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I VER OILS of the Asiatic varieties of Elasmo- 
branch fish have been studied mostly in Japan 
(Tsujimoto and co-workers, for example).  From 

the semi-quantitative data obtained from these stud- 
ies (10) a fourth class of the  Elasmobranch fish liver 
oil has come into being. This particular group of the 
liver oils is characterized by the high content of the 
saturated acids [nearly 50% of the total fat ty  acids 
in the white shark Carchazias gangeticus (9) and 
64% in the liver oil of the Chinese fan fish (12) ;  
the former consist mostly of palmitie and the latter 
stearic acid]. Detailed analysis of two samples of 
Indian shark liver oils, one from the Bay o~ Bengal 
and the other from the Arabian Sea, but of the same 
species (Galeocerdo raynerl), showed the total satu- 
rated acid contents to be Ca. 40% in both the cases, 
consisting mainly of palmitic acid (7) .  The present 
study has been undertaken to supply more data to 
the above body of information. The two liver oils 
studied (one from the shark Carchc~rias melanopterus 
and the other from the saw-fish, Pristis cuspidatus, 
Bay of Bengal)  proved to belong to Tsujimoto's 
fourth group of Elasmobranch fish liver oil. 

Experimental 

The Ca rchcrias m elanopterus liver oil and the 
Pristis cuspidatus liver oil, herein referred to as oil 
No. 1 and oil No. 2, respectively, were supplied to us 
by U. S. Kini, manager, Government Oil Factory, 
Kozhikode, Ca]icut, Madras. The experimental pro- 
cedure noted below has been followed for the investi- 
gation o f  the two oils. 

The oil was dissolved in acetone (10 times) and 
kept at 0°C. for two weeks, and the precipitated 
phosphatides were removed by filtration through a 
Buehner. To the glyceride portion was added a min- 
imum quantity of potassium hydroxide (25 g. per 
100 g. of the oil) dissolved in 95% alcohol (500 c.e. 
per 10'0 g. of the oil) and heated for three-quarters 
of an hour on a water bath, after which nearly 50% 
of alcohol was distilled off and the resulting soap 
solution was cooled and diluted with water. It is 
preferable to. risk the chance of slightly incomplete 
saponification rather than to incur the rearrangement 
of some of the highly unsaturated components. The 
unsaponifiable matters were removed from the soap 
solution with ether, and the fatty acids were recov- 
ered after decomposing the soap solution with dilute 
mineral acid. The mixed acids obtained were re- 
solved into different fractions according to varying 
degrees of unsaturation, first by the lithium salt ace- 
tone method (11) and then by the Hilditeh's modi- 
fied lead salt alcohol method (2) .  The results are 
summarized in Table I. 

Each group of the acids was separately converted 
into methyl esters, taking the precautions suggested by 
Bjarnason and l~{eara (1) and fractionated through 
Longeneeker's E.H.P.  column (3) .  The mean unsat- 
urations and mean molecular weights of each of the 
sub-fractions were determined. The most unsaturated 
fraction, C, was taken up first without any loss of 
time, then the less unsaturated fraction B, and lastly 
the least unsaturated fraction A. However the ester- 
fraetionation data, along with saponification equiva- 
lents and iodine values, are given in the alphabetical 
order in Table II. 

Ca.reharias Melc~noT~erus 

T A B L E  I I  

Frac t iona t ion  D a t a  of the  Methy l  E s t e r s  A, B, and  C A c i d s  

No. Liver  oil No. 1 ~ Liver  oil No. 2 

g. S .E .  I .V .  g. S.E.  I . V .  

Methyl  esters  of A ac ids  

A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A l l  

3 .19 2 5 4 . 9  1.1 
4 .62  2 6 4 . 8  1.1 
4 .85  " 2 7 1 . 1  1.6 
4 .88  2 7 3 . 0  2.0 
5 .50 2 7 5 . 2  2.0 
4 .90  2 7 9 , 2  2.1 
4 .33  2 8 0 . 7  3.2 
3.72 2 8 9 . 2  5.1 
4 .06  2 9 6 . 3  7.6 
3 .65 3 0 2 . 2  a 12 .0  

3 . ] 4  259 .6  0,0 
3 .88 271 .0  0.0 
3 .83  271 .9  0.0 
3 .64  273 .8  0.1 
3 .86  274 .5  0.1 
4.8]. 275 . ]  0.1 
4 .07  275 .7  0.4 
3 .05  277 .3  2.0 
2 .77  287 .8  3.2 
4 .71  295 .4  5.1 
5 .65 297.85  7.0 

