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Introduction

In the preliminary report about the oils from the livers of the
adriatic Elasmiobronchias it was indicated to the possibility of
their practical utilisation with.regard to the high content of oil
in the liver, as well as to the great percentile part of the liver in
the weight of their bodies.

In" the continuation of these works the physical and chemical
characters of oils from the liver of different Selachias were exa
mined, while the researches about the oils from the livers of
other sorts of Elasmobranchias will be brought in the next de-
monstrations.

The greatest part of these sorts can also be found in other
seas, thus their oils are examined in a great deal, especially by
Tsujimoto, Schmidt-Nielsen and other authors.
But as the results of the particular authors diverge, owing per-
haps to the different methods of their works or even more per-
haps to the ecological factors, the necessity appeared tof carry
out systematical researches on adriatic sorts by the application
of a single method.

EXPERIMENTAL PART

Preparation of samples for analysis

For all the researches in the frame of this work the oils from
the livers were obtained by filtering, except the oil of Seyllium
canicula, which is gained by extraction with the help ot ethyl
ether.



. Grossly reducend to pieces the livers are kept in a termostate
at a temperature of 70—80 degrees C for cca one hour. The se-
parated oil is decanted and filtered over anhydrous natrium sulp-
hate in a funel for the warm filtration{ I# can be observed that
some livers separate the oil very easily, while some of them
don't separate anything although they contain af great percen-
tage of oil. From such livers the oil is being obtained by filtration
through a tissue for collation. The oils are kept in brown bottles
under inert gas (COy).

For the analysis native oils arel used, without removing the
glyceride which is being separated at lower temperatures.

A. PHYSICAL CHARACTERS OF OILS.
The specific gravity of the oil is being fixed by means of a
pycnometer and calculated on ]—; C. The fixation of the refrac-

tive index has been carried out with the refractometer by Zeiss-
Volny. The solidification point of the oil has been fixed according
to the usual rules.

B. CHEMICAL CHARACTERS OF OILS.

1. The unsaponifiable matter.

The determination of the unsaponifiable part has been de-
cided by Fahrion's method, which has proved to be a specially
appropriate one for the examinations of fish oils. The shaking of
the unsaponifiable part with the help of ethylether by this method
has given much better results than the shaking with petrolether
by other methods. The defectivness of Fahrion's method is the
fact that in some cases there arise rather long lasting emulsions,
which have to be removed by addition of small quantities of
alcohol. The unsaponifiable rest is being dried at 100 degrees C
to its constant gravity.

2. The free fatty acid value

The determination of the value of acidity has been decided
in.the usual way by the titration with n/10 KOH together with
phenolphatalein as indisator. For the analysis the oilis being dis-
solved in o 50 ccm mash of equal parts of other and entirely
neutral alcohol. b
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3. Saponification number

By this fixation it has been proceeded according to the rules,
indicated in the Jugoslaw pharmacopoeia, About 2 gr. oil have
been soaped with 25 ccm. of cca. 0,5n alcoholic KOH on a wa-
ter bath, thus that it was being under a constant boiling for 30
minutes. The hot solution was being titrated with 0,5n HCI with
phenolphtalein as indicator. ;

Affter that 25 ccm. of 0,5 n KOH was being ‘warmed. til its
boiling for 30 minutes and titrated with 0,5 n HCI.

. If we mark the weighed quantity of oil with A and theiquan-
tité of the alcoholic KOH:spent for soaping, the used quantity of
oil with D, we get the saponification number calculating by the
following formula: '
28,05.D

saponification number = N

4. lodine number

A particular attention has been devoted to the determination
of the iodine number. Because of the deficiency of the necessary
chemicals the determination by Hanus or Wijs could not be made,
therefore the sccalled bromometric method was used, which also
gives very exact results. By the 'effect of kalium bromat on kalium
bromide the free brome arises which binds itself on the oil. The
superfluity of brome is being retitrated with the help of natrium
arsenite.

