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ne use Q antioxician  n el S tOraR C /50* 

Cod liver oil, on storage, acquires an unpleasant 

taste and odour, since in comparison with other fish oils 

it contains many highly unsaturated fatty acids 	12, 27_7 

capable of being oxidized. 

The oxidation products impart an unpleasant taste and 

odour to the oil and are, at the same time toxic L-6, 7, 11, 23_7. 

It is therefore necessary to find methods for the storage of 

cod liver oil which prevent or suppress its oxidation for a 

comparatively long period of time. This is especially 

important if we are to consider that this oil is used for 

medicinal purposes. 

' ;VI 

, 

Numerous works have been written on the subject of 

the inhibition of oxidation in various fats and oils by the 

* Numbers in the right margin indicate the page numbers of 
the original. 
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use of antioxidants. Only a few of those antioxidants are 

effective in the shielding of fish oils from oxidation, in 

particular, cod liver oil /-5, 19, 20_7. Yany research workers 

rate highly the following fat antioxidants: BHA (butyl-

hydroxyanisol), BHT (butylhydroxytoluol), propyl-, ethyl-, 

dodecylgallates, and thioxanell  r-1„ 3, 9, 15-17, 22, 24-.27_7. 

These reagents are authorized for use In the food 

industry In various countries. In the USSR, at present, only 

BHT and BHA ara authorized for use. 

In order to choose the most active antioxidants for 

cod liver oil (medicinal), it was necessary to test the 

antioxidative activity of several oxidizing agents. 

first 
We/estaidlisiaedthat  th  e oil begins to oxidize as soon 

as it is melted down.  Il;  was therefore decided to conduct 

exPeriments with the introduction of an antioxidant at 

the very beginning of the melting down of the oil from the 

liver. It was necessary to find out how much antioxidant 

to introduce into the liver, in order that there should 

remain in the oil no more of this antioxidant than is 

permitted by the standards of the Ministry of Health of the USSR. 

We also had to establish the ideal times for the 

storage  of  cod liver oil in the presence of antioxidants. 
t An antioxidant, patented by France in 1958; its active 

ingredient is ascorbic. acid. 



3. 

The determination of the antioxidative activity of  

12.12Y"1h.7211rxanis°1031-1M 1,.....2.--- —tt°iu°1(BHT"nd  
thioxane.  The activity of individual antioxiaants was 

determined by establishing the period or induction of 	/51 

samples of oil with given antioxidants at a temperature of 

40 O. For this, the samples of high grade oil, taken from the 

cod liver by melting down under conditions of production, 

were placed in duplicate in a weighing bottle, where a 

specific quantity of antioxidant was introduced. Two tests 

were set for each aliquot of antioxidant. As a control, there 

were two weighing bottles of oil without antioxidant. 

The samples of fat were kept at a thermostatically 

controlled temperature until there was an accumulation of 

peroxide compounds in a quantity corresponding to a peroxide 

number of 0.1% iodine. 

On the basis of the results obtained, the times for 

the induction of the oil with the tested antioxidants were 

established. Generally, the time (in hours) during which the 

peroxide number of the oil reaches the value of 0.1%, is 

taken as the period of induction. 

For comparison, the period of induction of the oil 

was determined for values of the peroxide numbers of the oil 

corresponding to 0.05; 0.07% iodine (Table 1) 11 . 

1 Tai ' 	the end of translation. Translator. 
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4. 

The relative effictiveness of the antioxidants is 

determined as a ratio of the rate of oxidation of the oil 

with antioxidant, to the rate of oxidation without antioxidant. 

The results obtained on the activity of BHA differ 

from our previous findings L7121, according to which the 

activity of BHA, at the usual temperature of the storage of 

'oil, is higher than the antioxidative activity of BHT. At the 

same time, they agree with the findings of Japanese research 

workers /-24j, who tested the activity of BHA in the oxidation 

of several fatty acids at a temperature of 97.800. 

Such discrepancies in the evaluation of the activity 

of BHA and BHT, evidently, are explained by the instability of 

BHA at elevated temperatures; this indicates the unsuitability 

of the use of BHA in the melting down of oil from liver Z7211. 

For the determination of the quantity of antioxidant 

which disintegrates when the fat is melted down, and remains 

in it, sterilized liver of Atlantic cod was used. 

i; 

1 . 

The fat from the liver was melted down in a glass 

flask, which was heated in a boiling water bath. Into the 

flask, through a glass tube, was fed live steam from a steam 

generator, simulating the technological process of obtaining 

oil on fishing trawlers. 
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„ 

For the experiment, 300 grams of cod liver were taken, 

into which a given quantity of antioxidant was introduced. 

After the thermal treatment of the liver, the mass /52 

which had not completely congealed, was separated as 

completely as possible in a BUchner funnel. The oil was 

separated from the liquid fraction in a separatory funnel 

and weighed. 

:1 

t1 

The yield of oil generally constituted 120.'130 grams; 

that is, 40-45% of the liver by weight. Before analysis, the 

oil was dehydrated with sodium sulphate, and filtered. The 

quantity of BHA retained in this oil was determined by a 

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

dichlorquinonechlorimide extracted from the oil with 72% 

ethanol L710.7. 

BHT was separated from the oil by distillation with 

superheated steam, and its percentage in the distillate was 

determined by a colour reaction with ferric chloride and 

c4,0Ç i-dipyridine. 

The results obtained in this case showed that 50".70% 

of the antioxidant introduced into the liver appears in the 

oil (Table 2). 
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The experiments which were carried out confirmed our 

hypothesis that when an antioxidant is introduced into the liver 

itself, the oil upon melting down is changed to a lesser 

degree than when the oil is melted down without antioxidants. 

