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vI. SURVEY OF INDUSTRY.

During the past.ten years the World demand fof
vitamin A has increaéed sfeadilyo lThe increase 1s due part-
ly to growing popularity of vitamin therapy and partly to the
éhormous rate at which vitamin A.is being used in America for
animal feeding. During the war yeafs it has been uséd ex-
tensively for food.fortification in England and Furope, and
this will probably be continued for several years,

It is very difficult to estimate the annual world
consumption of vitamin A, but we know*® that in America
| '67Vx 1012 International Units (I.U.) were used in 1939,
Approximately 60% of this quanlity was used for animal feed-
ing. We also know that in England the fortification of mar-
gafine is compﬁlsory and that the diet of all schoollchildrén
'1ls supplemented with vifamin A,

"The distribution of the world production of vitamin
L was seriéusly disrupted by the war, when the Norwegian and
Japanese productions were cut off from their normal destina-
tions. Under these cirCumstances it is no wonder that the
United States, Canada, South Africa, India and Australia made
serious and successful attempts to produce fish liver oils,
the main source of vitamin L. Argentina produced 25 x lO12
U.8.,P. units in 19455 and the United States 9 x lQ13 U.S.P.
units in the same yearo The South African production in-
creased from 2 x 1072 I,U,, valued at £80,000 in 1943, which
year may be regarded as the birfh of the South African indus-
try, to 1 x 1013 1.U,, valued at £400,000 in 1946-1947,

There are four companies engaged in the production
of fish liver oils in South Africa, and the success of this
venture hés probably provided the biggest'impetus to our
rapldly expanding fishing industry.

This treatise deals with some aspects of the com-
poéition7 characteristics, production, refining énd storage of

soupfin shark liver oil.
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II. TBE RAW MATERIALS OF THE INDUSTRY,

GENERAL DISCUSSIONf
ihe most important sources of raw materiai for the

South African vitamin A oil industry are the soupfin shark,

stockfish or hake (merluccius capensis), several species

of dogfish, notably the spiny dogfish, snoek (thyrsites

atun,), and the seal (arctocephalus pusillus)a

The livers and intestines of stockfish, which are
caught mainly by traﬁling operations and is the most im-
portant species landed in the Union, are important sources
of vitamin A, Dogfish-are also caught in the trawl nets
while snoek, caught on hand lines, is one of the most
valuable species handled by the inshore fisheries° Like
the stockfish, snoek is essentially a food fish, and the
liver and intestines - sources of vitemin A - can be re-
gardéd as by=-products,

. The Cape fur seal is taken fbr ifs skin in the first
place, and only quite recentlyléo.has it beeh shown that
seal livers contain 1 ~.11% of oil and 0,053 - 1.75% of
vitamin A, and therefore constitute a valuable source of

the vitamin,

The soupfin shark (galeorhinus canis), known locally
as vaalhaai,is.by far the most important source of vitamin
A, and is the only species which justifies the équipping
of.spécial craft for ité capture, It is caught mainly

by line, and only the liver is utilised. It belongs to

the family carcharinidae of the order plagiostomi and is

closely rélated_to the Soupfin shark (G. zyopterus) of the

north-west Pacific Ocean..
- The soupfin shark is found along the African coast
from Walvis Bay on the west coast to Algoa Bay on the east

coast. Very littie is known of its life history and no

.compiete investigation has yet been completed on the

oos00./Telationship



relgtionship of sex, size, oll content of liver, locality,
and vitamin A potenéyo L systematic survey has recently
been initiated”? and it is hoped that the results will help
to assure commercial exploitation of the shark fishery for
many years without seriously depleting the stocks,’

The soupfin shark grows up to 7' in length, the liver
constitutes on an average 10% of the total weight of fish,
and contains on an average 50% of oil. The average potency
of the liver oil is about 20,000 I.U,/gram or‘O,75% vitamin

A,

- VARIATIONS IN_CONDITION OF SHARKS WITH SEASON. AGE, SEX,

LOCALITY, POTENCY OF THE 0IL frg.to1

Usually larger sharks are caught during early winter,
when the females move into the shallow and sandy False Bay
and Mcssel Bay areas to give birth to their young. During
gutumn smaller and immature fish predominateo Males are
movre common in deep water and most specimens caught by the
trawlers afe very large males, In the Walvis Bay area
males seem to predominate, and no females have yet been en-
countered amongst the oécasional specimens caught there,
elther in shallow‘or deep waters. Most specimens from that
area are largeg‘

Although locality influences the exact time, autumn
and early winter have been found the seasons when the young
are born, Gestation has a very marked influence on the

stored fat of the soupfin shark. In the case of mature

- fema’les, the oil content of the liver recedes during preg-

rancy (Table 3), and the vitamin A potency‘consequently
incresses by concentration; During this period the degree
of unsaturation of the oil usually decreases, The oil con-
tent of the liver seems to reach a minimum Jjust before or

at the time of birth of the young. In addition to the de-
crense in oil content of the liver, the.liver itself con-
stitutes a smaller portion of the fish. The results in

QQDOGD/Tablle3
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Tabie 3 show a very significant decrease, during gestation,
of the liver oill expressed as a percentage of total fish;
Whereas the liver oil constitutes on an average 11;9% of
the total fish when fat, it only accounts for 1.6% when
the fish isvin an advanced stage of pregnancy and very thin, .

Vitamin A accumulates in the soupfin shark with age,
Embryo liver oil is practically devdid of vitamin A
(Table 3c¢) and the full-grown or large fish provide the
highest yields?.

Large males generélly provide much more vitamin A
per fish, than females. It 1s common for a deeﬁ—water
male to yield a liver oil containing 3% or more vitamin A

and to yield 100 million I.U. per fisht®%+9

» DISTRIBUTION OF VITANIN A Il THE SHARK,

In the soﬁpfin shark, the liver is the main site of
fat deposition, Head, body and intestine contain negligi-
ble amounts of oil, The émall 0il yields from head and
body have been shown to be devold of vitamin A by Molteno
et aIO} while the intestine constitutes such a small por-
tion of gotal weight, and cocntains so little oil that the
reported E%%m values of 9,7 and 6,4 csignify negligible
quantities of vitamin A per fish,

Analyses were carried out to determine the differ-
ences between tﬂe vitamin A contents of differént parts of
the liver and/or different lobes, This was undertaken in
order tovinvestigate the possibility of préparing more
potent oils for specific purposes, by pre—segmeptatiom of
livers. The upper hepatic portion, a transverse section
through the middle and the lower portion or tip, were di-
gested and extracted separétely, for

(1) a big, fat liver and
(ii) a small, thin liver,

The segments were cut from both lobes, In a third sample,
the segmenté were collected separately'for thé two lobes.

. The analytical results are summarised in Table 1.
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TABLE 1.

G A 34 S

Distribution of o0il and vitamin A
in soupfin shark livers.

1 . 2 .3 . 4

o : e 19 s Ex 9%

7 4 .

leer ; % oil ; Llcm;u s 0il.

Large fat (Upper hepatlc 78 .4 3.84 : 301
liver - (IFiddle e 76,4 3.37 s 258
(Tip s 79 : 2.78 : 220
Small thin (Upper . 37,6 : 52,16 . 1960
liver (Hiddle. : 38,6 45.10 : 1740
(Tip s 38.3 43,51 : 1670
(Upper . 68.8 35,26 . 2420
blgger Lobe (Middle 67.2 34,48 : 2320
(Tip 67.9 34,81 : 2360

hverage //7 :

Liver ““_T\& S ,
(Upper 63.2 39,18 ¢ 2480
Smaller Lobe (I7iddle 66,6 34,4 s 2290
(Tip 67 .4 34.3 : 2310

From these results it appears that the vitamin A
potency gradually falls from the upper portion to the tip,
This is in accordance wwth results previously recordedlo l
although the range for the fat liver is wider than that re-
ported earlierlu From a consideration of the oil contents
of the different parts, and the results in column 4, it is
obvious that the difference in potencies is not due fo a
dilution effect, but that the upper hepatic portions are
richer in vitamin A. In the more potent oils, the differ-
ence is too slight; however, to warrant the trouble and
cost of pre-segmentation of livers, Noté the high value

| of 1 igm of the o0il from the upper hepatic of the smaller

lobe of the average liver,

. CHEMICAL COMPOSITION OF SQUPFIN SHARK LIVER OILS.

