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STUDIES ON THE EXTRACTION OF FISH LIVER OIL. 

m. THE EXTRACTION OF OIL FROM FISH LIVERS CONTAINING 

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 findby what 

method or treatment is it possible to extr:l.ct from low-vitamin-A-unit-content 

fish livers, such as those of codfish, shark, ::.nd bonito, a possibly higher 

vitamin-A-nnit liver oil and in larger quantity. The authors used the alkaline 

method on an industrial scale with the above 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 trom 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, nnd their color. Generally, these 

raw materials were bought separately and used separ.1tely accordjng to the purpose 

of their useS. The oilextrJ.ction opeNtion waS the same as the one described for 

extracting oil from high-vitamin-A-unit-content fishes in the authors' former 

report, namely, raw materials freed from impurities aftE·r 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 r:l.W 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 2uo to 30° Be to adjust pH of the mt'.t2rial about 

8.0 and heat it. When at 5(loC., the rJ.w material starts to decompose, if the 

operation is in a fair condition its temperature may be rJ.issd dir-3~"I;ly to 8~JoC., 

&t which temperature water is added to lower the tempar.,tura to 51/0-:iOoC. while 

the stirring also is stoppcd. Covel' it and decant the upper oil la.ycr the next 

morning. By centrifugal separation crude oil is obtained. 

(B) Method ...... Dse as small :1 qu:mtity of watar us possible and USe Some 

more NaOH than that used iu Method A to adjust pH of material to 9 appro­

ximately. Then heat it. At 8=,°0., stop the stirring, tr.msfa· to a tank and 

separJ.te either immediataly or after being let stand quictly for s3vcl".11 hours, to 

obtain crude oil centrifugally. 

RESULTS:-

In Table I A, du.ta COV&r a period from Febrar.rj 1948 to Octob2r 1950 during 

which period livers of polla~k and that of codfish caught iu all months excepting 

January and April were used for monthly tests. In February, Sept3mber, October 

and November, 1950 fish wer,:; taken every day during a certain period. The r-3sults 

of daily tests with daily caugM fish as s.1mples a1"':; prssanted in T .... ble I B. 

From those rHsults it is clear that wheu a great quu.ntity of r..loW material is 

used and extrJ.<:tad with industrial equipment, the operation is ('onveuient when 

Table I A 

! 8 .... 1" 1 Uvu R.o!i NoOn/i Oil Il!&<i· .1 Vitamin "".1 vl,amin 1 
. U8!lut • • 011 extrac- A quantity per 

Date I fi!h quantIty of addilon LIver quantIty ted A unit gr. of liver Remarks 

_____ kg. ~_. _ ~ kg. I % U.S.P.U. G.U.S.P.U. 

Feb .. ~ Pollack I 343.0 __ 5.:9_1 __ 1.4 103.0 30.0 3750 1125.0 
I I 

----

", 1949 I " 2078.0 ___ ~~:D_ ~ 670.0 32.2 - -
'. 1950 I CoM;,h 'I 35l'8.O '15.2~ 1.2 _ 

.. -

1125.0 31.4 11480 3604.7 

Mar., 1949 " 2894.0 55.2 1.9 716.0 24.7 ---=-1 . -- ---------
May, 1949 H 509.0 115 2.2 113.0 .22.2 16780 _ 3725.1 

Juo~ 1949 __ H_I~43.0 I~ ~4.5=I_l~ 1161.0 I 28.0 I 17950 5026.0 

I 
---_.-

"," H 1784.0 22.5 1.2 441.0 24.7 11000 27170 -- ---- --- -.--.- -- ------- "--- - -----. 

H , 1950 Pollack 2119.0 48.7 2.2 781.0 36.8 1100 404.8 
- - ---.---

July_, 1949 " 2859.0 60.0 2.0 680.0 23:1 9535 22597 
- - -----_.-

Aug., 1949 Codfish 1557.0 62.0 3.9 436.0 28.0 - -.. - ---- - ---------~-

Sept .. 1949 " 1515.0 62.0 4.0 437.0 28.8 - -.- ------

Whole inter-
" , 1950 I Pol!ack 1257.0 29.0 2.3 I 332.0 26.4 7480 1975.4 oalorgan. 

.-

Oct .. 1950 " 4074.0 114.0 2.7 741.0 18.1 8080 1462.4 --.. --
" , H H 5761.0 176.4 3.0 922.0 16.0 7140 1142.4 ._------ ----- ---~.-.-.---

Nov .. 1950 " 8045.0 150.4 1.8 15285 18.9 6000 1134.0._ - ------- -. _. ------

.Dec., 1948 " 828.5 155 1.8 270.0 32.5 - -
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(A) Method is used. As to the 

adjustment of pH, it 83em8 

that the result is somewhat 

better w}len material is adjus­

ted to pH 9.0 rAther than 

8.0 and then heated, though 

from the view point of centri­

fugal separJ.tion the latter pH 

value is prefer.J.ble. ]'or s.l.mples 

of the s:l.me period, when the 

pH values were adjusted to 

8.C-9.0. the quantity of NaOH 

used Wt:.s almost the S:l.me in 

each caS3, i. e., about 2%. 

