
MALABAR SARDINE OIL. 

fJy ]. J. Surl6uyoltgh, /-.f. E. IFatsOlt and P. i(mma Kuyltp. 

I. INTRODUCTION. 

The fish oil manufactured on the Malabar coast is obtained from 
one species only, the 'West Coast sardine (Clupea. 100z-g-iceps). The 
mature oil-bearing sardines are found along the West Coast from Cape 
Comorin to Goa. The fishing season begins in September and ends 
by the middle of February or earlier. From data collected at the 
Madras Experimental Station at Tanur, it appears that the shoals tend 
to increase annually for about six consecutive years and then diminish 
until after nine or ten years the oily sardine disappears for a season. 

A mature oil-bearing sardine, when fresh from the sea, weighs about 
45 grams, and is about 10 cm. long exclusive of the tail. The fresh 
fish contains about 60 per cent. of water, and in some cases as much 
as 25 per cent. of oil. The oil content, however, varies; in some cases 
it ri1ay be as low as 8 per cent., but the average may be taken as 
16 per cent. 

The ordinary' dug outs' used in sardine and mackerel fishing 
are about 24 feet x 4' 5 feet and a catch weighs about one ton. Each 
boat carrie!; six men and rnay go as far as five miles from shore. The 
net is made of strong cotton yarn with a small mesh, The whole 
operation takes about seven hours, and two hours may elapse between 
the actual catch and landing the fi!;h on shore and usually a further 
three or four hours before the rendering operation is started. 

The old method of rendering the oil was very crude and consisted 
in collecting the fish in heaps and allowing them to undergo putrefac­
tion. The oil cells decayed and the oil oozed out. The oil produced 
by this process hael a dark colour, an offensive nauseating odour and 
usually a high acid value, in some cases as high as seventy. At the 
present time most of those engaged in the manufacture of the oil adopt 
a method f1rst introduced by the Government Experimental Station at 
Tanur. This process conf5ists of heating the fish for thirty to forty-five 
minutes with a little water in iron pans (ISO to 250 gallons) provided 
with an open steam coil or more commonly heated over a free fire. The 
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heated mass is cooled by adding water and is then put into. coir ?ags 
and subjected to a pressure of about 90 lbs. ~o the square l?-ch 111 a 
screw press. The oil which exudes cont~ms much mucIlagenous 
matter and is carried along gutters to settlmg tanks and allowed to 
settle for at least a week, when a clear, dark coloured oil is obtained 
above the separated water and mucilage: An appreciable ~moux:t of 
, stearin' also separates and the clear 011 constitutes the hsh or! of 
commerce. 

During the process of heating with water il: the. i:on pans a 
small quantity of oil separates on the surface and If thIS IS removed 
at once a pale yellow coloured oil with a faint odour is obtained. Its 
acidity is usually under r per cent. calculated as oleic acid and it 
constitutes the first-grade oil of commerce. It is used medicinally 
to a certain extent as a substitute for cod-liver oil. 

The grading of the oil is largely based on the colour, and as a 
rule the deeper the colour the more disagreeable the odour and the 
higher the acid value. Good oils with pale colour, not too strong in 
odour and low acid value are obtained if the oil is rendered within 
four hours of the catch, so that putrefaction is avoided and also if, 
during the cooking, the fish is kept for not more than half an hour in 
contact with the water. 

The press cake left after the removal of the oil and water is fish 
guano. It is usually sun-dried and then sold as a fertiliser. In some 
cases it is found contaminated with much sand, but if free from sand 
its average nitrogen and phosphorus content is :-

Nitrogen 
Phosphorus pentoxide 

.... 6' 5 to 9'0 per cent. 

. " 7'8 to 10'0" n 

At the present time there are about 250 petty installations 
producing oil on the Coast and the output of oil is stated to be about 
6,000 tons per annum. 

. . In Malabar the oil is known as 'Vilakkennai' or burning oil, as 
It IS used by the fisher-folk as an illuminant in place of kerosene. 
Before th.e war large. quantities I . of the oil'were exported to Germany 
~nd BelgIUm ostenslbly fOf. admlxtU1:-e. with linseed oil in the paint 
mdus~ry: A.t ~he present tlm~ the all IS largely used in India itself 
both III Ju!e mIlls a.nd tam~enes. The first-grade oil is used in the 
local c~Il:nlllg factones and IS also sold as a substitute for cod-liver oil. 
~n addItIOn th~ lowest grade oils, , foots' and' stearin' are converted 
mto a soap whIch is used for insecticidal purposes on tea and coffee 
estates. 

1 In 1913-14 377,744 gallons, valued at Rs. 2,30,000, wen, exported. 
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s. Using the oil either in the cru~e or refi~ed stat~ in the 
paint industry as a partial or complete substItute for lmseed OIl. 

6. Using the partially hardened oil for edible purposes. 

The experiments described in this paper can be classified under 
the first four headings in this scheme. 

II· MALABAR SARDINE OIL AND ITS REFINING. 

A. K. Menon I has given the following analyses of three samples of 
Malabar sardine oil :-

TABLE II. 

Sp. gr. .'. I S.ponifi~. , Iodine Refractive 
OlI. iudex 

24° ACld .alue tiOll value ! value at 29'5 
I ; ------I 

\ 
A·l qnality skimmed 0'9251 I 1'69 194'7 I 172'6 1'476 

No.1 
" 

0'9241 5'63 195-4 

I 
173'2 1'475 

2 pressed 0'9242 36-10 195-9 165'5 

I 
1'474 

In addition the physical and chemical characteristics of the fatty 
acids obtained from the oils are also given by Menon. 

Table III gives the results of the analyses of several samples of 
Malabar sardine oil made in these laboratories. 

Refining' the oil.-The object of refining is to remove suspended 
matter, to produce an oil of pale colour, little or no odour and practi­
cally free from acidity. The oils used were second grade oils only. It 
was considered inadvisable to attempt to refine lower grade oils, as 
with oils of acid value 30-70 the amount of soap formed on alkali 
treatment is so large that the quantity of refined oil is correspondingly 
small, especially as appreciable amounts of oil remain adhering to 
the soap. 