Production and storage of oil from the liver of 

Baltic cod.  For the research, oil was used which was 

especially 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 good. Two batches of 

oil had high acid numbers (2, 8 and 3, 6), although other 

properties characteristic of a degree of oxidation of the oil 

(peroxide number, carbonyl number, retention of oxiranic oxygen) 

were low. 

The characteristics of the liver of Baltic cod, from 

which the oil was obtained for experimental storage, 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 is heated in a kettle with steam, then the oil is 	/63 

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

into a vessel in which it was again allowed to settle, this 

time for 	hours. The settled oil was then decanted into 

a flask. In our tests, the oil 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 

another. 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 oil was melted 

down without antioxidant. Simultaneously, 0.2% citric acid 

(of liver, or of oil, by weight) was used. 

A study of the composition of highly unsaturated 

fatty acids from cod liver showed the oil from the liver of 

Baltic cod retains more of the highly unsaturated fatty acids 

than does the liver of Atlantic cod  C127.  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 oil, average 	/54 

samples were taken at all levels. In these samples, the degree 

of oxidation was determined »  as well as the organoleptit 

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 antioxidants, is better than the oil 

melted down without them, in which there were more peroxide 

compounds. However, upon storage, the oils melted out with 

antioxidants, and the oils in which the antioxidants were 

added after melting, showed similar changes. Two samples 

(Numbers 15 and 16) are an exception; their acid numbers were 

high at the very beginning of the storage period. These oils, 

on an organoleptic basis, were removed from storage after 

80 days. 

The samples of oil stored without antioxidants 

changed to a greater extent and more quickly. This is evident 

from the values of their peroxide number, and the amount of 

oxiranic oxygen, as well as their organoleptic analysis. 

Sample Number 12 appeared to be the best of the seven samples 

of oil from the Baltic cod. This sample, in the presence of 

0.02% BHT, was stored for 80 days without signs of oxidation. 

In addition to this, it follows from these results that 

the oil from the liver of Baltic cod is oxidized at the same 

rate as the oil from the liver of Atlantic cock, which retains 

significantly less tocopherol (12-15 mg %) 	 Evidently, 

the highly unsaturated fatty acids of this oil form unstable 

Peroxides which do not have a chance to react with the 

tocopherol. On account of this, the oil is greatly oxidized 



in spite of the high retention of tocopherol (vitamin E). 

The amount of Vitamin A in the oil changes insignificantly, or 

not at all. 

. 	 Production and storage of oil  from the liver of 

Atlantic cod. Two sets of tests were carried out. 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 , 

2 port in . à refrigerated state. The quality of the liver was 

good as seen from the results in Table 7. • 	. 	_ 

The oil was obtained by the method used on the fishing 

trawlers /-14.7. 

In two tests, when the oil 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 oil obtained by melting down° 

One  test was a control° 

The oil in these tests retained more highly unsaturated 

acids (Table 8) than the same oil which we tested earlier r12.7. 

Evidently, this is due to biological variations of the cod, 	, 

caught at various times of the year and in various regions. 

L.C. Losev, a scientific worker of PINRO on the fishing 

trawler carried out the second series of tests (Numbers 6-10) 
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(ses  Table 7). He performed two tests with antioxidant 

introduced into the liver before the oil was melted out of it 

(0.01% BHT and 0.001% propylgallate). He performed two other 

tests with antioxidant added to the melted oil (0.015% BHT 

and 0.001% propylgallate); one test was a control. 

The oil, obtained from these tests, was poured into 

milk cans and stored for a month on a ship, in the same place 

as the oils for tests 1-5, at a temperature of approximately 

15°C. 

The oil in test 4 to which 0.015% butylhydroxytoluol 

was added, fared better in storage than the others, with the 

exception of the oil of test 9 where the same antioxidant was 

added to the liver before the oil was melted from it (Tables 

9 and 10). The first sample of oil retained a good odour 	/56 

after 120 days, and the second - after 105 days of storage; 

the other samples of oil acquired an odour of oxidized oil in 

a very much shorter time. 

Propylgallate in an approved concentration prevents 

the oil from oxidation for longer periods than does BHT. 

However, when propylgallate is introduced into the liver 

before melting, It imparts to the oil an extraneous odour, 

similar to that of melted butter. It is possible that this is 

the result of an incomplete breakdown of the propylgallate 

at elevated temperatures. Later on it became clear that the 
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imported propylgallate which we used was an impure variety, /58 

and its activity was 1.5 times lower than that of the purified 

propylgallate. For this reasonj  the amount of propylgallate 

shown in Table 9 is 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 oxiranic oxygen do not always 

increase; sometimes their values temporarily decrease, then 

increase. This results in the conversion of peroxide and 

epoxy compounds to products which are more highly oxidized. 

Therefore, each of these properties, taken individually, does 

not always sufficiently characterize the degree of oxidation 

of the oil at given stages of its storage. The carbonyl 

number of cod liver oil remains nearly unchanged. 

In the meantime, the problem of choosing the most 

characteristic, unbiased property of the degree of oxidation 

of cod liver oil, is 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. 



Antioxidant and its 
Concentration, % 

Length of 
Storage, 
In days 

Peroxide 
number of the 
oil, % iodine 

Without antioxidant 	  

BHT, 0.01% of liver, by weight 	 
Propylgallate, 00001% of liver, 
by weight 	  

BHT, 0.15% of oil,by weight 	 

Propylgallate, 0.001% of oil, 
by weight 	  

0,11 
0,1 
0,1 
0,13 

0,18 
0,16 
0,17 
0,11 

0,09 
0,10 

60 
75 
120 
135 

150 
150 
150 
135 

150 
150 

12. 