0,15—0,2 gr. oil is being weighed in Erlenmayers’ little flask
with a glass stopper and dissolved in 10 ccm. of tetrachlormethao-
ne. 50 ccm. n/10 KBrO3, 1 gr. KBr and 10 ccm. of diluted HCI
(12,5%) is being added and sorrowly shaken. Before adding the
acid the stopper is to be smeared with concentrated phosphor
acid because of the isolation. _

After 20 hours standing in darkness it is being well shaken
again, adding 10 ccm. n/2 Natrium-arsenite to it and shaken for
so long till the solution gets entirely discoloured. Thereafter 20
ccm. of concentrated HCl is being added and titrated with n/10
KBrO; with an addition of some drops of indigocarmine till a
faint yellow colour.

The blind edperiment has been made in that way that 10 ccm.
tetrachlormetane with 25 cem. n/10 KBr0s; and 10 ccm. diluted HCI
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(12,5%,) has been left in the dark for 20 hours, thgreafter, after
adding 10 ccm. of Natrium arsenite and 20 ccm. of concentrated
HCI, titrated with some drops of indigocarmine till a faint yellow
colour. '

If we mark the number of cubics of in/10 KBr0; spent on the
titration of the oil (50 measured — consumption on the fitration)
with a, the cubics spent on the fitration of the blind experiment
(25 measured — consumption on the titration) with b and the
weighed quantity of oil with g, then the iodine number is to be
calculated by the following formula:

_(a—b).1,2692

iodine number: ;

5. Reichert-Meissl' s number.

With the water vapour the faity acids, which are marked by
Reichert-Meissl' s number, are being determined by means of an
apparatus of strictly prescribed dimensions. For the analysis 5 g
of oil soaped with 2 ccm. 509, NaOH and the addition of 5 ccm.
waterless glycerin is being used. After 5 minutes soaping, 90
ccm. hot distilled water, 50 ccm. diluted HySOy4 (20 cemi. of con-
centrated acid on 1 liter of water) are being added.

The distillation is being regulated in that way that 110 ccm.
of the distillment is to be put down in 20 minutes. Of the fil-
trated distillment 100 ccm. with n/10 KOH and an addition of
phenolphtalein as indicator are being titrated.

The blind test is performed in the same way, but without the
use of oil. :

The difference of the consumption of kalium hydrate by the
titration at the main test multiplicated with 1,1 gives the Reichert-
Meissl's number. ‘

6. The determination of Hehner’s number.

By this number the quantity of in water insoluble fatty acides,
included the unsaponifiable matter, is being expressed in per-
centages. ;

2—3 g of oil is being soaped on a water bath with 50 ccm.
alcohol and 1 g. kalium hydrate. After the alcohol whis disva-
poured, the rest is being dissolved in 50 ccm. warm water and
acidulated with 20% HCI till the strong sour reaction. After the
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separation of the fatty acids a small weighed quantity of paraffin
is being added, less the acides might not pass through the filter.
The solution has to be left on a hot water bath, till the fatty acids
are separated on the surface and the fluid below them gets
clear. When the acids have got solid, the solution is being fil-
tered through a weighed filter and washed for so long till the
reaction on, chlorids disappears. The filter with the fatty acids is
being dried in a small tared bowl for weighing at 95 degress C
till its constant weight. Because of the prevention of the oxida-
tion of fatty acids it is being dried in an atmosphere of inert gas.

C. THE PHYSICAL AND CHEMICAL PROPERTIES OF FATTY
ACIDS.

The fixation of physical and chemical constants shown on the
Table 3 is made according to the former indicated prescriptions.
The quantity of insoluble hexabromides is being fixed in the fol-
lowing wiay:

From. the water solution of kalium salts of fatty acids, req
mained at the determination of the unsaponifiable rest, the fatty
acids are precipitated with a 20 percentile HCI acid and shaken
with ether. The ether solution is being washed with water till the
disappearence of the reaction on chlorides and dried with the
help of waterless natrium' sulphate. The larger part of ether is
being foredistilled on a water bath and the rest removed by
drying iin the drying place at 60—70 degress C in the current of
inert gas.

