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Introduction
According to the state policy of the Russian Federa-

tion in the field of healthy nutrition of the population for 
the period of up to 2020, the most important task is the 
development of production of foods that facilitate main-
tenance and strengthening of health of different popula-
tion groups [1].

The unfavorable ecological situation and nutrition pro-
voke oxidative processes in the human body, which cause 
cell dysfunction and an increase in cardiovascular, onco-
logical and other chronic diseases. To improve population 
health, it is necessary to manufacture products, which 
composition includes natural ingredients with antioxidant 
properties [2,3].

The topicality of this problem is determined by fluctua-
tions on the market: an increase or decrease in consumer 
demand, a necessity to transport products over large dis-
tances, weather conditions are the main factors that re-
quire taking appropriate measures that would guarantee 
high commercial quality of melted fats.

The production technology for animal fats based on 
melting includes their dehydration. Therefore, they con-
tain in the final form not more than 0.2–0.3% of moisture, 
which facilitates an increase in their storage stability. At the 
same time, edible fats are prone to changes (rancidification 
and tallowiness) under unsatisfactory storage conditions 
[3,4].

Recently, a trend towards a pronounced growth in the 
use of certain fats for improving foods, consumer proper-
ties and the nutritional value is observed. It is this direction 
that is most promising for the development of the Russian 
market of animal fats.

It is known that most unstable during storage is pork 
fat, which upon the contact with air oxygen and under an 
effect of light is subjected to oxidative changes. As a result 

of chain destructive reactions, oxidation products (hydro-
peroxides, aldehydes and ketones, dibasic fatty acids) ac-
cumulate in fat. A consequence of this are unpleasant odor 
and taste, as well as color changes [5,6].

The use of inhibitors of oxidative spoilage allows retar-
dation of these negative processes and, thereby, prevention 
of product spoilage. The main requirements for their use 
are safety, availability, low cost, simplicity of using, absence 
of odor and taste, inhibition effectiveness. Inhibitors from 
natural raw materials are preferable. We propose to use 
bioflavonoids with the antioxidant properties in the pro-
duction process as an alternative [7,8].

The aim of the research was to study an effect of antioxi-
dants of the green tea extract on physico-chemical charac-
teristics of animal fats during storage.

Materials and methods
The objects of the research were pork, beef, mutton and 

goose fats.
Measurement of moisture content
The method is based on drying a fat specimen to a con-

stant weight.
Work procedure. Fat (2–3 g) is put into an empty weighing 

container preliminarily dried to a constant weight, weighed 
with an accuracy of 0.0002, placed into a drying oven and 
dried at a temperature of 100–105 °C. The first weighing is 
carried out after 1 hour of drying, the following ones after 
30 min. of drying. The weighing container is cooled in a 
desiccator for 20–25 min.

The moisture content X (%) is calculated by the equation:

 X = 
(M1 – M2)

M0

 ∙ 100,
where
 M1 is the weight of the weighing container with fat before 

drying, g;
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 М2 is the weight of the weighing container with fat after dry-
ing, g;

 М0 is the fat weight, g.

Methodical note
Considering that fat oxidation is possible, the lowest 

weight is taken into account in drying.
Determination of the acid value
The acid value characterizes the depth of hydrolytic de-

composition of fats and is an indicator of oxidative spoil-
age in investigation of stored melted fat along with other 
more characteristic indices. Cleavage of triglycerides of 
fatty tissue takes place under the action of lipases catalyz-
ing hydrolysis of ester bonds. The reactions of hydrolytic 
cleavage are accelerated with an increase in a temperature 
in the presence of bases, acids. Hydrolysis of fat and the 
corresponding increase in the acid value can occur at the 
beginning of the technological process mainly by the enzy-
matic way and then non-enzymatic hydrolysis of triglycer-
ides is possible at the stage of melting after lipase inactiva-
tion [9,10].

Principle of the method
Titration of free fatty acids in the ether/ethanol solution 

of fat with the alkaline aqueous solution.
Ether serves as a fat solvent and ethanol is used for ho-

mogenization of the system formed by the alkaline aque-
ous solution and fat during titration.

Work procedure
Fat (3–5 g)  is weighed in a 250 ml conical flask with 

an accuracy of 0.01 g. Fat is melted in a water bath and 
30–50 ml of the neutralized mixture of ethanol and diethyl 
ether are added. The content of the flask is agitated. Two or 
three drops of the indicator (1% phenolphthalein solution) 
are added to the solution and quick titration is carried out 
until appearance of the pink color.