Retention of residue* •  The residue remaining after /59 

the oil is melted down from the liver contains the following, 

in relation to the total of the obtained oil: moisture - 

47-59%, oil - up to 38%, protein - up to 15%. 

Depending on the freshness of the liver from which the 

oil is obtained, and the sanitation conditions of production, 

the residue can be used as a food product. 

Generally, the residue is used as a feed for animals. 

Sometimes, when there are no provisions on the trawler for its 

storage, the residue is not used. 

In the oil of the residue under the influence of 

enzymes and the oxygen of the air, peroxides, aldehydes, 

hydroxy acids, as well as free fatty acids are formed; the 

residue acquires the odour of oxidized oil. 
"Graksan in Russian. Translator. 
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Since several products of the oxidation of the oil are 

toxic, we had to find a way not only of preserving the residue 

from decay, but also of preventing the oxidation of the oil. 

For this purpose, several tests were carried out on 

the storage of the residue under laboratory conditions. 

Here$  the same change was observed in the residue as 

that which had been produced in the tests on the separation 

of the oil from the liver in the presence of the antioxidants 

BHA and BHT; in several tests, the antioxidant was added 

directly to the residue. 

As a preservative, sodium chloride was used (3-.10% 

of the residue, by weight); the residue was stored in glass 

jars filled to capacity (100-150 grams at 20-25°C). 

The results of these tests are presented in Table 11. 

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 oil in the residue 

with antioxidants after a period of 20.-30 days. 

The values of the characteristics of oxidative decay 

of the oil'in the residue with antioxidants show that the 
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- process of the oxidation of the oil is retarded, and it is 

possible to store the residue 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 apPearance of mold. 

CONCLUSIONS 

1. It was confirmed that cod liver oil is easily 	/67 

oxidized. This 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 active of the antioxidants tested (BHT, BHA, thioxane, 

propylgallate) for cod liver oil. In oil melted down with 

the use of BHT, fewer oxidation products were found than in 

the oil melted down without antioxidants. The addition of 

antioxidant when the oil is melted down does not lengthen the 

period of its storage in comparison with the addition of 

antioxidant after the melting down. 

3. The addition of 0.002% BHT by weight of oil of 

atlantiQ cod lengthens its storage time up to 3-4 months 

without obvious signs of oxidation. The same amount of BHT 

lengthens the period 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 oil be stored for a year, it is necessary to 

continue the search for ways to guard the medicinal oil 

from oxidative decay. 

4. There is no single property of oxidative decay 

that clearly defines the degree of oxidation of cod liver oil. 

However, cod liver oil with a peroxide number equal to 0.2, 

as a rule, is 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 residue. The introduction 

into the residue of 0.02% by its weight of BHT prevents the oil 

from oxidation. It would be advisable to perform similar 

tests under conditions of production. 
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26. Studies on the use of butylated hydroxytoluene as antioxidant 
of foods. 

28. The use of antioxidants in foods; the case of tioxane. 



Antioxidant and its 
concentration in the 
oil, in % 

Time of induction (in  
hours) to the value of 
the peroxide number 

Relative 
effectiveness, 

0.05 0.07 0.10 

Control 
BHA 0.05+ citric acid 
0.1 

BET 0.05+ citric acid 
0.1 

Thioxane 0.05 

11.8 

12.5 

23.0 

12.0 

14.5 

16.8 

27.0 

17.0 

19 

23 

29 

23 

1.14 

1.78 

1.13 

22. 

Table 1 	/51 

Antioxidative activity of several antioxidants 



-- 
1,5 
-- 
1,5 
1,4 
1,4 
1,5 
1,4 
1,4 

4,9 
4,7 
-- 
2,8 
2,5 
4,9 
4,1 
5,9 
6,1, 

23. 

Table 2 	/52 

The change in quality of the oil in the process of the  

heat treatment of the liver (laboratory experiments)  

Antioxidant 	 Peroxide 	Retention 	Carbonyl Acid 	Vitamin A 

-' 	 number 	of oxiranic number 	number 	(1.U.) 
-,I. 	 r-I 	•■ 

0 bp 	•r-4  -P 	of the 	oxygen, 	mg. KOH 	mgo KOH 	per gram 
4..,.,-4 	o 0 	oil, % 	mg % 	in 1 gm. 	in 1 gm. 	  o 	m 0 	 liver 	oil gi 	mi e 	0 a ..c 	iodine is 	o  

A 	rd c+-1  
0 	rd 0 	(1) Ck 	I 	II 	I 	II 	I 	II 	I 	II 	I 	II 	I I II gi o o

'e. 	er-1 4D 
-P 	-P 	0 	4-D 

43 	e 	e 	... cn  
e 	ci 	ce 	t-I al 	c.) 	ce 	ta0 
» d 
	• i 	•In c-ii e E 	âe 2 . g 

•-i 	1,4 	N .1-1 0  
r-,o 	Or-  43 	co 	e.4 0 	•g-1 	•H 	er-I 	0 	ce 4-1 
04 	-P 	-P 0 	04 -I-3 0 r-I 
>4 	0 	0 ,0 (1-1 	04 rt--I 	or-I 
Fil 	•z4 	eM 4-D 0 