Liver oil from pollack or from 

codfish is light yellow in color. 

of :relatively less odor, and a 

good oil extraoting ratio; its 

vitamin A unit is also 10,000 

U.S.P.u. Liver oil from the 

w hole internal organs has a 

light red color, of an unpleasant 

odor, and a rate of oil extr..lction 

inferior to that of the former 

caSe. Its vitamin A unit is 

less than 10,000 U.S.P.U. Raw 

materials obtained in the Same 

period Soon to have an equal 

total vitamin A quantity pel' 

gr. of liver regardless of whi­

ch extraction method is used. 

II. Shark Livers. 

Liver oils of great blue 

shark and salmon shark have 

generJ.lly a vitamin A unit of 

3,000 U.S.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 unsuitable as a source of vitamin A oil. 

Henoe, stress is placed technically on a high quantity of oil extra.cted 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 4(),C'OO 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 EXTRA. eTION OF OIL:~ 

]free impurities from the raw material; after weighing, chop fin~ly with a 

chopper and transfer it into a tank. Extraetion of oil is then performed by f'ither 

method (A), separating of the upper layer or by (B), separating of the whole 

liquor. 

RESULTS:~ 

Table 11 A presents the monthly test rEsults fTom 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 aud salmon shark. Amount of' solid 

NaOH used with these two kinds of sharI, livers WaS genera.lly about 1.96;: ,the 

Same percentage of NaOH was alSo used with dogfish. Quantities extracted were 

about 40% for the former two kindG and about 5C% for dogfish. Vitamin~A--units 

were 3,OOC~6,000 U.S.P.U. and 8,00()""'15,000 U.S.P.U. respectively. 

Some of the dogfish livers were black and some were, white in color. They 

were sampled separately aud their vitamin A units determined separat3ly. It 'is 

clear that the black had much more vitamin A than the whit,e livers, being ; about 

40,000 U.S.P. U., twice that of the latter~ 

During the operation, care must be taken to note that, during transportation 

In summer from the seashore whera fish were taken to the oil extraction J;'larit, 

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 OD the surface of the cODtainer. This self­

separated oil had t.obe traDsfer~ separately to another container before livers 

were chopped. This oil might be kept separately after weighing or added to the 
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Table 1[ A 

I I 
NaUH I 1 

Liver quantity l'NaOHI Oil Ra~io of Vitamin 

I 
Specie~ of fish IqUantity of Liver quantity! 011 A unit 

. additioil I extracted 
____ , ______ ---;-_kg. kg. % kg. I % U.s.P.U. 

Date 

Tot81 
Vitamin A 

quantity per 
gr. of liver 
G.U.S.P.U. 

Jan, 19491 Shark 1996.0 --50.5 1 25 1 825.0 I 41.3 - I 

Feb., 1947 , 9-29-.-0-1---12-.6-1--,1:.:.3=--1--31-28,-02 •. -00-' _-33~9:...-.49 ---=-~I---~-=----
" 1948 Great blue sharkl--456.0 70 5 

, Mackerel shark . 1. --

__ S_ha_r_k_~., 1 3577.0 --7-3.-0-
1 

2.0 1389.0 38.8 4300 H , 1949 1668.4 

_ Apr., 1947 " 243.0 0.8 0.3 75.0 30.8 1 -

_M--,ay,---. _19_4_8_1----"---1--17-2-.0-1-------_ "'::' __ 1";:'._7=-:~==~0':':'._9=1~~~~4--5~.0-= _--,=2:.:6...::..1_1====-_ -:::-==::~======~_-== 
_,_,~~9_;-___ " ___ :--_460.0 25 05 205.0 44.5 I 6290 27995 

II ,1950 l>?gc-fi_sh_s_ha_r_k_I---65-.0_1_--l-.0-1--l=-.5-I--4-5.-0-1---6-9.2-1--87-00--1---60-20-4-

6004.0 56.0 0.9 3509.0 58.4 5000 2920.0 ------1- -------1----,---1--,---·1----1--
June, 1949 II 

'," Shark 4521:t) 68.7 1.5 1620.0 3'?.8 
--~---I-------:-----: 