The following method of refining has been adopted and has given 
satisfactory results :-

~ Indian Science Congress, 1920. 



Quality of oil Colonr 

First grade ••• : Pale yellow 
~ 
I 

Second grade 

Do, 

Deep brown i 

llo, 
"'j 

Do, do, ,,' i 

Oil with ~te'\TiD : Light brown ,,' : 

Clear oil Deep yellow", f 

Oil with stearin , .. I Yellow ... 1 

I 

TABLE III. 

lrfst Llmst sardiJlc oi!s- An/l!)'tita! data. 

Sp, gr, 
15'5j15'5 

0'9336 

0'9330 

0'9328 

Refractive 
index 

40~ 
un 

. 
A 'd : Saponifi- ; I d' I I Unsapo-

CI : cation ! ? line nsolll:b e nifiable 
value value \ ruue i broUllde matter 

________________ L ____ .,. ___ l _ ---- ----- --
\ I 

2', l!H'Q 1~? 
I~ 33'0 

S'O 195'0 169 28'6 

11'0 194'5 155 27'2 

26'0 194'0 154 

1'4726 0'53 192'2 160 39·3 

1'4734 1'1 193'0 168 44'3 I'S 

1'4736 0'56 193'0 170 44'6 

Fatty acids 

: Neutrali- ! Mean 
Titre i sation I molecular 

number weight 
". -----... _. __ ..... -.. _---_. 

i 

33·4 195 2Sj" 

33'2 194 289 

33'2 194 289 

33"3 195 287 

32'S 

30'6 

30'6 

-
The majority of these oils were supplied by the Assistant Director of Fisheries, Calicut. 

1.:1 
V-> 
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The acid value of the oil is determine? and ~uffj~it'nt 10 per 
cent. caustic soda solution to neutralise the free aCIds IS gradually 
added to the oil, which is maintained at a temperature (If .60.° an.cl 
stirred. After the addition of the alkali is cO.mpl.ete the stIrr.mg :s 
continued for half an hour. At the end of thIS tIme the heatmg IS 

discontinued and the mixture kept at rest. After two to three hnlll"" 
three distinct layers are obtained-

(a) An upper layer of soap, 
(b) A middle layer of oil, and 
(c) A lower aqueous layer and some mucilage. 

The upper layer of soap is skimme~ off, t.he lower muci: 
lagneous layer. syphoned o~ and the l1uddle Olly layer. \\a~l:e(j 
several times wIth hot water 111 order to remove traces of soap. I he 
washing is continued until the wash-water gives no. alkalin~ l'l:actic)Jl 
to phenol-phthalein. The oil is then steamed for ~IX to elght lH,ur', 
to deodorise it as much as possibleand finally heated to about LOS 0 b! 
drive off last traces of moisture. On the small scale the steaming \Va:, 

carried out in a glass flask and on the large scale in a steam ja{'ketted 
pan provided with an open steam coil. The oil may be finally treated 
with Fuller's earth; this does not improve the colour appreciably but 
serves to remove last traces of soap. 

Table IV gives the results of a number of experiments made III 
this way. 

The oil obtained has a pale or golden yellow colour, only a faillt 
odour and an acid value of O'l to 0'4. r The other C()nstants of the 
oil are very slightly affected by this treatment. 

The soap produced during the refining process has a certain 
arnoun~ of oil :l1ixed with it. The lOiis entailed by an acid value of 
eleven IS practIcally 5'5, whereas the actual loss found experimentally 
was 8' 5 to 9 per cent., so that in many cases the soap may retain as llmch 
as 70 per cent. ?f its own wei~ht of oil. The soap formed during the 
process of refinmg together With the adhering oil may he L1sed for 
the manufacture of in~ecticidal soaps (d. p. 20) or attemvts rna)' bt 
made to remove the 011 from the soap. One method which has been 
s~ggest~d is the addition of water glass, sodium silicate. We ha v(; 
tned thIS process on a small scale and the results are fairly satis­
factory. From 20? grams of soap containing 25 per cent. of oil, 
t:v;nty gram? of 011 were recovered by using So per cent. sodium 
SIlIcate solutIOn at a temperature of 800. -

acid 1 ::?U~n the refined oil is kept for six months there is only a slight incrclls" in Ow 



TABLE IV. 

i:'xp,,.imcllts Oil nfi,,;,,/{ sardine oil. 

X". of 
E"ptori­

lllent 

Add Concentra- Tempe-
"-eig'l1t pi 'Y(llne of tion of rature 

"il 'oil :tlkali in °e. 

~I 1 500 grams; 

)1 2 500 

500 

:\1 5 500 

11 6 500 
III 7 500 

~r 8 500 

lIi 9 500 

:\110 - 4000 
~I 11 SOO 

" 

I 
'I: 11 12 

K 1 
K 2 
K 3 
K 4 
K 5 
K 6 
K 7 

500 

300 I 
i 5000 I 

8000 " ! 
2000 " I 
2101bs. " 

2194 grams 
126·Slbs. 

:;'0 10 per cent. 

S'O 'h1 

S'O 10 

S'O 10 

s-o 15 
S'O 10 

SO 15 

S'O 15 

8'0 15 
S'O 16 

8'0 20 

8'4 10 
11'0 10 
H'O 10 
11'0 10 
11'0 10 
10'5 10 
10'5 10 

-,., c)_ 

58 

;0 

SO 
50 

68 

tiS 

56 
61 

65 

60-65 
do. 
do. 
do. 
do. 
do, 
77 

--
I 

\ 

Xumber 
~Ietl1<ld of 

stirring 
Wdght {Of of "-eigilt of 
re~iduc wash- refined nil 

Hand 

uu. i 230 gr~l1ns j 

do_ 120 

do. 110 

do. 200 , 
do. I 

:Mechanical . 

l10. 

do, 

do. 
do. 

do. 