About T g. of the fatty acids is being dissolved in 10 ccm. of
ether and cooled in the refrigerator through 10 minutes at -10
degrees C. Into this cooled up solution 0,4 ccm. of bromine are
being added, drop by drop from the microbirette al constant
stirring. After 2 hours of cooling at -5 degrees C the bromed mass
is being moved into the little_tube of the centrifuge and. centri-
fuged cca 5 minutes. The etheral solution is being thrown away,
while hexabromides are being shaken with 5 ccm. of ether
(-10 C) and centrifugated anew. This is being repeated for so long
till the hexabromides get entirely white. After drying at 100 de-
grees C till the constant gravity the weight is being calculated on
the used quantity of fatty acids.



able I

Physical properties of oils from adriatic

Elasmobranchia livers

Specific

Refractive

- . Solidifi-
Species gravity index cation Colour
d i 20 point
4 "D
. light yellow-
Acanthm.s . 0,9.03 1,4769 2 nearly
vulgaris Risso 1.4786 Soloulass
Scyllium ’ gold
0,9215 1,4787 —2
stellaris L : coloured
Scyllium = 1,4816 — light brown
canicula L.
Mustellus
vulgaris 0,9291 1,4805 7 light yellow
(Miill. et Henle)
Maustellus 1’4749 orange
2
laevis. Risso 0,9247 1,4798 8 coloured
Galeus 0,9394 1,4805 6~7 light yellow
canis Bp. g
Lamna = light yellow-
cornubica 0,93i1 1,4836 5~6 nearly i-
(Gmel.) colourless
Squatina 1,4846 gold
angelus Bp. 0,9323 1,4875 4 coloured




Table 1.

Chemical properties of oils from adriatic

Elasmobranchia livers

Unsapo-| Free | Soponi- Jodiris Reichert H
Species- nifiable fatty | fication 9 '_rfe Meissl |- ebrer
o matier acid || No. No: - No. No.
Acanthias 176 !
valgaris 6,28 0,7 ey 156 0,2 <8,
Ri 192,3 &
isso

Scyllium . < 175 —

6,32 0,3 19 0,3 94,5
stella)is L. ? 175,7 )
Scyllium 150— 7

— 4,3 201,3 0,9 87,8
canicula L. 150,9
Mustellus
e 2,56 2 180,9 167 | 0,8—1 96,4
(Mill et Henle)
Mustellus
laevis 1,95 0,3 195,3 . 146 0,1 93,2
Risso
Ga'eus . "
canis Bp. 0.71 0,5 186,7 159,8 0,16 8R4
Lamna 11— .
cornubica 3,25 ]’3 195,6 176 0,27 92,7
(Gmel ) .
Squatina 1 201,3— .
aidos Bp| 05 0,4 191 508 o1 | 956




Table 11J.

Physical and chemical properties of fatty acids from

adriatic Elasmobranchia liver oils

Unso-

So idi- Melti Neu'rali- .
Species fication = "mg Colour | zotion Jodine | luble
point point ides. No. hexlabro-
mides
Acanthias b 4
vulgaris 30 32 | light 178,5 33—1 985
Risso browq 139
Scyllium 113,9 -
28 34 197,6 2 20,9
stellaris L. yellow 120,3
Mas'ellus’ -
olgdrt 31 34 "gh' 1961 | 1651— [ 459
[Mill. et Henle) fown 168,5 :
Mustellus orange :
laevis 32 35 cote- | 1952 | 181 513
Risso ured 1o '
Galeus 32 %6 light 195.2 165,4— 19.7
canis Bp. brown ’ 167,5 ’
Lamna )
cornubica 32 35 | light 1868 | 1855 15,5
(Gmel.) : brown
SZ::Z"“ Bo| ¥ 34 | brown | 1908 | 1705 19,9
us .
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Table 1V.

