cu Cie Cis Cao Ce: acids
(-2.0H)(-2.0H) (—2.0H) (—2.0H) (- 2.0H)
S-1 1.23 0.59 — — — — 0.01 — — — 1.83
S-2 0.73 0.66 — — — 0.01 0.01 — — — 1.41
S-3 0.86 0.97 — — — 0.02 0.03 — — — 1.88
S-4 0.62 1.29 — — — 0.01 0.05 — — — 1.97
S-5 0.57 1.38 — — — 0.02 0.04 — — — 2.01
S-6 0.45 1.85 — — — 0.01 0.07 — — — 2.38
sS-7 0.24 1.81 — — —  trace 0.08 — — — 2.13
S-8 — 1.81 0.04 — — — 0.07 0.01 — — 1.93
S-9 — 1.60 0.28 — — — 0.07 0.01 — — 1.96
S-10 — 1.51 0.48 — —_ — 0.08 0.04 — — 2.11
S-11 — 1.27 0.85 — — — 0.10 0.01 — —  2.23
S-12 — 0.8 1.04 — — — 0.07 0.12 — —  2.09
S-13 ~— 0.24 1.50 — — — 0.02 0.25 — — 2.01
S-14 — — 1.18 0.09 — — — 0.19 0.04 — 1.50
S-15 — — 0.85 0.24 — — — 0.19 0.08 — 1.36
S-16 — — — 0.48 0.01 — — — 0.28 0.03 0.80
Weight(g.) 4.70 15.84 6.22 0.81 0.01 0.07 0.70 0.82 0.40 0.03 29.60g.
Percentages 2.38 8.03 3.15 0.41 0.01 0.03 0.35 0.42 0.20 0.02 15.00%
(in total acids)
TABLE 9. CALCULATED COMPOSITION OF ESTER-FRACTIONS
OF LOWLY UNSATURATED FATTY ACIDS
Saturated Unsaturated Total
Fraction lowly
Cl4 CIG ClS C14 C]e C13 Czo sz unsat
(—-2.0H) (—2.0H) (—2.7H) (- 3.3H) (- 6.2H) acids
LU-1 1.76 4.18 — 0.91 3.03 — — — 9.88
LU- 2 0.27 3.17 — 0.06 3.70 — — — 7.20
LU- 3 — 1.05 0.60 — 3.95 3.02 — — 8.62
LU- 4 — 0.11 0.22 — 1.82 4.73 — - 6.88
LU-5 — —  trace — 0.83 5.13 — — 5.96
LU- 6 — — — — 0.45 5.19 — — 5.64
LU-7 — — — — — 7.42 0.38 — 7.80
LU- 8 —_ — = — — 7.30 1.60 — 8.90
LU- 9 — — — — — 6.45 2.41 — 8.86
LU-10 — — — — — 4.78 2.38 — 7.16
LU-11 — — — — — 4.01 2.37 — 6.38
LU-12 —_ — — — e 0.68 4.40 — 5.08
LU-13 — — — — — 2.87 4.31 — 7.18
LU-14 — — — — — 0.55 6.79 — 7.34
LU-15 — — — — — — 5.87 1.15 7.02
LU-16 — — — — — — 1.21 3.49 4.70
LU-17 — — — — — — 1.38 4.02 5.40
Weight(g.) 2.03 8.51 0.82 0.97 13.78 52.13 33.10 8.66 120.00g.
Percentages 1.14 4.79 0.46 0.54 7.75 29.33 18.62 4.87 67.50%

(in total acids)
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! TABLE 10. CALCULATED COMPOSITION OF ESTER-FRACTIONS
’ OF HIGHLY UNSATURATED FATTY ACIDS

J Unsaturated Total
i Fraction highly
Cue Cis Cis Can Cas (o unsat
(-2.0H) (-4.4H) (-6.0H) (-8.1H) (-7.9H) (—~6.6H) acids

HU- 1 0.87 1.37 — — — — 2.24

HU- 2 0.27 2.46 — — — — 2.73

HU- 3 — 1.72 1.19 — — — 2.91

HU- 4 — — 2.96 0.68 — — 3.64

HU-5 — — 2.68 1.51 — — 4.19

HU- 6 — — 2.03 2.63 — — 4.66

HU- 7 — — 1.14 4.09 — — 5.23

HU- 8 — — — 4.42 0.44 — 4.86

HU- 9 — — — 2.20 2.87 — 5.07

HU-10 — — — 0.66 3.84 — 4.50

HU-11 — — — 0.39 5.18 — 5.57

HU-12 — — — — 3.20 1.70 4.90
Weight(g.) 1.14 5.55 10.00 16.58 15.53 1.70 50.50g.
Percentages  0.39 1.92 3.47 5.75 5.38 0.59 17.50%

(in total acids)

TABLE 11. CALCULATED COMPOSITION OF TOTAL ACIDS

Acid Sloid Lowly Highly Total
unsaturated unsaturated
. (15.00%) (67.502) (17.50%) (100.00%)
Saturated:
Myristic 2.38 1.14 — 3.52
Palmitic 8.03 4.79 — 12.82
Stearic 3.15 0.46 — 3.61
! Arachidic 0.41 — — 0.41
! Behenic 0.01 — = 0.01
(Total sat.)
20.37%
Unsaturated:
Ciy 0.03 0.54 0.39 0.96
(-2.0H) (—-2.0H) (~2.0H) (-2.0H)
Cie 0.35 7.75 1.92 10.02
(-2.0H) (—-2.0H) (—4.4H) (—2.5H)
Cre 0.42 29.33 3.47 33.22
“ (—~2.0H) (-2.7H) (—-6.0H) (~3.0H)
1 Cs 0.20 18.62 5.75 24 .57
i (~2.0H) (- 3.3H) (-8.1H) (~4.4H)
f Ca 0.02 4.87 5.38 10.27
) (—2.0H) (—6.2H) (—=7.9H) (-7.1H)
Cos — — 0.59 0.59
(—6.6H) (—6.6H)
(Total unsat.)
79.63%