Methy l  esters  of B aeifls 

B1 
B 2  
B3  
B 4  
B5  
B 6  
B 7  
B 8  
B 9  
B 1 0  
B l l  

3.32 2 4 5 , 8  21 .2  
:L99 2 6 4 . 1  67 .4  
4 .12  2 7 2 , 9  79 ,2  
"1.37 2 7 4 , 5  85 ,1  
3 .91  2 8 0 . 3  93 ,5  
3 .29 2 8 6 . 3  9"8.4 
4 .57  2 9 3 . 6  106 .9  
4 .17  2 9 3 . 7  1 1 9 . 8  
3 .72 3 0 2 . 2  166 .7  
4 .76  321 .8  2 5 4 . 8  
4 ,24  3 3 4 . 9  a 165 .0  

2 .90  262 .3  45 .3  
3 .82  269 .7  62 .2  
3 .96  28]  .0 70 .3  
4 .88  288 .3  76 .9  
5 .03 293 .8  8 1 . i  
5 .39  399 .4  85 .4  
5 .17 2 9 9 . 6  92 .6  
4 .89  300.1  101 .3  
4 .41  300 .4  1 1 1 . 4  
4 .65  318 .0  165 .8  
3 .55  325 .8  b 1 5 9 . 4  

Methyl  esters  of C ac ids  

C1 
C2 
C3 
0 4  
C5 
C'6 
(57 
C8 
C9 
G10 

3.74 2 8 0 , 2  136 .9  
3.93 2 8 8 . 9  173 .1  
4 .45  307 .2  2 3 8 . 6  
5.08 321 .3  2 6 8 . 2  
4 .67  335 .3  2 7 7 . 6  
4 .27  340 .2  2 9 1 . 6  
4 .25  3 4 8 . 0  325 .7  
3 .31 3 5 4 . 0  2'52.0 
3.23 356 .6  1 4 6 . 7  
4 .92  3 6 2 . 4  a 124 .7  

3 .45  278 .7  125 .5  
3 .54  306 .6  163 .3  
3 .87  315.2  2 1 7 . 7  
4 .46  329.5  2 5 1 . 0  
3 .94  354 .5  2'61.7 
2 .29  360 .0  2 2 0 . 9  
2 .37  365 .4  1 3 6 . 8  
2 .76  372.3  b 1 3 7 . 4  

S. E .  of esters,  a f ter  e x t r a c t i n g  the unsapon i f iab le  mat ter  w i t h  ethex,  
A1O. 2 9 9 . 9 ;  B11 ,  3 2 7 . 7 ;  C10~ 358 .0 .  

b S. E .  of esters~ af ter  e x t r a c t i n g  the  unsapon i f iab le  mat ter  w i t h  ethex, 
A l l ,  2 9 6 . 2 ;  B l l ,  3 1 9 . 6 ;  C8, 365 .9 .  

The compositions of each of the ester-fractions were 
calculated from the saponification equivalent and the 
iodine value according to the method of Hilditch (2) .  
As usual, the mean unsaturation, expressed as the 
fractional number of hydrogen atoms short of satu- 
ration, for example, - - 2 . 0 H  (monoethenoid),  was de- 
termined by interpolation or extrapolation from the 

T A B L E  I 

Crysta l l izat ion  Of the  M i x e d  ]0~atty Ac ids  

L iver  oil No. 1 Liver  oil No. 2 
Frac t ion  Descr ip t ion  

g. % I.V. g. % I .V .  

A L i t h i u m  soaps  insoI, in acetone,  but  lead salts  inso luble  in ethanol  ........ 57 .0  27 .4  8.2 54 .0  32.6  1.2 
B L i t h i u m  soaps  insoh in acetone ,  l ead soaps soluble  in e thanol  . . . . . . . . . . . . . . . .  71 .0  34.1  120 .2  81.(7 47 .4  l l O . 0  
C L i t h i u m  soaps  soluble  in ace tone  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80 .0  38.5  2 4 4 . 0  35 .0  20 .0  195 .6  

3 3 2  
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Carcharias Melanop~erus L i v e r  Oil No. 1 

WABLE I I I  

Component  Acids of F rac t ions  ( Inc r emen t s  % wt.)  

Acids 

Sa tu ra t ed  
~ 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~ S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

O S 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U n s a t u r a t e d  

0 1 8 . . ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 2 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~ 2 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Unsaponif iables  ..................................... 