The acid value is calculated by the equation:

 X = 5,61 ∙ V ∙ K
M

 ,

where
 5.61 is the titer of 0.1 N potassium hydroxide solution,  

mg/ml;
 К is the adjustment coefficient to the alkaline solution;
 V is the amount of 0.1 N potassium hydroxide solution used 

for titration, ml;
 М is the fat weight, g.

Methodical notes
In case of fluid turbidity in the flask, 5–10 ml of ether/

ethanol mixture are added. If turbidity does not disappear, 
the flask is slightly heated in a water bath and titration is 
carried out after cooling.

The neutral ether/ethanol mixture is prepared by mix-
ing one part of 96% ethanol with two parts of diethyl ether, 
the indicator (phenolphthalein solution 1% in ethanol) is 
added; after that, it is neutralized with 0.1 N alkaline solu-
tion to the slightly pink color.

Determination of the peroxide value
The peroxide value characterizes a degree of fat oxida-

tive spoilage. At the first stages of oxidation of fatty acid 
esters, hydroperoxides are formed. As a result of decompo-
sition or other transformations of peroxides, intermediate 
and end products of oxidation emerge: alcohols, aldehydes, 
ketones, low molecular weight acids, oxyacids and others, 
many of which take part in appearance of odor and taste of 
spoiled fat. The oxidation rate is influenced by the nature 
of fatty acids, presence of catalyzers, natural antioxidants, 
temperature and light. The oxidation reaction is acceler-
ated by heme pigments.

The delay in raw material processing, high temperature, 
presence of atmospheric oxygen, contact with metallic 
equipment, effect of light, inadequate storage conditions 
stimulate peroxide formation.

The peroxide value is expressed as the number of grams 
of iodine liberated from potassium iodide in the acidic 
conditions under an effect of peroxides contained in 100 g 
of fat (% of iodine) [11,12].

There is a certain dependence between the peroxide 
value and organoleptic indices of fat as substances that 
change fat taste and odor appear in parallel with accumu-
lation of peroxides (Table 1). A degree of fat freshness is 
determined depending on the peroxide value.

Table 1 . Dependence of fat freshness on the peroxide value
Fat condition Peroxide value (% of iodine)

Fresh Up to 0 .03
Fresh, but not storable 0 .03 to 0 .05

Doubtful freshness 0 .06 to 0 .1
Spoiled More than 0 .1

Principle of the method
Oxidation of hydroiodic acid with peroxides contained 

in fat with the following titration of liberated iodine with 
sodium thiosulphate.

Work procedure
A specimen of fat (about 1 g) is weighed in a stoppered 

conical flask with an accuracy of 0.0002 g. Fat is melted in a 
water bath. Ten milliliters of chloroform is poured into the 
flask (along the wall, washing fat particles) from a cylinder; 
after that, 10 ml of glacial acetic acid and, then, 1 ml of the 
freshly prepared saturated solution of potassium iodide are 
added.

The flask is closed with a stopper, the flask content is 
thoroughly mixed and held in a dark place for 5 min. Then, 
100 ml of distilled water and 1 ml of 1% starch solution are 
added to the flask and liberated iodine is titrated with 0.01 
N solution of sodium thiosulphate until disappearance of 
the blue color.

The control test (without fat) is carried out in parallel.
The peroxide value of fat X (% of iodine) is calculated 

by the equation:

 X = 
0,00127 ∙ K ∙ (V – V1 ) ∙ 100

M0

 ,
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where
 0.00127 is the amount of iodine that is equivalent to 1 ml of 

the 0.01 N solution of sodium thiosulphate, g;
 К is the adjustment coefficient to the titer of 0.01 N solution 

of sodium thiosulphate; 
 V is the amount of 0.01 N solution of sodium thiosulphate 

used for titration of the test solution, ml;
 V1 is the amount of 0.01 N solution of sodium thiosulphate 

used for titration of the control solution, ml;
 М is the fat weight, g.

Results and discussion
Various transformations occur under the influence of 

biological or physico-chemical factors during processing 
and storage of fatty tissue from slaughter animals or fats 
extracted from it. The contact of meat fatty tissue with air 
oxygen, water, microorganisms, metals causes physico-
chemical and biological processes that change properties 
of fatty raw materials and meat tissues. The intensity of 
changes depends both on raw material properties and stor-
age conditions [13]. Oxidative and hydrolytic processes can 
cause fat spoilage (Figure 1).

As a result, the fat chemical composition changes, the 
organoleptic indices and nutritional value decline. The 

processes of hydrolysis and oxidation often occur simulta-
neously enhancing changes in fat.