II , 1950 " 22.0 05 2.2 6.0 27.2 

July, 1947" 234.0 2.1 0.8 80.0 34.1 26400 9002.4 

_"---'-,_1=-9_49_1----'---1-5402.0 79.5 1.4 1984.0 36.7 

" , 1950 Degfish shark __ 72_2=-.0'--1---3-6..::..0-1--4-.9-1--,3-8-=-7 • ..::.0-1---5-3.=-6-1-__ -,-22::.:.50--"--1_~ ___ 1206-,---0-

Aug., 1947 Shark 5103.0 165 0.3 1224.0 23.9 .3300 788.7 
-~~I---~~I--~=--I--==-'--'--I--~-'--I-~~-I----=---

_,~, ___ I948 ____ I-&U,,-,-,-m~ol-=-1~8h-,a~r-k-I~2229 ___ ~.01---,-5-=-~~7-1---,=2~.2-1 ___ 6~31=_.o=--I-~2::.:.8~.3----~~-I--=--~---

__ ' ___ ,-,1=-9-,49-L_~-=gf=-is=h=-8=h=-~=-k~ __ 7_5_3-,-.O~ __ ..::.13_.o~ ___ ~I.-=-7~ __ =-3oo~.o=--~~_3~=-9.8~~_~~-+ ____ -_-_ 

--.!' __ !_"-___ I--s:.::,:ha=r::.:.k--I...:l::.:.7-'-740.::..::.....:.0'--1----2=--4-=-5-=-5-1--l.3-I--6_77_6_.7_r ___ 38.2=-·_I--~~-I_--~~_ 
~Pt., 1947 ___ " ___ 1--1200-.-0-1---7-._1 1 __ 0_._5_1--5-30-.0- 44.1 

II , 1948 .Great bIlle shark 814.0 13.2 1~6 237.0 __ 29.1' 

6900 3042.9 

" ,1949 Dogfish shark 1424.0 12.3 0.8 739.0 51.8_1 __ ~'::-_1--_~~-

'" II Shark 5118.0 47.5· 0.9 2047.2 40.0 - - 1---1----'--1----1-----1--- - -1----1-----

_~_7~,_19_50_1---'---1---1~-.0~---2.-=-0-1---1=-.3-1--6-0._0_1---40--5-~-~----1------~-
Oct., 1947 II 613.0 4.9 0.7 261.0 42.5 

_"_,_1949 ___ '~ ____ '11304.0 108.1 0.9 5016.0 44·3 
I--~I---~I----I----I----I-~---I-----

Nov., 1947 " 979.0 10.0 1.0 386.0 39.4 3600 1418.4 

" , 1948 Etmopterus shark 2710.0 115 0.4 1980 0 73.0 

_".---,-,_~_7 _1-......,-=Sha=--r-;k;---,-I._~-28-.-0 \ __ 76_.2_1:. __ ....;;1_.5_:1 1540.0 1 ___ 3_1_.8_1 __ -_ -___ I---=-~-
Hammer head I 1 '" If shark . 234.0 2.5 1.0 90.0 ,. 38.4 60000 23040.0 

---~I-~--I---- --~-I------

If , 1949 Dogfish shark 6533.0 I 81.4 1.2 3725.0 1 56.5 I 22000 12430.0 

",' Sh~k _1_4066 __ .0_
1
---_ -_I=58.==7=11=~~-I::.:..-1=--1--'-705'--'-5 • ..::.0-il====-5=-0=.'-I=---:I---_ -_ -==~_ -_11-------=-

Dec., '1947 Dogfish shark __ 18_4_.0_'1' ___ 1._7_1 ___ 0.9=--1----'-'92::...:0'-1----'5-'0-'.0'-1---'=I~44oo-=---I-----'-7200=-=-:cc.c.0-

" , 1948 " \ 483.0 8.8 1.8 212.0 Ii 43.8 1200 525.6 
-"---',-194-9-

1
----,,--- 23680 28.0 1.1 1170.0 49.4 - -
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Date 

June 28, 1949 

" 29, " 
July 20, " 

Table I B 

1 

L'v I NaOH IN OH/ / tHeating 1 0'1 1 Ratio of I V't . ITOtal vitamin A· I 
Species of fish qU~ltl~Yoll~~t:fon aLiver v~! I_!~ __ :_r~er- quan~ity ext~~t_ed_ A ~:i~n I ~~_.n~}t)i~:~ I v_~t~ _IFiSh market 

kg. I 'kg. I % I I·c kg. % I U.S.I'U. G.U.s.P.U. 
Shark- ---i330.0- - - 18.8---1.41 .. -- 8.6-1~ - 498.0-- -- 37.44 ---=--- -----~-.. -.. -------

Si~gama_ 

" 1513.0 25.0 1.65 9.4 80 570.0 37.67 - - " 
" 1530.0 25.0 ~~I 80 582.0 38.04 - - / ___ ' " 

" 21, " I " 1648.0 I 27.5 _1.~_ 9.4 ' 

I 2145.0 I 20.6 0.96 9.0 
_80 ___ ~O.:Q...I----I---- ______ 1----1---'------41-?6 " 

Au~. 

