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STUDIES ON THE EXTRACTION OF FISH LIVER OIL.

. THE EXTRACTION OF OIL FROM FISH LIVERS OONTAININGM
LOW VITAMIN A UNIT.

By
Kiichi MURATA and Matsuo SUZUKI

(Faculty of Fisheries, Hokkaido University)

With 5 tables

Introduction

The following report is an account. of the authors efforts to find by what
method or treatment is it possible to extract from low-vitamin-A-unit-content
fish livers, such as those of codfish, shark, snd bonito, a possibly higher
vitamin-A-unit liver oil and in larger quantity. The authors used the alkaline
method on an industrial scale with the sbove mentioned fish livers. They hope

their report may be of some reference value at least.

I. Cod Liver and Its Internal Organs.

METHODS OF EXTRACTION OF OIL:-

Liver oils extracted from codfish livers and that from codfish liver together
with the other internal organs, the so-called “whole internal organs”, are quite
different in their vitamin A unit, their odor, and their color. Generally, these
raw materials were bought separately and used separately according to the purpose
of their uses. The o0il extraction operation wus the same as the one described for
extracting oil from high-vitamin-A-unit-content fishes in the authors’ fornter
report, namely, raw materials freed from impulfities after weighing were chopped
finely and placed in a tank for extraction.

Methods of extraction used were (A) Method of separating the upper layer,
and (B) Method of separating the whole liquor.

(A) Method...... Quantity of water used was approximately 1 to 2 times
the raw material used. When oil content is large, after emulsification, the milky
white liquor will be quite abundant and will make the decantation difficult,
the container inconvenient for use, and, moreover, its centrifugal separation will

require much more time. However, codfish liver is soft in character and easy to
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be dissolved. Add NaOH of 20° to 30° Bé to adjust pH of the mutérial about
8.0 and heat it. When at 5(°C., the raw material starts to decompose, if the
operation is in a fair condition its temperature may be raisad dirsctly to 8.°C.,
2t which temperature water is added to lower the temperiturs to 5,°~30°C. while
the stirring also is stopped. Cover it znd decant the upper oil layer the next
morning. By centrifugal separation crude oil is obtained.

(B) Method......Use as small 2 quantity of water »s possible and use some
more NaOH than that used in Mothod A to adjust pH of materizl to 9 appro-
ximately. Then heat it. At 85°C., stop the stirring, traonsfer to a tank and
separate oither immediataly or after being let stand quictly for saverul hours, to
obtain crade oil centrifugally.

RESULTS:—

In Table T A, duta cover a poriod from Febrasry 1948 to October 1950 during
which period livers of pollack and that of codfish caught in all months excepting
January end April were used for monthly tests. In February, Septamber, October
and November, 1950 fish wer:s taken every day during a certain period. The rasults
of daily tests with dzily caught fish as sumples are prssented in Tuble I B.

From those results it is clear that when a great quantity of raw material is

used and extracted with industrial equipment, the operation is convenient when

Table IA

NaOH . Ratio of |y, . | Total vitamin
quantity NaOH/| Oil ‘oil extrac-vna'mln A quantity per

! Species | Liver

Date f(;:h quantity| & 44:4%on Liver| quantityl o d A unit gr. of liver Remarks
kg. kg. % kg. % U.S.P.U.| GUS.P.U.
Feb., 1948 Pollack| 343.0 50 | 14 | 1030| 300 | 3750 11250

7, 1949| » | 20780 | 450 | 21 | 6700] 322 | — —
y , 1950 Codfish: 35780 | 452 | 12 | 11250 | 314 | 11480 36047

Mar., 1949 L4 2894.0 55.2 1.9 | 7160 24.7 — —

May, 1949 | » 509.0 us | 22 | 10| 222 | 16780] 37251
June, 1949 » | 4143.0| 645 | 15 | 1161.0] 280 | 17950 | 50260
. 7| 17840 25 | 12 | 4410 247 | 11000 | 27170
# , 1950 |Pollack | 21190 | 487 | 2.2 | 781.0| 368 | 1100 4048
July, 1949 » |28590| 600 | 20 | 6800 | 237 | 9535| 22597
Aug, 1949 |Codfish| 15570 | 620 | 39 | 4360| 280 | — | . —