A degree of fat spoilage is analyzed not only by the 
organoleptic, but also by different chemical methods. 
The results of analyses are usually characterized by ar-
bitrary units —  the acid value, peroxide value and other 
values (GOST R51487–99). Hydrolytic spoilage of fats 
is characterized by accumulation of free fatty acids. 
This can be a consequence of autolysis and a result of 
the  action of other factors: acids, alkali, metal oxides 
and other inorganic catalyzers, as well as microbial en-
zymes [14].

The hydrolytic decomposition of triglycerides under 
the action of tissue lipases is observed; as a result, accu-
mulation of free fatty acids expressed in an increase in 
the acid value of fat is noticed, which is undesirable for 
fat quality characteristics. The acid value is low and not 
higher than 0.05–0.2 in fresh fatty tissue just taken from 
a carcass.

The rate and depth of fat hydrolysis depend on a storage 
temperature (Figure 2, Figure 3, Figure 4, Figure 5, Fig-
ure 6). The higher a storage temperature, the higher a rate 
of fat hydrolysis and, consequently, the acid value.

changes depends both on raw material properties and storage conditions [13]. 
Oxidative and hydrolytic processes can cause fat spoilage (Figure 1). 

 

 
Figure 1. The scheme of fat spoilage 
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acids, alkali, metal oxides and other inorganic catalyzers, as well as microbial 
enzymes [14].  

The hydrolytic decomposition of triglycerides under the action of tissue 
lipases is observed; as a result, accumulation of free fatty acids expressed in an 
increase in the acid value of fat is noticed, which is undesirable for fat quality 
characteristics. The acid value is low and not higher than 0.05-0.2 in fresh fatty 
tissue just taken from a carcass. 

The rate and depth of fat hydrolysis depend on a storage temperature (Figure 
2, Figure 3, Figure 4, Figure 5, Figure 6). The higher a storage temperature, the 
higher a rate of fat hydrolysis and, consequently, the acid value.  

 

 
Figure 2. Changes in the acid value of pork backfat during storage at a temperature:  

1 at 4 °С; 2 at 20 °С  
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Figure 2. Changes in the acid value of pork backfat during storage at a temperature: 1 at 4 °C; 2 at 20 °C

 
Figure 3. Changes in the acid value of pork fat from flank during storage at a 

temperature: 1 at 4 °С; 2 at 20 °С 
 
 

      
Figure 4. Changes in the acid value of mutton fat during storage at a temperature:  

1 at 4 °С; 2 at 20 °С 
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Figure 3. Changes in the acid value of pork fat from flank during storage at a temperature: 1 at 4 °C; 2 at 20 °C
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Figure 4. Changes in the acid value of mutton fat during storage at a temperature: 1 at 4 °C; 2 at 20 °C
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The results of the investigations showed that a tempera-
ture had a different effect on transformations of different 
types of fat. For example, changes in the acid value of goose 
and mutton fat during one month at a storage tempera-
ture of 4 °C and 20 °C differed only by 5%. Therefore, these 
types of fat can be recommended for the use and storage in 
warm regions of the country.

Pork backfat and beef fat showed strong dependence 
on a temperature during storage. Maximum difference was 
15%, which suggests a strict adherence to the temperature 
regimes during storage. Pork fat from flank began to spoil 
from the third day of storage at a temperature of 20 °C with 
increased difference in the acid value of up to 30% by one 
month of storage. Thus, it is not recommended to use this 
type of fat for production of melted fats without using in-
hibitors [15].

Analysis of data showed that upon storage for more 
than 3 days at any temperature, fats (except mutton fat) be-
gan to change their properties. Mutton fat showed the first 
signs of spoilage (an increase in the acid value of more than 
2.2. mg КОН, MAC ND) after ten days of storage.

Appearance of a small amount of high molecular 
weight fatty acids in fat upon hydrolytic decomposition do 
not cause changes in product taste and odor. In the pres-
ence of low molecular weight acids in the composition of 
triglycerides, hexanoic acid and butyric acid having un-
pleasant odor and specific taste, which sharply deteriorate 
organoleptic properties of a product, can be formed upon 
hydrolysis [16,17].

