ARCHIVES

FISHERIES RESE_ARCH BOARD OF CANADA
Translation Series No. 1017

The use of antioxidants in the storage of cod liver oil
(Paper No. 4 in collection of papers on "Technology
of fats oils and food products")

By R. R. Perepletchik and T. A. Korduban

Orlginal title: Primenenie antiokislitelei dlya sokhraneniya
kachestva treskovogo zhira. o

From: "Tekhnologiya zhirov i kormovykh produktov“. Trudy

Vsesoyuznogo Nauchno-Issledovatel'skogo Instituta
Morskogo Rybnogo Khozyaistva i Okeanografil. (VNIRO)
Vol. 63, PP« 50-68, 1967.

Translated by the Translation Bureau(EME)
Foreign Languages Division
Department of the Secretary of State of Canada

Fisheries Research Board of Canada
Halifax Laboratory, Halifax, N, S.

1968

38 pages typescript



. DEPARTMENT OF THE SECRETARY OF STATE
TRANSLATION BUREAU
FOREIGN LANGUAGES DIVISION

SECRETAR'AT D'ETAT
BUREAU DES TRADUCTIONS
DIVISION DES LANGUES éTRANGE’.RES

S ‘..

AET

)
i

SUTED B

,--.-
prs

Ui

4

T ru s
3w BN S

Fadrary B i
©

i
=
3
3
3.
3
4

-

} S505-200w10w-31

SRS GBIy
CANADA
YOUR NO. DEPARTMENT DIVISION/BRANCH cITY
! voTRE N® MINISTERE DIVISION/DIRECTION VILLE
L..
= 769=18=14 Fisheries Besearch | Office of the Ottawa
Board of Canada Editor
OUR NO. LANGUAGE TRANSLATOR {INITIALS) DATE
NOTRE No LANGUE TRADUCTEURI{INITIALES) \
0461 Russian EME. \
The use of antioxidants in the storage /50*
of cod liver oll

Cod liver oll, on storage, acquires an unpleasant
taste and odour, since in comparison with other fish olls
it contailns many highly unsaturated fatty acilds zfiz, 27_7

capable of being oxlildized.

The oxidation products 1mpart an unpleasant taste and
odour to the oil and are, at the same tlme toxic 1_6, 7, 11, 23_7.
It is theréfore necessary to find methods for the storage of
cod liver oil which prevent or suppress 1ts oxidatlon for a
comparatively long period of time. This is especially “
important if we are to consider that this oll is used for

medicinal purposes.

Numerous works have been written on the subject of

the inhibition of oxidatlon in various fats and olls by the

* Numbers in the right margin indicate the page numbers of
the original,
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use of antloxlidants. Only a few of those antloxlidants are
effective in the shielding of fish oils from oxldation, in
perticular, cod liver oil /75, 19, 20 7. WNany research workers
rate highly the following fat antloxldantss BHA (butyl-
hydroxyanisol), BHT (butylhydroxytolueol), propyl=, ethylw,
dodecylgallates, and thioxene® /1, 3, 9, 15-17, 22, 24-27_7.

These reagents are authorized for use In the food
industry in varlous countries. In the USSR, at present, only

BHT and BHA srs authorized for use,.

In order to choose the most actlive antioxidants for
cod liver oil (medicinsl), it was necessary to test the
antloxidative actlvity of several oxldizing agents.

first
We/ estatlished that the o0ll begins to oxidlze as soon

a8 it 1s melted down. It was therefors decided to conduct
eXxPeriments with the Introductlon of an antloxidant at

the very beglmmling of the melting down of the oll from the
liver. It was necessary to find out how much antioxidant
to introduee into the liver, in order that there should
remaln In the 01l no more of thils antioxlidant than 1is

permitted by the standards of the Minlstry of Health of the USSR,

We also had to establlish the 1desl times for the

storage of cod 1liver o0il in the presence of antioxldants.

X An antiloxldant, patented by France in 1958; 1ts actlive
ingredlent 1s ascorbic acld.
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The determinatlon of the antloxldative actlvlty of

butylhydroxyanisol (BHA), butylhydroxytoiuol (BHT) and

thioxane. The actlivity of individual antloxldeants was
determined by establishing the period or induction of /51
samples of oll with given antioxidants st a temperature of
40°c, For this, the samples of high grade o0i1l, taken from the
cod liver by meltling down under conditions of production,

wore placed in duplicate in a weighing bottle, where a .
specific quantity of antioxidant was introduced. Two tests
were set for each aliquot of antioxldant. As a control, there

were two welghing bottles of o0ill without antloxidant.

The samples of fat were kept at a thermostatically
controlled temperature untll there was an accumulatlion of
peroxide compounds ln a quantity corresponding to a peroxlde

number of 0.1% iodine.

On the basis of the results obtalned, the times for
the induetlon of the oll with the tested antioxidants were
established. Generally, the time (in hours) during which the
peroxide number of the 01l reaches the value of 0,1%, is

taken as the period of induetion.

For comparison, the period of inductlon of the oil
was determined for values of the peroxide numbers of the oil

corresponding to 0,05; 0.07% iodine (Table 1)‘°

A Tables ét the end of translatlion., Tranalatore.
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The relative effictivensess of the antloxldants 1s
determined as a ratio of the rate of oxidation of the oil

with antioxidant, to the rate of oxldatlon without antloxidante

The results obtained on the activity of BHA differ

from our previous findings /[ 12_7, according to which the
" activity of BHA, at the usual temperature of the storage of

‘011, 1s higher than the antloxidative activity of BHT. At the

same time, they agree with the findings of Japanese research
workers /24 7, who tested the actlivity of BHA 1n the oxidatlon

of several fatty aclds at a temperature of 97.8°Ce

Such dilscrepancles 1n the evaluatlon of the activity
of BHA and BHT, evidently, are explained by the instability of

BHA at elevéted temperatures; this indlecates the unsultabllity

of the use of BHA in the melting down of oil from liver /21 _F.

