334 MTPAKTIKA THE AKAAHMIAS AOHNON

zol Emintmror 18i16tnreg whmoovopoTvian xon 8N th necitelq Souov@r, ExnQvoue-
vov b avt@v tdv meamowuévav doydvov. Al Goudvar adtal, Srav eivar deio-
vot, midpolv &ml td yevvnumd xdvtope (ddow i) omespuoatolwdpra) Todh mEmNQW-
uévov Lo, toomomotoVoar thy ovvdesy ol flasroridouaros adtwv (CAvato-
wrty 3m #xd. 1. 1, 6. 43, 1. & tic uerd ueibwv vdeyouévmy yovipomoinociv xo-
tafoliic tol éufovov)’.
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XHMEIA TPO®IMON. — Inhibition of enzymatic phenomena of the
rancidity in the Greek salted and pressed fish, by George
C. Kelaiditis*. *Avexowvddn vmo 1o %. Zmigov Aovtd.

The alterations, in taste and smell, which are brought about in the fat
salted and pressed fish, without the intervention of harmful bacteria and
fungus, show all the characteristic phenomena of rancidity of the insatura-
ted fatty acids, which mainly are due to purely enzymatic reactions of the
hydrolytic and oxidizing enzymes on the fish oils. The hydrolytic reaction
is due to the lipase, which according to the experiments of R. Amon (1934
—1940) is found in the liver - pangreas organs of the small fish and under
favorable conditions causes the hydrolysis of glycerides of fish oils into fatty
acids and glycerin.

The oxidizing enzymatic reaction is attributed to the Lipozidase so
called by André and Hou (1932) and which is found in the fat fish and
especially in the fat flesh of the fish according to the special study of I. A.
Banks (1937).

Lipoxidase causes oxidation in the insaturated fatty acids and phospho-
lipoids, creating organic peroxides, which further on are decomposed into
various aldehydic and cetonic compounds as well as gas, acids and other ele-
ments. These compounds give to the salted and pressed fish the altered taste
and smell of rancidity.

The enzymatic reaction of lipoxidase is activated by the light and hel-
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ped by the oxygen of the atmospheric air. It is favored by the presence of
metallic oxides and fatty acids. Lipoxidase reacts automatically in the air
upon the insaturated fish oils of the salted and pressed small fish and due
to this fact, the enzymatic phenomena of oxidation are called «autoxidations»
This is considered as the agent of oxygen which is added to the double bonds

of the insaturated fatty acids according to the reaction:
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The experiments of R. Summer, Strain and Sullman (1941 - 1943) on
the reaction of the lipoxidase proved that the most insaturated is the fatty
acid the greater is the enzymatic oxidation and formed the opinion that the
insaturated fatty substrata, which very easily gets peroxidized must be of

the following synthesis :
- CH=CH- CH, - CH=CH — (CH,) 7 - COOH

Thus the esters of the category of linseed - oil acid are oxydized quicker
and better than the esters of the oleic - acid.

The fresh fish of the Greek seas as the sardines and anchovies brought
to be salt- processed contain the fish oils mostly in their flesh at the rate
of 5-9%, varying according to the season of fishing and the size of the fish.

The chemical synthesis of these fish oils is 25 % esters of glycerin
together with the insaturated fatty acids of the category of C,H,,— 1 COOH,
and 759 esters of glycerin together with the insaturated fatty acids which
contain from 1 -6 double bonds and characterize the great instability of the
fish oils, as insaturated glycerides against the enzymatic reaction of lipoxidase.

Lipoxidase in the atmospheric air affects the insaturated glycerides of

fish oils in the following priority order:

a) Series C,H,,—11 COOH of the insaturated acids with 6 doubls bonds
to which belong the fatty acids with 22 and 24 carbon atoms.
b) Series CyH,.,-9 COOH of the Clupanodownic acid with & double bonds

to which belong the fatty acids with 22 carbon atoms.
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c) Series C'vH,,-7 COOH of the Arachidonic acid with 4 double bonds
to which belong the fatty acids with 18,20 and 22 carbon atoms.

d) Series C,H,.,-5 COOH of the Linolenic acid with 3 double bonds
to which belonggthe fatty acids with 18 carbon atoms.

e) Series C,H,,-3 COOH of the Linoleic acid with 2 double bonds to
which belong the fatty acids with 19 carbon atoms.

f) Series C'\H,,~1 COOH of the Oleic acid with 1 double bond to which
belong the fatty acide with 16, 18, 20 and 22 carbon atoms.