_ 

%N\  
3 
4 
5 
6 
7 
8 
9 

2 
BHT 
BHT 
BHA 
BHT 
BHA 
BHT 
BHT 

0,02 
0,02 
0,03 
0,03 
0,02 
0,03 
0,02 

0,029 
0,026 
0,028 
0,033 
0,030 
0,012 
0,026 

120 
120 
140 
150 
200 
-- 
120 
140 
160 

120 
115 
150 
140 
160' 
-- 
115 
140 
170 

350 
300 
370 
370 
350 
-- 
280 
350 
320 

350 
320 
330 
370 
350 
-- 
270 
350 
340 

0,0038 
0,0014 
0,0014 
0,0013 
0,0013 
0,004 
0,00 
0,0038 
0,0014 

0,0048 
0,002 
0,007 
0,007 
0,008 
0,01 
0,007 
0,013 
0,026 

0 
O 

O 
O 
O 
O -,  

O 
O 

1,2 
1,8 
-- 
0,6 
0,7 
0,7 
2,2 
2,2 
3,1 

0,8 
-- 
0,7 
0,7 
0,4 
0,4 
0,4 
0,5 
0,5 

0,8 
-- 
0,7 
0,7 
0,4 
0,5 
0,7 
0,7 
0,7 

Note: I - before heat treatment 

II - after heat treatment 



• 	 •• 

24. 

Table 3. 	/53 

The chemical composition of the liver of Baltic cod 

and nt_atmlny_of  the oil separated from it  

Properties of the liver oil Retention of 
vitamins in the 
liver 

Total 
pro-
tein 

Exper-
iment 
number 

Chemical com-
position of the 
liver, % 

Mois- Oil 
ture 

Per-
oxide 
num-
ber % 
iodine 

Reten-
tIon 
of oxi 
ranic 
oxygen 
mg. % 

Car-
bonyl 
num-
ber 

Thio-
barbi-
turbo 
num-
ber 

Acid 
num-
ber 

A (I.U.) 
per gram 

E, mg. 

N 
11,12 	40,8 	44,8 	14,4 	0 	1,7 	0 	1,1 	0,4 	290 	45 
13,14 	43,6 	45,5 	10,9. 	0 	. 1,7 	0 	1,3 	0,6 	370 	45 
15 . 	* 	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 
17 	42,0 	47,8 	10,2 	0,0024 	1,5 	0 	1,1 	1,8 	460 	45 

é 

r 



11 
12 

13 
14 

	

5,5 	4,1 	20,4 

	

5,2 	4,0 	18,8 

	

4,0 	3,5 	15,4 

	

5,6 	3,7 	17,2 

	

6,6 	3,6 	20,8 

	

5,6 	3,3 	16,7 • 

5,5 	3,5 	• 18,1 

36,5 
34,21 
29,1 

34,0 
39,0 
33,0 

36,8 

25. 

Table 4 t  

Composition of highly unsaturated fatty acids from 

the liver of Baltic cod, % 

Antioxidant and 
its concentration 

Sample 
number 
of the 
oil 

With two 
double 
bonds 
(linolenle 
type) 

With 
three 
double 
bonds 
(lino-
ionic 
type) 

With 
four 
double 
bonds 
(arachl-
donic 
type) 

With 
five 
double 
bonds 
(clup-
ano-
donic 
type) 

Total 
highly 
uns  at-
urated 

 fatty 
acids 

15 

16 

17 

Control 	 
BHT, 0.02%  of cil,  
by weight 	 
Control 	 
Propylgallate, 
0,001% of oil, 
by weight 	 
BHT, 0,03% of 
liver, by weight 
BHT, 0.03% of 
liver, by weigh 
Propylgallate, 
0.02% of liver, 
by weight 

7,9 
_7,3 „-- 
8,6 

6,4 
6,14 
6,3 



Retention of vitamin A 
(I.U.) per gram 
Retention of Vitamin E, 
mg. % 
Peroxide number 
Retention of oxiranic 
oxygen, mg. % 
Carbonyl number 
Acid number 
eThiobarbituric 
i number 

Peroxide number 
Retention of oxiranic 

- oxygen, mg. % 
Carbonyl number 
Acid number 
Thiobarbituric 
number 

1000 1100 

130 116 

1190 

120 

0,11 0,12 0,12 

7,8 '7,1 

1,4 1,3 

- 1,4 1, 1 

1,3 

1,5 

840 

145 

950 

141 

■■■■• 

■■•••■■ 

860 

110 

..■■■• 

26. 

Table 5. 	/55 

Changes in characteristics upon storage of 

oil derived from Baltic  Cod 

Test number, antioxidant, and its concentration 

11 
con- 
trol 

Characteristics of the 
ôil 

Peroxide number, 
% iodine 
Retention of oxiranic 
oxygen, mg. % 
Carbonyl number 
Acid number 
Thiobarbituric number 

12; 
BHT 
0.02% 
of oil 
by 
weight 

At 

13 	14 	15 and 
con- propyl- BHT, 00 
trol gallate of live 

0.001% 	by weig 
of oil 
by 
weight 

the beginping of storage 
il 

 

period 

17;propyl-
gallate 
0.002% of 
liver by 
weight 

//  

15 and 16; 
BHT, 0.03% 
of liver, 
by weight 

-,,7-----1- 	
1 	- 	t 	i 	r 

0,053 	0,041 	0,041 	0,061 	0,009 	0,0011 	0,022 

fl 	

I 

2,9 	3,1 	2,5 	2,8 	2,2 	2,5 	3,8 

0 	0 	0,7 	0,7 	'0,6 	0,6 	0 

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 

720 

116 

0,11. 

