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Cuttle-fish oil is obtained as a byproduct of the manufacture of dried cuttle-fish,
for which the species Ommastrephes sloani pacificus Steenstrup is chiefly used.
This oil is prepared from cuttle-fish viscera by rendering, but the resulting oil is
derived mainly from livers. Production of this oil has so rapidly increased after
the war with Hokkaido as the production center that this oil has recently replaced
sardine and herring oils which were formerly the most important fish oils in Japan.
Mackerel oil is prepared either from the offals or sometimes from the whole body
of mackerel, Scomber japonicus Houttuyn. Production of this oil has also greatly
increased after the war chiefly in Hokkaido. '

Cuttle-fish oil and mackerel oil were formerly studied by Tsujimoto and his
co-workers, but literatures relating to the characteristics of these oils are very
scanty up to the present. The cuttle-fish oil examined by Tsujimoto” showed
d% 09316, »% 1.4806, A.V. 2.9, S.V. 189.6, I.V. 177.0, Unsap. matter 1.14%, and
polybromides of fatty acids 57.45% with Br content 70.91%. Unsaponifiable matter
of another sample examined by the same author contained 48Y% of cholesterol
together with cetyl, oleyl, batyl, chimyl, and selachyl alcohols. The oil reported
by Tsujimoto and Kimura® had 4% 09200, n% 1.4833, A.V. 182, S.V. 1769, LV.
(pyridine sulfate dibromide method) 179.5, Unsap. matter 4.20%, solid acids by lead
salt alcohol method 22.6% with L.V. 14.1, and highly unsaturated acids by lithium
salt acetone method 41.8% with LV. 372.1. Saturated acids contained palmitic
acid, and unsaponifiable matter contained 56% of cholesterol. The oil contained
also vitamin A. Kitabayashi, Nakamura, and Shuto® have recently reported 3
samples of cuttle-fish oil having d§ 0.9865-0.9393, A.V. 10.0-15.8, S.V. 180.5-186.2,
1.V. 175.0-182.6, and Unsap. matter 3.5-5.5%. One sample contained 25.4% of solid
acids with I.V. 8.8. Tsujimoto” examined also an oil obtained from another kind
of cuttle-fish, Watasenia scintillans (Berry). André and Canal® reported the
properties of European cuttle-fish oil.

The mackerel oil reported by Tsujimoto® showed 4% 0.9301, »7 14811, A.V.
1.7, S.V. 191.6, 1.V. 167.4, and brominated fatty acids insoluble in acetic acid 26.18%
with Br content 69.28%. Spanish mackerel oils” are reported to have S.V. 182.5-
204.9 and LV. 115.3-136.7. Characteristics of mackerel liver oils® are recorded
as Sp. Gr. 0.928-0.969, Refr. index 1.4810-1.4969, F.F.A. 24.3-36.8%, S.V. 166.8-177.6,
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1.V. 129.1-158.2, Upsap. matter 5.78-15.63%, vitamin A (U.S.P. units per g) 30,000~
200.000, and vitamin D (LU. per g) 1.400-5.400.

The present paper records the more important properties of the cuttle-fish and
mackerel oils which were produced in 1951 and examined by the authors.

1. Cuttle-Fish 0il

Properties of 26 oils examined are given in Table 1. All the oils were pre-
pared by rendering under the condition which facilitated much autolysis in the
course of rendering. They have a reddish orange color, though the color of each
oil varies somewhat in depth. They are liquid at ordinary temperature, and deposit
a very small amount of stearine even in winter. Since a few oils were turbid due
to the presence of moisture, they were filtered through a dry filter paper before
they were used for the determination of characteristics. It is known for some fish
oils that there is a definite relationship between the season of fish catching and
the properties of fish oil, but no such relationship is found in the case of cuttle-fish
oil, so far as the results of the present experiments recorded in Table 1 are con-

TABLE 1. Cuttle-Fish Oil

: f i i Ether-insol.