Hand 
do. 
do. 
do, 

Mechanical 
Hand 

Mechanical 

8!:! 
96 

88 

83 

60 

50 

42 
685 \, 
940 ! 

240 " ! 
301bs. ; 

349 grams II 
21·5Ibs. 

ings 

3 

5 

5 

7 

3 

3 

3 
3 

3 

4 
4 
4 
4 
5 
4 
5 

:llu 

335 

:1:25 

434 
410 

440 

442 

3510 
450 

460 

270 
4560 
7300 
1830 " 
1911bs. 

1965 grams 
1141 bs. 

Add 
yalue uf Pert:el:t-.: 
refined age loss' 

oil 

0':, 

0'31 

0'35 

0'36 

032 
0-25 

1)'25 

0'25 

0'30 
1'1 

0'9 

0'1 
0'2 
0'2 
0'2 
0'2 
0'3 
0'4 

r 39'0 137 ~~:ung of salt\~ere 
, adc1etl before the soap 
I settled. and mixture 
i left for 1'5 hours. 

3::;'0 13::; grams of salt were 

I used and mixture left 
uyer night. 

25'0 Colen;r of refined oil 
, rather dark. 

23'0 I Colo~r of refined oil 
ratner dark. 

35'0 I Colour of refined oil 
quite dark. 

13'0 
18-0 Colour of refined oil \'ery 

good. 
12'0 Colour of refined oil \'erv 

good. . 
11·1) Colour not so good as 

MS. 
22'2 Colour good. 
10'0 Colour rather darker 

than lIno. 
S'O Colour rather darker 

than ;yno. 
10'0 111 Experiments K1 to K7 

g·O the residue if: the soap 
8'8 onl)'. 
8'5 
9'1 
g·O 
g.g 



As the fish oil is highly unsaturated and tends to oxidise un 
exposure to the air, the operations entailed in retIning should be 
carried out in the minimum time possible. The process of steaming, 
if conducted in a more or less closed vessel, entails only slight oxida­
tion as the oil is protected from the oxidising action of the air by the 
steam itself. 

Experiments have shown that Fuller's earth (5 per cent.) and good 
quality animal charcoal (2 per cent.) have so slight an effect upon the 
colour of the alkali refined oil that their use does not appear to he a 
practical proposition. 

Steam at 1000 or superheated steam under reduced pressure 
(60 mm.) have a pronounced deodorising effect, but it has been 
found impossible to remove all traces of odour. Hydrogen at 
IOOo has much the same effect. If the temperature at which the 
deodorising is carried out is too high then the oil is apt to become a 
deeper yellow in colour. 

It has been found that a second treatment with a small amount of 
caustic soda, e.g. 20 CC. of IO per cent. solution for 400 grams of oil, 
produces a distinct improvement in the colour. 

m. HYDROLYSiS Of SARDINE OIL BY CASTOR-Smm LWASE. 

Sardine oil, like. other oils consisting of glycerides, can be 
hydrolysed to fatty aCids and glycerine by most of the lIsual methods, 
but so farfew experiments have been made on hydrolysing it by means 
of castor seed lipase, a process which gives good results with most 
vegetable oils. I ,-

The results of a series of experiments made with both crudc: oil, 
grade 2, and the same oil, after treatment with caustic soda and wash­
ing but without steaming are given in Table V. In each experiment 
four grams of crushed castor-seed and 100 (Trams of oil were used 
together with 40 cc. of water containing 0'066 gram of acetic acid a~ 
activ~tor and the mixture was stirred during the whole course of thE' 
reactIon. 

1 Cf. this Journal. WH!, Z, 241. 
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TABLE V. 

j-iycCrorl'sis of sardine oil witlt crushed castor-seeds. 

-----r-- - I 
i, .,. I Per cent. hydrolysis after homs 

No. of ,Acid \'(LIlle Saponificationi 'I 7mS:~d.t~~e .. __ ... 
Experimellt of oil ntll.le of oil 1 1~1 .gree..! I . I .' 

___ •• ___ ._.'_ ... __ •. _ _ _ '...._ I CentIgrade I 1 4 i 20 27 I 48 
or 0.0 -- - .. --- - - ... 1--- ----1-

3·1:0 I 36-37 25'41 38'S 65'5 65'6\ .. , 
1 I 
1 23 .. 25 19'1 I 40'0 76'0 Emulsion 

broke 
5'03 34'0 

25'2 43'0 54'2 61'7 61'7 

23-25 18'3 I 
i 

0'02 34'0 36-37 

0'02 34'0 37'0 60'0 64'0 73'2 

5 11 
Grotlnd-nut oil I f 0'01 36·37 43'0 80'2 96'8 I 

________ ~i ________ ~ ______________________ ~ __ ~ ______ ~ ___ 

Experiments I and 2 were made with the crude oil and experiments 
3 and 4 with the alkali-treated oil. 

The results are interesting as they show that on the whole the 
crude oil hydrolyses somewhat more readily than the alkali-treated oil, 
but that in neither case are the results as good as those obtained with 
a vegetable oil such as groundnut oil (Experiment 5). The experi­
ments made at 36-37° were conducted in an electrically heated incubator 
provided with stirring gear and the remainder at room temperature. 
The experiments made at 36-37° prove that an equilibrium is reached 
after 20 to 27 hours, as after that time the percentage hydrolysis remains 
fairly constant. This may be due to the destruction of the lipase by 
the proteolytic enzymes present in the crushed seeds, 

A second series of experiments was made using Nic1oux' ferment. I 
The ferment was prepared by grinding 60 grams of decorticated castor 
seeds with J 20 grams of cotton seed oil and pressing through mull 
cloth in order to remove most of the aleurone. 

In experiments 6-I3 the amount of ferment used for 100 grams of 
oil corresponded with 4 grams of crushed seed, but in expe~iment 
14 the quantity of ferment was doubled. Where acetic acid was 
used as activator'the quantity was 0'068 gram in 40 cc. of water for 
IOO grams of oil and when manganese sulphate was employed the 
quantity was 0'08 gram of the crystallised salt per 100 grams of 
oil. 