Qualitative reactions of adriatic Elasmobranchia
liver oils
n 3 o
o s | 6| 2 >3
G £ 4 - | €O
Species o 32 T i Tortelli ou HCI
3 &) + = Jaftfe aE conc
O (@] o - T
o Z @ T _g-s
I I O (O] a
4 after
canthias 1 min. .
vulgaris violet | violet | violet | 9ark inten- dork ==
: violet | sjvely green
Risso
green
after
Scyllium [eebly 5 min :
ellow brown | yellow reen —
atellaris T, |7 violet i ¢ feebly 9
green
Scy’lium red b red light
rown brown — =
canicula L. | brown brown green
Mustellus
S dark ; dark | dark =
vi garts violet Victe! violet | violef e
(Miill et Henle)
Mustell after
l“”_ i red " light i 5 min. | daork
l:_"”s brown [ °"OWM | viclet | YEUOW [ olive- | green |
1880 green
after
Galeus ol dark | dark 5 min. | light
canis Bp. violet | Violel | Jiriet | violet | olive- green o
green
Lamnab. X feebly ) ; o;ter. ‘|ight
cornubica rown violet rown rown min. green —
(Gmel.) green
Squatina |red [red | violet | °;'er. light
angelus B. | brown | brown | red A R green &
green
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DISCUSSION

In regard of the specific gravity and the refractometrical in-
dex it doesen't almost exist any difference between one's own re-
searches and datas, which have been found for the same sorts
in other seas. In some cases there have been achieved smaller
and in others greater results. For the solidification point of oil
there almost have not been found any datas, which could be
compared with one's owins, except for the picked dogfish, for
which Berlingozzi (3) dlleges the solidification point of -3
fill — 5 C. |

The colour of the oil is characteristical for each sort and on-
ly in rare- probably pathological — cases a difference in the
colour-can be observed. Till, the temperature of 20 degrees C
they are clear and transparent. Below this temperature they be-
gin to get troubled and below 15 degrees C the Iouger part of
them separates solid glycerides.

This group of fish oils distinguishes it self generally by a high
content of unsaponifiable substances, which reaches by some
sorts also 80%. These unsaponifiable substances consist in the
main point of unsatured hydrocarbon squalen, further batyl and
selachyl alcohol and, cholesterin. All these substances diminish
the practical value of oils. In all sorts of adriatic Elasmobranchis,
researched up to now, the unsaponifiaoble rest is a very small one,
in some cases even smaller than the value found for the same
sorts by other autors. Thus Schmidt-Nielsen and A.
Flood (1) have found by the picked dogfish 7,7-12,7%, land
Lexov (2) 12,31%. According to the work of Berlingozzi
(3) the quantity of the unsoapy rest amounts af this sort to 1,53%
thus less than it has been found at one’s own researches. Also by
some other sorts the own results are greater ones than the value
found for the same sorts in other seas. Marcelet (4) has
found only 0,9% by the sort Seyllium stellaris and Tsujimoto
(5) 2,51% of unsoapy part by the mackerel shark (Lamma cornu-
bica). The compound of the unsoapy part is not comjprehended
in these researches. :

The free acid value by this oils is a very small one as rule
and only in rare cases is it greater than 2. In this point the lite-
rary datas are conform; with the own results.
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The saponification number generally differs between 180 and
195. The same values havel been found at the same ior similar
sorts_ by other researchers, Solely Schmidt-Nielsen (1)
has found a smaller number of saponification (153—166) by, pi-
cked dogfish (Acanthias vulgaris).

. At the determination of the iodine number there have been
found rather dlfferenf values. By the picked dogfish the iodine
number is a much greater one than the values found by
Schmidt-Nielsen (1) 103—128, Lexov (2) 110,1 ‘and
Berlingozzi (3) 140. Also by Squatina angelus a greatfer
iodine number wias found than it is alleged by Lewkowitch
(7) 157,3. In the other cases the iodine number conforms with the
values found by other authors as far as the question is of oils
gained in the same way, e. i. by filtering. According to the quan-
tity of unsaturated acids. these oils can be comprised among
druying oils. An exceptive case of the oil from the livers of the
Elasmobranchis with a low iodine number (56,5) has been found
by Tsujimoto (6) e. i. alf a sort of shark (mejiro-zame) from
the Pacific. 28 '

About the vapourable and in wiater dissoluble fatty acids
there cannot be found any datas in the disposable literature. So-
lely Berlingozzi alleges the Reichert Meissl’s number 0,6
for the Acanthias vulgaris. In one's own work the values found are
very small ones and correspond to the values of the cod liver oil.