Sept. 1949| » | 15150 620 | 40 | 4370| 288 | —— —
7 . 1950 |Pollack| 12570 | 200 | 23 | 3320| 264 | 7480| 19754 [Whole inter-

nal organs
Oct, 1950 | » | 40740 | 1140 | 27 | 7410 18.1 | 8080 1462.4
v, v | 57610 | 1764 | 30 | 9220 160 | 7140 11424
Nov, 1950| » | 80450 1504 | 18 | 15285 189 | 6000 11340
Dec, 1948| » 828.5 155 18 | 2700| 325 | —— —
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(Ay Method is used. As to the
adjustment of pH, it ssems
that the result is somewhat
better when material is adjus-
ted to pH 9.0 rather than
8.0 and then hested, though
from the view point of centri-
fugal separation the lautter pH
value is preferable. For samples
of the same period, when the
pH values were adjusted o
8.C-9.0, the quantity of NaOH
used w:s almost the same in
each cus3, i.e., about 2%.
Liver oil from pollack or from
codfish is light yellow in color,
of relatively less odor, and a
good oil extrasting ratio; its
vitamin A unit is also 10,000
US.P.U. Liver oil from the
-whole internal organé has a
light red color, of an unpleasant
odor, and a rate of oil extriction
inferior to that of the former
cese. Jts vitamin A unit is
less than 10,000 U.S.P.U. Raw
materials obtained in the same
period seen to have an equal
total vitamin A quantity per
gr. of liver regardless of whi-

ch extraction method is used.

II. Shark Livers.

Liver oils of great blue
shark and salmon shark have
genémlly a vitamin A unit of
3,000 U.8.P.U.; they contain



carbohydrates and waxes for which reason their melting points are high and
their degrees of transparency at lower temperatures are not good. They are diffi-
cult to be refined and, therefore, are unsuvitable as a source of vitamin A oil.
Hence, stress is placed technically on a high quantity of oil extracted and a
simpler operation rather than on its vitamin A unit. However, in the liver oil
of codfish, though its vitamin A unit differs according to the color of the liver,
its vitamin A concentration is usually 20,000 to 40,000 U.S.P.U. In this case,
care must be taken, as in the case with high-vitamin-A-unit fishes, to extract
the oil by heating in order to obtain a higher vitamin-A-unit product in larger
quantity. ‘

'~ METHOD OF EXTRACTION OF OIL:~

Free impurities from the Taw material; after- weighing, chop finely with a
chopper and transfer it into a tank. Extraction of oil is then performed by either
method (A), separa_.ting of the upper layer or by (B), separating of the whole

liquor.
RESULTS:~

Table] A presents the monthly test results from fish taken in each month
during a period from February 1947 to September 1950; B reports on a period
from June to December 1949. Data indicated as “shark” only, are results obtained
from a mixture of both great blue shark and salmon shark. Amount of solid
NaOH used with these two kinds of shark livers was generally about 19;. the
same percentage of NaOH was also vsed with dogfish. Quantities extracted were
about 409 for the former two kinds and about 509 for dogfish. Vitanhin—A—units
were 3,000-6,000 U.S.P.U. and 8,000-15,000 U.S.P.U. respectively. '

Some of the dogfish livers were black and some were white in color. They
were sampled separately and their vitamin A units determined separatoly. It ‘is
clear that the black had much more vitamin A than the white livers, being about
40,000 U.8.P.U., twice that of the latter. 4