A 
(27 .4% )  

1.49 
15.78 

8.91 
0.08 

0 .02( - -2 .0 )  
0.33 (- -2 .0)  
0.73 (- -2 .0)  
0 .04 ( - -2 .0 )  

0.02 

B 
(34 .1%)  

1.61 
2.64 
0.57 

0.78 (- -2 .0)  
8.22 ( - -2 .0)  

12.35 ( - -2 .9)  
6,40 (- -4 .9)  
1.46 ( - -7 ,1 )  

0.07 

C 
(38 .5%)  

2.24 (:22.3) 
6 .54 ( - -4 ,7 )  
8 .73 ( - -7 .0 )  

•5.62 ( - -9 .0)  
5 .31 ( - -11 .07 )  

0.06 

Total  

3.10 
18.42 

9.48 
0.08 

0.80 
10.79 ( - -2 .1H)  ~ 
19.62 (--3.(i) 
15 .17( - -6 .1 )  
17.08 (--9.0)  

5.31 (--11.0 ?) 
0.15 

Acids ex. N. S. a 

% wt. % mol, 

3.11 3.87 
18.4.5 20,50 

9.49 9.50 
0.08 0.07 

0.80 1.01 
10.80 12.10 
19.65 19.92 
15.20 14.12 
17.10 14.68 

5.32 4.23 

a E x c l u d i n g  non-sap;onifiable mat ter .  

ester fractions in each of the groups B and C from 
which the mean equivalent of each of the homologues 
ester groups (C~, Czs, C2o, etc.) follows. The final 
fat ty acid composition of the original oil was built 
up from these figures, giving the data in Tables I 
and II, and is recorded in Table I I I  for oil No. 1 
and Table IV for oil No. 2. 

D i s c u s s i o n  

The two liver oils, oil No. 1 and oil No. 2, from the 
livers of Carcharias melanopterus and Pristis cuspi- 
datus, respectively, belonging to the Carchariidae and 
Pristidae families, had iodine values 140.5 and 92.9, 
respectively. This difference in their unsaturations is 
clearly manifest when we compare the component 
fat ty acids of the two oils (Table V). The C. melan- 
opterus (shark) and Pristis cuspidatus (saw-fish) are 
of the same order Selachii and were caught off the 
Madras coast. 

Great similarities in the component acids of the two 
oils, though of different families, become apparent on 
perusal of Table V. The total saturated acid contents 
are 31.1 and 36.9% for the liver oils No. 1 and 2, 
respectively. The predominant saturated fat ty acid 
is. palmitic acid (18.4% in oil No. 1 and 22.9% in oil 
No. 2) with subsidiary amounts of stearic (9.5% and 
12.7%) and minor amounts of myristic acids (3.1% 
and 1.2%, respectively). Arachidie acid is present 
in traces only (0.1% in both cases). Unsaturated 
acid contents are 68.9 and 63.1%, respectively. The 
unsaturated acids are mainly C~ (10.8 and 8.2%), 
Cls (19.7 and 28.5%), C2o (15.2 and 16.4%), w i t h  
traces of C~4 monoethenoids (0.8 and 0.2%, respec- 
tively). Besides these, oil No. 1 contains C22 17.]% 
and C~4 5.3%, and oil No. 2 contains C22 5.2% and 
C24 acids 4.6%. The degree of unsaturation of the 

different groups of unsaturated acids is varying. The 
acids in oil No. 1 (I.V. 140.5 are more unsaturated 
than the corresponding acids in oil No. 2 (I.V. 92.5). 