For Hehner s number e. j. the quantity oil in water insoluble
fatty acids, the unsaponifiable rest included, there has also been
found the data ot Berlingozzi (3) e. i. for Acanthias vulga-
ris (94). Of the examined sorts two distinguish themseives by the
relatively low Hehner's s number, e. i. Syllium yanicula and Ga-
leus canis, while at the other sorts it is between 93—98.

In regard of some characters, especialy physical ones, the
fatty' acids show a great conformation, while in chemical con-
stants, as the iodine number and the insoluble hexabromides
they differ considerably. Verifying the datas from the literature
it was not possible to confirm Marcelet's (6) statement accor-
ding to which the acids from the liver oil of Scyllium stellaris con-
tains 469, insoluble hexabromides.

Also in regard of the qualitative reactions between these oils
there exist certain differences, that is very interesting just with
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regard to the fact that the question is of very nearly related sorts.
There are in general two tékes, e. i. one, which gives with concen-
trated sulphur acid and fumans nitric acid a dark violet colou-
ring, and the other, which gives with the same reagents a brown
or red-brown colour. Acording to Tortelli-Jaffe the reaction for
fish oils is also not equal everywhere. By the picked dogfish it is
intense green, by the sort Mustellus vulgaris yellow and by the
sort Geleus canis olive green, It is inferesting that the reaction
with phosphomolydaenic  acid either doesn't always give the
same colour, but changes all possible nuances between dark
green and light green.
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ISTRAZIVANJA O ULJIMA I1Z JETARA ELASMOBRANCHIA

Il. saopéenije

Zakljuéak:

Ulja iz jetara razlicitih Elasmobranchia veé su vise puta bila
predmetom: istrazivanja. lzmedu rezultata pojedinih autora po-
stoje dosta velika razmimoilaZenja, $to je vierojatno posijedica
razli¢itih metodal, rada, a jo$ vise mozda ekoloskih faktora. Da
bi se dobio pregled o svojstvima ulja iz jadranskih Elasmobran-
chia, te ista moglo usporediti sa svojstvima istih vrsta u; drugim
morimia, podvrgnute su sve| jadranske vrste sistematskom ispiti-
vanju i to sa istom metodikom. Pri tome su odredene i razne dru-
ge konstante kojih dosadasnja literatura ne spominije.

. Ui prilozenim tabelamia izneseni su rezultati izvrienih istra-
Zivanja. Za ispitivanje upotrebliena su ulja dobivena iz jetara
cijedjenjem: i to bez prethodnog uklanjanja &vrstih glicerida koji
se podinju izluéivati kod temperature ispod 20 C. A

Primjecuje se, da je koli¢ina neosapunjivih tvari razmijerno
vrlo mala, pogotovo ako uzmemo u obzir da kod ulja iz jetara
nekih Elasmobranchia moze doseéi i do 80%. U pogledu nekih
kenstanata postoje vrlo male razlike izmedu pojedinih vrsta.
Jedino kod jodnih brojeva, te kod netopivih heksabromida po-
stoje znatne razlike izmedu pojedinih vrsta.

Kod kvalitativnih reakcija postoje izmedu ovih ulja stanovite
razlike, $to je zanimljivo s obzirom na ¢&injenicu da se radi o vrlo
blizu srednim vrstoma.

Uporedujuéi dcbivene rezultate sa svojstvima ulja iz jetara
bakalara (Oleum jecoris aselli) primjeéujemo da izmedu njih po-
stoje samo vrlo male razlike. Prema tome postoji moguénost prak-
tiéne upotrebe ovih ulja koo zamijene za bakalarevo ulje, tim
vise $to je na temelju preliminarnih ispitivanja zakljuéeno da sa-
drze znatne koli¢ine vitamina. Istrazivanja o vitaminima bit ¢e
objavliena u jednom od slijedeéih saopéenja.