, 8,2 

1,2 

0,8 

3,5 ' 

After 50 days of storage 

	

0,19 	0,17 	0,2 	0,15 	0,14 	0,11 	0,17 

, 

	

5,9 	4,6 	5,3 	4,5 	. 	4,1 	• 	3,9 	s  4,1 	, 

	

2,6 	2,6 	5,2 	3,3 	2,6 	1,6 	1,7 

	

0,9 	0,8 • 	1,6 	1,6 	-- 	-- 

	

2,4 	1,7 	1,7 	2,4 	3,5 	3,1 	4,4 

2,6 	I 	3,4 	I 	3,5 	-- 



Retention of vitamin A, 
(I.U.) per gram 
Retention of Vitamin E, 
mg° % 
Peroxide number 
Retention of oxiranic 

• oxygen, mg. % 
Carbonyl number 
Acid number 
Thiobarbituric 
number 

Retention of vitamin 11, 
I.U. per gram 
Peroxide number 
Retention of oxiranic 
oxygen, mg. % 
Carbonyl number 
Acid number 
Thiobarbituric 
number 

820 

115 

920 

120 

0,19 

7,2 

2,7 

0,8 

2,4 

720 

3,3 

2,4 ' 

1,1 

3 

950.  

0,24 

3 

2 

0,95 

_ 2,9 

4,3 

3,2 

1,7 

3 

3,65 

2,6 

1,5 

2,7 

4 

2,4 

1,5 

3,8 

After 140 days of storage 

850 900 1100 

0,39 

1150 

0,24 

850 

0,29 

; 

800 	. 950 

	

0,7 	0,58 

	

3,7 	3,5 

	

8,7 	9 

	

1,4 	1,1 

	

5,1 	3 

800 

0,65 

4,5 

6,6 

1,8 

4,2 

1150 

0,79 

4,1 

8,6 

1,7 

4 .  

1000 

0,58 

3,7 

8,7 

1,5 

4,2 .  

27. 

Table 5 (canted) 

13 
con-
trol 

*Characteristics of the 
oil 

•  

II--  1-W 
con- BHT 
trol 0°02% 

of oil 
by 
weight 

14- 
 propyl-

gallate 
00001% 
of oil 
by weight 

15 and 16; 
BHT, 0.03% 
of liver, 
by weight 

17 propyl 
gallate 
0.002% of 
liver by 
weight 

Test number, antioxidant, and its concentration 

After 80 days of storage 

9,1 

3,4 • 

1,1 

3,1 

0,28 

830 800 800 -  1100 	J1000 

115 	131 	 110 

0,20 . 	0,15 	0,16 	0,15 	0,26 

	

14,5 • 	10,7 	5,4 	4,7 	4,6 

	

3,6 	' 	2,8 	2,6 	2,9 	. 3,4 

	

1, 3 	1, 3 	3,0 	2,7 	1,9 

' 2,1 	' 1,5 	1,9 	2,5 	2,1 

After 100 days of stOrage 

LUetention of vitamin A, 
I.U. per gram 
'peroxide number 
Retention of oxiranic 
ç)xygen, mg. % 
Carbonyl number 
_ecid number 
Thiobarbituric number 



• 4 

a• • 

411 

Without antioxidant (control) 

BHT, 0.02% of oil, by weight 

Without antioxidant (control) 

Propylgallate, 0.0012 of oil, 
by weight 

11 

12 

13 

14 

Odour of 
oxidized 
oil 

Odour of 
oxidized 
oil 

Odour of 
oxidized 
oil 

Odour of 
oxidized 
oil 

Same 

Same 

Same Same 

Weak odour 
of oxi-
dized oil 

aemoved 
from 
storage 

Same 

Odour of 
oxidized 
oil 

Olga 

Odour of 
oxidized 
oil 

Tele 6  

E n_organoleu  arD -ue  ,11:1 0 11 	-uoragç 

Test 
number 

80 days Antioxidant and its concentration 	50 days 100 days 140 days 

Odour of 
slightly 
oxidized 
oil 

Normal odour No odour of Slight odour Same 
character- 	oxidized 	of oxidized 
istic of cod oil 	 oil 
liver oil 

Odour of 
slightly 
oxidized oil 

Weak odour 
of oxi-
dized oil, 
foreign 
odour 

Odour of 
oxidized 
oil 

15 	BHT, 0.03% of liver, by weight 

16 	BHT, 0.03% of liver, by weight 	Odour of 
slightly 
oxidized oil 

17 	Propylgallate, 0.002% of liver, 	Same 
by weight  

Odour of 
oxidized 
oil, for-
eign odour 

Same 

Odour of 
oxidized 
oil 



41. 

29. 

14ab1e 7 	/58 

2}ieiical gonmosition  of livQr ofj...-1.11eztja_eaLl 

a d  the Quality of its oil  

Chemical composition 	Properties of the oil 	Retention 
of liver, % 	 from the liver 	 of Vitamin 

Test  	A, 	I.U. 
num- 	Mois- 	Oil 	Total 	Pero- Ret- 	Car- 	Thio- 	Acid 	per gram 
ber 	ture 	protein 	xide 	ent- 	bonyl barbi- num- 

con- 	 num- 	ion of 	num- 	turic 	ber 
tent 	 ber, 	oxir- 	ber 	num- 

% io- anic 	 ber 
dine 	oxygen, 

mg. % 

/ / 
• 	 / 

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 

, 



30 . 