1 This j ottrunl, 1919, 2, 251. 



The acid and saponification values represent the number of ce. oJ. 
o· IN. alkali required for I gram of the oil and the, method of calculat­
ing the hydrolysis is the same as that alr~ady descnbed. I In all cases 
the result given is the mean of two expenments, 

Experiments 6 to 9 and experiment 14 were made with crude oil 
and experiments 10 to 13 with alkali-treated oil. 

TABLE Vi. 

J-Iydrolysis of sardine oi! witlt "Vir/IJI(,I" /trmmt. 

, I 
i I I 

No, of i Acid i Temperaturel 
I't,n:c.:Il(agc.: hydrolysis afttr hlnl!', 

Experi- I value of I in degree;; Adivator 
ment oil Centigrade 

I . I 
~---I--·--·-··'·--··-·--·--·--

6 S'03 36-37 Acetic aci(\ 
7 S'03 36-37 Mang, sulpbate 
8 S'03 23-26 Acetic ad d 
9 S'03 23-26 Mang, sulphate 

10 0'02 36-37 Acetic acid 
11 0'02 36-37 Mang, sulphate 
12 0'02 23-26 Acetic acid 
13 0'02 23-26 Mang, sulphate 
14 S'03 23-26 Do, 

! W'S 
i 
, lB'r. 

1
17'7 
14'() 

\ 1~,',2 
I 
I .. , 
j 

-I 

34'S 
3H'D 
3G'4 
40'4 
26'S 
:~3<~ 
27'2 

.37'4 
! SS'D 

2() 

5:,'2 
(;3'2 
(j]- 0 
72-:; 
44' J 
4fi- oS 
4()'O 
53':1 
::iO'1.! 

55'0 
G:,'!) 
i.'j'G 
77'4, 
4i>'() 
4(;':-; 
S2'O 
Sl)':~ 
H4','; 

H~'3 
i!l':l 
5:-;':1 

1i2' :1 
/;0':-; 
lOll 

lifi'll 

1-;2'0 

sn'o 
fi~N 
li:l' fI 

The results show that with Nic1oux' ferment the :-;ardine oil is not 
hydrolysed as rapidly as most vegetable oils. 2 \Vith fennent equiva­
lent to four grams of seed the hydrolysis is slow and after a time tends 
to reach an equilibrium, when either acetic acid or manganese sulphate 
is used as activator. This equilibrium in the case of the crude oil 
appears to be about 65 per cent. hydrolysis at 36-370 and about 82 per 
cent. at 23-260, With the alkali-refined oil, the equilibria at the two 
temperatures are lower. As was to be expected an increase in the 
concentration of the ferment as compared with the oil has a marked 
effect and complete hydrolysis can be effected in forty-eight hours at 
23-260 when ferment corresponding with eight grams ()£ seed is used 
for each roo grams of oil (Experiment 14). 

A third set of experiments has been made with Nic1oux' ferment 
prepared by grinding the castor-seeds with refi.ned fish oil instead of 
cotton-seed oil. The results obtained are given in 'table VI L The 
results are similar to those given in Table VI, and with ferment 
equivalent to four grams of seed the crude oil is hydrolysed a little 
more readily than the refined oil. 

1 This JOl1rnal, WW, p, 24:~, 2 /liid" p, ~52,2$.s, 



TABLE VII. 

Hydrolysis 0/ sardinc oil 'with Nicloux' ferment prepared by 
llSlll,r: sardine oil. 

Temperature, 2 1- 2 50 • Saponification value of oil = 34. 

No, of. Add 
gxpori-; value 

mont i of oil 

iFermcnt cor.' 
I , 

I, responclmg 
with grams 

I of ~eed per 
, 100 grams 

of oil 

Percentage hydrolysis after hours 

Activator 

1 4 S 20 27 I 48 72 
_____ 1, ,_ .. _____ 1.. I I 

I --- :---!....~-

60'0 \66'5 I 78'0 

69'4 73'5: 82'7 IH 

111 

Ib 

Ie 

IS 

Iii 

fill 

fib 

2a 

2b 

2c 

1!J 

4<1 

,'i,' 

(J'S 

2'S 

2'S 

(J'S 

O'S 

(j'D] 

(j'Ol 

0'01 

0'02 

O'Ol 

f)'OJ 

II' OJ 

(J'oJ 

0'(11 

11'1)1 

1)'01 

" " 

4 

4 

,I 

" " 

,I 

.[ 

Acetic acid i 3~hl 
i 

Mang, sulphate 40'0 

Acetic acid 28'4 39'S 49'0 60'0 62'6: 79'0 

Do, : 27'4 I 38'7 48'9 55'9 62' S 73' 5 
I 

Do, ! 27'0 37'4 51'0 57'6 62'7 66'7 

81'6 

Do, 48'7 72'0 76'1 94'0 95'0 

Mang, sulphate; 53'6 76'9 83'2 94,'7 
! 

A(:etic acid i 40'6 58'0 69'4 77'1 I 86'9 I 97'S 

])0, 

Do, 

Do, 

Do, 

: 4UJ 

1 1S '6 

1 16 '1 

: 16'5 
: 

;VIHllg', sulphate: '" 
i 

56'8 69'8 75'7 84'0, 95'6 

31'6 40'7 52'3 55'2 i 61'3 

32' 3 41'0 54'7 59'3 69'0 

33'7 44'7 57'S 59'4 67"5 

4.(8 i 66'1 74' 3 79'1 
I 

Acetic acid, i 35'6 59' 7 70' 5 80' 5 85' 2 95'0 

Do, 

lJo, 

Do, 

])0, 

])0, 

1>0, 

Uo, 

Du, 

36'0 59'6 70'2 81'2 85'9 i 94'2 
! 