The content in insaturated glycerids in the flesh of small fish to be
salt processed mostly includes insaturated acids with 18, 20 and 22 atoms of
carbon which may be set in order according to the detailed dada given in

the experiments of Lovern (1936) (Table I).

TarsT, B I

Percentage of insatwrated fatty acids included in the glycerides of the

flesh of sardines anmd anchovies.

Total Amount of | Content of insaturated glycerides

Amount of | Insaturated i igpetiratad fakiy, atidh
Kind of Fish T Clucenid
glycerides ycerides | . c o c
/S o, Av. 16 18 20 22
Sardines . .. . 6,60 80 Oj4or I,70° I, 1,16
4, 4 ) 54
|
Anchovies ... .. .. . 7,50 5.40 ol 1,92 1,72 1,32

The speed of the enzymatic oxidation of fish oils is mainly due to
their content in insaturated glycerides of a great number of double bonds
and is very much influenced by the presense of two categories of additio-
nal compounds.

The first category includes a series of prooxidants which favour and
help the enzymatic oxidation.

Ziels and Schmidt (rg45) after special studies reached the conclution
that the metals, lead, maganese (Mn), copper and iron are the most important
prooxidants the reaction of which increases with the increase of temperature.
They have concluded that these metals themselves, are inactive but are chan-
ged into active prooxidants when turned into metalic salts with the assum-

ption that they bound in preferance the oxygen contained in lipoxidase to
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affect the double bond of the insatarated glycerides and get oxidated them-
selves, taking the oxidizing activity of the lipoxidase.

Announcements made on the fats by professor Lundberg show that the
antioxidants have been used in a great extent in the form of fatty - soluble
compounds of different synthesis either single or in combination with va-
rious organic and inorganic compounds, considered as Symnergistics because
they increase the power of autioxidants in preventing rancidity. The syner-
gistic compound according to Golumbic (1942), who studied on the Mecha-
nism of Synergism of such compounds, reacts as the agent of hydrogen on
the antioxidant affected by the oxygen.

Antioxidants are phenolic compounds and especially compounds of the
o - parahydroxybenzene, which, in a very small rate, inhibits the reaction of
lipoxidase for a consideaable period of time. Such compounds, having been
used in a large scale to fats, are Tocopherol (vitamin E), lecithin, N, D, G, A,
(b, y, bi-methylo-a, d bis (3,4 - hydroxyphenol) butane) hydroquinone, gal-
late propyl and various non processed vegetaple oils as cottonseed - oil and
sesame - oil. The above mentioned fatty - soluble compounds, have been used,
in a small quantity, in fatty substances.

As a matter of fact, the rancidity in the Greek salted and pressed fish
is not inhibited, by using fatty-soluble antioxidants, beciuse, due to the pres-
sure during the salt processing and the isolation from the atmospheric air,
rancidity is not caused in the glycerides of the flesh of the fish, but in the
fish - oils included in the brine. It is well known that the production of the
brine is due to purely osmotic phenomena of the small fish under proces-
sing, which lasts during all the maturing period. Consequently, the oxidizing
reaction of lipoxidase is actually occuring in the secreted fish-oil of the sal-
ted and pressed fish, strongly aided by the atmospheric air and the brine,
due to the fact that the sodiumchloride activate the enzymatic reaction of
lipoxidase.

The special way of salting the Greek small fish creates abondant brine,
which separates the greatest amount of fish oil contained in the flesh of the
fish. The oli grandually led away with the brine and fresh brine is added.
Our observations on the way of that process proved that considerable amounts
of the sweeped away fish oil either are stuck on the sides of the container
or remain on the outside surface of the salted aud pressed fish where they

get oxidated very easily by rhe lipoxidase.

22
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Due to the above, we are aiming at the possibility of using waterso-
luble antioxidants and especially such as being easily disolved in the brine,
so that they can entirely cover the molecules of fatty substance, protecting
them from oxidation.

After the ammouncement of observations made by Grapple, Spannuth
and Mc Guine (1946) who ascertained that the tannic acids are active antio-
vidant compounds, we have made many efforts to find water - soluble antio-
xidants from ihe tannic acids. As a result of many tests we have ended at
the use of a dry extract from the bark of chestnut - trees, in Synergism with
very small quantities of tartaric acid and hydroquinone.

The dry alcooholic extract of the chestnut - tree bark proved to be, ac-
cording to experiments made, perfect antioxidant substance. It consist of 63 ¢,
of tannic acid compounds, anhydrites of poly-digallol and of leuco-digallic acid.