The Elasmobranch fish liver oils have been classi- 
fied into four broad groups by Tsujimoto (10). The 
first three groups differ in the unsaturated acids Con- 
tents, their actual proportions and degrees of unsatu- 
rations. But all these three groups of liver oils are 
typically "mar ine"  type in their fat ty acid compo- 
sitions, where the saturated acid content is always 
around 20% of the total fat ty acids. The fourth 
group of liver oils is characterized by remarkably 
high proportions of saturated acids content. The liver 
oils of the shark, Carcharius gangeticus, is claimed by 
Tsujimoto (9) to contain 50% of saturated acids, 
mainly pa]mitic, with 50% of unsaturated acids, al- 
most wholly hexedecenoic and oleic. The liver oil 
from the Chinese fan-fish, Da~ycdis akejei (12), was 
similarly found to contain 65% of saturated acids in 
its total fat ty acids, with stearic (46%) predominat- 
ing, and !9% of palmitic acid. The unsaturated C18 
acids were found to be 30% with the mean unsatu- 
ration --3.6H. As previously mentioned, the above 
data have been obtained from partially quantitative 
analysis of the oil. The first detailed analysis of type 
of oil is from the Indian shark, Galeocerdo rayneri 
(8), family Carchariidae. The fat ty acid composi- 
tions of two samples of G. rayneri liver oils (i. Bom- 
bay sample and it. Madras sample), two samples of 
C. mela.noplerus livers (the first one being Bombay 
sample and the second one Madras sample No. 1) and 
P. cuspida,tus liver oil (oil No. 2) are given in Table 
V in the order mentioned above. The total saturated 
acids are 41, 40, 34, 31, and 37%, respectively, with 
about 25, 24, 19, 18, and 23% of palmitic acid; and 
about 11, 14.5, 9, 9.5, and 13% stearic acids. Myristic 
acid is present in minor amounts only (3.3, 1.5, 4.4, 

Pristiv Cuspida~us L i v e r  Oil NO. 2 

T A B L E  I V  

Component  Acids of F rac t i ons  ( Inc remen t s  % wt . )  

Acids ex. N. S. a 
Total  A Acids ( 32.6% ) 

Sa tu ra t ed  
o~ ..................................................... 0.82 
Cls .................................................... 20.03 
Ci~ .................................................... 11.06 
02o .................................................... I 

U n s a t u r a t e d  [ 
c~ 

0.05 i"'2.o) O 1 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
::::::::::::::::::::::::::::::::::::::::::::::::::::: 0.62 (-2.o) 

Unsaponi f iab les  ...................... : ............. / 0.02 

B 
(47 .4%)  

0.39 
2.87 
1.64 
0.07 

0.25 ( - -2 .0)  
6 .66 ( - -2 .0 )  

24.95 ( - -2 .0)  
10 .50 ( - -4 .9 )  

0.07 

(20.0% 

1 4 4 ( - - 2 . 0 )  
2.92 ( - -4 .3)  
5.85(--5.9) 
5.16(--7.4) 
4.60 (- -11.0 ?) 

0.03 

1.21 
22.90 
12.70 

0 

- 0.25 ( - -2 .0)  
8 .15 ( - -2 .0 )  

28,49 (- -2 .2)  
16.35 (- -5 .3)  

5 .16( - -7 .4 )  
4 . 6 0 ( - - 1 1 . 0 ? )  

0.12 

% -wt. % tool. 

1.21 1.51 
22.93 25.14 
12.72 12.57 

0.07 0,07 

0.25 0.31 
8.16 9.02 

28.53 28.43 
16.36 14.98 

5.17 4.36 
4.60 3.61 

a E x e l u d i n g  nen-saponif lable  mat te r .  
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TABLE V 

Component Acids (% Wt.) of Shark  (and Related) 
Fish Liver  Oils 

Acids 

Laur ic  ..................................... ; ............................................... 
N[yristSc ..................................................................................... 
Palmit ic  ................................................................................... 
Stearic ....................................................................................... 
Araehidic ................................................................................. 
Unsatura ted  

C 1 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C~ ............................................... : ........................................ 
C%6 . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C18  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . .  

COO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C~2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . .  

)/lean unsatur~t ion of 
C~2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C)16 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(]18 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C o o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C~2 . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C24  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Galeocerdo ray~eri 

i (7) ii 

0.4 
3.3 1.5 

24.9 23.6 
11.1 14.5 

1.2 0.3 

0.1 
1.1 0.2 

11.2 10.9 
19.6 23.3 
22.3 11.6 

4.8 12.2 
.... 1.9 

- -2 .0H 
--2.oH --~:bH 
- -2 .6H - -2 .0H 
~ 3 . 9 H  - -2 .6H 
- -7 .0H - -5 .8H 

- -10.6H ? - -8 .4H 
.... - -11 .0H ? 

G~zrcharias m(clanapteru~ 

(author)  
(8) Oil No. 1 

Trace  
44 ~:~ 

18.5 18.4 
9.0 9.5 
1.8 0.1 

12.7 10.8 
20.0 19.7 
19.0 15.2 

7.3 17.1 
4.4 5.3 

- -2 .0H --2".0H 
- -2 .1H - - 2 . l i t  
- -4 .0H ~3.6I-I 
- -6 .8H - -6 .1H 
- -9 .9H - -8 .8H 

- - l l . 0 I - I  ~ - - l l . 0 H  

P r ~ / s  
euspldatus 

(author)  
Oil No. 2 

1.2 
22.9 
12.7 

O.1 

0.2 
8.2 

28.5 
16.4 

5.2 
4.6 

--2 .OH 
--2.OH 
- -2 .2H 
- -5 .3H 
- -7 .4H 

- - l l . 0 H  ? 