23'6 42'3 52'2 60'2 63'1 i 73'2 
i 

18'5 38'3 50'1 5,,'8 59'3 61'3 

19'8 39'4 53'7 59'8 62'1· 68'9 

40'3 60'1 74'4 86'8 89'4 97'2 

36'6 56'1 65'6 78'8 84'1 i 86'0 

37'8 58'0 70'9 85'6 87'1 I 94'8 

80'.j, 

No/t'.---Experiments 17 to 66 were made with second-grade crude 
(Iii, experiments 2rl to 4( with alkali refined oil thoroughly washed, and 
experiments.;(( to 5( with alkali refined oil which had been treated 
with Fuller's earth. 



J-<:x eriments ra, 2a, 3a, 4tt, sa: we:"e mad~ at the sallle Ii n:l' \V~tl.·\ 
the sam~ ferment preparation and sinlll~rly Wlth I b to 50 and I ( to :)1. 

Also 6a and 66 were made at the same tlme. 

IV. HYDROGENATION OF SARDINE OIL. 

The process of hydrogenation consists it: adding hydnJ,!{(!Jl .tt) t~l\'; 
1 1 -.. f the glycerides of unsaturated aCId"s such as <.,ieJ(·, iln(I!J(', 

mo ceu es 0 c O[ 1 tIl I 1,-h 
linolenic and clupanodonic .. Most fish 01 s arc _ c 1arac ~nS,e( ,~). ,.1 ,..:" . 
. d' 1 e l' e they are lughly unsaturated auel contalll ,1I,ljJlCUall\\ 
10 lne va u s, . . , I . 1 ,.] 1: . 
amounts of the glyceride of the most unsaturatcc ac:(, L upaT IC (J!11'(1 

acid C H, ·C02H. The iodine value of West Coast san ml' OJ 

indi~atel; th~t the oil belongs to this type and hence should 1x: capable 
of adding on appreciable amounts of hydrogen. 

In Europe and America large quantities of fish oils, e.g. whale 
oil are hardened by the process of reduction with hydrogen in the 
pr~sence of a finely divided nickel catalyst. The degree rlf l1ardcn~ng 
depends upon the amount of h~drogen .taken up, and products varYIl1g 
from butterlike fats to hard, bnttle· solIds can be thus manufacturccL 
The harder uroducts can be used in place of tallow for soap and candle 
manufacture: and, if the original oils are sufficient] y refined, the !-iofter 
reduction products can be utilised for margarine manufacture, when 
mixed with other fats. 

We have carried out a number of experiments with :\Ialahar 
sardine oil in order'to ascertain the readiness with which it can be 
hardened and the nature and value of the lJroducts formed. 

The method of reduction, and the preparation of hydrogen and of 
catalysts were exactly as described in an earlier paper. I 

The oil used in all the experiments was of (rood colollr and pra l :­

tically aci?frec; it had been refined by the proc~ss descrihed (Ill p. 2,{. 

In usmg a catalyst of the type B for a number of experiments it 
was obser~ed that the removal of the catalyst by mtration at the end (If 
the reductIOn became more and more difficult after each experim<.:nt, 
probably owing to the nickel becoming more finely divided and thus 
blocking up the pores of the filter paper. 

The results of the ~xperi~ents with the three types of catalyst 
confirm the results obtamed wIth vegetable oils2. The most efficient 
of the thr~e catalysts is the one prepared by precipitaing nickel carbo-
nate on beselguhr and final reduction at 3000. . 

1 This Journal, 1822. 5, -17. " Ibid, p. 1;3. 
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TABLE VIII. 

lIydYo![olatiOJz, 0/ sardim oil'lvitlt nickel catalysts . 

. 
1 I 

:\0. (If Experiment 1 i L 
1 :l 4 I~-· Ii H i 

"I i 
'[\'pe of C,Lt,aly~t 1 i\ A 

\ 
l~ B I c c C 

()'25 HH 

U'SO GO 66 
-;:;-

OJ 
55 :;;; 40 48 44 

./ :::I 
~'''' ~ ;;;; HH !J2 :l(i 26 32 2G 
~g !:::. 

.j 
Vi 

120 lUI (;0 72 2() 18 20 15 .:. 0.-
l::l 

:ll I; Oi 15 4fi 11 !J 7 11 .5 ;... 
ill .... 

H 
:::I 55 .'ill :10 34 :l 5 2 ;a 7 
0 

W - 44 ·Hi 2G 21\ 

12 :l{i :1.1 

Tilt: original li,r\ine vallI\! was ISS, Hll!l in ('Hell (!xpeliment two grams of nicKt!] wert! l1HeO 
lor t!lwh 1O() KfallIS of oil. 

series of experiments was carried out in order to ascertain for 
h()w many hours a catalyst pf type C could retain its activity unimpaired 
when used fur reducing sardine oil and it was found that signs of 
deterioration could be detected after it has been used for forty-four 
hours. \Vith a catalyst of this type tlH! product has the consistency of 
tallow after one hour's reduction at I RoO under atrnospheric pressure. 

Experillll:nts have also been made with catalysts of the type C but 
u:,inf!; less catalyst, viz. I pcr cent. oE nickel on the weight of the oil 
taken. Afkr four hours' reduction a product with an iodine value of 
fllrty \vas ulJtained, indicating that a reduction in the amount of catalyst 
<liminislle,; the rate o[ hydrogenation. The result of increasing the 
proportion ()f. Kieselguhr from 75 to RS per cent. was also to diminish 
the: rate flf hydrogenation although the ratio nickel to oil was kept 
co ll!:'tant. 

1m/ill" ,Iallft's allt! re/ratliz1t indicts 0/ !Lardmcd sartiillc oils. 
The tabh: and graph representing the relation between these two 

COllstants have already b(~Cll given 2 and arc reproduced here in 
Table IX.'> 

I F(,!' d,,'s(;l"ipti(J!1 cf. 1922, 5, £;1. 2 Ibid., p. 58. 
" For ~!l1r\"e see Fig. I, ill vol. .1, oppohite p. 51. 
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TABLE IX. 

WEST COAST SARDINE OIL 

Relation betwem iodine value a71d refradiz1e i7ldex. 