T§tble 8 	/59 

Structure of bighly unsaturated fatty ac,Ids tn 

Sample 	With two 	With three 	With four 	With 	Total 
number of 	double 	double 	double 	five 	highly 
the oil 	bonds 	bonds 	bonds 	double 	unsat- 

(linoleic 	(linolenic 	(arachi- 	bonds 	urated 
type) 	type) 	donic 	(clup- 	fatty 

type) 	anodonic 	acids 
type  

	

. 1 	5,9 	• 	4,7 	5,0 	17,3 

	

2 	3,7 	4,4 	5,3 	19,7' 

	

3 	4,5 	4,2 	6,0 	18,3 

	

4 	4,3 	4,2 	6,1 	• 	19,3 

	

5 	4,2 	4,3 	6,0 	18,4 

_à 

32,9 
33,1 
33,0 
33,9 
32,9 



• . 

«- 

4; BHT 
0.015% 
of oil 
by 
weight 

0',062 
, 

0,053' 	004 ' 	0,044 	0,025 	I 
._ 	, 	• 

- 	• 

.3,2 	3.,1 - 	2,4. 	- 	2,3 

1,2 	1,3 	' 1,3 „ 	L 	0 	I 

•2,16 	2,1 	1,9 	1,65 
0,7 	0,4 	0,5 	- 	0,7 	1 

730 	700 	750 - 	650 	651 
- 

0,05 

1,3 

1,7 
0,3 

650 

0,021 

2,5 

1,05 
0,94 

650 

,014 

,33 
,54 

0,02 

2,2 

0 

1,3 
0,43 

650 - 

0,032 

1,8 

o 
1,8 
0,8 

650 

30 days 45 days 

1,4 

2,9 
1,5 

0,074 

2,4 

1,7 

4,9 
1,4 

0,19 

3,3 

6 
0,9 

2 

2 

4,2 
0,6 

0,097 

2,3 

2 

4,1 
0,8 

Table 9  

C4anges i‘n the oil from the liver of Atlantic 09d, upon storage  
Test  number, antioxidant and its concentration 

1; BHT, 
0.01% 
of liver* 
by weight 

6 
Con-
trol 

7;  BUT  
0.015% 
of oil 
by 
weight 

8 and 9; 
BHT 0.01% 
of the 
liver by 
weight 

10; Dropyl-
gallate 
0.001% of 
liver by 
weight 

Properties of the 
oil 

'Peroxide number, 
% iodine' 	 
,Retention of 
Hpxiranic oxygen, 
mg. % 	  
("jarbonyl number 	 
Thiobarbituric 
number 	 
Acid number 	 
Retention of 
Vitamin A 	 
(I.U. per gram) 

600 

2; prop-
ylgallate 
0.01% of 
liver by 
weight-etke 

at 

	

1 	_i 1 	I 	J 1  

/ 
the beginning of the storage period 

	

/ 	/ 	/ 	/ 

3 
Con- 
trol 

5; pro-
pylgal-
late, 
0.001% 
of oil 
by 
weight 

3,2 

	' 	0,3  

Peroxide number 
% 
Retention of 
oxiranic oxygen, 
mg. /0 	  
Carbonyl number 
Thiobarbituric 
number 	 11111 1,5  2,5 Acid number 	 MOM 0,6 
Retention of 
Vitamin A,___ 
I.U. per gram 

650, ,L,s. 1,750 
60 days 

0,069 

3,8 

1,4 

4,6 
1,8 

0,21 0,115 

2,5 

1,5 

2,4 
0,9 

2,7 

1,8 .  

6,2 
. 0,6 

0,16 

75 days 

3 

2,1 , 

5,1 
. 1,2 

0,12 0,11 0,065' 



0,11 0,065 0,06 0,08 

,C!,089 	0,099 	0,11 	0,087 	0,087 ' 	0,1 	0,1 
_ 

- . 	1,85 	- 	2 	, 	2,6 	1,2 	: 	2,2 	.. • -1,9 	1,8 

.• 1,7 	1,6 	2,4 	1,6 	1,5 	2,5 	2,5 

' 	3,8 	2,9 	2,8 	- 	2,5 	3,4 	2,4 	2 
. 	0,5 	1,7 	1,5 	1,1 	1,5 	. 	' 	1 	0,3 

600 	650 	750 	 • • 	700 	
. 	

. 770 	680 	' 	58d 
- 

90 

_ 

	

1,8 	1,5 	2,7 	2,5 

	

1,2 	1,1 	3,7 	3,2 

	

1,3 	1,2 	1,5 	3,5 

	

1,1 	1,5 	1,3 	0,7 
I :---:- 7-- j 	LT  

1,9 

2,1 

1,7 
2,2 

120 

0,081 0,12 

r 

ir" , 	. • • 

,d 

Table 9(cont'd) 

Properties of the 
oil 

3 
Con- 
trol 

6 
Con-
trol 

1; BHT, 
0.01% 
of liver 
by weighe 

2; prop-
ylgal-
late, 
0.01% of 
liver by 
weight 

4; BHT 
0.015% 
of oil 
by 
weight 

5; pro-
pylgal-
late, 
0.001% 
of oil 
by 
weight 

7; BHT 
0.015% 
of oil 
by 
weight 

8 and 9; 
BHT 0.01% 
of the 
liver by 
weight 

10; propyl-
gallate 
0.001% of 
liver by 
weight 

Peroxide number, 
% iodine 
Retention of 
oxiranic oxygen, 
mg. % 
Carbonyl number 
Thiobarbituric 
number 
Acid number 
Retention of 
Vitamin A, 
I.U. per gram 

Peroxide number, 
% iodine 
Retention of 
oxiranic oxygen, 
mg. /0 
Carbonyl number 
Thiobarbituric 
number 
Acid number 
Retention of 
Vitamin A, 1.U, 
per gram 

3,1 

1,2 

1 
2 

.