For the determinatlion of the quantlity of antloxidant
which disintegrates when the fat 1s melted down, and remains

in 1t, sterilized 1lliver of Atlantilc cod was usedoe

The fat from the liver was melted down 1n a glass
flask, which was heated in'a bolling water bath. Into the
flask, through a glass tube, was fed live steam from a steam
generator, simulating the technological process of obtalning

01l on fishling trawlers.
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For the experlment, 300 grams of cod llver were taken,

Into whilch a given quantity of antloxidant was introduced.

After the thermal treatment of the liver, the mass /52
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ﬁ ' which had not completely congealed, was separated as

completely as posslble in a Bfichner funnel. The oll was

separated from the llquid fraction 1n a separatory funnel

PURRRE- S L S

and welghed.,

Sepasidelin mudis

The yileld of o0ll generally constltuted 120~130 grams;
é " that 1s, 40=45% of the liver by welght. Before analysis, the
: ' 0oil was dehydrated with sodium sulphate, and filtered. The

quantlty of BHA retalned in thls oll was determined by a

Hnidnz

method based on a colour reaction of BHA with 2, 6=

et

dichlorquinonechlorimide extracted from the o1l with 72%

ethanol /710 7.

BHT was separated from the oill by distillatlon wilth

superheated steam, and 1ts pereentage in the distillate was

determined by a colour reaction with ferric chloride and

q,cxl-dipyridine.

The results obtained in this case showed that 50=70%
of the antloxidant introduced into the llver appears 1in the
01l (Table 2).
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The experiments which were carried out confirmed our

hypothesis that when an antioxidant is Introduced into the liver

~1tself, the 0ll upon melting down is changed to a lesser

degree than when the o0ll 1is melted down without antloxidantse.

Production and storage of oi1l from the llver of

Baltlc cods For the research, oll was used which was

especilally melted out at the fishing enterprise at Liepaja.

The liver was extracted from the cod and delivered from the
fishery in a refrigerated state. As a rule, the fish are not
dressed immediately; therefore, the quality of the liver, as

a result of enzymatic hydrolysis, was not high, and the oil
obtained from this liver was not always goods Two batches of
01l had high acid numbers (2, 8 and 3, 6), although other
Properties characteristic of a degree of oxidation of the oll
(peroxide number, carbonyl number, retention of oxiranic oxygen)

wore low,.

The characteristics of the liver of Baltic cod, from
which the o0ll was obtained for experimental storsage, are

presented in Table 3.

The oil was melted down from the liver according to the
standard processing at the Liepaja fishery. At the beginning,
the liver 1s heated in a kettle with steam, then the oll 1is

melted down by means of a supply of live steam into the kettle.

/53
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The melting down was carried on for 2.5 hours at a
temperature of the liver of 105-110°C, After this, the steam
Inlet into the kettle was cut off, and the contents were
allowed to settle for 40-60 minutes. Then the oll was decanted
into a vessel in which it was agaln allowed to settle, this
time for 1=1% hours. The settled oil was then decanted into
a flask, In our tests, the oll was decanted into milk cans

and stored at a temperature around 15°C.

Seven tests were performed. In two tests, before the
melting out of the oil, 0.03% BHT was introduced into one
liver sample, and 0,002% propylgallate was introduced into
enother. In another two. tests, antioxidants were Introduced
into the melted oil; in one case, 0.,2% BHT was used, and in the
other, 0,001% propylgallate. In two tests, the oll was melted
down without antioxidant. Simultaneously, 0.2% citric acid
(of 1liver, or of oil, by welght) was usede

A study of the composltion of highly unsaturated
fatty acids from cod liver showed the oll from the liver of
Baltlc cod retains more of the highly unsaturated fatty acids
than does the liver of Atlantic cod /12 7. The amount of
these acids in the oil of Baltic cod approaches 39%, while
the acids with five double bonds constitute 15=21% (Table 4).

Periodically, during the storage of the oll, average
samples were taken at all levels, In these samples, the degree
of oxidation was determined, as well as the organoleptie

properties., From the results obtained, which are presented in
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Tables 5 and 6, it is evident that the oil, separated by
melting with the use of antlioxidants, 1s better than the oil
melted down without them, in which there were more peroxidse
compounds, However, upon storage, the olls melted out with
antloxldants, and the oils in which the antloxidants were
added after melting, showed similar changes, Two samples
(Numbers 15 and 16) are an exception; thelr acid numbers were
high at the very beginning of the storage period. These olls,
on an organoleptic basis, were removed from storage after

80 days °

The samples of o1l stored without antioxidants
changed to a greater extent and more quilcklys This is evident
from the values of thelr psroxide number, and the amount of
oxiranic oxygen, as well as thelr organoleptie analysis,
Sample Number 12 appeared to be the best of the seven samples
of 01l from the Baltic code This sample, in the presence of

0.,02% BHT, was stored for 80 days without signs of oxidation.

in addition to this, 1t follows from these results that
the 01l from the liver of Baltlc cod 1s oxidized at the same
rate as the oll from the liver of Atlantic cod, which retains
significantly less tocopherol (12~15 mg %) 1_1247. Evidently,
the highly unsaturated fatty acids of this oll form unstable
peroxides which do not have a chance to react with the

tocopherole On account of this, the oll is greatly oxidized




Oe

in spite of the high retention of tocopherol (vitamin E),.
The amount of Vitamin A in the 01l changes insignificantly, or
not at sall,

Productlion and storage of oll from the liver of

Atlantic cod., Two sets of tests were carried oute. The first

.series of five tests was done on a fishing trawler anchored at

the port of Murmansk. The liver used was delivered to the

*“f'port In a refrigerated state. The quality of the liver was

. good as seen from the results 1n Table 7.