~-------------------r ----------~----------------------I--------
I j 'rinle of 

No, of 
Sample 

Original oil 
M 2 
K 17 
K14 
M 3 
K 1 
A 9 
M 4 
K 15 
M 5 
K16 
M 6 
K 3 
K 2 
M 7 
K 8 
M 8 
K S 
M 9 
K 4 
A 5 
K 9 
MlO 
MIl 
::\112 
K 6 
A 8 
M 13 
A 4 
M 14 
Kll 
A 6 
M 15 
K 12 
M 16 
K 10 
A 2 
A 3 
K 13 
A 7 

Iodine value I ;z60° observed Jl60" <.:akulated lJifference i hydrogen:l-
Winkler : D n :tion in hours 

, 
I 

~5:'6---I---l'46S4 
152' 2 l' 4645 
149'7 1'4642 
149'6 1'4640 
148'0 1'4638 
142'3 1'4631 
138'9 1'4629 
138' 8 1'4626 
136'0 1'4619 
131'7 1'4617' 
120'5 1'4600 
114'H 1'4594 
113'2 l'458H 
109'7 1'4585 
104'3 1'4580 
1O.J: 1 1'-1578 
91'S 1'4564 
90'l 1'4560 
81' 3 1'455:1 
80'1 hi55!) 
78'2 1'4548 
76'7 1'4547 
74'2 1'4544 
64'2 1'453:1 "7'7 1'452S 
56'7 1-4S23 
51'8 1'452:,1 
48-4 1'4S15 
42-0 1'4513 
40'7 1'4.507 
36'0 1'4505 
36'0 1 4506 
35'9 1'4503 
18'1 1'4486 
18'0 1'4487 
17'1 1'4486 
16'7 1'4488 
135 1'4485 
12'1 1'4480 
10'5 1-4482 
o 

1'4628 
1'4620 
1'461X 
l'4GHi 
1'4611; 
1'4610 
1'4607 
1'4607 
1'460,1 
1'4600 
1'4589 
1'4583 
1'4581 
1'4578 
H572 
14S72 
l'45GO 
1'4558 
l'454H 
1-4548 
l't~4() 
1'4545 
1'4S42 
1'4532 
1'4526 
1'4525 
1-4520 
1-4SlIJ 
1-4510 
h150D 
1'450S 
1'4504 
1'4504 
1'4486 
1-448(; 
1'4485 
1'448S 
l'4482 
1'4480 
1-4478 
1-4468 

Properties of hardemd sardine oils. 

.... 2G 
+25 
,. 24 
+22 
+22 
+21 
-t 22 
+19 
+ 15 
+17 
+ II 
+ll 
+ H 
+ 7 
+ 8 
+ (j 

+ 4. 
+ 2 
+ 4. 
-I- 2 
+ 2 
+ 2 
r 2 
+ I 
- 1 
- 2 
+ :1 
.- I 
+ :l 
- 2 

() 
.. 2 
- I 

o 
~ I 
+ I 
+ 3 
+ 3 

o 
+ 4 

0'5 

1-3 

,The hardened oils form pale yellow pasty masses of ghee-like 
conSIstency Or pale yellow hard solids or even white brittle solids. 



Sample 
number 

K5 

K 13 

K 19 

0-9163 

0'9184 

0'9179 

1-4560 

.\cid 
value 

0'4 

-!-- _____ l ___ ~_! 
, , , 

I }'4480 0'8 

-+---- -----

1'4510 0'4 

TABLE X. 

A1talytiml constants (If hardened sarditlt oi!. 

~aponifi -
cation 
value 

192-5 

194'7 

Hellner 
nnmher 

93'40 

94'(}1 

i 

IodiI:e 
value 

91'0 

Ether 
insoluble 
bromide 

; O'W per cent. 

i i---j-------
! 

12'0 ! 
r 

-·----i-~--I . i 
1 

193'8 \i3'/ 42'0 ! 

Linolk tetm­
bromide 

10'71 per cent.! 

I 
_____ 1_-

------

Fatty acids from the hardened oils 

Titre 

34'/oC 

61'OoC 

43'4°C 

Iodine 
value 

94'1 

-------

10'7 

43'S 

Neutrali-I Mean 
sation imolecular 

number' weight 

190'0 294'3 

190'S 293'f) 

I t-----
I 

190'7 293'6 
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Table X gives the results of the analysis of three typical reduction 
products. 

Samples of candles and hard soaps have been made from some of 
the hydrogenated samples. They are of good quality and, contrary to 
the statements sometimes made, the soaps do not appear to develop an 
odour of fish oil when kept for twelve months. 

V. HYDROGENATION OF THE FATTY ACIIlS FROM SAIWINE OIL. 

The fatty acids were obtained from second grade raw oil by 
saponification with alcoholic sodium hydroxide, evaporation to remove 
alcohol, liberation of the free acids by means of hydrochloric acid, 
washing until free from mineral acid and drying in an atmosphere of 
carbon dioxide. 

The first catalysts used were of the same type as those employt!d 
for reducing the oil (p. 3I), i.e. finely divided nickel obtained by precipi­
tating the carbonate on kieselguhr and subsequent reduction in hydro­
gen at 300°. 

As it was found that this type of catalyst rapidly diminished in 
activity when used for reducing the free acids, later experiments were 
made with catalysts prepared by precipitating nickel borate on kiesel­
guhr and reducing in hydrogen at 3000. I 

Table XI gives the results of the analyses of samples of hardened 
or partially hardened fatty acids, obtained by using 2 per cent. of 
nickel per 100 grams of oil. 

TABLE XI. 

Hardened fatty acids from sardine oil. 

No. of iTime of hydroge- Iodine Titre: ut-goree:!' 
Sample Type of Cataly!;t value : nation in hours 

(Winkler) Ccmtigrnde: 
. _.--_ ... _- .~-.-----, 

8 Nil Nil 147'7 33-4 

3 Carbonate 2 4 60'0 35'0 

7 Borate 1 . 4 S9'0 :~6'O 

2 Carbonate 1 4 46'5 3f.i·O 

6 Borate 1 4 46'4 38'0 

4 Do_ 4 33'2 41-H 

5 Do_ 4 33'1 42-0 

1 Carbonate 1 4 26'1 46"8 

1 This volume, p. 62. 
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i\ II the samples of hydrogenated fatty acids were boiled with 
dilute hydrochloric acid when green solutions were obtained showing 
the presence of. nickel soaps in the hardened fatty acids. 