Sample _"_C_afh_"igm__‘_” 20 20 | Lv. | Unsap. |3 o minated

No ‘ a7 7y AV. | SV. ! (Wijs | matter | . v o ids
" | Locality | Date (1951) | VY] Teeg) | At A
! i Z0
1 | Matsumae | Dec. 4 0928 | 14838 | 113 | 1824 | 2065 | 404 79.27
2 Ohata Late Oct. | 09273 | 14838 | 7.0 | 187.2 | 203.2 | 245 | 7527
3 g‘i’s‘;‘i‘ct } Late Nov. 09277 | 14835 | 228 | 187.3 | 1979 | 362 74.68
4 Kayabe | Late Aug. | 09267 @ 1.4820 | 168 | 1849 | 1959 & 4928 77.81
5 Ohata Early Oct. | 0.0274 | 1.4832 | 102 | 185.0 | 1933 = 3.01 76.19
6  Muroran | Aug. 30 | 09263 14817 | 125 | 1868 | 1932 = 443 | 75.00
7 Hakodate | Dec. 1 00279 | 1.4832 | 7.3 | 1851 | 1930 | 259 | 73.90
8 | Hachinohe | Late Oct. | 09263 | 14832 | 17.8 | 185.2 | 1929 & 345 = 76.07
9 | Hakodate | Sept. 19 | 09257 | 14834 | 142 | 1867 | 1918 | 4.47 76.32
10 | Hakodate | Aug. 11 09263 14820 | 53 1877 | 1908 | 3.72 75.60

H |

Il | Fukushima| Aug. 17 | 09250 14820 | 122 1831 | 1902 4.3 72.34
12 | Fukushima| Aug. 17 | 09267 | 14820 | 12.4 | 183.6 | 180.4 | 484 75.51
13| Aonae Aug. 10 | 09263 | 14830 | 12.3 | 1820 | 1885 | 531 74,29
14 Hachinohe | Middle Oct, 0.9270 | 1.4822 | 163 | 1798 | 1885 | 364 74.36
15 Hakodate | Dec. 15 09272 | 14831 | 83| 1815 | 1881 & 694 | 7252
16 Mitsuishi — 09248 | 14820 | 17.3 | 1828 | 1867 = 487 |  74.88
17 | Matsumae | Oct. 23 0.9267  1.4825 | 52| 1791 | 1864 | 402 7379
18 | Hakodate | Oct. 3 0.0249 14820 | 10.3 | 186.2 | 1851 | 3.65 71.94
19 Hakodate | Sept. 20 | 09244 = 1.4828 | 6.4 | 187.0 | 1850 | 2.94 71.99
20 | Urakawa — 0.0254 | 1.4821 | 14.9 | 1838 | 1838 | 432 7332
21 Urakawa — 09253 | 14820 | 115 | 1854 | 1838 | 3.26 72.99
22 Hakodate | Aug. 2 0.9240 | 14809 | 14.4 | 1868 | 1832 | 416 | 70.33
23 | Urakawa = 09247 | 14818 | 112 | 185.3 | 1815 | 356 |  71.39
24 | Urakawa — 0.0249 | 14820 | 1255 | 1867 | 180.1 | 379 |  74.37
25 | Urakawa — 0254 | 14820 | 139 | 1869 | 1799 | 411 73.32
26 | Hakodate | Jul. 24 09230 | 1.4800 | 17.0 | 1849 & 1788 | 458 64.71
Highest 0.9289 | 1.4838 | 22.8 | 187.7 | 2065 6.94 79.27
Lowest 09230 | 1.4800 | 52| 1791 | 1788 | 245 64.71
Average 00261 | 14824 | 12.4 | 1848 | 1891 | 403 | 7393

Notes: The localities of catching of Nos. 2, 5, 8, and 14 telong to Aomori Prefecture,
and that of No. 3 to Tokai District while those of other samples belong to Hokkaido.
Oils from Nos. 1, 3, 7, and 15 were prepared in our laboratories.
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cerned. The yields of ether-insoluble brominated fatty acids are very high, ex-
ceeding 70% except oil No. 26, and hence cuttle-fish oils are found to contain a
very large amount of highly unsaturated acids.