The o1l was obtalned by the method used on the fishing
trawlers /714 7. w

In two tests, when the oll was melted down, 0,01% BHT
. and 0,001% propylgallate (of liver, by weight) were added; in
" another two, 0,015% BHT and 0,001% propylgallate, by weight
:of 01l obtained by melting down. :

A

. One test was a control.

The o1l in theée tests retalned more highly unsaturated
acids (Table 8) than the same o1l which we tested earlier /712 7.
Evidently, this 1s due to blologlcal variations of the cod,

~ caught at various times of the year and in various_regionsQ

L.C, Losevy a sclentifle worker of PINRO on the fishing

trawler carrlied out the second serles of tests (Numbers 6=10)
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{(see Table 7). He performed two tests with antioxidant
introdueed 1into the liver before the oll was melted out of 1t
(0,014 BHT and 0,001% propylgallate). He performed two other
tests with antioxidant added to the melted o1l (0.015% BHT

and 0,001% propylgallate); one test was a control,

The oll, obtained from these tests, was poured into
milk cans and stored for a month on & ship, in the same place

as the olls for tests 1=5, at a temperature of approximately

15,

The o0il in test 4 to which 0,015% butylhydroxytolﬁol
was addéd, fered better in storage than the others, with the
exception of the oll of test 9 where the same antioxidant was
added to the liver before the oll was melted from it (Tables
9 and 10)s The first sample of o1l retained a good odouf /56
after 120 days, and the second - after 105 days of storage;
the ofher sample s of o1l acquired an odour of oxidized oil in

a very much shorter time.

Propylgalléte in an approved concentration prevents
the o1l from oxidation for longer periods than does BHT.
However, when propylgallate is introduced into the liver
before melting, 1t imparts to the oll an extraneous odour,
similer to that of melted butter. It 1s possible that this 1is
the result of an incomplete breakdown of the propylgallate

at elevated tempersatures., Later on it became clear that the
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imported propylgallate which we used was an Impure variety, /58
and 1ts asctivity was 1.5 times lower than that of the purified
propylgallate. For this reason, the amount of propylgallate

shown in Table 9 18 1,5 times too high in comparison with

the true value.

When cod liver oil is stored for long periods, the
peroxide number and amount of oxXliranic coxygen do not always
iﬁcrease; sometimes thelr values temporarily decrease, then
Increase. This results in the conversion of peroxlde and
epoxy compounds to products which are more highly oxidized.
Therefore, each of these properties, taken individually, does
not aiﬁays sufficliently characterize the degree of oxldation

of the oll at given stages of 1ts storage. The carbonyl

" number of cod liver oil remains nearly unchanged.

In the meantime, the problem of choosing the most
characteristic, unblased property of the degree of oxidation

of cod liver oill, 1s unsolved.

In spite of this, we have interesting results on the

values of the peroxide numbers of samples of cod liver oil,

in which clear signs of oxidation were found.
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Peroxide
number of the
01l, 4 todine

. Antloxldant and 1ts Length of
Concentration, % Storage,
in days

Without antloxidant 60

L 5

Yo BHT, 0,01% of liver, by welght. | éo
Propylgellate, 0.C01% of liver, 135

' by welght 150

150

BHT, 0.,15% of ollyby welght— . 150 -

Propylgallate, 0,001% of oll,

135
150

by welght

150

NN W [=

- -

OO OO0 O0 oooo
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y
[

Retention of residuet.

The residue remaining after /59

the 011 1s melted down from the liver contalns the followlng,

in relation to the total of the obtalned oll:
47=59%, o1l = up to 38%, protein = up to 15%.

moisture =

Depending on the freshness of the liver from which the

oil is obtained, and the sanitation condlitions of production,

the residue can be used as a food producte.

Generally, the residue 1s used as & feed for animals,

' Sometimes, when there are no provisions on the trawler for 1ts

storage, the residue 1s not used,

In the o01ll of the residue under the influence of

enzymes and the oxygen of the alr, peroxldes, aldehydes,

v " pesidue acquires the odour of oxldized oill,
' ® 7 "Graksa" in Russlan. Translator.

hydroxy acids, as well as free fatty aclds are formed; the
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Since several products of the oxlidation of the o0ll are
toxicy, we had to find a way not only of preserving the resildus

from decay, but also of preventing the oxldatlion of the o1ll,

For this purpose, several tests were carrled out on

the étorage of the residue under lsboratory conditions.

Here, the same change was observed in the resldue as
that which had been produced in the tests on the separation
of the oill from the liver in the presence of the antloxidants
BHA and BHT; in several tests, the antloxidant was added

directly to the residue.

As a preservative, sodlum chloride was used (3=10%
of the residue, by welght)j the residue was stored in glass
jars fi1lle @ to capacity (100«150 grams at 20=25°C),

The results of these tests are presented in Table 1ll.
In the residue, to which 8 and 10% sodium chloride had been
added, mold appeared In 35«40 days, but the putrid odour

was absent.

There was no odour of oxidized oill in the residue

with antloxidants after a period of 20-30 dayse.