1. Preliminary.

1 .
It has been found by Molteno et al,, that soupfin

shark foetus liver and yolk sac oils are more highly

unsaturated than the liver oil of the parent. In
adajtlon, the foetus oil has a much higher content of

. ./unsaponifiable

© 00 o.
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6.
unsaponifiable matter, and these facts mark it as very dif-
ferent from the liver oil of the mbther. " The Author's
investigation (Table 3(c)) of four batches of embryo liver
oil represehtihg 343 specimens; confirmea the very high.de—
greé oflunsaturation previously noticed in embryo liver
oil. These high iodine values are all the nore interest-
ing if one considérs that these oils are practically de-
void of vitamin A KloV.356) which usually accounts for a
considerable increase in iodine values of very potent oils
(note difference between obserVed and corrected I.,V,'s in
Table 3(B)). In the light of this experience it was de-
cided to undertake a comparative chemical study of embryo
and parent liver oils.
A further interesting'observafion was made? vis, that
a roughly linear relationship seems to exist between oil
content and iodine value'(corrected to exclude vitamin A)
of the 1iv¢r oils of,thirty'specimens collected (Table 2
and- figure 1). These spceimens varied from very thin to
very fat fish and covered a range from 12 - 92% oil in
liver and iodine values from 128,9 to 205.5., VWhen these
figures are pletted on a gréph, they present a very |
scattered picture.(fig. 1). Some rough linear relation=~

ship is apparent and at point C(I.V.170, 50% oil) the

. graph can arbitrarily be divided in two sections A and B.

The points in section B can be regarded as représenting
thin fish while those in section & represent fat fish;

Upon consilderation of this phenomenon, it was decided
to extend the proposed chemical analysis and compare the
constituents of embryo oil with those of thin and fét
femalé liver oils in order to study the e¢ffect of condition
of fish on compesition of liver oil at the same time,

Component acids of fat and thin female soupfin shark liver

and embryo liver oilg.
In this analysis, an attemnpt was wmade to prepare com-

posite samples of oil representative of very fat and very

thin female sharks, Lt the same time embryos were o
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BT S Y

VARIATION OF IODINE VALUE WITH % CIL
IN LIVER OF SOUPEFIN SHALK,

% oil ¢ 1% : 1.V, on whole Corrected I.V. on
No, ¢ in s Biem, s oil | 2 non-vitamin

liver : , 3 A fraction
12,2 : 313.2 :  172.9 : 128.9
22 2 120 176.6 i 1644
0.3 i 66.6 i 166.7 - 158.1
25.9 :183.2 +  170.8 ; 147,2
28,5 : 86.5 :  175.6 165.5
31 g 136 2 184.1 i 168.3
3.0 1 66,4 ¢ 160 . 1517
4.7 1 10,3 ~184.3 ; 183,7

S W N

[0 oI N BN ) A

9 i 43.3 : 45.4 & 166.9 : 161.3

10 45.5 § 36 : 166.6 E o 162.3

11 : 45.8 : 23.6 :  175.9 .- 173,1
i2 § 46,8 2 17;2 i 165.5 S 163,6
131 473 ¢ 105 ;1. 192
14 55.9 L 10 ; 196 ; 195,1
15 . 58,5 : 21 :  180.8 178.6
16 1 60.3 : 16.2 :  183.6 2 181,9
17 2 60 . 29.24 192.8 Z _ 189,8'
18 . 61 . 8.2 182.7 2 181,8
19 2' 64,1 2 11,9 2 169,7 2 . 168.4 .
20 2 66.8 '§ 21,2 2' 183.1 -i 180.8
1 : 66,8 :  9.60:  197.8 197
20 i 67.3 + 24+ 189.6 2 187,2
23 i 65 i 679  187.5 i 186.8
24 0 66,9 L 7.63 1 1909 190.1
25 67.5 1.92 193,7 | 193.6
26 . 73.5 . 6,57 . 206.1 . . 205.5
27 : 80,3 i 4,46 ; 178.1 : 177.6
28 ¢ 80,0 ¢ 3,01° 206 o 205.6

29 ¢ 8l,2 : 5.36:  189,8 - 189.1
30 P92 P 681 190.5 D 189,8




8,
collected from the pregnant fish and their liver oil ex-
tracted, The compésite sample of fat shark oil was pre-
paréd from the samples listed in Table 3, after due\con-
sideration of the results in Table 2 and figure 1, Speci-~
mens were picked from section A of figure 1, and they were
oils constituting more than 65% of the liver, and & - 15%
of the total weight of the fish, Likewise the composite
sample of thin shark oil was prepared from specimens in
section B of figure 1, i.e. oils constituting less than
46% of the  liver, and in no case more than 2.9%0of total
fish (Table 3).

Details of these composite samples are given in
- Table 3.

The characteristics of these specimens can be correlated

with sexual condition, In the fat femalesthe uterus was
either undeveloped or only partly developed, with only
one exception, a fish that carried 13 small embryos with
large yolk sacs., The livers were large, constif¥uting on
an average 16% of total weight of fish, Note too that the
liver oil constituted 8% or moré of total fish in all spe=-
cimens (Table 34), The thin specimens on the other hahd,
were in an advanced state of pregnancy,.carrying well de-
veloped embryos in most cases, Specimen 2 was spent,
Note that these sharks had small livers, constituting on
an average 4,7% of the total weight, while the oil never
constituted more than 2.9%, and on an average only 1.6%,
of total fish,

The embryo liver oil was obtained from four batches of
young, three of which were practically fully developed,
while the last batch was made up of much smaller embryos,.

These composite samples represénting the fat condition
(early pregnancy), secondly the thin condition i.e. the
time when thé young are ready to be born, and finally the
embryo liver oil, were saponified, and the free fatty aeids

veeee/TECOVETE]



TABLE 3°

Analytical details of oils used for Acid &fudies.

. S s e sLiver as: ﬁ oil in:Liver 2 g tI.V., on
No. Date 2 Uelght: Sexual Conditions 2% of -+ liver :0il as %: %%m 3 I.V. s:non-vit.A
» . caught . (Kg.): s fish _ :of fish 3 : sportion.
A. Fat Female Shark. : :
1 1. 3.46 : 10.3 :Uterus undevelopei ‘ s 15,43 3 67.5 10.3 1.92 193.7 ¢ 193.,6
2 s 22, 3.46 : 25 :Eggs not yet in uterus : 19 s 81,2 s 15.4 : 5.36 189.8 : 189.1
3 ¢ 21, 3.46 : 7.7 :13 Embryos with large yolk sacs: 16,4 s 67.3 s 11,1 : 24 189.6 ¢ 187,2
4 : 24, 4,46 ; 11.4 :Uterus partly developed : 12,2 ¢ 71,6 ¢ 8.8 : 2,93 :
5 :. 24, 4,46 : 18,2 :Large eggs in ovary : 17.8 s 74 .6 s 13.3 5.25
6 3. 5.46 : 17,3 :Uterus partly developed s 16,2 : 75.8 s 12.3 3,84 ¢ s
Average : s 15,1 : 16,1 s 73 ¢ 11.9 6.77 : 195 : 194.,3
- B. Thin Female Shark : -
1 : 24, 4,46 : 14,3  :16 Small embryos with large s 4,23 ¢ 33,1 ;s 1,41 ¢ 66.4 160 : 151.7
‘ : - 2 yolk sacs 3 : 2 H S
-2 : 22, 2.46 : 14,7 :Spent 5.0 ¢ 28,5 ;3 1.43 : 86.5 175.6 : 165.5
3 : 21, 3.46 : 8.0 :16 Embryos with large yolksacs 6.75 : 43.5 s 2.94 : 45,4 166.9 : 161.3
4 2 28, 3.46 : 12,1 :Pregnant. ©No yolk sacs s 4.57 : 46,8 3 2,12 ¢ 17,2 : 165.5 " 163.6
5 : 25, 2.46 : 17,2 :Pregnant - 10 embryos s 4.77 : 22.3 : 1.06 : 86,8 : 168.7 : 158.1
6 : 22, 3.46 : 16,4 :Pregnant s 3,04 : 12.2 : 0.37 :313.2 : 172.9 ¢ 128.9
7 : 22, 2,46 : 24,2 :16 Embryos with yolk sacs s 4,77 5 31 3 1.48 :136 s 184.1 : 168.3
8 : 28, 3.46 : 14.9 :Pregnant - 16 embryos : 5.29 : 45.8 2.43 3 23,6 3 175.9 : 173.1
9 : 15, 2,46 : 16.8 :Pregnant - 16 embryos s 4.73 22 : 1.05 :120 : 178.6 : 164 .4
10 s 22, 2,46 : 22,1 :18 Embryos s 5,17 : 45.5 s - 2,36 ; 36 s 166.6 : 162.3
11 : 22, 2,46 : 20,8 :21 Embryos, Only 2 yolk sacs : 4.02 : 25.9 2 1.05 ¢183.2 : 170.8 : 147.2
12 : 24. 4,46 : 14,3 16 Embryos, large yolk sac : 4,23 : 33.1 2 1.41 ¢ 66.4 s 160 : 151.7
_Average : : 16,3 s : : 4,7 ¢ 32.5 : 1,6 : 86.04 ¢ 167.75 : 157