-
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NCCIIEJJOBAHMA KWPOB N3 NMEYEHN ELASMOBRANCHIA
I. COOBUJEHHUE

BriBopg

JKuppl u3 mnevenu pasubix Elasmobranchia 6bun yke He-
CKOJIBKO pa3 MNpejJIMEeTOM uCCAefoBaHusa. Meskiy peayasTaTamu
OTIEJLHBIX MCCIENOBATeed CyLIECTBYIOT GOJIbIIME PACXOMIEHHST
YTO, BEPOATHO, SIBJSETCS MOCJIEICTBUEM Pas3JUYHbIX METOJOB pa-
6OTH, a BO3MOYKHO elle B GoJblueil Mepe MOCJEACTBOM BJIUS-U
HUsSI CPE[bl Ha YCJIOBMS JKU3HM OpPraHusmoB. “IToOBl mojayduTsh
KapTuHy O KauecTBax »kupoB orT Elasmobranchia Appuartnveckoro
MOPSI, ¥ 4TO OBl UX MoJKHO ObLIO CPABHUTH C KAYeCTBAMHU JKUPOB
TeX ’Ke COPTOB U3 PYTUX MOpeil, NOABEPIHYTH BCE COPTA XUPOL
AJpuaTUyecKoro Mops CHCTEMATHYECKOMY MCCJEJOBAHUIO MO TeM
ke mertonaM. Ilpu atom ObulM onpeesieHBl M pasHble APYrUe mo-
CTOSIHHBIE O KOTOPBIX CYLIeCTBYIOLIAsl JIMTEpaTypa HE YIOMUHAET.

B npuioweHHHX Tabauuax NOKAasaHbl Pe3yJIbTATH ClesaH-
HBIX uCCaefoBaHui. [l uccie 0BaHUA GbUIM B3STHI YKUPbI, MOJY-
YeHHHE U3 [eYeHu LeXKeHbeM 03 nmpeaBapuTeJsHOr0 OTCTPAaHEHUs
TBEPJbIX NJIMLEPHUJOB, KOTOPble HAYMHAIOT BBIIENSATLCS TPHU TeMMe-
patype 20° C.

~ 3amevaeTcs YTO KOJMYECTBO HEOMbUIIEMBIX BEILECTB CPABHU-
TeJbHO 0YEHb MaJIO; 0COOEHHO, eCHM NPUHATL BO BHMMAaHbe, 4TO
y JKupoB u3 nedenyn Hekotopnx Elasmobranchia ono mosker jo-
cruruyTh un 80%,. YT0 Kacaercs He¢KOTOPHIX NMOCTOSHHBIX Cylue-
CTBYET O4YeHb MaJleHbKas pasHULA MEXKIY OTHEJLHBIMM COPTAMH,
EnvHCTBEHHO y MOJUCTHIX YMCEJ W y HEPACTBOPSIEMBIX rexcaépo-
MUJIOB CYILIECTBYET 3HA4YMTE]bHAS PAa3HULA MEeXJY OTACILHBIMU
copTamu.

B kavecTBeHHBIX peaKUMAX CYUIECTBYET MEXAY OSTUMH IKU-
pamu onpepenéHHas pasHulia, U 3TO O4YeHb MHTEPECHO BBUJY TOTO,
4TO 3TO OTHOCHTCA HA OYE€HL MNOXOXKUE COpTa.

CpaBHuBas nosyyeHHbie pe3yJbTaThl ¢ KayeCTBAMH JKUpa u3
neyeHu Tpeckn (oleum jecoris aselli), 3ameuaem, YTO MEKAY HEMU
CyuleCcTByeT O4YeHb MaJieHpKasi pasHuna. [10aTOMy BO3MOMKHO
NpaKkTUYeCcKoe ymoTpedseHne 3TUX >XUPOB BMECTO >KMPA TPECKH,
Tem 60J€e, 4TO HA OCHOBAHMM TNPEJBAPUTEJHLHEIX OIIBITOB 3a-
KJIIOYEHO, YTO OHYU COAEPIKAT 3HAYUTENHHOE KOJIMYECTBO BUTAMUHOB.
UccnenoBanne BUTAMUHOB OyjeT IOKAa3aHO B OJHOM U3 CJEAy-
IOIUX COOGILIEHUH.
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