The values of the characteristics of oxidative decay

of the 01l in the residue with antioxidants show that the
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- process of the oxidation of the oll 1s retarded, and 1t 1s
possible to store the residuse for 20~30 days without the

>aforementioned signs of oxidation,

The residue was stored for a longer time with sodium
chloride as a preservative, and with 0.01% BHT or BHA,

without the appearanece of molde.
CONCLUSIONS

ls It was confirmed that cod liver oll 1s easily /87
oxidizeds, Thils necessitates the search for means of

Prevention or inhibition of the oxidation.

_ 2. BHT, in a concentration of 0,015=0,02%, was the
- most setive of the antloxidants tested (BHT, BHA, thioxane,
propylgallate) for cod liver oil. In 01l melted down with
the use of BHT, fewer oxldation products were found than in
the 01l melted down without antioxidants. The addition of
antioxidant when the o1l 1s melted down does not lengthen the
period of 1its storage in comparison with the addition of

antloxidant after the melting down.

3¢ The addition of 0,002% BHT by weight of o1l of
Atlantig cod lengthens 1ts storage time up to 3=4 months
without obvious signs of oxidation. The same amount of BHT

lengthens the perilod of storage of Baltic cod liver oil up
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to 3 months., Since the All=Union State Standard specifies

that cod liver oll be stored for a year, 1t 1s necessary to

continue the search for ways to guard the medicinal oil

from oxidative decay.

4, There 1s no single property of oxidative decay
that clearly defines the degree of oxidation of cod liver oll,
Howevery, cod liver oil with a Peroxide number equal to 0.2,

as & rule, 1s oxidized.

5. According to the laboratory results of the tests,
residue with a retention of 45=60% of water and a concentration
of 8% sodium chloride keeps well in storage for months at a

temperature of approximately 20°C, Lower temperatures

lengthen the storage period of the resldue. The introduction

into the resldue of 0,024 by 1ts weight of BHT prevents the oil
from oxidation, It would be advisable to perform similar

tests under conditions of production,
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# Transcribed unaltered, Translator,

- *% Could be "H". Translaggr.
+ TFor translation see p.2la.
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+  Translation of German and French titles in bibliography:

20,

25.
26,
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Improving the stability of fresh fat fish by treatment
with antioxidants.

0il and fat antioxidation and antioxidants in literature.

Studies on the use of butylated hydroxytoluene as antioxidant
of foods.

The use of antioxidants in foods; the case of tioxane.
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Table 1 /51

Antloxidative activity of several antloxldants

Antloxidant and 1ts Time of induction (In Relative
concentration in the hours) to the value of effectiveness,
oll, In % the peroxlde number E

0,05 0,07 | 0.10
Control 11.8 14.5 | 19 -
BHA 0,05+ citric acld
0.1 12.5 16.8 | 23 l.14
BHT 0,05 + cltric acld
0.1 23.0 27.0 | 29 1.78
Thloxene 0,05 12,0 | 17,0 | 23 1.13
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Table 2 /52

The change in quallty of the oll in the process of the

heat treatment of the liver (laboratory experiments)

Antloxidant Peroxide| Retention Carbonyl| Acid Vitamin A
= T number of oxiranic| number | number (I.U.)
Ot et 4o of the OXygen, mg. KOH |mgo, KOH| per gram
vd 986 |ofl, & mg % inlgme | in 1gm [y T——T 77
% 'gs gﬁﬁ lodine
Qo T [P
g SO |9 (I IT I] II I] 11 I)II |I{II|TI]|II
(& WO [P
Ll B 1] 2
Pl algdeanfop.g
Al d| Tl @D
g Tl T OE|Q o~
> q.C o
oAl K| o] B
Tl Ol oHPlT N
’g. 3 Soﬂ 8«8%.—4
é G SS9 by
K L Oj W IR0

NN

1 | BHT | 0,02 {0,029{0,0038{0,0048| — (4,9 |0 [1,2{0,8(0,8 |120{120|350| 350 .
2 { BHT | 0,02 {0,026|0,0014|0,002 [1,5{4,7 {0 |1,8 |— |— 1{120(115(300]| 320 .

3 {BHA | 0,03 |0,02810,0014{0,007 {— [— |— |— {0,7(0,7|140/150{370( 330 "

-4 | BHT { 0,03 {0,033{0,0013/0,007 |{1,5/2,8 |0 (0,6 {0,7/0,7 [150]| 140370} 370

5 | BHA | 0,02 |0,030|0,0013| 0,008 |1,4]2,5| 0 [0,710,4}0,4 | 2001607 350| 350

6 | BHT [ 0,03 |0,012(0,004 |0,01 [1,4]|4,9(0 [0,7]0,4{0,5|— |[— |— |—

7 | BHT | 0,02 {0,026 0,00 |0,007 [1,5]|4,1|0.(2,2|0,4|0,7|120]|115|280{ 270

8 — | — | — |0,0038{0,013 [1,4/5,9{0 |2,2]0,5/0,7 |140|140350] 350

9{ — | — | — |o0,0014(0,026 [1,4]|6,1.] 0 |3,1]0,5(0,7 [160]|170(320| 340

Note: T - before heat treatment

TII -~ after heat treatment
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v Table 3. /53
- The chemlcal composition of the liver of Baltlec cod

and the quality of the oll separated from 1t

. Chemical com= Properties of the llver oll Retention of

poslition of the vitamins in the
Exper=| liver, % liver
iment
number | Mols=| 011 | Total | Per= Reten~ | Car- | Thio= Acld A (I.,U.) | E, mg.
ture pro= oxlde |tlion bonyl] barbi=| num- per gram

teln num- of oxi~| num= | turle ber
ber 4 |ranic | ber | num~
1odine| oxygen ber
nge % ‘