C. Shark Embryo.,

Average lLength

57 Embryos: 24. 4.46 5.75 ¢ 30.1 cm, 5.4 s 51,7 : 2,78 ¢ 0.22 : 216.2

29 do. s 15, 2.46° 3.31 31.5 cm, 5 s 42,1 s 2.1 ¢ 0.14 = 214.8

57 do. : 21, 2.46 : 7,89 : 32.7 cm, 5.6 : 39.9 3 2,22 ¢+ 0,12 ¢ 214.8
200 do. : 28. 3.46 : 12 cm, ‘ s 22 3 s 0.23 s 203.3 3
Average 5.3 : 39 s 2.37 : s 215.6 ¢
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recevered after extraction of unsaponifiable matter from
the'soap solution. The acids were seperated into '"solig"
and "liquid" fractions by the lead»salt separation method3,
and these fractions were re-esterified with methyl alcohol,
while the methyl esters were analysed by‘the Hilditch
ester fractionation procedure3° Ixperimental details and
calculated compositions are summarised in Tables 4 - 12,
which will be found in the back of the book, while Table 13
(included in the text) givesg a condensed summary.of the
calculated components of all three oils,

The composition of individual fractions were calculated
from their determined saponification eguivalents and iodine

values and use was made of the computation forms set up
A _

Discussion of calculations:

(a) "Liquid" fractions containing C1g and Cpy or Coy and
Coo unsaturated esters only. The Charnley5 mathe-
matical method was used with Rapson's computations
to determineveomposition and average unsaturation in
fractions L6 - L14 for the fat female oil (Table 4)
fractions L7 - L15 for the thin female oil (Table 7),
and fractions L5 - L13 for the embryo oil (Table 10).
Average unsaturation was determined for every‘two ad-
Jacent fractions and the mean for every set taken.

(b) "Liquid" fractions containing only Cj¢ saturated and
C1¢ and Cqg unsaturated components. These are cai-
culated by the same method, assuming the C1¢4 as mono-
ethenoid-and using the determined unsaturation for
:Clgn In this way fraction L2 - L6 for thin female
oil (Table 7) and L2 for embryo were calculated
(Table 10). Fractions L2 - L4_for the fat (Table 4)
were calculated to an average unsaturation of -3.5H
for C1g and -3.9H for Cig. The latter figure of
course was obtained from the calcuations of the C18

/ and C2O
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and Cop fractions as discussed under (a), while the
former figure was obtained from the calculation ofv
fraction L5 for fat female oil, This fraction, which
should consist esseﬁtially of C16 and Cig esters (from

a consideration of its S.E., and I.V., gives a negative
result for one or the other constituent when calculated
_tozclé saturated;and Clé“and'CIB unsaturateds, It was
:thereforé assumed to contain: only Cié and Cqg unsaturated
:constituents9 and calculated: according to the Charnley
formulae. - A mean unsaturatioﬁ of -3,5H was then ob-
tained for the C16 eéters9 and fhis value was used in
the calculation of fractions L2 - 4 of the fat female
0il. Fractions L3 and L4 in the embryc oil (Table 10)
likewise gavé.negative values for some of the constituents
when calculated to Cy¢ saturated and Clé‘and Ci8 unsatu-
rated esters, The only assﬁmpfion leading to positive
results is ‘that the fractioﬁ contains only palmitic and
C1g8 unsaturated esters, and an almost identical example
1s quoted by van Rensburg et alo6 who advance the sug-
gestion thav the cutting of such fractions apparently
arises from the fact that unsaturated esters tend to
distil bpefore saturated esters of fhe same carbon con-
tent,

(¢) Fractions L1l for thin female and embryo oils (Table 7
and 10 respectively) were calcuiated to C14 and Cq4.
Saturated and mono-ethenoid constituents, assuming the
S.E., of the saturated portion of each fraction to be Fpe
same as that of the whole fraction, This assumptionw
leads to very little error in the final analysis and
does away with the necessity for isoclating the saturated
fraction. Fraction Ll for the fat female (Table 4) was
calculated in the same way, only using the determined
mean unsaturation for the Cyg constituent.

(d) The composition of final fractions ("liguid") 1L1l5, L16
(Table 4) 116, L17 (Table 7) Ll14, L15, L16 (Table 10)
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were asseésed on the basis of saponification equiva-
lents only. Oxidation and/or polymerisation usually
occur during distillation, resulting in a drop in iodine

| values of the last fractions, which makes them insig-
nifiéanto In the absence of any method of evaluating
the mean unsaturation of the Cps esters in these last
fractions, they are taken as Cos - 10H.

(e) The early "solid" fractions S1 - S6 for fat female oil

(Table 5), S1 -~ 86 for thin female oil (Table 8) and
Sl - $8 for embryo oil (Table 11) weré calculated to
C14 and Cy1¢ saturated and mono-ethenoid esters, making

the same assumption as in (c¢) above, c.f.van Rensburg3.

(f) Fraction S8 - S13.for fat female oil (Table 5),
58 - 511 for thin female oil (Table 8) and §9 ~ S12
(Table 11) for embryo oil, have been calculated to a
mixture of Cqg and Cyg saturated and mono-ethenoid
acids, There is no reason to assume greater uhsatu—
ration than -éH for the unsaturateds, as Hilditch3
points out that polyethenoid acids of any carbon ex-
tent should pass into the Yliquid" acid group during

the lead-salt separation,

(g) Fractions S14 (Table 5) 812, S13 (Table 8) were calcu-
lated to C18 and C,( saturated and unsaturated acids,
while S14 (Table 11) and 815 (Table 8) were calculated

{ to Cy( and C,p, saturateds and unsaturateds, All
"solid" fractions involving Coy and higher unsaturated
- acids, are assumed to have the same mean unsaturation
as that determined for them in the "liguid" portion,
Most calculations oﬁly become possible if this assump-
tion is made; this has aiso been éhe experience of van
Rensburg6 and Guha’ et al,

(h) Fraction 87 for both fat and thin female oils (Tables
5 and 8 respectively) were examples of borderline
fractions, almost identical with an example‘quoted by

van Rensburg et ale6 They give negative values for
woosses/fOr some
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some components if calculated to Cy4 and Cy¢ satu-
rated and mono-ethenoid acids, This condition'apf
parently arises in "solid" fractions when the Cl4
saturated and unsaturated esters have almost disap-
peared, These fractions gave positive results when
calculated té C14 and C1¢ saturated and Cqg mono-
ethenoid esters.

(i) Fractions S15 (Table 5) 814 (Table 8) and S13 v
(Table 11) could only be calculated to Cpy saturated
and Cpg and Cpp polyethenoid esters, These éxamples
are analogous to that found by van Rensburg8 who -
points out that unsaturated esters tend to distill
before the saturated ones of the same carbon content,
In all three these fractions the obserﬁed S.E.'s are
less than 326 and in such cases the presence of Coo
saturated esters is excluded. ‘

(3) Finally, the residual fractions S16, S17 (Table 5)
516 (Table 8) and S15, S16 (Table 11) were Qalculéted
to Cop and Coy unsaturated components only. In all
five fractioné the observed I.V.'s were lower than in
the previous fractions, so that they were calculated
on the basis of S.E. only. 1In view of the high I.V.'s

they were assumed to consist of unsaturated esters

only.