The component fatty acids in the ester fractions are given in Table
11 along with the composition of the original oil built up from these

figures.
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Myristic 352%

Palmitic ]282%
Stearic 36 ]%

Arachidic ——————— 04 fo/o

Behenic = 001%

Unsat. Cyy (—2.0H) 0967

Unsat. Cys (—2.5H) 1002%

Unsat. Cus (—3.0H) 3302%

Unsat. Cag(—4.4H) 2457%
Unsat. Cyp (—-7.1H) 1027%-

Unsat. Cy (—6.6H) | 059%

Fig. 3. Calculated composition of total acids in northern elephant seal oil.

DISCUSSION

According to the results reported by Burke & Jasperson (1944), Hildtich
& Pathak (1947, 1949), Winter & Nunn (1950, 1953), the main portions
of the fatty acid composition (percentages of weight) of the Newfoundland
seal oil, Grey Atlantic seal oil and Antarctic elephant seal, Mirounga
leoning, oil show the following ranges:

North Atlantie seals Antaretic seals
Total saturated 16 -23 13-20
Palmitic 9-17 7-12
Unsaturated C,; 15-49(—2.1 to —2.2H) 8-16(—2.0 to —2.2H)
Unsat. C 16-37(—2.3 to —2.7H) 83 -45(—-2.1 to —2.7H)
Unsat. C, 11-19(—5.7 to —7.2H) 13 -28(—2.8 to —6.7TH)
Unsat. C, 5-18(—10.1 to —11.1H) 7-15(—4.9 to —10.5H)

by Hilditeh (1956)

On the other hand, the component acids of the northern elephant
seal, Mirounga angustirostris, oil studied by the writer show the follow-
ing tendency :

The chief component acids belong to the unsaturated C,; series(83.229 ;
mainly oleic with some polyethenoid), the next prominent are those of
the unsaturated C, series (24.57% ; mainly mono-ethenoid), palmitic
acid (12.829), the unsaturated C,, series (10.279 ; mainly tetra-ethenoid)
and the unsaturated C, series (10.02% ; mainly mono-ethenoid), whilst
the saturated acids such as myristic, stearic, arachidie, behenic, and the
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unsaturated C,, C. series are present in somewhat lower proportions.
Therefore, the composition of the northern elephant seal, Mirounga

angustirostris, oil is on the whole similar to that of the Antarctic

elephant seal, Mirounga leonina, oil and north Atlantic seal oil

SUMMARY

The fatty acid composition of the northern elephant seal, Mirounga
angustirostris, oil was studied by the fractional distillation through
Longenecker’s E.H.P. column modified by the writer. The analysis in
the present work was based on lithium and lead salt separations of the
mixed fatty acids. According to the results obtained, the component
acids are as follows :

The total saturated fatty acids content is 20.89 (myristic 3.529,
palmitic 12.8294, stearic 3.619, arachidic 0.419% and behenic 0.019) of
the total. While, the total unsaturated acids content is 79.63% (C,
acids 0.969%, C, acids 10.029%, C,; acids 33.229, C, acids 24.579%, C,,
acids 10.279, C,, acids 0.59%) of the total with the degree of unsatura-
tion having —2.0H in C, acids, —2.5H in C, scids, —3.0H in C; acids,
—4.4H in C, acids, —7.1H in C,, acids and —6.6H in C, acids.

REFERENCES

BAUER, K.H. & NETH, W. (1942). Seal oil. Chem. Umschau, 31:5.

BURKE, F. & JASPERSON, H. (1944). Component acids of seal oil. J. Soc. Chem. Ind., 63:245.

HiLDITCH, T.P. & PATHaAK, S.P. (1947). The use of low-temperature crystallization in the
determination of component acids and glycerides of a Grey (Atlantic) seal. J. Soc.
Chem. Ind., 66:421.

HiLpiTcH, T.P. & PATHAK, S.P. (1949). The component acids of some seal blubber and
liver fats. Biochem. J., 44:218.

HILDITCH, T.P. (1956). ‘‘Chemical Constitution of Natural Fats’ (third edition), Chapman
& Hall. London, P. 576, PP. 609 - 623.

MEARA, M.L. (1952). The component acids of the milk fat of a Grey Atlantic seal. Biochem.
J., 51:190.

TsusmoTo, M. (1916). Studies on the Saghalien seal oil. JJ. Soc. Chem. Ind. Japan, 19: 715.

TsUYUKI, H. (1957). On the oils contained in various blubbers of northern elephan seal,
Mirounga Angustirostris. Seci. Rep. Whales Res. Inst. no. 12, 235,

TWITCHELL, E. (1921). The precipitation of solid fatty acid with lead acetate in alcoholic
solution. J. Ind. Eng. Chem., 13: 806.

WILLIAMS, N.V. & MakHROV, G.A. (1935). A chemical study of seal oil. Schrift. Zent.
Forsch. Lebensm. (U.S.S.R.), 4:157.

WINTER, G. & NunN, W. J. (1950). Component fatty acids of elephant seal oil-distribution
in the body. J. Sei. Food Agric., 1:311.

WINTER, G. & NUNN, W. J. (1950). Component fatty acids of elephant seal oil. oJ. Sei.
Food Agrie,, 1:18.

WINTER, G. & NUNN, W.J. (1953). Component of the blubber fat of Crab-eater seal. .J.
Sei. Food Agrie., 4:442.