40,8 [ 44,8 14,4 | O 1,7 0 1,1 0,4 [ 290 45
43,6 1 45,51 10,9.{ O . 1,7 0 1,3 0,6 | 370 45
. - | 41,0 | 47,7 | 11,3 | 0,0016 1,5 0 1,4 0,9 | 300 60
16 34,4 | 57,1 8,5 | 0,0011 1,4 0 1,3 0,9 | 500 | 60
: ) 0,2 | 0,0024 1,5 0 1,1 1,8

o
~J
-
no
-
-9
~J
[o <}
fay

460 45
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Tabl

e 4,

Composition of highly unsaturated fatty acids from

the liver of Baltie cod, %

Sampls Antloxidant and With two |Wlth wWith with Total
number 1ts concentration double three |[four five |highly
of the bonds double |double double {unsat=
ol (Lindleric [bonds [bonds bonds |urated
type) (1ino= [(arachi~| (clup=|fatty
lenic |donic ano = aclds
type) |type) donilec
type)
11 Control \\
12 BHT, 0,029 of d1l,
by weight . ' '
13 Control. \\\\\“\\2f4 gg ié 20,4 36,5
14 Propyleatlstes o8 | 4o | w8 | 3% | wi
by welght e el—1,4 5,6 3,7 17,2 34,0
15| BiT, 0,05% of ToTa e | g | me | g
liver, by weight . ' ' ’ "
16 BHT, 0.05% of 8,6 5,5 3,5 | 18,1 36,8
liver, by welgh ol ' ' T T
17 Propylgallate,. ,/////

0.02% of liver,
by welght
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Changes in characteristiecs upon storage of

26

Tgble S5,

/55

011 derived from Baltic Cod

) Test number, antioxidant, end its concentration
g?iraCteP13t1°s of the |37 [ 12; 13 | 14 15 and 16;| 17%propyl-
con= | BHT con= | propyl=- | BHT, C.C3%| gsllate
trol | 0.02%4 | trol | gallate | of liver, | 0.C02% of
of oil 0.001% by weight | liver by
by of oll welght
weight by
o wetgns | | |
\ \AAt the begig?ing of Ftorage period
1 /
— \ ' .’
Peroxlde number, 0,053 0,041 0,041 0.061| 0,009| oloo11| 0,022
% lodine
Retentlon of oxiranic ,
oxygen, mg. % ' 2,9 3,1 2,5 28 | 22 | 25 3,8
Carbonyl number _ .
Acld number 0 0 0,7 0,7 0,6 0,6 0
Thiobarbituric number 0,6 0,8 1,2 1,6 3,6 2,8 1,7
1,1 2,4 1,8 1,4 1,6 1,6 2-
After 20 days of storage
Retention of vitamin A 720 1000 1100 1190 840 950 860
(I,U.) per gram . .
Rete%tion of Vitamin E, 116 116 130 120 145 141 . 110
mge )
Peroxide number .11 0,11 0,12 OJ? - - -
Retentlion of oxiranic
OXxXygen, mge 8,2 7,8 7,1 1,5 — — —
Carbonyl number . . ‘
Acld number 1,2 1,3 1,4 1,3 — - —
« Thiobarbiturie 0,8 - 1,1 1,5 - 1,4 — —_ — ,
{ﬁumber 3,5 | 2,6 3,4 35- | — | — — |
o After 50 days of storage -
Peroxide number 0,19 0,17 oé 0,15 0,14 mii 0,17 ;
_Retention of oxiranic ' ’ ,
oxygen, m
Cazgongl g&mger 5,9 4,6 3,3 45 | 41-1 39 ) 41 ‘
Acid nunmber 2,6 2,6 5,2 3,3 2,6 | 1,6 1,7
Thiobarbituric : -
number 0,9 - 0,8 1,6 1,6 — — —
2,4 1,7 1,7 2,4° 3,5 31 | _44
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le 5 (conttd)

Tab

Aéharacteristics of the

Test number, antioxidant, and its concentration

11 12; 13 14 15 and 1635 17 propyl=
o1l con~ BHT con~ propyl=- BHT, 0,03% gallate
. trol 0,024 trol gallate of liver, 0.002% of
‘ of o1l 04001% by weight 1liver by
v by of oil welght
N weight by welght
After 80 days of storage
Retentlon of vitamin A 820 920 1100 1000 830 800 800 :
Iy . » ' i
(I.U.) per gram é i
Retention of Vitemin ®, | 15 1120 |[us |13 - = 10 ’
mgo % 0,28 0,19 0,20 ] 0,15 0,16 0,15 0,26
Peroxide number
on of ireni ‘ :
S;;ZEE& gg. %OX anze 9,1 7,2 14,5 *| 10,7 5,4 4,7 4,6
Carbonyl number 3,4 2,7 3,6 2,8 2,6 2,9 . 3,4
3 | s | as || se | oer |
number 3,1 2,4 | 21 ‘1,5 | 1,9 2,5 2,1
After 100 days of storage
r_i~na,_ R e e T R ~
§?;engézngg£mvitamin Bs | 720 950  [1100  |1150. |850 | 900 850 !
A . . R : i
Peroxide number 0,3 0,24 0,39 0,24 | — - 0,29 .
Retention of%oxiranic ' g
OXygen, mge i
Carbonyl number 3,3 3 4,3 3,65 | — - 4
Acid number 2,4 9 3,2 2,6 - —_ 2,4
Thiobarbituric "
numb e 1,1 0,95 1,7 1,5 — — 15
s | 29 | '8 | 27 — — 3,8
After 140 days of storage
L%egengé;ngigmvitamin By | 1goo | o0 [1150  |1000 ~ —~ | 800
“Poroxide nmumber 0,7 0,58 | 079 | 058 | — — 0,65
Retention of%oxiranic
. ‘doxygen, mge
Carbonyl number 3,7 3,5 41 37 | — - 45
_Aclid number 8,7 9 8,6 8,7 — —_ 6,6
Thiobsrbituric number 1,4 1.1 1.7 15 _ _ 1.8
5,1 3 4 4,2 | — — 4,2