Determination of saturated acids. When the lead salt alcohol method is applied
for the separation of solid acids from mixed fatty acids of fish oils, it gives solid
acids having a relatively high iodine value in most cases, while lower members of
saturated acids, such as lauric and myristic acids, are not completely precipitated
as lead salts. If the procedure is carried out so as to obtain solid acids having a
very low iodine value, a considerable proportion of saturated acids tends to remain
in liquid acids. and the estimation of saturated acids in mixed fatty acids becomes
difficult. In these experiments, mixed fatty acids were converted into methyl esters
which were then subjected to the oxidation with potassium permanganate in
acetone. The acidic scission product from unsaturated esters was then separated
from neutral saturated esters. The acetone permanganate method was first de-
veloped by Hilditch® for the purpose of determining saturated glycerides in oils
and has been applied to various kinds of oil, but it appears to have been little
used for the determination of saturated acids in mixed fatty acids. The procedures
taken in these experiments are as follows: Mixed fatty acids freed from unsapo-
nifiable matter were esterified with methanol in the usual way. Two g of methyl
esters (A.V. below 2) were dissolved in 40 cc of acetone, and 20 g of powdered
potassium permanganate was added in small portions. After the mixture was
refluxed for 1-1.5 hours in order to complete the oxidation, the acetone was dis-
tilled off. The residue was added with 120-150 cc of water and then treated with
a concenfrated solution of sodium bisulfite in order to reduce the oxides of manga-
nese and the excess of potassium permanganate. The solution was then extracted
with 700 cc of ether. Extraction was repeated using 400-500 cc of ether. The ether
solution was washed several times with water and then with a solution of sodium
carbonate in order to remove acidic substances as sodium salts. After washing
with water and dehydration with anhydrous sodium sulfate, the ether solution was
distilled, and the residue consisting of saturated esters was weighed.

Four oils were examined by this method with the results given in Table 2.
Thus the contents of saturated acids in mixed fatty acids of these oils are esti-
mated at 25-27%.

TABLE 2. Saturated Acids

Oil No. 6 |1 | 3 26
Saturated { ‘ ;
methyl esters (%) i 2653 | 2579 25.54 27.41
L.V. of sat.: ;
methyl esters 0.82 | 1.4 0.73 0.92

Determination of tri-saturated glycerides. The same four oils which were used
for the determination of saturated acids were subjected to the acetone permanga-
nate oxidation for the determination of tri-saturated glycerides. The oxidation of
glycerides was performed in a similar way as described above for the oxidation
of methyl esters. The oxidation product was extracted with ether, and the ether
solution was washed with a solution of sodium carbonate and then with water.
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After dehydration and distillation of ether, the residue obtained was again oxidized
with potassium permanganate in acetone. The oxidation product was treated as
before. On distilling off ether from the ether solution, there was obtained a solid
residue. It had, however, an exceedingly high acid value indicating the presence
of a considerably large proportion of some acidic snbstances. possibly the oxidation
product from di-saturated glycerides, besides tri-saturated glycerides. By washing
a petroleum ether solution of the residue obtained above with a solution of sodium
carbonate, the acid value of the substances remained in the petroleum ether solu-
tion was decreased, but the substances obtained finally from the petroleum ether
solution, designated as tri-saturated glycerides in Table 3, still showed relatively
high acid values, and the complete removal of acidic oxidation product was not
attained in these experiments. Based on the data given in Table 3, the amount
of tri-saturated glycerides in the oils examined are estimated at about 1-29%.

TABLE 3. Tri-Saturated Glycerides

Oil No. 6 | s %5 | 26

Tri-saturated ‘ : :
glycerides (9 i 21 25 ; 26 | 25
76 157

AV, of tri- |
sat. glycerides [ 19.0 I a1

Sterols. The amounts of sterols in the unsaponifiable matter of oils No. 19 and
No. 21 were found to be 70.552% and 63.41%, respectively, by the digitonid method.
The unsaponifiable matter from several oils recorded in Table 1 was combined,
and recrystallized from alcohol. The product obtained after three recrystallizations
had M.P. 142-143°C, which was raised to 145°C by further two recrystallizations.
These results indicate that the main component of sterols is cholesterol.

Vitamin A. Oils No. 6, No. 25, and No. 26 in hexane were examined by the
spectrophotometric method, and the values Ei%, at 328 mu were found to be 0.418,
0.585, and 0.511, respectively.

2. Mackerel Oil

Sixteen samples of mackerel oil prepared by the boiling out process were
examined. The characteristics of these oils are given in Table 4. Oiis No. 8, No.
13, and No. 15 are light orange yellow, while the other oils are reddish orange;
especially oils No. 4 and No. 12 are dark in color. All the oils deposit more or
less stearine at ordinary temperature. In winter, they deposit large amounts of
stearine, and oils No. 3, No. 4, and No. 8 are not mobile.