During the operation, care must be taken to note that, during transportation
in summer from the seashore whero fish were taken to the oil extraction plant,
the oil would separate out of itself. This would be more evident when it was
kept in the factory and the longer the period of keeping the more oil would be
separated out which would then float. on the surface of the container. This self-
separated oil had to be transferéd separately fo another container before livers

were chopped. This oil might be ‘kept separately after weighing or added to the
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Table TA
NaUH . Total
Liver | quantity NaOH/ 0il Rat.lo of | Vitamin | Vitamin A
Date Species of fish quantity of Liver| quantity oil A unit | qusntity per
c additioa extracted gr. of liver
ke | kg % ke. % |USPU.| GUSPU.
Jan, 1949 Shark 1960|505 | 25| 8250 413 — _—
Feb, 1947 |  » | 920 12,6 13| 3200 344 | —- —_
v, 1o4g [Grent blue shark 4560 70| 15| 1820 399 | —— —
v, 1949 Shark 3577.0 730 | 20| 13890 388 | 4300 1668.4
Apr., 1947 ” 243.0 0.8 0.3 750 308 — —_—
May . 1918 " 1720 17| o9 45.0 2.1 — —
v, 1949 » 460.0 25| 05| 2050 445 | 6200 27995
» , 1950 | Dogfish shark | 650 1.0 15 45.0 692 | 8700 6020.4
June, 1949 » 60040 560 | 09 | 35090 584 | 5000 2920.0
v, v Shark 45210]  e87 | 15| 16200 358 | — _
o, 1950 " 22,0 05| 22 6.0 222 | — —
July, 1947 " 2340 21| 08 80.0 341 | 26400 90024
r , 1949 ¥ 54020 79.5 1.4 | 19840 36.7 — e
v , 1950 | Degfish shark | 722.0 %60 | 49| 3870 536 2250 1206.0
Aug., 1947 Shark 5103.0 165 | 03| 12240 239 | 3300 788.7
v, 1948’ Salmon shark 2229.0 50.7 22 631.0 283 e —
» , 1949 | Dogfish shark 7530 130 1.7 3000 39.8 _ _
v, »_ Shark 177400] 2455 13| emer| 2| — —
_Sept., 1947 " 1200.0 7.1 05 | 5300 44.1 6900 30429
» , 1948 'Great blue shark! 814.0 13.2 16 | 2370 291 — —
v , 1949 | Dogfish shark | 1424.0 123 | 08| 7390 518 | —— —
7, » | shark | 5180 475-| 09 | 20472 00 | — —
v, 1950 ¥ 148.0 2.0 13 600 | 405 — -
Oct, 1947 » 6130 49| 07| 2610 25| — -
v, 1999 ” 113040| - 1081 | 09 | 50160 43 | —
Nov., 1947 p o790| 100 | 10| 380 394 | 3600 1418.4
7 , 1948 [Etmopterus shark| 2710.0 115 0.4 19800 73.0 — —
P Shark 4828.0 76.2 15 | 15400 318 | — —
v, x | Hommer head 2340 25 | 10 %00 | 384 | 60000 23040.0
v , 1949 | Dogfish shark | 65830| 814 12 | 31250 565 | 22000 12430.0
v, Shark 140660  158.7 11| 70550 50.1 — —
Dec., 1947 | Dogfish shark | 1840 17| 09 920 500 | 14400 7200.0
v, 1948 v 483.0 8.8 18 | 2120 438 1200 5256
v, 1949 ” 23680| 280 11| 11700 94 | _
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Table IB

NaOH

Heating

Ratio of

Total vitamin A

Date Species of fish q&aﬁvrt?t‘y ‘O}ll:ﬂ;g%n Nacl)lliz/er vgi[l?e ;gxﬂ'zer- qua(r)ntlity e x‘(gxi(l:t ed Y\“?l':i:n (i‘;’f“;i-tynseef é:‘l’f:l v!Fish market
o e P s U | e TR useu.| ‘GUsPY | _
June 28, 1949  Shark 1330.0 188 | 1a1] 86| 80 4980 | 3744 | — —_— — | Siogama

v 29, # " 1530.0 250 | 163 9.2 80 582.0 38.04 _ —_ »
July 20, 7 ” 1513.0 250 | 165| 94| 8 5700 | 3167 | — — _ p

v 2, » ” 1648.0 275 | 166 94| 80 6300 | 4126 | — —_— _ ”
Aug. 16, » » 21450 206 0.96 90 80 7000 32.63 — —_— _ ¥

v 17, » v 2145.0 50| 069| 86| 80 6920 | 3226 | — —_— — v

vy 18, # v 21500 265 | 123 | 96| 8 | 10750 | 5000 | — —_— - ”
Sept. 22, » y 1379.0 109 | 079 80 | s140| 32| — — - | Nemuro