e Ght e Vb
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Table 6
Changzes in organoleptic propexrtles of oll from Baltic cod, upon storaze
Test Antioxidant and its concentration 50 days 80 days 100 days 140 days
number
11 Without antioxidant (control) Odour of Odour of Odour of Odour of
slightly oxidized oxidized oxidized
oxidized oil oil oil
oil
12 BHT, 0,02% of oil, by weight Normal odour No odour of Slight odour Same
| character- oxidized of oxidized
| istic of cod o0i1l oil
liver oil
13 Without antioxidant (control) Odour of Odour of Odour of Same
slightly oxidized oxidized
oxidized o0il oil oil
14 Propylgallate, 0,001% of oil, Same Weak odour  Same Same
by welght of oxi-
dized oil,
foreign
odour
15 BHT, 0,03% of liver, by weight Weak odour Odour of Hemoved -
of oxi- oxldized from
dized oil oil, for- storage
eign odour
16 BHT, 0.03% of liver, by weight Odour of Same Same -
slightly
oxidized oil
17 Propylgallate, 0.,002% of liver, Same Odour of Odour of Odour of
by weight oxidized oxidized oxidized
oil oil oil

N
o
)

e e e ey

FoaE e
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LY Table 7 /58
- Chemical couposition of liver of Atlantic cod
A and the quallt S 0
Chemical composition Properties of the oil Retention
T of liver, % from the liver of Vitamin
est A I.U
num- Mois~| (11 | Total Pero- [Ret- Car~ |[Thio- [Acid pér grém
ber ture protein xide |ent- bonyl| barbi- |num-
con- num- |ion of |num~ |turlc |ber
tent ber, |oxir- ber num-
/A 1o-|anic ber
dine |oxygen,
ne o

—~
RN

. [
1 40,8 | 44,8 7,1 -0 2,0. 0 1,09 | 0,16 |. 670
2 42,7 | 47,1 10,2 0 1,9 0 1,15 | 0,15 450
3,4,5 [ 40,5 | 46,6 12,9 0 1,5 0 1,15 | 0,15 470
6, 7 |29,3|60,7 10,0 0 1,5 0 1,1 0,1 |- 180
. 8,9 |29,2]59,5 11,3 0 2,1 0 1,1 0,2 180
10 28,9 | 59,8 11,3 0 1,9 0 1,1 0,2 190
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Table 8 /59
Structure of highly unsaturated fatty acids in
the oil of Atlantic cod liver (in %)
Sample With two With three | With four | With Total
number of double double double five highly
the oll bonds bonds bonds double unsat-
(Linoleic (linolenic (arachi- | bonds urated
type) type) donic (c1up~ fatty
type) anodonic| acids
type

rd

17,3 32,9

R O R e R

1 5,9 4, 5,0

2 3,7 4 5,3 - 19,71 33,1
3 4,5 4, 6,0 18,3 33,0
4 4,3 4 6,1 | 19,3 33,9
5 4,2 4, 6,0 18,4 32,9
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Table 9
Change he o om_the 1iv Atla storsa
Test number, antioxidant and i1ts concentration
Properties of the 1; BHT, 2; prop- 3 4y BHT | 55 pro-| 6 73 BHT | 8 and 9; 10; propyl-
o1l 0,01% ylgallate, | Con- | 0.015% | pylgal~-| Con-10,015% | BET 0,01% | gallate
of 1livery| 0.01% of | trol | of oil |late, trol|of oll | of the 0.,001% of
by weilght| liver by by 0.,001% by liver by liver by
: weight % ¥ weight |of oil weight | welght weight
by
A I ¥ we::j'ght / / / [
’ \\ at the[beginning of the stogage period / f
'Peroxide number, _~X§ Ji N / / / / |
. RS < ™ Y — . g -- 8 R et CEIP | -
% iodine I 0,053 | 0,053 0,04 - | 0,084 | 0,025| 0,014 0,021 0,02 0,032 °
Retention of \- X . - I R R o : _
oxiranlc oxygen, T ' A o S E - -
mg. 3,2 25 3,2 3,1 2,4 23 | 2 2,5 2 ,
 Carbonyl number ' : : B - oo, % L8
Thiobarbituric |14 1.3 1,2 L3 13 .0 00 0 0
number 1,6 1,7 2,16 2,1 1,9 1,65 1,33 1,056 |7 1,3 | 1,8
Acid number 0,3 0,3 0,7 0,4 0,5 0,7 0,54 0,94 0,43 0,8
Retention of : ) : ' T : , S :
Vitamin & 600 650 730 700 -] 750 650 " 650 650 650 - | 650
(I.U. per gram) . o ' : S .
30 days 45 days
Peroxide number
A iodine ‘ . o
Retention of 0,065 0,069 0,21 0,115 0,074 0,19 0,16 0,12 0,11 0,097
oxlranlec oxygen, ’ , : . ’
ng. A . ' .
Carbonyl number—____| 3,4 2,6 3,8 2,5 2,4 3,3 2,7 3 2,3
Thiobarbituric M——— 1, 1,4 | 1,4 1,5 1,7 2,5 1,8 2,1 2 2
number 1 - ' ' . '
,5 2,9 4,6 2,4 4,9 6 6,2 5,1 4,2 4,1
Acid number . 0.6 LS 18 | 03 14 0.9 0.6 12 - 0,6 0.8
Betentioi of N 1 ' L : z .[,
Vitamin 4, o - esg,__, T30 750, 60 650 1 60| 10
I.U, per gram T60 days g days