2

.  1,8 

3 	3,1 

2 	2,8 
1,4 	0,6 

40 	65-0 	I 650 . 	. _ 

580 

135 

1 05 

0,12 

1,35 

1,3 

3,4 
1 

0,10 

-590 

0,062 

1,65 

1,3 

4 
0,5 

580 

13 

0,071 

3,7 

2 

0,9 

2 

2,4 

2,2 
1,26. 

0,066 



6 
Con- 
trol 

0,1 0,14 

150 days 

1; BHT, 
0.01% 
of liver 
by 
weight 

2; prop-
ylgal- 
late 
0.01/0 of 
liver by 
weight 

4; BHT 
0.015% 
of oil 
by 
weight 

5; pro- 
pylgal- 
late, 
0.001% 
of oil 
by 
weight 

7 ;  BHT 
o.o15% 
of oil 
by 
weight 

8 and 9; 
BHT 0.01% 
of the 
liver by 
weight 

10; propyl-
gallate 
0.001% of 
liver by 
weight 

Properties of the 
oil 

3 
Con- 
trol 

720 

Peroxide number, 
I% iodine _______ 
Retention of 
oxiranic oxygen, 
mg. %___________ 
Thiobarbituric 
number_--------  
Acid number_____ 
detention of 
Vitamin 

per gram 

	

0,08 	0,13 	0,17 	0,1 	0,17 

. 	3,E1 	5,5 	3,3 	2,8 	5,5 
, 

	

0,7 	4,7 	1,7 	2,7 	5,3 
• 

	

0,9 	g,.3 	2,8 	1,2 	1,5 

....- 410 	590 	. 	830 	560 	550 	. 

0,165 

2;4 

1,5 
1,4 

79OE 

3,10 	3,57 

, 2,7 	3,9 

• 1,5 	4 
• 2,2 	2 

650 	t780 

0,13 

0,5 
1,4 

620 

	

0,135 	0,115 	0,1 

	

2,8 	2,6 	• 	4 

	

1,3 	0,7 	1,4 
- 1,7 	1,9 	2,3 

630 	620 	580 

0,11 

2,85 

1,3-  

3,2 
0,7 

630 

0,087 

2,40 

1,3 

2,7 
1 ,2 	, 

Peroxide number, 
% iodine 
Retention of 
oxiranic oxygen, 
mg. 
Carbonyl number_ 
Thiobarbituric 
number 
Acid number 
Retention of 
Vitamin A, I.U. 
per gram 

0,089 

.- 

2,64 

3,4 
1,5 • 

730 ' 

e ' 

Tab,_e  g  (cont'd) 

* 0.015% BHT was retained in the-separated oil 	, 
** 0.001% propylgallate was  found in the'eeparated oil 
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Table 10 /63 

Test 	Antioxidant and its 	30 days 	60 days 	90 days 	120 days 	150 days 
num- 	concentration 
ber  

1 	BHT*$ 0 c' 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 	Propyl allate** 	No odour of 	Odour of 	Weak odour 	Weak odour 	Odour of 
0.001/0 of liver, 	oxidized 	cod liver 	of 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 	oxidized 	oxidized oil 

oxidized 	ized oil 	oil with 	oil with a 	with a strong 
oil 	 an odour 	strong odour 	odour of 

of stale 	of stale 	stale fish 
fish 	fish 

4 	BUT, 0.015% 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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30 days 

No odour of 
oxidized 
oil 
45 days 

Odour of 
stale 
fish 

Odour of 
cod liver 
oil 

60  days 

Odour of 
cod liver 
oil 
75 days 

Slight 
odour of 
oxidized 
oil 

Odour of 
slightly 
oxidized 
oil 

90 days 

Weak odour of 
oxidized oil 

105 days 

Odour of 
oxidized 
oil with an 
odour of 
stale fish 

Weak odour 
of oxidized 
oil 

150 days 

Weak odour of 
oxidized oil 

135 days 

Odour of 
oxidized oil 
and stale 
fish 

Weak odour 
of oxidized 
oil 

Antioxidant and its 
concentration 

Propylgallate ***  0.001% 
of oil, by weight 

Without antioxidant 
- control 

BHT, 0.0015% of the 
oil, by weight 

Propylgallate, 0.001% 
of oil, by weight 

BHT, 0.01%*  of liver, 
by weight 

Propylgallate**  
0.001% of liver, by 
weight 

Same 

Odour of 
cod liver 
oil 

Odour of 
stale fish 

Same 

No odour 
of oxid- 
ized oil 

Odour of 
stale 
fish. Odom 
of melted 
butter 

Sam e 

Odour of 
cod liver 
oil 

Odour of 
stale fish 
- no odour 
of oxidized 
oil 

Same 

Odour of 
cod liver 
oil 

Odour of stale 
fish with a 
weak odour of 
oxidized oil 

10 

Test 
num-
ber 

5 

6 

7 

120 days 

Weak odour 
of oxidized 
oil 

8 

9 

• 

Table 10  (cont t d) 	/64 

* 0.015% BHT was retained in the separated oil. 
** 0.001% propylgallate was found in the separated oil. 
*** The actual concentration of pure propylgallate is 0,0007%. 
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Table VL, 	/65 

conc °rage una  due u anzes 

36,7 50,1 0;07 

1,4 

1 ,1 

0,1 1,7 

0,18 1,6 

0,03 0,9 

11),C4 0,5 

5,5 

2,4 

2,7 

0,09 

0,09 

1,7 

0,8 

2 

0,9 0,06 

I-1 

0 

C) 
rd ••• 

>1 	n:J 
0,00  

•*-1 

G)  