\V i th a cabtl ys t p reparecl from the car bonate on kieselguhr the 
activity diminishes considerably even after four hours as shown by a 
comparison of samples .N os. I and 2 which were prepared consecu· 
ti vely by using the same sample of catalyst. The borate catalyst, on 
the other hand, is morc stable and shows deterioration only after twelve 
to :;ixteen hours. S::ll1lples 4, 5, 6 and 7 were prepared by using the 
same sample or catalyst and were reduced in the order given . 

. 
VI. SARDINE OIL STEAI~IN. 

Samples of the solid which separates when the sardine oil is kept 
for some time have been collected and examined. These samples were 
obtained by decanting off the oil and were not pressed so that they 
contained appreciable amounts of oil. 

Before analysis the melted stearin was filtered through paper with 
the aid of it Buchner funnel and suction, 

Table XI I gives the analytical data for a sample of filtered 
stearin. 

'fABLE XII. 

Analytical data for stearin. 

:= 0'922 7 
= r '4633 

Acid value = 6'4 
Saponification value = I96 ' 5 
iodine value (\Vinklcr) "'" 125 

Fatty acids j'Yom steari't. 
Titre =34,,0 

Neutralisation No. == 183 
Mean molecular weight = 300 

A sample of first quality stearin gave an acid value of 2'0 and an 
iodine value of 94. Samples of second quality stearin gave acid values 
varying from 26 to 7g. 

Reji1zi1tj[ the sieari?t. 

1,950 grams of stearin with an acid value of 6'4 was treated with 
ten grall1s of sodium hydroxide in the form of a IOper cent. solution 
at 80° and gave 1,725 grams of refined stearin with an acid value of 
0'03, involving a loss of I r' 3 per cent. 



Hydrof(enatiolt 0/ stearin. 

Table XIII gives the results of a series of experiments m~de by 
reducing the refi.ned~ stearin at 1800 by means of ~ydroge~ III the 
presence of 2 per cent. of nickel in the form of a lllckel kIeselguhr 
catalyst. 

TABLE XIII. 

Hydrof(enatioJl of sardi,z£;, oil steari'JZ. 

------:'-...:.....----""I-------~------i 

No. of Sample in hours 
'rime of hydrogenation I 

o 
1 

3 

" 
6 

L ... .. .---- --

Nil 

(.1'33 

1'0 

2'0 

3'0 

4'0 

4'0 

Iodine vnll1c Refractive iude;!; 
(Winkler) lit 600 

125'0 

1-:1'1; 

fiH'n 

!i3'3 

4.~'3 

15'6 

10'0 

]'4635 

1'4551i 

l'4.~3K 

1'4517 

1-4505 

1'44.81 

J'44i7 

VII. SULPHONATION OF SARDINE OIL. 

Castor oil is sulphonated on a commercial scale and the sulphonat­
ed product, known as Turkey-red oil, is used both in alizarine dyeing 
and also in leather dressing. Within recent years other oils have been 
substituted for castor oil, particularly cheaper vegetable oils and alsl) 
fish oils. I 

We have carried out a number of experiments with Malabar sardine 
oil with the object of studying the most suitable conditions for sulpho­
nation and the nature of the products formed as compared with Turkey-
red oil. . 

In each experiment 200 grams of oil were taken in a glass beaker 
of about 800 cc. capacity placed in a bath through which cold water 
could be passed or in which ice could be placed in order to keep the 
reaction temperature fairly constant. Commercial sulphuric acid (sp. 
gr. 1'82 to 1'83) was allowed to fall drop by drop from a tap funnel into 
the oil, which was stirred mechanically during the addition of the acid. 

1 Radcliffe, J. Soc, DYers Color" 1918,340,22; Da,; and Dab, J. Soc., Leather imdes 
Chem" 1922, 6, 328. Our work was completed before the latter paper appeared, 
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The temperature was maintained at 18-26(. and the quantity of 
sulphuric acid was altered in the different experiments, the amount 
varying from 20 to 70 per cent. on the weight of the oil used. 

The addition of the flrst few drops of acid produced a considerable 
darkening in colour and a.5 the addition was contiriued the mixture 
became viscous and difficult to stir. As a rule stirring was continued 
for three hours after the addition of all acid. The product was allowed 
to stand over night (14 to 16 hours) and was then washed with a cold 
saturated solution of sodium sulphate until the wash liquid was 
neutral or only faintly acid to litmus paper. 

Experiments were made with bot11 second quality crude oil, acid 
value I I '0, and also with alkali refined oil. 

A few experiments were made with castor oil using 3S grams 
of sulphuric acid per 100 grams of oil for comparison. 

The I'c'~ults of the experiments arc given in Table XIV. In one 
or two experiments the mixture was washed with the sodium SUlphate 
solution immt~diately the whole of the sulphuric acid had been run in. 
In others the mixture was stirred for a further period of three hours, 
but was not allowed to stand over night before being washed. 

The following condusions can be drawn from the experi­
ments ;--

(I) Almost all the samples for the preparation of which 35 per 
cent. or more of sulphuric acid was used dissolve in hot water and give a 
clear solution on the addition of ammonia or caustic soda solution, but 
an deposit a fine flocculent precipitate when kept. 

(z) The sulphonated products are semi-solid, have a brown or 
reddish hrown colour and arc entirely free from the characteristic 
(ish·oi I ocl( ,llr. 

(3) The free fatty acids obtained by saponification with alco­
holic soda and decomposing the sodium salts with hydrochloric acid 
do not contain sulphur amI do not give either insoluble hexa-or octa­
bromides indicating that the more unsaturated acids are first acted on 
by the sulphuric acid. 