°TC
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Table 9 (cont'd)
Properties of the 1; BHT, 23 prop- | 3 4; BHT | 55 pro- |6 73 BHT | 8 and 9; 10; propyl=-
0il 0.,01% ylgal- Con- | 0,015% | pylgal- | Con~|0,015% | BHT 0,01% | gallate
of liver late, trol |of oil | late, troljof oil | of the 0,001% of
by weigh¥ | 0.01% of by 0,001% by liver by | liver by
liver by weight | of oil welight | welght weight
welghtki by
weight
Peroxide number,
% iodine . R -
Betention of 0,089 0,039 | 0,11 0,087 0,087 | 0,1 0,1 0,12 0,062 0,071
oxiranic oxygen, ) ~
mg. ; ) ] .
garbonyl number 1,85 - 2 1,2 2,2 | 1,9 1,8 1,35 1,65 9
nﬁigzirbituric S L7 1,6 2,4 1,6 1,5 25 2,5 1,3 1,3 13
Acid number 3,8 2,9 2,8 2,5 3,4 2,4 2 3,4 4 3,7
Retention of 0,5 1,7 1,5 1,1 1,5 41 0,3 - 1 0.5 0,9
Vitamin A’ ’ " ' . ' ) . ) 4 . ‘.
I.U, per gram |* 600 650 750 700 . 770 630 - 580 580 -590 580
90 ‘ 105 ’
Peroxide number, 0,07 0,11 0,065 0,06 0,08° | 0,081 0,12 0,10 0,14 0,066.
% 1odine ) :
ozgﬁggigno;§gen 2,1 3.1 ’ 18 1.3 2,7 2,5 1,8 2 2
L]
mg. 4 1,3 1,2 2,1 1,2 1,1 3,7 3,2 3,1 2,4 .
Carbonyl number 2 1 1.7 13 1.2
, , , 1,5 3,5 2 , ,
Thigbarbituric __07 2 2,2} 1,1 1,5 1,3 0,7 1,4 &2 %3&
numoer I :"‘;’_’—'—‘r: —:'ﬁ:‘“"} —_—,:_ ,,,:].__',‘;‘: 7 ] . _.- ”ﬂ"."‘]w"' e I 66 Gt T R iealegm s o emne e e e
. Acid number BT e T T = 0807 1660 ]650 ©  ]es0 [ 650
Retention of
Vitamin 4, I.U, 120 135
per gram
W
N
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Table 9 (cont'd)

-—

Propertiss of the 13 BHT, ! 2; prop-| 3 4y BHT | 55 pro- | 6 7; BHT | 8 and 95 | 103 propyl-
o1l 0,017 ylzal- Con-| 0.015% | pylzal- Con- | 0.015% | BHT 0,014 gallate
of liver 1atey trol | of o0ll | late, trol | of o0ll | of the 0,001 of
by 0.01% of by 0.,001% by liver by liver by
weight liver by weight | of oil weight | welzght weight
weight by
welght
Peroxide number, \' \ / // //' /f W\ ’
% iodine :
Retention of 0,11 0,14 0,1 0,087 0,089 0,135 0,115 0,1 0,13 0,165
oxiranic oxygen, ' e ‘ A P I N 1o :
Mo / R ' . . . ' . y
Carbonyl number 2,85 3,10 | 3,57 | = 2,40 260 1 28 | 26 |4 5 2,4
Thiobarbituriec T —1,3. 2,7 3,9 1,3 1,3 ] — — — — —
nunmber R : ' .
; 3,2 1,5 | 4 2,7 3,4 1,3 0,7 1,4 0,5 1,5
Acld number —0,7 . 2,2 2 1,2 1,5- | -1,7 1,9 2,3 %4 1,4
Retention of : , L ' : :
Vitamin A, I.U. 630 " 650 - 780 720““—‘,”‘““730“ 630 620 580 " 620 |90
per gram e . : : - o
150 days
Peroxide number, I 0,18 0,17 0.1 0,17
% iodine —— | ﬂ e 4 o
Retention of . K L
oxir%nic oxygen, L__3.8 5,5 3,3 2,8 . 5,5
TIIS. / / ' , N .
Thiobarbituric 10T L7 T 21 53
number 09 2,3 2,8 1,2 1,5
Acid number——— '
‘detention of 1410 590 | 830 560 550
Vitamin 4, — . .
I.U. per gram

* 0,015% BHT was retained in the.separated oil .

#% 0,001% propylgallate ‘was found in the'separated oil

*Ce
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Table 10 /63
Organoleptic properties of the oil of Atlantic cod during storage
Test Antioxidant and its 30 days 60 days 90 days 120 days 150 days
num- concentration
ber
1 BHT#, 0,01% of liver, Odour of cod | Odour of |Odour of Weak odour Weak odour
by weight liver oil cod liver [cod liver of oxidized of oxidized
oil oil oil oil
2 Propy%gallate** No odour of | Odour of |Weak odour | Weak odour Odour of
0.001% of liver, oxidized cod liver jof melted of melted melted
by weight oil oil. Odour|butter butter butter
of melted
butter
3 Without antioxidant No odour Weak odour| Odour of Odour of Odour of
- control of of oxid- oxidized oxldized oxidized oil
oxidized ized oil 0oill with 0oil with a with a strong
oil an odour strong cdour cdour of
of stale of stale stale fish
fish fish
L BHT, 0,0157% of oil, Same Odour of Odour of Odour of cod Weak odour
by weight cod cod liver liver oil of oxidized
liver oil oil
oil