" , 

16, , 

17, " 

18, " 

" 80 700.0 32.63 ____ __ H __ 

" 2145.0 15.0 0.69 8.6 80 6920 32.:<6 - - " 

" 1_ 2150.0 26.5 - 1.23- 9.6 SO I 1075.0 50.00 - i - ------" 

Sept. 22, , I If 1379.0 10.9 0.79 80 1 514.0 37.27 1 - I -. Nemuro 

~:- - ~:: : DogfiS: shark ~::~-l-~~~-I-~~~ =- --:~-----:;:~ I----:~~:--r -1--- --'---------1 --=-l~~~~;-----
Oct. 25,' Shark 1244.01 11.4 I 0.91 9.6 80 528.0 42.42 - -

_~~" 1588.0 I 14.3 1-0.90- --9-.2-1----so--- 732.0 46.09 - - I " 
, 27, " " 1575.0 1 12.6 I 0.80 - ~_ 771.0 48.95 - - 1 _____ " __ _ 

, 28, , , 1568.0 __ 17~I_l.}~ ~I SO 1 797.0 _50.82 - - !___ __ __,, ___ _ 

" 29, " " 857.0 10.6 1.23 - 80 1 436.0 I 50.87 - - i " 
Nov. 1," , 1595.0 17.9 I 1.12 - 80 I 697.0 I 43.69 I - -- -- --.----------

" 2, , , 1947.0 19.2 I 0.98 - 80 1 957.0 I 49.15 I - -
" 3, " " - - 2010.0 186 10:92 -- SO I 1074.0 I 53.43 -- -! - I " -::-:-1 ~~li~;.r -::::;1--

1
::-1--:::-1-.-----1

1

- : -1:::;- :~r17,oo-1031iJ--F ;!_ ·N-_~~_"uro 
, 1832.0 1 30.4 I 1.65 -- 80 849.0 1 46.34 I 1 0.7 " 

If 1143.0 1 22.3 I~~ 80 583.0 I 51.00· 22690 11571.9 0.4 

~~khl~:::!; 575.0 I 9.1 1_ 1.58 --=- 80 243.0 I 42.26 44060 18619.7 --- 1 ____ " __ _ 

Shark 1480.0 I 20.0. 135 - 80 I 667.0 45.06 - 1 Hatin .he 
888.0 8.4 1-0.941----'----sD1 418.4 47.11 ---=-,------;,--

" 19, " 

" 20, " , , 
Dec. 23, , I 

H " 24,' 1 

Hatinuhe 

I----I--~-

" 

" 

, 
" 
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heating tank when livers had been completely decom­

posed and stirred for Some 30 minutes at about 80°0. 

III. Bonito Liver. 

The same oil extraction method waS applied to 

bonito livers as that which had heen used for codfish 

livers. Tests were made with the help of pick-up oil. 

METHOD OF EXTRAOTION OF OIL. 

Water used was about twice that of the ra.w ma­

terial. The pH value of the material was adjusted to 

approximately 9.6 by adding NaOH solution of 2(}°--30° 

Be'. At 50°-60°0., when the ('ondition of dissolution 

and separation waS good, 7% of pick-up oil waS added. 

Then the pH was re:l.djusted.. A bout one hour later, 

temperature of material WaS ra.ised and maintained at 

80°-85°0., at which temperJ.ture it WaS stirred. for 

uearly one hour. Water was led in to allow it to be 

skimmed easily. At 50°-60°0., stopped. the stirring. 

Covered it until the next morning when the upper 

layer waS skimmed and centrifuged to obtain erude oil. 

RESULTS:-

Results were shown in Table ID. 

In this caSe the quantity of NaOH used waS 

higher thau that USE:'d for livers of the other fishes. 

Bonito liver has a very small oil content itself and 

its oil extra.ction without the help of pick-up oil is 

nearly impossible. The vitamin A unit and vitamin D 

unit values of bonito liver oil are 11,000-20,000 U.S.­

P.D. and 10,OW:-16,COO I.U. respectively. 

SUDl.Inary 

( 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 

2(;-30% and the vitamin A. unit about 10,000 U.S.P.U. 
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(2) The optimum pH for the oil extraction of shark liver is 9.0-10.0. Oil 

rate is 40-50%. 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 blaok 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. 

(3) The oil extraction of bonito liv€·rs must be performed with the help of 

pick~up oil. Its vitamin A. unit is 10,000-20,0(;0 U.S.P.U. It conb.ins a large 

quantity of vits.min D too. 
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