As a rule, the autolytic cleavage of fat is not observed in 
melted fats. This is explained by inactivation of lipase con-
tained in fatty tissue, when a temperature reaches 60  °C 

 
Figure 5. Changes in the acid value of goose fat during storage at a temperature:  

1 at 4 °С; 2 at 20 °С 
 
 

 
Figure 6. Changes in the acid value of beef fat during storage at a temperature:  

1 at 4 °С; 2 at 20 °С 
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Figure 5. Changes in the acid value of goose fat during storage at a temperature: 1 at 4 °C; 2 at 20 °C
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Figure 6. Changes in the acid value of beef fat during storage at a temperature:  

1 at 4 °С; 2 at 20 °С 
 

0

2

4

6

8

10

12

14

16

18

0 1 3 10 30

mg КОН

storage duration, days

1 2

0

2

4

6

8

10

12

14

16

18

0 1 3 10 30

mg КОН

storage duration, days

1 2

Figure 6. Changes in the acid value of beef fat during storage at a temperature: 1 at 4 °C; 2 at 20 °C



37

THEORY AND PRACTICE OF MEAT PROCESSING  № 1  |  2020

during melting. Hydrolytic spoilage of melted fat is pos-
sible in the presence of moisture, microbial contamination, 
incomplete protein denaturation upon melting fat or in the 
presence of inorganic catalyzers [18].

During storage and processing of fats, their oxidative 
changes are possible, which can occur with different rates 
and depths, have different directions depending on natural 
fat properties and oxidation conditions [10,13].

Oxidation of fats (autooxidation) takes place at low 
temperatures in the presence of gaseous oxygen.

The beginning and depth of fat oxidation are judged by 
the peroxide value.

There are no peroxides in fresh fat. At the initial stages 
of oxidation, chemical and organoleptic indices of fat al-
most do not change for some time. This period, which has 
different duration in various fats, is called an induction pe-
riod. After the end of the induction period, the spoilage of 
fat begins, which is accompanied with an increase in the 
peroxide value and changes in fat organoleptic properties.

Occurrence of the induction period is explained by a 
low number of particles with increased kinetic energy (ex-
cited or free radicals) at the beginning of the process [8,12].

The use of antioxidants gives an opportunity to extend 
the shelf life of food raw materials, semi-products and fin-
ished products, protecting them from spoilage caused by 
oxidation with air oxygen.

Fat oxidation is a complex process, which proceeds by 
the radical chain mechanism. The duration of the induc-
tion period, during which fat spoilage is not observed, 

depends on the mass fraction of natural (carotenoids, to-
copherols, lecithin, vitamins A and K)  or artificial (phe-
nol derivatives contained in smoke fume, several natural 
spices or their extracts, butylated hydroxyanisole (BHA), 
butylated hydroxytoluene (BHT)) antioxidants, fat nature 
and storage conditions [3,19,20].

The mechanism of the antioxidant action consists in 
their more active interaction with free radicals and air oxy-
gen, due to which radicals are removed from the sphere of 
the reaction and the chain is broken, thereby, interrupting 
the autoxidation reaction.

An effect of natural antioxidants, the biologically active 
complex of the green tea extract, on the acid value under 
different storage conditions is shown in Figure 7, Figure 8, 
Figure 9, Figure 10, Figure 11.

It is agreed that a product with the acid value of more 
than 3.5 mg КОН/g is not storable. As can be seen from the 
graphs, none of the samples exceeded the maximum allow-
able level during 30 days. This suggests the effectiveness of 
using the biologically active complex of antioxidants of the 
green tea extract in production of fats for food purposes 
instead of synthetic BHA and BHT.

Then, we examined an effect of the biologically active 
complex of antioxidants of the green tea extract on the per-
oxide value (Figure 12, Figure 13, Figure 14).

Analysis of the graphs (Figure 12, Figure 13, Figure 
14) shows that addition of antioxidants of the green tea ex-
tract in an amount of 10 g per 100 kg fat ensures adequate 
storage of all fat types under any storage conditions.

observed, depends on the mass fraction of natural (carotenoids, tocopherols, 
lecithin, vitamins A and K) or artificial (phenol derivatives contained in smoke 
fume, several natural spices or their extracts, butylated hydroxyanisole (BHA), 
butylated hydroxytoluene (BHT)) antioxidants, fat nature and storage conditions 
[3,19,20].  

The mechanism of the antioxidant action consists in their more active 
interaction with free radicals and air oxygen, due to which radicals are removed 
from the sphere of the reaction and the chain is broken, thereby, interrupting the 
autoxidation reaction.  

An effect of natural antioxidants, the biologically active complex of the green 
tea extract, on the acid value under different storage conditions is shown in Figure 
7, Figure 8, Figure 9, Figure 10, Figure 11. 