. Discussion of results, and comparison of fat  and thin fe-
male shark and shark embryo liver oils (see Table 13) i

The marked differendes in“chemical composition between
fat and thin shark liver oils, serve to confirm earlier
observatio;ﬁs177 that analytical.data for single specimens
can be very misleading as a result of considerable
variations in composition caused by condition of the fish,
These variations have been demonstrated to be related both
to mode and degrée of fat storage.

(a) The following general observations can be made from

eeeooo/Table 13



TABLE 13,

COMPARISON OF THE COMPONENT ACIDS OF
LIVER OILS OF THE FAT FEMALE SHARK, THIN
FEMALE SHARK AND SHARK ‘EMBRYO,

Acid 2 Fat Female 2 Thin Female z Embryo -
| : 195 § 157 Poo215.6 I.V.
] : 301.2 b 327.95 1 329.8 S.E.
SATURATED:
!cl4 3.08 i o3.47 . 3.26
I016 §17.71 | 117,34 118,45
@cig . 1.58 L 355 . 2.17
o0 . 0.71 L 1.20 L 0.5
5022 - : 0,36 Y:
UNSATURATED: : | | :
C1a i 0.53 (-2H) . 0.99 (~2H) -1 0.65 (-2H)
c16 L 9.41 (-3l : 8.63 (-28) : 6.33 (-2H)
18 25 30 (=3.70) 23 L1 (-2.6H): 217,46 (-3, 4H)
| Cop 024537 (-8H) 17 21 (-6.5H): 20 88 (-8. 3H)
'022 ;15089 (-10,3H) ;17“52 (—908h)a25,54(—10n6h :
Cos L 1.00 (-10H)  : 6.38 (-1CH) : 4.64 (-10H)
;026 L. . 0.20 (~10H) g -
1TOTAL, §99.9 : §99,9 | ;lOOuO
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Table 13:-

(i) The fat female and eﬁbryo liver oils are character-
ised by greater total unsaturation (iodine values)
than that of the thin female liver oil, This is ex-
plained by the higher content and higher degree of
average unsaturation of Cjg, Cpp and Cyy components.

(ii) The embryo and thin female oils are distinguished
from the fat female oil by their much higher saponi-
fication equivalents (330 and 328 as against 301).
This is explained by the higher C,, acid content of
the embryo oil and the presence of relatively large
amounts of 024 unsaturated acids iﬁ embryo and thin
female liver oils, 1In fact, the presence of so much
Co4 acids and even a trace of Cog unsaturated acids
in the thin female liver oil is unusual,

(iii) In main feaﬁures, the composition of soupfin shark
liver oils appeafs to agree with a few examples of
Elasmqbranch fish (skate, angelvfish, thresher shark,
spotted dogfish) whose liver oils contain less fhan
10% unsaponifiable fractiont?8,  The average con-
tent of Coy unsaturated acids in shark liver oils ap-
pears to be slightly lower than the average of the
cited examples (ca. 20% as against ca, 27%) while
the average mean unsaturation is slightly higher
(ca—8H as aéainst -6,5H),

While the cited examples contained no Cpop or Cpo
saturated, or Cpsq unsaturated acids, the shark liver
oils contain émall percentages of Cpp and Cgé satu-
rated acids, and. apprecilable quantifies of Co24 un-
saturated constituents.,

(b) Comparison of fat and thin female shark liver oils,

The effects of mode and degree of fat storage in re-
lation to the chemical composition of the fat, have been
.déscribed for the Cape John Doryl79, a species with a
diffuse system of storage. The present observations

veoe../are of



16,
are of significance in that théy refer to a fish with
fat storage localised in the liver, In éuch cases the
suggestion has been madel’? that the liver oil should
approximate in composition to the body and head oils of
species with diffuse storage. |
On the basis of this hypothesis, the composition of
shark liver oil should show -
(i) a decreased content of high molecular weight un-
séturated acids with decreased fat content of the
liver;
(ii) an,indrease in degree of average unsaturation of'the
higher acids with decreased fat content of the liver,

The ‘results of the present studies.indicate consider-
able departure in the elasmobranch species from what |
might have been expected-dn the basis of the above-
'méntioned experience,

In the first place,:debietion of fat stores during
pfegnancy, results in an all-round and considerable de-
crease 1in unsaturation of the different component acid
groups. kL similar effect has been reportedl80 in the
0oil from the flesh of hérring, as far as Cpg and Cp un-
saturated acids are concerned, As far as the soupfin
shark is concerned, the avefage unsaturation of-the com=-
ponent acids groups of the fat female oil is very de-
finitely higher, it should be noted that it has even
been possible to determihe the degree of unsaturation of
the Cqq4 écids, which is most unusual, as the Cjg un-~
saturated acids are hormally assumed to be mono-ethencid.

'A second observatibn in the thin female liver oil com-
position is the increased content of Cy8, Cop and Coo
_saturated acids, |

Depletion‘of fat stores during prégnancy leads to a
small decrease in C16 and C1g unsaturated acid contents,

~a marked decrease in C2O acid content, but increased

ceoooes/contents of
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contents of higher molecular weight unsaturated acids.
While the Cyo unsaturated acid content is but slightly
higher in the thin female oil, its Cpyg acid content is
very markedly higher, while a trace of Cpog unsaturated
acid is also present, This state of affairs is a further
contradiction of the suggestion described earlierl77o
In general then, depletion of reserves of liver fat
during pregnancy, results in -
(i) general decrease in degree of average unsaturation
of the acids, and
(11) an increase in higher molecular weight components,
especially unsaturated acids, where Coyg acids are

synthesized at the expense of Cop acids.

(c) Comparison of embryo and mother shark liver oils,

As indicated in Table 3, the embryo exhibits similarity
with the thin female shark in that its liver oil con-
stitutes less than 3% of the total weight., The embryo
is therefore also a '"thin" fish and we might expect a
similar relationship between condition and composition,
to that which exists in the mother liver oil,

The preferential deposition of Cppy Copo and Coy un-
saturated acids in the embryo liver oil, and the hiéh
average unsaturation of these acids, acéohnt for the high
observed iodine values of embryo liver oills.

The component acids of embryo liver oil are distin-
guished from those of the mother oil by thelir higher de-
grees of average unsaturation, approximating as they do
the average unsaturation of the corresponding component
acids of the fat female liver oil,

Embryo liver oil is further characterised by its con-
siderably lower content of C18 unsaturated components
and considerably higher content of Coo5 unsaturated acids,
and it is clear that there is preferential deposition of

highly unsaturated higher molecular weight acids, par-
ticuiarly of the C22 group.

coosess/4d. Unsaponifiable
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Unsaponifiable components of soupfin shark liver oils.

When a liver oil is saponified and the resultant
soap solution extracted with a suitable.solvent, the'
vitamin A 1s extracted together with any other unsaponi-
fiable constituents that the oil may contain, and consti-

tutes the major portion of the unsaponifiable fraction, es-

- pecially in the more potent oils.

The vitamin potency of shark liver oils varies from
about EM=5 when the fish is fat, to over EL2300 when the
fish is thin (Table 3), while very high potencies are also
observed in the liver oils of large male fishi®l,

The ratio E%%m gives percentage.vitamin A in the

16 1
0oily, so that the abovementioned range of Elém

values re-
presents a vitamin A content of 0.3% to over 18% iﬁ the
oil, It can therefore be seen that unsaponifiéble‘va-
lues,'commonly known as non-sap., values of over 18% of the
oil will be encountered. In such oils the major.consti-
tuent of the unsaponifiable fraction is vitamin A.

Nofmally, however, the average E%%m value of shark
liver oil is 12.5, or 0.78% vitamin A, and the average un-
saponifiable content isbabout 2.5% so that two~thirds of
the nonfsap. consist of constituents other than vitamin 4.