1,4 a) 
,0 
FI 

a) 
P-■ 

4-) 

,0 
E 	rd 

>4: 
0 

H 
tn 	-P 
(I) 

Composition 
of residue, 

I 
CO 	-P 

•ri 
O 0 a) 
E -P  0 -P 

Before storage 

O 0 
rd 

F4 n-4 
>1 	rd 
0 ,00  

0 P e  

Oil in the residue 
After 10 days 
of storage 

organo-
leptic 
ana-
lysis 

After 20 days 
of storage 

organo-
leptic 
ana-
lysis 

_  

After 4o days 
of storage 

organo-
leptic 
analysis G)  

rd,r) 
o 

g 

›a 
• r•-f O G) 

 A A • e z 
rd ,0 

O

• 

W  
e 

cis z Oz 

O 0 
rd 
H 
k 	qz1 

,0 0 
• a 
PI 
• z 

;-4 

e z 

rg 
z O C)  

o g 

,C1  

0 

›.› 
• F-1 
O C) 

 ,ID 

o 

4a 10 BHT ,  
0.01 1 

0• 01 	3,35 52,8 0,09 

1 5 - 

_ 5a 10 BHT, 	32,2  

2 5 BHT, /7  
0.0 

1   

3 8 BHT, 
0.01 

/////e32,6 54,4 0,05 

31,5 53,6 0,06 

58;8 0,14 

0,8 

1 ,1 

1,3 

,06 0,8 
0,12 1,5 2,0 

5,97 

Good ocbur 
and taste 

----------Same 

on 
the top, 
odour of 
oxidized 
oil 

Mold, weak 
odour of 
oxidized 
oil 

No signs 
of  oxi- 
klation in 
odour or 
taste 

At the 
top 
odour 
of oxi-
dized 

good 
odour 

- in 
centre  

- 	 Seine 

• 77 

\\No  mold 
normal' 
odour 

loedOlf,  
of 
oxidized 
il 

Same 
• 

Mold on ' 
surface, 
weak odour 
of oxidized 
oil 

0;11 

0,12 

3,4 



4 " 4 

;.' 	e 	Composition 	 Oil in the residue 
10 
le 	as 	of-residue, 	 After 20 days of 	After 40 days of 
15 	ro 	 Before storage 	After 10 days 

of storage 	 storage 	 storage 
0 	 . 

i:>> 	'0 	•• e 	
..4 	 O 	organo• 

11") 	-7,4 	.4'-' 	
0 	 0 	 , 	organo- 

>') 	leptie 	ro 	
H 	organo• 

'0 	•>. Z 	
r-I 	0 	(D 

;-i -P 	
CD 

,o ^e 	
H 	 0  

>) 	leptie 	
o 	

I›. 	leptie e 	;-1 	.-1 	r., .R 	r.., 	e 	g•I 	 w-f 	S-1 •r"4 	;-1 	Z 	gi  
E-4 	e ae4"*.. 	4,  0 	>e or° 	0 	0 0 	m a) mi 	o o o aria* 	X 0't' 	o 	o o aria- 	N 0 	0 	0 0 	analysis 

O)4 	 0 „0 0'0 „CD 	,CD ,0 	0.00  	10 ,0 ,0 ,C 	, 	,,_ à 	 0 ,0 0 	'0 ,0 	0.0  1...,s  is 	0 ,0 '0 .0 	-10 ,o H 	•ri Z 	 g.1 e .,-1 	,1 0 	e... 5 	ç.i0 ..,-1 	..,--! e 	t. 5 	1-Ye IS 	 g4 11 w-i 	er-1 0 	Si 5 	-Lo 	 e-, e 	,1 El 	gi 0 
•ri 	00 	 0 	0 	czi 0 	0 0 	c.) 0 	as 0 	 0 	0 	cis 	 0 	0 0 	co 0 	0c.) 	0. c'e. 	cd 	o 	0. e'ta-cz. 	al e 	0 e 	 04 e•%., 	ccs e 	0 e 	 0. e 	cts e 	0 e ---__ 

_ 	L 	I 	 --. 
4 	8 	BHT, 	-''..-**-----.....„32,4  58,9 04 	0,9 	 0,081«0,7 l 3,7 I 

Same 	0,11 	1,3 1 4,1 i 	earfle

.  

0,16 	1,2 	8,7 	
Same . 

0.01 	 . 	 .. 	. 

3 BHT, • 	 Mold appeared on the  third thy of storage 
0 0 01 	- 	32,6 57,3 0,09 	1,8 	 - 

- 	 . 
8 	8 	- 	

. 	. 	 . 
No mold, 	- o, 	1,9 	6,9 	rOld, 	 . 

47,6 0,07 1,8 	 ;0,06 1,7 	7,8 	
normal 	 odour of 
odour 	 oxidized 

• oil 
:,- 

8 BHA, 	 Same 	 0,08 1,4 5,8 	
Mold, no 	. 	- 	. 

0.01 	- 	 odour of 

	

32,5 55,1 0,06 	0,9 	 0:06 	1,2 	5,5 oxidized 
. 	 . 	oil 	• 

LO 	8 BHT, 	 Same 	 - 	... 	- 	- 
• 

0 ,01 	-------,„,....s. 	 0,06 	1,2 	4,9 , 

0,023 1,9 	 0,026 1,1 	4,5 

4 

Table 11 (contid) /66 
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