 
 

 
Figure 7. Changes in the acid value in pork backfat under the effect of antioxidants of 

the green tea extract during storage:  
1 – control at t =4 °С; 2 – at t=4 °C; 3 – at t=20 °С, under light conditions;  4 – at  

t=20 °С, under dark conditions; 5 – at t=20 °С, under conditions of increased 
humidity  
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Figure 7. Changes in the acid value in pork backfat under the effect of antioxidants of the green tea extract during storage:
1 —  control at t = 4 °C; 2 —  at t = 4 °C; 3 —  at t = 20 °C, under light conditions; 4 —  at t = 20 °C, under dark conditions; 5 —  at t = 20 °C, under 
conditions of increased humidity
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Figure 8. Changes in the acid value in pork fat from flank under the effect of 

antioxidants of the green tea extract during storage:  
1 – control at t =4 °С; 2 – at t=4 °C; 3 – at t=20 °С, under light conditions;  4 – at  

t=20 °С, under dark conditions; 5 – at t=20 °С, under conditions of increased 
humidity  
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Figure 8. Changes in the acid value in pork fat from flank under the effect of antioxidants of the green tea extract during storage: 1 —  control 
at t  = 4 °C; 2 —  at t = 4 °C; 3 —  at t = 20 °C, under light conditions; 4 —  at t = 20 °C, under dark conditions; 5 —  at t = 20 °C, under conditions of 
increased humidity

 
Figure 9. Changes in the acid value in mutton fat under the effect of antioxidants of 

the green tea extract during storage:  
1 – control at t =4 °С; 2 – at t=4 °C; 3 – at t=20 °С, under light conditions;  4 – at  

t=20 °С, under dark conditions; 5 – at t=20 °С, under conditions of increased 
humidity  
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Figure 9. Changes in the acid value in mutton fat under the effect of antioxidants of the green tea extract during storage: 1 —  control at 
t  =  4 °C; 2 —  at t = 4 °C; 3 —  at t = 20 °C, under light conditions; 4 —  at t = 20 °C, under dark conditions; 5 —  at t = 20 °C, under conditions 
of increased humidity
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Figure10. Changes in the acid value in goose fat under the effect of antioxidants of 

the green tea extract during storage:  
1 – control at t =4 °С; 2 – at t=4 °C; 3 – at t=20 °С, under light conditions;  4 – at  

t=20 °С, under dark conditions; 5 – at t=20 °С, under conditions of increased 
humidity 
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Figure 10. Changes in the acid value in goose fat under the effect of antioxidants of the green tea extract during storage: 1 —  control at t  = 4 °C; 
2 —  at t = 4 °C; 3 —  at t = 20 °C, under light conditions; 4 —  at t = 20 °C, under dark conditions; 5 —  at t = 20 °C, under conditions of increased 
humidity

 
Figure  11. Changes in the acid value in beef fat under the effect of antioxidants of 

the green tea extract during storage:  
1 – control at t =4 °С; 2 – at t=4 °C; 3 – at t=20 °С, under light conditions;  4 – at  

t=20 °С, under dark conditions; 5 – at t=20 °С, under conditions of increased 
humidity 
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Figure 11. Changes in the acid value in beef fat under the effect of antioxidants of the green tea extract during storage: 1 —  control at t  = 4 °C; 
2 —  at t = 4 °C; 3 —  at t = 20 °C, under light conditions; 4 —  at t = 20 °C, under dark conditions; 5 —  at t = 20 °C, under conditions of increased 
humidity
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Figure 12. Changes in the peroxide value in pork backfat under the effect of 
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Figure 12. Changes in the peroxide value in pork backfat under the effect of antioxidants of the green tea extract during storage: 1 —  control 
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Figure 13. Changes in the peroxide value in pork fat from flank under the effect of antioxidants of the green tea extract during storage: 1 —  con‑
trol at t  = 4 °C; 2 —  at t = 4 °C; 3 —  at t = 20 °C, under light conditions; 4 —  at t = 20 °C, under dark conditions; 5 —  at t = 20 °C, under conditions 
of increased humidity
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Conclusion
Analysis of data on the oxidative spoilage indices al-

lowed us to establish that bioflavonoids of the biologically 
active complex of the green tea extract possessed the anti-
oxidant activity to the full extent, which makes it possible 
to recommend them for using as additives with the anti-
oxidant action in fat production.

Organoleptic investigations of the fat samples showed 
that signs of spoilage (slime formation, rancid odor, 
color changes, darkening and appearance of the greyish 

tint) were not observed in any sample with addition of 
flavonoids of the green tea extract during one month of 
storage.

Therefore, the performed research showed that addi-
tion of bioflavonoids of the green tea extract as antioxi-
dants in an amount of 0.01% of fat weight allowed achiev-
ing the similar effect as addition of 0.02% BHT. With that, 
the use of bioflavonoids of the green tea extract did not 
have a negative effect on fat properties and the human 
body upon direct consumption.
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