A detailled investigation of the unsaponifiable
fractions of marine animal oils has been carried out
during the last two yeafsl8l° For the sake of completion
of the present review on the components of soupfin shark
liver oils, a brief abstract of the results that have been
obtained to date, will be included in this Work46,

The unsaponifiable fractions from the oils of a few
spécimens have been examined for squaiene and o(-glyceryl

ethers, with the following results :-

(i)  Squalene.

Unsaponifiable matter content of oil. 2,68%
- Squalene (as % of unsaponifiable matter) 1,8%

So that the actual squalene content of the whole oil
is very low indeed.
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v(ii) Glyceryl Ethers.
- Table 14,
; sUnsaponifiablé s X-Glyceryl
Material, smatter content of:ether content of -
_ 0il (%) : unsap. ( .%)
Vaalhaai liver oil 1 1.85 17.7
. meom3 1.87 24,2
Embfyo iiver oil 2 8.82 0.4
Yolk sac, oil - 2 - 10.30 2.1

‘Note the very low e&-glyceryl ether content of

the unsap. fractions of. embryo and yolk sac oils.

The bulk of the unsaponifiable fraction appears,

from crystallization observations, to be steroid in

'bé carried out at a later stage.

‘nature, A detailed examingation of a bulk sample will

The high unsaponifiable content of embryo liver

" 0il is not due to vitamin A,'as pointed out in Table 3c.



20.

I1I, PRODUCTION OF LIVER QILS,

The production of shark liver oils is a techhologi- ‘
cal undertéking to which many problems are attached,

The most important steps are collection and pre-
servation of livers, liberatidn of the oil from the tissue
cells, separation of the oil in é pure state and storage of
the oil.

Since the sharking boats are too small to house
refrigeration units, and remain out at sea for days at a

. time, sometimes for weeks, the preservation of livers con-
stitutes a serious problem, Many»micro—organisms can ope-

rate at low temperatures and cause lipoxidases to be formed,

which cause rancidity in oilé47 or serious losses of vitamin
A, The action of lipoxidase to cause destruction éf vitamin
Avhas_been strikingly demonstrated48 by comparing the oils
from 3 sterilised livers with their unsterilised counterparts,
which had been stored for 10 days at 39°F (4°C)., The oils
from the unsterelised samples lost 11.3, 9.8 and 25.7% of
.vitamin A respectively. | ‘

(a) Preservatives:

It bécomes essential therefore to aim at process-
ing the livers as fresh as possible, as stressed by
Drummond and Hilditch49, and to use the best possible

preservatives, when immediate processing is impossible.

There is a dearth of information on this subject in the
literature, Sulphur dioxide, normally a powerful
bactericide, has been found to produce unpleasant odours
in the 0i1%0, The author has confirmed this finding.

An ekcellent review on preservation of fish and fish pro-
i ducts is given by Tsarr &vSunderlandSl, who found sodium

nitrite an exeellent bactericide, functioning only at

a pH below 652, Hess and Gibbons53 found a 2% solution
of caustic soda, a chlorine solution containing 5,000
p.p.m, available chlofine, and formaldehyde solution

oo.nnon/(l il’l l,OOO)
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(1 in 1,000) effective, Tarr?% found equally effective

bactericidal action by a 24% solution of 40% formalin, a

. 1% solution of sodium hypochlorite and a solution contain-

ing 5% sodium nitrite and 1% acetic acid. Formalin is
corrosive but this can be.counteracted by adding 1 part
in 2,000 sodium nitrite to it,  DBrocklesby and Green??
pfopose the use of borax at a conpentrafion of 2%, or'lO%
common salt,.

Most of the work quoted above was-done-on fish pro-
ducts other than livers or intestines, It was decided to
test the suitability and effectiveness of all these pre-
servatives for use with fish liver, Unfortunately there
is no single, and entirely satisfactory, chemical or
physical test by which the efficiency of any preservative
can be accurately and quantitatively measured, For the
purpose of this investigation the following criteria
were cohsidered 3= |
(1) Appearance of the liver after storage in contact

with preservative 1.e. whether firm, coagulated

hard, or disintegrating;

(ii) Smells

(iii) Yield of o0il and vitamin potency and smell of the

oil;
(iv) Effect of preservative on metal containers;
(v) 0il solubility of the preservative and its physio-

logical effects,

' It was attempted to carry out bacterial counts in con-

junction with the Union Department of Health, but even
the well preserved samples were so badly infested that .
this course was. abandoned,

Organoleptic tests were made with the assistance
off several other people., o

The test ﬁas conducted by obtaining a fresh liver
from a shark directly after it had been caught, cutting

portions from it and dipping under preservative solution,

GDOOOO/A blank
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A‘biank was stored under 95% alcohol, After six days
the samples vwiere removed, examined and the oil extracted
by sodium éulphate dessication and ether extractionl82,
Borax was used dry, the requisite quantity being sprinkled
over the liver, while the preservatives were dissolved in

brine solution as indicated in Table 15,

Table 152°

Preservation of liver A. Substrate for préserva-
tives -5% common salt solution, except for borax,
Period of contact 6 days,

: :8mell:Condi-:Colour :Odour 19 sAcid
No. : Preservative : of stion :of ex- = of :Elém ¢in oil
:Liver: of stracted :oil ° (% o-
cLiver : o0il H g e leic)
0 :4lcohol (con- :X ¢ firm : XX  : good :10.86 : 0.26
strol) : g 2 3 g :
1 :(brine only) XXXX : firm : XXX ¢ fair : 9.86 s 2,41
2 :Borax s X ¢ firm s XX : bad :10.06 : 1.37
: o PR : S 3 :
3 :0.1% formalin :X : very : X s very :10.03 : 2.14
e (40%) - ; firm s good ¢ :-
4 1% formalin X s very : X : very : 9.5 : 0,6
S - ¢ firm s s good :
5 ;0.24NalN02 : XX firm : XX  : good : 9.75 : 1.71
6 ;O.S%NaNO2 ;XX firm ¢ XXX s bad :10 s 0.8
7 :0.5% sodium XXX ¢ firm : X . fair :10.23 : 3.5
sulphite s 3 T3 3 e 3
8 :5% sodium s XXX ¢ firm ¢ X : good :10,45 : 1.03
sulphite H H H H S -
9 ;No preserva- XXXX :disin-: XX ¢ fair : 9.21 : 3.8l

tive H stegra-:
s ted

(1) Smell of liver X - as fresh
XX slightly off
XXX - bad
XXXX - very bad: indeed.

(2) Colour of. oil X - light straw
XX -~ darker yellow
XXX - brownish yellow,
From these results it is apparent that formalin pre-
served the livers well. and produced light coloured and

good smelling oils, O.l% Formalin in the substrate 1is

probably too little (consider high acid figure) but 1% may
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be too much, as there was a very distinct smell of for-
maldehyde in the preserving solution., The borax--
preserved sample yielded a dérker and more rancid oil,
The liver was well preserved though, | Sodium sulphite
did not preserve fhe liver well, and the samples were al-
nost as bad as the unpreserved samples, Nitrite was fair,
but not as good as formalin or borax, The apparent losses
of vitamin A may be adventitious, considering the fact
that vitamin A is not distributed evenly throughout the
liver (See Chaper I.C and Table 1), Later tests were
carried out on minced liver. '

Note the development of free fatty acids. In the
well preserved samples, i.e, with 1% formalin 0,5% sodium
nitrite, the development of free acidity is almost neg-
ligible. Note too the high free acid contents of the un-
preserved sample énd those where sulphife was used.

In order to eliminate sampling errors, a further
preservation expériment was carried out by mincing and
‘mixing very well the livers of five sharks, Aliquots
of two pounds each were weighed out for the preservation
test. In this case there was no opportunity to study the
physical appearance of the liver at the end of the period
- of storage, but the smell can be regarded as a fair guage
of quality., Shark livers putrefy very quickly and once
putrefaction has set in, it is impossible to pfoduce -
quality oils from such livers, So that organoleptic
tests on liver and oil and vitamin A assays on the recover-
ed oil, were used to determine the efficiency of the pre-
servatives. While such methods can not produce gquanti-
tative data, they serve to distinguish between good, in-
different and poor preservatives, In the following ex-
periment, unless otherwise stated, all preservatives were
dissolved in sea water, or stronger brine solutions, pré-
pared from sea water, It has been found very satisfactory

.oo0ea/L0 UsE
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To use the preservative in the form of a pickling solution
and tb submerge the liver completely, and this method 1is
recommended strongly for use by the industry. It is the
only method that ensures perfect contact and reduces the
danger of atmospheric oxidation to a minimum. It is . also
the simpiest method as far as the crew of a fishing boat
is concerned.
After one Week,.the samples of liver were alkali-

digested and the o0il recovered by centrifuging. The re-

~sults are summarised in Table 16,

General discussion (Table 16).