*¥ 0,015% BHT was retained in the separated oil,
#% 0,001% propylgallate was found in the separated oil.
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Table 10 (cont'd) /64
Test Antioxidant and its 30 days 60 days 90 days 120 days 150 days
num- concentration
ber
5 Propylgallate*¥* 0,001% | No odour of| Odour of Weak odour of | Weak odour | Weak odour of
of o0il, by weight oxidized cod liver oxidized oil of oxidized | oxidized o0il
oil oil cll
L5 days 75 days 105 days - 135 days
6 Without antioxidant Odour of Slight Odour of - Odour of
- control stale odour of oxidized oxidized oil
fish oxidized 0il with an and stale
olil odour of fish
stale fish
7 BHT, 0.0015% of the Odour of Odour of Weak odour - Weak odour
oil, by weight cod liver slightly of oxidized of oxidized
oll oxlidized oil oil
oil
8 Propylgallate, 0,001% Same Same Same - Same
of oil, by weight
9 BHT, 0,01%* of liver, Odour of No odour Odour of Odour of
by weight cod liver of oxid- cod liver cod liver
oil ized oil oil oil
10 Propylgallate®** Odour of Odour of Odour of Odour of stale
0,001% of liver, by stale fish stale stale fish fish with a
weight fish, Odar| - no odour weak odour of
of melted of oxidized oxidized oil
butter oll !
¥

33

0.015% BHT was retained in the separated oil.
0,001% propylzallate was found in the separated oil.

#*% The actual concentration of pure propylgallate is 0,0007%,

ogg
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Table 1l. /65
Changes in the oil of the residue upon storage under laboratory conditions
Composition 0il in the residue
& + | of resldue, | Before storage After 10 days After 20 days After 40 days
g g of storage of storage of storage
(=] o]
[SER N o o — o o — organo- v o — organo=-| ® — organo-
L) - ’ - > Lo} . by
» o 2 B 0 oSl 12 18355 o ?3 leptic EBE LR leptic aul €y leptic
o35 |2 12588 088|888 |888|wal8g | B0as c.a olg.aloag|dnas 58|uao oo |analysis
S5 B |EESS | REAISEINE |8EHSE N | wsts | gEoaR R vsts | REISE|NE
gg&.gé gn o ORGSO s ' acw|asg|og ao|igslos
4a 10 BHT, ’ Good odour At the Mold,
0,01 : d taste top = odour
N odour of
, , of oxi- oxidized
3 ' = dized . Vil
1,5 153,6/0,06) 0.8} — 0,06/ 0.8) — 0,12/ 1,5 | — |—"011, ‘0;11 2,0 —
good
' _ odour
S . in
325.5 : ~ - ' centre
58. lo BHT,/ v /8-78 0;14 1,4 e 0,1 .1,7 - ——————‘——-—-—-S&me 0,09 1,7 b ___Same :0,12 2,2 - Same
0,01 3,35/52,8(0,09{ 1,1 | —|0,18[ 1,6 |5,5 : ‘ ' b R N )
1 5 L , - T Mold on — | = = |- ol -
the top, |
- [ odour of :
' oxidized
32,6 |54,4/0,05| 1,1{ —10,03] 0,9 | 2,4 o11 ol L
‘ . A\
0.0 _ odour of
‘ 1 oxidized A : o
.’36,7 50,1 9,07 1,3 0,04| 0,5 2,7‘ o1l 0,09/ 0,8 3,4 0,06| 0,9 |5,97 o
3 8 BHT;/////i“; . 3 , 4\\\\\5\\\\F° signs | \\\No mold il‘ - Mold on |
0.01 - - o gthX1-i“ N S normal | surface, -
- T i _ .y . on in L M'_-" odour ) weak odour .
« odour or ' of oxldized
taste

oil

i

! -



Table 11 (contt!d) /66

B X Composition | 011 in the residue
;’g S of -residus, B5Fors storage | After 10 days After 20 days of After 40 days of
=R of storage storage storage
&% : i
[ ) o o 9 — © o ~ |Oorgano= © ~ |organo= g - orgeano=
nios R Ball ulBPa BeSl .lPs leptic S o8l | B, |leptic ., o &, |leptic
2SRRI L2 ggg'v'ggg §S'8U,8,8°ana’ go'u'dm 0 olana= o o oo |analysils
o | SE-|DE|HE |HE- Sgg% lysis g'g-gn =g g"g’lysis S8 s §8
o |E9 SEw|zf|or |[mEw|aF|od S Ew|ag|og S8 G2 o2
SN 0,08/ 0,7 3.7] T b ,
418 BHT,-;?’“ 58,9/0,1 10,9 ’ l S ‘ Same 0,11/1,3 41| [Same 0,16|1,2 | 8,7 Same.
0.0l . i ’ ) . ]
5 | 3| BHT, , ‘ Mold jappeared on the third day|of storage
0.01 32,6(57,3|0,09| 1,8 . :
% : ' normal R B odour of
-~ :0,06| 1,7 | 7,8 4
' ‘38’1 41,6/0.07) 1.8 odour : oxidized
, S oll
O |8|BHA, ' Same ':'iboé 1-4 581 [Mold, no - - - -
0601 | ’ ‘ . LT lodour of
: 0 5,5
32,5|55,1/0,06| 0,9 ,06( 1,2 oxidized
o ‘ oil
L0 |8 |BHT, L Same _ - - - - -
0,01 . 0,06{ 1,2 | 4,9
J\ - -_ 0,0?3 I,QL 01026 111 455 ’1
. . i --‘
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