TABLE 4. Mackerel Oil

Sample Catching a? | n2 ‘- A.V.%- S.V. I LV. Unr;ap. %ﬁgg;rlugstgil Source
No. Localityj (ll)gstf) : D | (%‘) fatt(yQ;;:nds i of oil
1 Kushiroj{g:;? o.924e§1.4794i 35 ‘ 1889 | 1661 | 145 | 5811 '{;‘L‘;‘;‘e

2 |Hiroo | Aug.210921714780 32 | 1904 | 1579 | 041 | 4430 |{RETE
3 |Hiro-o | Aug.29 0.9216! L4780 66 | 1918 1579 | 124 52.74 | Viscera
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TABLEL 4. (Continued)

4 |Kushiro Aug. 5]0.9215 14762 268 | 1870 | 1562 | 302 | 5046 {;‘g’&‘;‘e
5 |Kuhiro] — |09220 1.4766 7.7 1876 | 152 | 153 | 4540 firele
6 Kushiro‘{gea;?’ 0208 1.47825 0.38) 1034 | 1530 | 111 4312 | Viscera
7 |Kushiro — 09169 1477¢ 267 | 1966 @ 1530 | 064 | 4892 -
§ |Hiroo | Aug.260921214780 40 | 1923 | 1522 | 106 | 4967 -
9 |Kushiro — 0921014780 77 | 1960 | 1522 | 143 | 4966 —
10 |Kushiro{S2' 10921714781 031| 1891 | 1520 | 131 | 4691 | Viscera
11 |Kushiro{nuod'® 09219 14772 248 | 1015 | 1511 | 132 | 4049  {Viseera
12 |Otaru ([ log226 L4783 93 | 1037 | 1489 | 130 | 4867 —
13 |Hiro-o  Avg. 260920614780 064 1037 1486 | 047 | 4914 -
14 |Hiroo | Aug. 270921514780 7.7 | 1009 | 1484 | 088 | 4956 -
15 |otaru {5V oo210 14780 10 | 1017 | 139 | 117 | 49m -
16 |Owara {fA7V 00178 14766 103 | 1044 | 1307 | 138 | 30 -

Highest | 09246 1.4704 268 | 1966 | 1661 | 302 | 5811

Lowest 09178 14764 031 187.0 | 1397 | 041 2084 |

Average 09213 14778 879| 1918 | 1523 | 1.23 4792 |

Notes: All localities of catching belong to Hokkaido.

Determinations of saturated acids, tri-saturated glycerides, and vitamin A were
carried out with several oils in the same way as described in the case of cuttle-fish
oil. The results are shown in Table 5, from which saturated acids in mixed fatty
acids are found to be 22-25°7, while tri-saturated glycerides in oils are estimated at
roughly 1-3%.

TABLE 5. Saturated Acids and Others

0il No. o3 | 4 | 12 15 16
Saturated ;é‘f‘hyl 2485 | 2411 | 2239 sz | 2217
I'Yﬁe‘;fljf“e-sters 0.41 0.60 2.0 0.32 1.0
T atrated o) 284 | 187 - = s
A.;’l.) 'ggrit‘;;sat- 7.4 14.8 — - 8.3
E% 328 mu J‘ 0.144 — — | 0288 03828

3. Summary

1. Characteristics of 26 samples of cuttle-fish oil show the following ranges.
the figures in parentheses showing average values: d% 0.9230-0.9289 (0.9261), n%
1.4800-1.4838 (1.4824), A.V. 5.2-22.8 (12.4), S.V. 179.1-187.7 (184.8), I.V. (Wijs method)
178.8-206.5 (189.1), unsap. matter 2.45-6.94% (4.03%), ether-insoluble brominated
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fatty acids 64.71-79.27% (73.93% ). Several oils were subjected to a further ex-
eriment with the following results: saturated acids in mixed fatty acids £5-27%,
tri-saturated glycerides in oils roughly 1-2%, sterols in unsap. matter 63.41-70.55%,
and Eif, at 328 my 0.418-0.585.

2. Characteristics of 16 samples of mackerel oil are found to be d % 0.9178-
0.9246 (0.9213), n3 1.4764-1.4794 (1.4778), A.V. 0.31-26.8 (8.79), S.V. 187.0-196.6
(191.8), L.V. 139.7-166.1 (152.3), unsap. matter 0.41-3.02% (1.23%), ether-insoluble
brominated fatty acids 39.84-58.11% (47.92%). Examination of several oils showed

the following results: saturated acids in mixed fatty acids 22-25%, tri-saturated

glycerides in oils roughly 1-3%, and E}%, at 328 my 0.144-0.328.
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