The non tannic acid part of the extract contains glycose ethyl-gallate,
pectin and resinous compounds.

Table II, which is attached, shows the average of tests made, according
to the above method, on salted and pressed sardines of Mytilini area.

On this table are shown the results of the slowing down rancidity by
using, on the one hand, only dry extract of the chestnut- tree bark (D.E.C.)
and on the other by adding to the dry extract of the synergistic substances
as tartaric acid and hydroquinone. The use of dry extract (D.E.C.) of the
chestnut - tree together wilh the synergistic compounds had been made after
it had been disolved in recently prepared salted water in the following pro-

portions :

a) Dry extract of the chestnut-tree Bark (D.E.C.): 2 gr. per litre of brine.
b) (D.E.C)): 2 gr.+o,5 gr. tartaric acid per litre of brine.
c) (D.E.C)): 2 gr.+ 0,5 gr. tartaric acid + 0,2 gr. hydroquinone per litre of brine.

The experimental results which are evident in the graph, prove that
the existence of (D.E C.) only, considerably inhibits the reaction of lipoxidase
on the insaturated glycerides which are sweeped put by the brine during the
maturing period.

By adding, on the other hand the synergistic compounds of tartaric
acid and hydroquinone, the activity of the tannin containing extract in the
inhibition of enzymatic oxidation is considerably increased.

Parallely to the above, we have proceded to comparative tests using dry
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extract from the oak tree bark but results were not satisfactory.

The active power of hydroquinone as synergistic substance of the extract
(D.E.C) containing tannin is due to its phenolic substance C;H,(OH),, which
is very antioxidant

The use of pure hydroquinone only as subsance inhibiting rancidity
gave satisfactory results but its use in a heavier solution should not be per-
mitted due to its poisonous qualities. This has been clearly defined in the
biological studies of Woodward, Hagen and Radowskic (1949).

Conclusions : The above experimental data which have been compa-
ratively checked according to the method of Schaal, by various tests and se-
veral determinations of the formation of peroxides, constitute clear indications
of the inhibiting results that lipoxidase’s oxidazing reaction has on the fish
oils covering the surface of the salted and pressed fish.

The peculiar method of sald processing the small fish which is applied
here, is not favorable to the use of fatty —soluble autioxidants because they
are not easilymixed with the fish oils in the brine. On the contrary, it favors
the use of soluble (D.E.C) which is based on the exceptional qualities of

the water —soluble compounds of pyrogallol contained in it.
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The antioxidating power of these compounds, either alone or together
with synergistic substances, is apparent from the increased period of time
which is required for the rancidity phenomena to start.

The inhibiting power of the (D.E.C.) with the synergistic compounds
can easily be explained by the fact that it is easily disolved in brine and
complettely covers the fatty molecules. Probably a part of it, is entirely mi-
xed with the fatty molecules so that it can get, in preferance, the enzyma-
tic influence of oxidation and serve as inhibiting obstacle against the tran-

sferred atmospheric oxygen, by lipoxidase, to the easily affected double bonds
of insaturated glycerides,
T A B, 3 AL,

Comparatives tests inhibiting rancidity in the fat salfed and pressed small fish according to

the method of Schaal of electric kiln - Use of a tannin containing water soluble antioxidant
together with synergistic substances.

' P;li;)li 70f7time before

the phenomena of ranci-

) o dity start Protective
Proportion of Antioxi- Pk
& = . - Test with electr. kiln actor
Tested kind of fish dants in brine :
according to Schall

r. per litre
gr- P In tempe- | In tempe-

35°C 42°C rature rature
350C 420C

Salted and Pressed sar-

dines of Mytilini Sample - Witness 36hours 27hours| — =
Salted and Pressed sar-
dines of Mytilini (1) D€ =2 92hours 78hours| 2,05 2,88
Salted a sed sar- D.BE.C.= 2"
di:is :fd l\f;:;if:il ar {+ tartaric fcid:O,b(:’u :;: Wibioiee: Siloredh A0 ) 4
Salted and Pressed ser- ‘ D.BE.C.=2%,,+
145 hours 102 hours| 3,10 3,77

dines of Mytilini ... |+ tartaric acid=0,5"/,
‘ +hydroquinone=0,2°

Note : (1) D. E. C. = Dry alcoholic extract from the Chestnut - tree bark.
Protective Factor is the quotient of the time of rancidity of the processed sub-
stance with antioxidants, divided by the non - processed substance.
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