3.1, and 1.2%) along with traces of arachidic acid in 
all the five oils. 

The total unsaturated acids are 59, 60, 66, 69, and 
63%, respectively, consisting of 11, 11, 13, 11, and 8% 
of unsaturated Cls acids, and 20, 23, 20, 20, and 
28.5% of unsaturated C18 acids; along with 27, 26, 
31, 37.6, and 27% of C~o and above polycthenoids. 
Traces of C~4 monoethenoids occur in all the five 
cases. C24 polyethenoids (1.9, 4.4, 5.3, and 4.6%) 
occur except in G. rayneri 1. It  is clear from the 
above that, though there are naturally subordinate 
differences in the actual proportions of the various 
acids, the over-all pattern of distribution of the 
saturated acids as well as the different groups of 
unsaturated acids and their degree of unsaturations 
is, broadly speaking, very similar. This is as to be 
expected in that fats, in their fatty acid compositions, 
have been found to align themselves in groups accord- 
ing to their biological origin. Such specific effects 
connected with phytogenetical relationships are now 
very well recognized in the vegetable fats and also 
animal (land and aquatic) fats. 

The saturated acid content (Ca. 40%) in the above 
cases is abnormally high in comparison to that of a 
typical marine fat (Ca. 20%). This shows evidence 
of bio-hydrogenation which takes the form of simul- 
taneous hydrogenation of polyethylenic and mono- 
ethylenic members in the normal preformed marine 
fat. Such selective modification of the ingested fat 
[the main source of depot fats in aquatic animals 

seems to. be a characteristic of this particular group 
(IV group) of Elasmobranch fish (4)]. 

The relatively less amount of saturated acids (31%) 
content in oil No. 1 is noteworthy, as compared to the 
usual saturated acid content (Ca. 40%). This deficit 
has been made up in the C~o and above polyethenoids. 
This brings to mind the New Zealand shark, Gale- 
orhinus australis, liver oil (6) which was found to 
contain 23% of saturated acids and 42% of C-~o and 
above polyethenoids, the latter closely resembling the 
figure 38% for oil No. 1. Lovern (5) has remarked, 
"Wha t  is certain is that Elasmobranch oils may be 
of diversified compositions, but it is possible that 
fats exist with compositions intermediate between the 
types (the four groups mentioned above) and that a 
gradual transition could be shown from one extreme 
to another." Such a possibility is pointed out by the 
present study. At present the data available are still 
too sparse to allow any definite conclusion. 

Summary 
1. Two liver oils (Elasmobranch) from Carcharias 

melanopterus and Pristis cuspic~atus, caught off the 
Madras coast are studied, and their component fatty 
acids are reported. 

2. The mixed acids were separated into three groups 
(varying unsaturation) of acids, and their methyl- 
esters were fractionated. 

3. The liver oils are found to belong to the fourth 
group of Tsujimoto's classification of Elasmobranch 
fish liver oils. Carcharias melanapterus liver oil con- 
tains 31.1% unsaturated acids (myristic 3.1, palmitic 
18.4, stcaric 9.5, and 0.1% arachidic) and 68.9% un- 
saturated acids (C16 10.8, Cls 19.7, C2o 15.2, C~2 17.1, 
C2~ 5.3%, and traces of C14 monoethenoid). Pristis 
cuspidatus liver oil contains 36.9% saturated acids 
(myristic 1.2, palmitic 22.9, stearic 12.7, and arachidic 
0.1%) and 67.1% unsaturated acids (C~6 8.2, Cls 28.5) 
C~o 16.4, C2: 5.2, C24 4.6%, and traces of C~4 mono- 
ethenoid). The unsaturations of the different groups 
of acids are almost of the same order. 

4. The abnormal content of saturated acids can be 
explained by the process of bio-hydrogenation. The 
relatively less amount of saturated acids in Carchariaz 
melanopterus liver oil along with its higher content 
of polyethylenic acids (C2o and above) points strongly 
to the possible presence of intermediate types of fats 
among the four groups of Elasmobranch oils. 
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