(1) The lightest oils in colour ﬁére obtained from
sulphite preserved livera_ There was a rancid smell
and taste noticeable in them however,

(ii) It was again confirmed that formaldehyde and sodium
nitrite are excellent preservatives, 0ils with good
odour and taste were obtained from these samples,
although the colour of the nitrite preserved samples
were darker thénvthose from the formaldehyde,
Formaldehyde was used as a 40% formalin solution,

(iii) Note the failure of sample 11, in which butyl
gallate wés used together with the sulphite.

(iv) Borax ié probably very effective, but it is difficult
in practice to ensure proper contact with all parts
of the 1liver, This is demonstrated by the improve-
ment when using it in solution viz. No. 7. During
long contact, borax sometimes causes partial saponi-
fication and emulsification during processing;

(v) To 5um up, the following preservatives‘in order of

| preference, are suggested for fish liver:

(a) 0.1% Formaidehyde (0.25% of a 40% Formalin) -
dissolved in sea water, - To the solution should
then be added 1 part in 2,000 of sodium nitrite
to prevent corrosion. )

(b) l%.Borai, dissolved in sea water,

(¢) 0.1% Sodium nitrite dissolved in sea water,
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It is apparent that there is no loss of vitamin A.
0il recovery isv99 - 100% depending on free acid éontent.
The degree of refining obtaihable is remarkable, yet dif-
ficult to indicate by actual figures. Improvement in
taste and smell ié very distinct and sweet oils, with only
the characteristic fishy odour, but not at all rancid, are
produced, Bleaching is effected to a considerable ex-
tént," The alkali-soap layer is usually very dark brown,
often black, indicating the extent to which colour bodies,
and possibly polymerised adehydes and ketones, are ré—
moved, If is readily understandable‘why this refining
method should produce such good results. During the
digestion of ;ivers9 the 0il is liberated but remains in
contact with large amounts of nitrogenous and odoriferous
degradation materials, and it is to be expected that some
of theée will dissolve in, or be separated with the oil,
During alkali-refining, a relatively pure material is be-
ing treated, with much more hope of removing trace consti-
tuents that cause rancid flavours, The caustic soda is
- present in more concentrated form3 excess of wash water
is used, and many impurities like acids, aldehydes or
ketones, which are<éteam~volatile, are driven off,

Several of these alksli-refined samples of oil have been
stored for a period of 18 months and have shown no colour
or odour reversion and can definitély be classified as
fiirst class after such long storage.

Additional features of this process, are firstly
its inexpensiveness, as even the caustic soda-soap ef-
fluent is re-used, the only additional cost being that
incurred by re-separation of the oil, and secondly the
fact that no additional equipment 1s required. Any liver

0l1l factory equipped for alkali-digestion of'liver, can
~practice alkaii—refining on poor quality oils, using the
same equipment. |

seosaoo/INn order
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In order to provevthat alkali-refining does not
hydrolyse the vitamin A, estimations of vitamin 4 alcohol
and esterified vitamin A were carried out on several of
these oils, according to the method of Reed et al.65
The following results illustrate that the vitamin is not
hydrolysed under these conditions.

Iable 24

Ratio of free and esterified vitamin A in
primary and alkali-refined liver oils.

Naterial / vit, A present % Vit. A present

: as_ester : as alcohol
1 {fm g &%
iz (FEHRLY T B
i1 3 (Prizery B 33

Disadvantage of alkali-refining process:

In aceordance with earlier observationséé, it has
been noticed that alkali-refined oils exhibit delayed
"stearin" deposition, The delay is from 2 - 7/ days.
After that however, the rate of "stearin" deposition 1is
rapid and eomplete, and leaves a very clear top layer of
oil, which may be decanted, should a clear oii be required

for specific purposes.

Use of bleaching agents.

Since vitamin A is very susceptlble to ox1dat10n,
bleaching by chemical means, as practised Wlth vegetable
or animal oils and fats, are out of the question. The

68 4

use of nascenﬁ chlorine s ruled out by the high degree
of unsaturation of fish olls in general., The use of
peroxides, sodium and potassium dichromates, air etc.,
widely used679 69 in-decolourising vegetable fats, .are
ruled out because of the danger of oxidising vitamin A,
Physical methods, i.e. absorption of colour bodies

and/or odoriferous substances, are described in many
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publications729 73, and have been used mainly in refining
vegetable and mineral oils. Activated carbons and natu~
ral or activated bleaching earths are commonly ﬁsed,
The optimum éuantity of bleaching agent, time of contact,
and temperature, vary with every oil, and must be de-
termined by trial and error methods. Hinners et .211.74
state that few, if any, tjpes of bleaching earths are
suited equally well for refining all kinds of oil, A
particular prbduct may be very effective for a certain oil
and at the same time ineffegtive for others,

Under these circumétances9 the bleaching of fish
liver oils could only be carried out by trial and error,
using as many different agents as possible and noting ﬁhe
results obtained, Colour comparison of untreated and
treated products becomes a very difficult matter, as fish
oils fall in the class of materials containing varying
amounts of red, yellow and green pigments, which fact
makes it impossible75 to obtain a satisfactory match by
the Lovibond method, the usual method of matching colours
of oils, The pigmentation of fish livér oils depends on
such factors as thé presence of carotenoid pigmehts,
method of procéssing,'method of liver preservation, pre-
sence of metals etc, |

It was decided to carry out a few tests with avail-
able bleaching agehts and earths, found suitable for
mineral oils, ~ The tests were carried out according to
the official method of the American 0il Chemists' Socie-
ty7®, in order to obtain uniformity. The figures in
Table 25 provide a summary of theiresults obtained.,
Activated Bentonite was prepared by boiling with concen-
trated hydrocloric ac;d for six hours. In order to mini-
mise the danger of oxidation by the large volumesrof air
usually absorbed on active carbons and earths, these
materials were pre—tfeated by repeatedly evacuating at

eoeeas/100°C
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100°C and admitting carbon dioxide, By this means it wes
hoped to replace mdst of the air by carbon dioxide. 0il,
similarly de-aerated, was then added to the bleaching
agent, and a layer of carbon dioxide was kept on the sur-
face of the mixtufe.

The results obtained were judged mainly by detect-
able improvement in‘colour and odour, while a careful
check was kept on the vitamin potency.

Discussion (Table 25),

As far as the carbons are concerned , good decolour-
lsation and improvement in odour were obtained with Merck's
Weinkohle, Clarocarbon and animal charcoal, but serious
losses of vitamin A resulted ranging from 4 to 8%. Blood
charcoal and animal charcoal did not decolourise at all
and oxidised vitamin A so rapidly that they were ruled out
completely, - Carbon has‘previously been quoted72 as
having a tendency to cause gxidation‘of the o0il to which
it is added. ' The ahount of colour removed by the first
three "agents (Table 25), although not measured quantita-

- tively, is remarkable, but in view of the destruetion of
vitamin A, in spite of most careful precautions, the
method is not favoured, Such elaborate precautions would
be unpractical on plant scale,