v 23, » » 15560 115 | 073 —| 8 6840 | 4365 | -— — - »

r 24, » | Dogfish shark | 14240 123 | 086 — | & 7390 | 5189 | —— — — ”
Ot. 25, Shark 1240 | 14| 091 | 96| 80 580 | 4242 | — —_— — | Hatinohe
r 26, » " 1588.0 43| 090 | 92| 8 7320 | 4609 | — — — ’

y 2, ” 1575.0 126 | 0.80 —| 80 7710 | 4895 | — — — P
- v 1568.0 177 | 112 —| s | 10| 5082 | — — — 1
v 29 n y 857.0 106 | 23|  — | 80 | 4360| so87 | — — =

Nov. 1, »# P 1595.0 129 | 112 — 80 | 6970 | 4369 | — —_— - ”
v 2, » y | 19410 192 | 08 —| 8 | 970]| 45| — — - ¥
» 3, 0| K 2010.0 186 | 092 — | 80 | 10740 | 5343 | —— | —_— = s
» 17, » | Doglish shak |75, 80 1 068 ‘ : J 80 \ 6850 ! 5829 | 17700 } 10317.3 09 | Nemuro
vy 18 » ¥ 1853.0 106 | 057 — | s | 10150 477 | — | _ 1.8 y
v 19, 7 y 18320 | 304 | 165 - | 80 | 8#0 | 463 | — _ 0.7 ”
v 20, »| 11430 | 223 | 195 |  — | 80 | 5830 | 5100 | 22690 115719 0.4 ”
y oo {?gfgihlfgg:},‘ 575.0 91| 158 —| 8 | 230 4226 | 44060 | 186197 - | - »
Dec. 23, » Shark 14800 200 | 135 — | 80 | 6670 | 4506 | —— | — | — | Hatinhe
v 24, ¥ ¥ 888.0 84| 094 —| 80| 4184 4rarl — | — | — y
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heating tank when livers had been completely decom-

posed and stirred for some 30 minutes st about 80°C.

III. Bonito Liver.

The same oil extraction method was applied to
bonito livers as that which had teen usad for codfish
livers. Tests were made with the help of pick-up oil.

METHOD OF EXTRACTION OF OIL.

Water used was about twice that of the raw ma-
terial. The pH value of the material was adjusted to
approximately 9.6 by adding NaOH solution of 2(°-80°
Be!. At 50°-6(°C., when the condition of dissolution
and separation was good, 7% of pick-up oil was added.
Then the pH was readjusted. About one hour later,
temperature of material wus raised and maintained at
80°-85°C., at which temperature it was stirred for
nearly one hour. Water was led in to allow it to be
skimmed essily. At 50°-60°C., stopped the stirring.
Covered it until the next morning when the upper

layer was skimmed and centrifuged to obtain crude oil.
RESULTS:~

Results were shown in Table ITL

In this case the quantity of NaOH used was
higher than that used for livers of the other fisl'xes.
Bonito liver has a very small oil content itself and
its oil extraction without the help of pick-up oil is
pearly impossible. The vitamin A unit and vitamin D
unit values of bonito liver oil are 11,000-20,000 U.S.-
P.U. and 10,000-16,C00 1.U. respectively.

Summary

(1) On extracting liver oil from codfish liver
alone and codfish whole internal it is good to operate
at pH 8.0. At this pH value rate of oil extraction is

20-30% and the vitamin A unit about 10,000 U.S.P.U.

— 279 —



(2) The optimum pH for the oil extraction of shark liver is 9.0-10.0. Oil
rate is 40-5095. The vitamin A unit values of both great blue shark and salmon
shark are ca. 3,000 U.S.P.U. while that of dogfish black liver is very large
" reaching to about 40,000 U.S.P.U. which is about twice of the white color liver
form the same kind of shark.

(8) The oil extraction of bonito livers must be performed with the help of
pick—up oil. Its vitamin A wnit is 10,000-20,2C0 U.S.P.U. It cont2ins a large
quantity of vitamin D too.
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