(4) l\ comparison of the analytical.data for the fatty acids der~ved 
f rom the orirrinal oil and from the sulphonated oil shows that the btre, 
mean moJe(;~dar weight and acetyl value have all been appreciably 
raised and the iodine value lowered. 



TABLE XIV. 

Sulphmtatiou of lVfalabar sardimi oil; 

-'~-\I' Isul~empe: [_ .. - Unsn1plr?- Ratio of f , 
-_._-----_._--

Acids from sulphonated oil 
No, of i acid per ture in Total nated 011 llnsulpho- Iodllle _______ _ 

Experi- Oil used' cent. on degrees fatty as pEr nated to value of \. I ' Mean 
ment I weight of Centi- matter cent. of sulpho- tlllsulpho- Iodine Acetyl Neutra- mole-

I oil I grade percent_ total fatty nated oil nated oil Titre value val ue lisation cular 
matter No I I . weight 

----+---------,:.......----'~--!--------,~-----+----'-----------'------,;-

NIl Crude 35 I 22-23 83'3 12'0 
K 9 I Do. 35 25-26 
N 2 Do. 60 18-20 86'3 11 8 
K 10 Do, 70 25-26 
K 8 11 Refined 20 25-26 
N 5 I' Do. 35 24-25 
N 8 i Do. 35 25 
K 1 ,Do. 35 25-26 
K 2 Do, 35 25-26 
K 3 Do. 40 25-26 
K 4 Do, 40 25-26 

N 1J 
N 12 
K 6 

~ ~b i 
K 7c I 
N 9 I 
N 10 
K 5 
M 1 
M 2 
M 4 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do, 
Do, 

40 
40 
40 

40 
40 
40 
50 
50 
60 
70 
70 
70 

25-27 
22-24 
25-26 

25-26 
25-26 
25-26 

30 
24-25 
25-26 

20 
2,1 
:w 

97'6 
96'2 

95'0 
90-0 
70'0 
80'0 

72'0 
71'5 
72'0 

80'0 
67-0 
98-0 
87-S 
9l-4 
89'0 
93"4 
94(1) 
m·o 

55'5 
10'6 
12'7 
12'2 
12'2 
12-4 
12'8 

23-3 
4.4-8 
23-3 

19'3 
20-0 
12-5 
11'4 
11-2 
12'4 
11-7 
12-2 
15'3 

1: 7'3 

1: 7'5 

1: 0'0 
1: 8'4 

1: 7'2 
1: 7'2 
1: 7-1 
1 : 6'~) 

1: 3'3 
1: 1-2 
1: 3-3 

1: 4'1 
1: 4'0 
1: 7-0 
1: 7-S 
1: g-O 
1: 7'0 
1: 7-S 
1: S-O 
1: 5-5 

Fatty acids from ori~inal fish oil lly alkali sapol1ifictitio:1 

36-0 
40-0 
59-0 
60-3 

86-5 

80-0 

36-0 

38'9 
39-2 
40-1 
40'2 

39'S 
40-0 
40'7 
41'2 

37'0 

38-0 
38'(; 

88'S 
89'0 
70-6 
86-0 

88'0 

24-0 

188 
159 
137 
153 

159 
161 
156 
154 

"T" .-----=---> 

Hi" 5, Nil HiS 

353 

367 

353 
349 
360 
364 

R"marks 

I Insoluble bromide I'D 
( per cent_ I Inso] uble bromide 1lil. 

\ 

Insoluble bromide nil_ 

Washed with common 
, salt sol ution, 
i Same as K 7b. 
: Same as K 6, 
I Washed immediately 

addition of acid was 
completed, 

., Do. 
t Stirring stopped when addi­
! tion of acid was completed 

but kept oyer night before 
Vv°a.shing. 

! Made with 1,-100 grams 
I 
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This is in harmony with the results obtained with such oils as 
cotton-seed, sesame, olive, and whale oils. I In the case of whale oil on 
sulphonation the neutralisation value falls from 190 to r68 and the 
acetyl value increases from 3'5 to 22'4, whereas with sardine oil the 
neutralisation value falls from I95 to I59 and the acetyl value increases 
from zero to 26'0. 

(5) More than 35 per cent. of sulphuric acid appears to have no 
effect. 

(6) The stirring after the addition of the acid is completed and 
the keeping over night affect the amount of sulphonation. 

(7) 'l'he presence of free fatty acids in the oil does not appear to 
have any marked influence on the sulphonation. 

SUMMARY. 

1. The oil from West Coast sardines (Clupea longiceps) has been 
analysed and also the stearin obtained from it. 

2. Second quality oil with acid values up to 12 can readily be 
refined by alkali treatment with a loss of 8 to 10 per cent. The oil so 
obtained has a yellow colour and can be further deodorised by treat­
ment with superheated steam under reduced pressure, although the oil 
cannot be completely deodorised by this process. 

3. The oil can be hydrorysed by castor-seed lipase, in the form 
of crushed seed or Nic1oux' ferment, but not so readily as most vegeta­
ble oils. The fatty acids so obtained have a pale colour. 

4. If it is not desired to isolate glycerine the oil can be hardened 
by reduction with hydrogen in the presence of a nickel-kieselguhr 
catalyst and products suitable for soap and candle manufacture 
obtained. The hardened products are quite devoid of the original 
smell of the fish oil. 

5. It is also possible to obtain a white inodorous fat of ghee 
consistency. 

6. The fatty acids obtained from the oil are not readily hardened 
owing to the rapid deterioration of the catalyst; a nickel borate­
kieselguhr catalyst lasts about twelve hours. If, therefore, it is desired 
to obtain both glycerine and hardened fatty acids it is advisable first to 
harden the oil and then to split the hardened oil by the Twitchell 
process. 

1. Radcliffe, loco cit., pp. 26·9. 



7. The stearin is readily hardened and then forms a valuable 
product for use in the manufacture of soap and candles. 

8. The oil can be sulphonated and yields a water-soluble product. 
This, however, is semi-solid and dark coloured. 

We wish to thank Messrs. O. Sankaranarayana Menon and 
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experiments. . 
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