As far as the earths are concerned, fair decolour-
isation resulted from the use of bentonite (straight and
activated), colonial clay and kieselguhr, but "retrol”,
the bleaching agent par excellence for mineral oils, pro-
"~ duced no visible bleaching of a dark liver oil, and
‘caused very rapid destruction of vitamin A, On the
Whole, smaller losses of potency resulted from acti?e earth
bleaching, than from carbon treatment, Both methods
involve a filtration operation aftér treatment, and as:
this is always a costly and troublesome procedure, the
results obtainable should be encouraging enough to warrant

veseses/the extra
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Table 25

Loss of vitamin A during refining of

liver -oils by bleaching, steam-vacuum
deodoristion and alkali-refining,

‘% Loss of vitamin A

No, Method of refining (Eg;ilg) f S;} B
: lem ; (Eléﬁzz)
;(a) Decolourisation: f
1 (i) Merck's Weinkohle 1% 5.3 : 6.8 .
2 i (ii) Clarocarbon Merck C l%: 6.5 ; 7.95 -
3 z (iii) Animal charcoal l%; 5.16 : 4,14
4 z (iv) Blood charcoal 1%§ 36.3 42,5
5 § (v) Nuchar C -1%§ 41,6 57.8
6 § (vi) Clarocarbon Merck C 2%2 6,0 8.10
7 2 (vii) Bentonite clay 5%2 0 : 0
8 2 (viii) Colonial clay 5%§ 4,30 § 4,64
9 i (ix) Kieselgunr B.D.H. 5%: - ;2.1
10 § (x) Kieselguhr 5% plus i 2.0 2 3.66
| animal charcoal  1%: 3
11 (xi) Diatomite Merck 5%2 1.9 § 3.1
12 gx (xii)"Retrol!" clay 5%2 49,8 2 63.5
13 : (xiii) Acid activated Ben- s 6.32  : 4.8
: tonite 5% ¢ 3
i(b) Steam-vééuum deodorisation § f
14 ;‘ (i) 200°C for 2 hours : v5.0 ; 5.58
15 (ii) 200°C for 30 minutes : 5.1 § 5.1
| Z(c) Alkali-refining (new 2 :
method) H
16 ¢ (1) - .0 1.1
17 i (ii) - z | 0 s 0
18 (iii) - : 0.2 . 0.5

¥ Commercial product extensively used for

refining mineral oil.
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the extra expense and trouble. In these experiments
it has not been the case, and the author does not con-
sider bleaching methods worth while as far as fish liver

0ills are concerned, '

Stéém-vacuum deodorisation:

This method of réfining is usually an essential step
in vegetable oil production647 72, whether other methods
of refining are used or not,

The basic principle is the passage of a fine steam
of superheated steam through the oil at normal or reduced
pressure, Andrews’’ recommends a temperature of 2OOOC
and a vacuum'of less than " of mercury.

This method has been recommended78 for refining cod

liver oil, when steam, superheated to 200°C, is passed

into the oil which is contained under a few m.m. pressure,

in iron, aluminium, or tinnediron deodorisers, but

Hild:’Ltch79 states that this procedure results in destruct-

~ion of vitamins.

Several.attempts have been made to deodorise shark liver
o i1 in this Wéy. Temperatures of 200 - 250°C were em-
ployed at a vacuum of 15 m,ﬁ. mercury. Without exception,
the oils darkened upon treatment. Thié was at first
thought to be due to charring,‘but an experienced vege~-
table oil producer stated that the same phenomenon is
often experienced‘with some vegetable and animal oils,
and in such a case the steam-vacuum deodorisation should
be followed by a bleaching step.

In addition to-darkening of the oil, a more or less

constant loss of vitamin, to the extent of 5%, was ex-

- perienced (Table 25) and this fact alone makes one very

dubious about the applicability of this process to fish

liver oils.

eoooo0s/(d) Cold-clearing
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- (d) Cold-clearing of fish liver oils.

It is often necessary to produce medicinal liver
0oils that will not depoéit "stearin" or solid particles
at certain specified temperatures. The reason for this
is difficult to understand, ﬁnless appearance is regarded
as very important,

Cold-clearing involves cooling the oil at‘the‘most
suitable rate, to cause all the solids to deposit, and
removing the solids by filtraticn.,

Rate of crystal formation, and all the factors in-

- fluencing the rate of deposition of solids, are complex

problems, commanding the attention of many research work-
ers all over the world.

The author has not made a careful study of this
problem, but has noticed that the rate of steafih formation
is influenced by such factors as:'

(i) Type of preservative used with the liver, 1In
_other wofds7 to what extent the formation of de-
gradation products, which may influence stearin
formation, is inhibited.

(ii) Method of processing.
(iii) Refining methods.
(iv) Preéence of soap particles in the oil.

(v) Presence of metals,

(vi) Preéence of other foreign bédies e.g., added
antioxidants.

In general it has been noticed that the oils from

‘well preserved liver samples deposited "stearin" more

rapidly and more completely (leaving a clear top layer
with no specks) than oils from poorly preserved samples,
This phenomenon was clearly observed in the samples de-~
scribed in Table 25.

Alkali-refining caﬁses inhibition of stearin depo-
sitiony, but once crystal formation sets in, the deposition

cvsess./18 rapid
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is rapid and complete, This agrées with the findings

81 that alkdli-refining great-

of Brocklesby and Denstedt
ly increases size and degree of perfection of the crystals
formed.,

-,AS'regards antioxidants it was found that the rate
of stearin formation and settling was muéh greater in
sampleé protected with hydroquinone than in samples with
butyl gallate and citric acid. In the samples of oil
with hydroquinone, the rate of stearin deposition seemed
to increase with concentration of antioxidant,

A1l metals seemed to retard stearin formation and
settling, so that after three months the samples of oil
stored in contact with metals were still cloudy and the
stearin had not settled out completely. This happened
during the months September to December_9 so that the con-
tinued cloudiness was not due to a progressive drop in
atmospheric temperature,

The filtration of o0il is standard procedure and
presents no unusual problems, A small laboratory model
of a standard pressure filter hasvbeen operated success-
fully, at pressures ranging from 20 - 50 pounds per

square inch,
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V. STORAGE AND STABILITY OF SHARK
- LIVER OILS,

In this chapter a review will be presented of the
causes of rancidity in oils generally, methods of detecting
and estimating degree of spoilage, measurement of the sus-
ceptibility of oils to oxidative rancidity, and finally ex-
perimental.data‘will be given to indicate the influence of

various factors oh the stability of shark liver oils.,

CAUSES OF RANCIDITY AND OXIDATION OF QILS.

The term rancidity is usually employed to denote
deterioration in flavour and odour of fats and oils. It
is generally accepted that deterioration can be caused by

- (i) absorption of foreign odoursg

(11) enzymatic or microbiological action;

(iii) atmospheric oxidatioﬁ; |
or by combinations of these factors., By far the most im-
portant factor, from a scientific point of view, is oxida-
tion, causing a type of spoilage known as "oxidative
rancidity", To the manufacturers of food, and edible or
industrial oils, oxidative rancidity spells disaster,
Oxidative rancidityvis usually accelerafed by such factors
as light, heat, metallic or other catalysts and these will
be discussed in the following chapters.

The mechanism of autoxidation is not yet fully
understood. Leal? givéé an excellent review of the
theories, In fish liver oils, oxidative rancidity or the

products formed during autoxidation, cause serious losses

11

of vitamin A, This has been proved by Lea and forcibly

confirmed by results obtained by the author (results in

following chapter). In addition, rancid flavours caused

"by microbiological spoilage in the liver before processing,

or by oxidation in the oil after processing, seriously af-
fect the quality and value of liver oils to be used in food

veoosos/fortification
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fortification or medicinal preparationss in fact rancid
fats may even be injurious to healthl3°

Organoleptic tests alone are not sensitive enough
to detect rancidity, especially iﬁ the early §tages; more=-
over it is impossible to assign numerical values to the re-
sults of such tests, It becomes necessary then to make use
of chemical methods, . |

Upon supjecting an oil to the presence of air or
oxygen, there is usually a period during which no detect-
able réaction ocecurs, This is called the Induction Peridd.@P)
After this, autoxidation sets in and reaction or decompo-
sition products are formed which give riée to phenoména
that denote spoilage. The problem of measuring the sta-
bility of an oil, or its resistance to oxidation, is re-
solved intc finding a method of measuring the induction
period i,e, chemical or physical means of detecting reaction
products formed immediately after the end of the induction
neriod, or means of detecting the point at which oxygen 1is
being rapidly absorbed. - The'induction period then affords
some means of assessing the relative stability of the oil.

The normal rate of interacfion of a fat and
oxygen is usually too slow to provide rapid results, often
required to assist production or to evaluate any product.
Most workers therefore resort to some or other means of
acceleraﬁing this reaction. Acceleration can be produced
by using pure oxygen instead of air, or by increasing the
temperature of the reactibn, or by using pressures greater
than atmospheric, or by making use of the catalytic effects
of 1ight or metals, Such an accelerated oxidation should
nbt depart too drastically from ordinary conditions, but on
the other hand it should provide a rapid and workable con-
trol method for assessing the relative stabilities of oils.
Likewise the method for‘-detecting the formation of break-.
down products, which indicaté the end of the induction,

shouid be rapid, and yet as reliable as possible.

oonon/B-
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. DETECTION AND ESTIMATION OF OXIDATIVE RANCIDITY AND

RELATION BETWEEN CHEMICAL OR PHYSICAL TESTS AND RAN-
CIDITY.

" During the autoxidation of a fat the iodime value

14 and this has been used as a means of detecting the

drops
end -of thé induction period. The author's experience
(Table 29) has been‘that an advanced'state of deterioration,
from the point of destruction of vitamin A, is reached be-
fore a significant drop in I.V. occurs. Moreover the de~-
termination of I.V. is lengthy and cumbersome,

'Chirgwinls and other workers have.shown that
changes in refractive index occurring during autoxidation,
may be used as a means of determining degree of deteriora-
tioﬂ° The changes are not significant enough, however, to
make the method attractive,

The aldehydes produced at the onset of rancidity
can be indicated by the Schiff test, or by the Schipsted
method16 or can be estimated by direct titration with sodium
pisulphitel?,

The estimation of peroxidic compounds forms the

basis of the most common tests for oxidative spoilage. All

theories of autoxidation of fats postulate the primary

formation of peroxidesl8’ 19 and many workers have attempted

to make the best possible use of the estimation of peroxides

20, 21, 24, and rapid

as a measure of the degree of rancidity
peroxide formation as an indication of the end of the
induction period. The author's experiments (Table 28) have
shown how well the rate of peroxide formation indicates the
end of the induction period. . Perhaps the best review of
relationship between peroxide formation and deterioration

is that given by Kerr and Sorber22

s who state inter alia
that during oxidation there is development of free acid
first of all, then a drop in free acid, then a drop in io-
dine value, an increase in non-sap., and then fixation of

oxygen in peroxidic form,

. 0000 o/Peroxide



48,

Peroxide value is very conveniently determined

iodimetrically by Wheeler's method®S and pefoxide'ddntent'

expressed as '"ml, 0,002N thiosulphate per gram of oil"

also termed "millimoles of peroxide per kilogram of oilq
The method is easy to carry out, requires no special ap-
paratus and has given consistently reproducable results.
Another method which, however, appears to be
out of fashion, is the modified Kreis test25, where a
benzene solution of the oil is shaken with conc., hydro-

chloric acid. A solution of phloroglucinol is added, and

- a pink or red colour taken to denote rancidity. The

colour is matched in a Lovibond tintometer, and some

quantitative comparisons are obtainable,

C. MEASUREMENT OF THE SUSCEPTIBILITY OF OILS TO OXIDATION,

(1) General:

As stated earlier, the rate of oxidation of oils
and fats is normally so Slow that many attempts have
been made to devise methods which would permit rapid
measurement of resistance, and give relative, if not
absolute, values, Basically all methods are similar
in that oxidation is accelerated under carefully con-
trolled conditions. lMost usual method of acceleration
is to increase the temperature in an atmosphere of air
or oxygen, The progress of oxidation is then follow-
ed by measurement of the oxygen absorbed or by estima-
tion of the pfoducts of'reactioh. The two phases
should be in equilibrium and this can be attained by
saturating the oil with gas by stirring, or by bubbling
the gas through the liqﬁid, or by dispersion of the oil
in a thin layer. It is essential to observe certain
precautibns in all methods, The most important of
these is that glass apparatus should be scrupulously
clean and that the temperature should be maintained at

BQ...GO./a conStant
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a constant level throughout the experiment, The
author has found the following cleaning procedure ef-
ficient:~

Rinse all glass apparatus with acetone to dis-

~solve the oil, Wash with boiling 20% caustic soda

solution, Rinse and. wash with soap and hot water,

using a bottle brush, Rinse and wash with boiling

chromic acid solution. Rinse well and leave full of

water overnight., Rinse well next morning, dry with

"~ acetone and finally blow out with hot air to remove all

traces of acetone, The following result indicates
the éffect of traces of oxidised oil on .stability test
and also the danger of spoiling a good oil by admix-
ture with low-stability oils,

| | Table 26.

Effect of traces of oxidised oil on
stability of fresh oil.

Induction period by

_liaterial . swift stability test.
Fresh liver -oil : 3% hours
Same oil plus 1% of oil : 12 hours
oxidised to peroxide. H

value of 100

Summary of most'important accelerated oxidation
methods:

In the Schaalymethod269 a definite amount of oil
is incubated in a standard glass container in a hot-
air oven at a constant temperature, usually 60°C,
Rancidity is detected by smell, or by peroxide value
determinations. This method 1s criticised by Beadle27
on the grounds'that it is tedious and involves large
personal errors, Nor could consistent results for the
same oil be obtained in - this study.

The second important method is the oxygen-

' 28

absorption method, described by French et al7~ of which

ces.ese/there are many
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‘there are many variations. Bagically it consists of

maintaining the oil under oxygen pressure at elevated
temperature, usually 70°C, until the pressure drdps,
indicating that oxygen is being absorbed rapidly; The
objec‘tion27 to this method is that it is cumbersomeAto
perform and fhat decomposition products which are not
removed, may interfere,

The most widely used accelerated method is the

" active-oxygen or Swift Stability test29, as modie

fied3o"3l, Basically the method consists of passing
air at a constant rate through samples of oil which
are maintained at a constant temperature, usually

100°¢C, Several samples of the same oil are started at

.regular intervals, and when the first sample has become

distinctly rancid, all the samples are removed and
their peroXide values determined., The pdint at which
rancidity set in can thus be determined. This has
been found a suitable method, easy'to operate, is rapid,
and yields reproducable results,

" The SWift'stability test, comprising the estima-
tion of peroxides while aerating at 100°C, has been

used34 during the recent war in Great Britain by the

team of workers belonging to the Food Investigation

Staff of the Department of Scientific and Industrial
Research, and in part to the Hannah Dairy Research In-
stitute ih Scotlando This team incidentally tried out
a new variation of the oxygen-absorption method, using
haematin as an acdelerator. The Swift test is also
recognised by the American 0il Chemists'! Society35,-
and used extensively in the United States,

,’ Many prominent workers have expressed grave mis-
givings against all accelerated tests to determine
susceptibility to oxidation, Hilditch3? states:

"I believe that the use of accelerated tests at higher

veeo.../temperatures
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temperatures e.g., 100°C will increasingly come to be
regarded as not wholly indicative of what goes on at the
atmospheric temperature, They are so much more con-
venient owing to rapidity,.however, that I fancy they
will be accepted for a long time as a rough guide or
first aﬁpxoimation“, Beadle27 also Qbaects on the
grounds that the air bubbled through the samples creates
conditions which are drastically different from thoseof
ordinary storage. ' As against this, Bickoff et al.33
found agreement‘between stability tests on carotene in
edible oil substrate at 25°C, 40° and 75°C,  Lovern3*
correlated his 100°C stability tests with absorption of
oxygen, bleaching of carotenoids, and develcpment of
tallowy odour and flavour. Corroborative tests were
also run at 3700. Riemenschneider21 found general a-
gfeement between relative stability of lérds determined
by the King fapid methoéwand storage tests for up to 20
months in the dark at 2loCo In addition Riemen-
schneider et al.,36 found fair agreement between stability
values obtained by. the active-oxygen and oxygen-

absorption methods, as indicated by protection factors

of antioxidants.

(iii) Method used in this study:

- The modified Swift staﬁility test has been used,
with minor modifications, This course was adopted
after the method had been tried out well and the ease of
operation and reprodﬁcability of results clearly proved.,
The Wheeler method for estimation of peroxides was used
and found vegy convenient and rapid. Table 27 illus-
trates the duplication obtained, Aeration was-carried
out at 100°C. |

The figures,in Table 27 represent typical oils.
Further reference will be made to this table later on,

At this stage it is sufficient to note the agreement

seosees/0Obtained
































































































































































































































































































