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ABSTRACT
The study's results showed that using Selenium preparations in butter production inhibited oxidative processes

occurring during butter storage. In such a product, the oxidative changes of the butter were slowed down,
resulting in the product's quality parameters being preserved longer. Before storage, the butter was evaluated
in the 45 to 43 points range. After 15 days of storage, the taste and odour scores of the oil ranged from 44 to 40
points. The highest score was assigned to samples with high fat content stored at minus 5°C. The 62.5 per cent
fat samples stored at 15°C had the lowest score for this storage period. When stored for more than 30 days,
there was a further decrease in the taste and odour score of the oil. It scored between 41 and 37 points during
this storage period. In addition, only sweet butter stored at minus temperature remained in the high grade. At
the last storage stage (60 days), the butter scored from 38 to 35 points. Summarising the presented data, it
should be noted that using selenium in butter production inhibits the development of oxidative processes and
slows the deterioration of organoleptic characteristics during product storage. The rate of these processes
depends on the storage temperature and the amount of oil in the butter. Due to the use of Selenium at the
temperature of Minus 5 °C the shelf life of butter of the highest grade increases by 1.6-2.0 times, at 5 °C, by
1.8-2.4 times and at 15 °C, by 2.4-3.0 times. The non-infinite fatty acids in the milk fat of the cows we study
are less than infinite acids, as indicated by the value of glyceride solid fractions and the amount of iodine. The
iodine index in cows of the Alatau breed was 28.62, while for those in the third lactation and beyond, it was
28.45. The iodine index values for Holstein cows were 28.86 and 28.7, respectively.

Keywords: milk, vegetable oil, selenium, safety, nutritional value

INTRODUCTION

Modern industrial milk processing based on high-tech processes places increased demands on the quality of
milk used as raw material for producing a wide range of dairy products [1]. Therefore, one of the main priority
areas of dairy cattle breeding is the production of milk that meets sanitary and hygienic standards and the
requirements of processing enterprises. The complexity of solving the problem of milk quality is associated with
the fact that the sanitary and production culture used in most dairy farms and sanitary and production culture are
not compatible with the conditions for obtaining high-quality and safe milk, and this requires revision of raw milk
production technologies and preventive measures aimed at improving its quality [2]. Seasonality of milk
production remains a significant problem in breeding dairy cattle. In some seasons of the year, the supply of milk
of optimal quality is quite unstable, which creates substantial difficulties for technologists to produce the planned
quantity of dairy products and forces them to periodically rearrange their work modes with an inevitable decrease
in efficiency and profitability. In this regard, there is a need to improve the quality of milk [3]. This will allow the
development of optimal parameters of technological processes, the fulfilment of which will provide milk of
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guaranteed quality and increase the profitability of its production. One of such factors is seasonal changes in
technological processes (feeding, housing methods, etc.).

Optimization of milk quality indicators at high productivity of cows (7000 kg of milk and more),
industrialization of their maintenance processes, and the need to increase the ‘manufacturability’ of milk are
urgent problems. Ensuring profitable operation of dairy complexes also largely depends on the quality of produced
dairy raw materials [4].

One of the most demanded products of milk processing is butter. The quality of raw materials is of crucial
importance in the production of this milk product. To a large extent, the composition and technological properties
of milk are determined by the season of the year, influencing them through feed, housing practices, and
temperature regime. In particular, with increasing seasonality index, a decrease in the percentage of fat used for
butter production from 24-37% to 15-27% is observed. To assess the quality of milk used in butter production,
data on the quantitative content of milk fat and the dispersibility of the fat phase are needed. Fat is the most
roughly dispersed phase of milk and is found in it as fat globules of 0.1 to 10 microns in size; their number in 1
ml varies from 1.5 to 6 billion. Depending on the number and size of fat globules, the technological properties of
milk change when it is processed into butter. Only large fat globules are used in butter production, and globules
with a diameter of less than 1 micron go into skimmed milk and buttermilk [5].

Butter has a high nutritional value. Their qualitative and quantitative composition depends primarily on the
quality of the milk used and changes significantly during butter production in spring-summer and autumn-winter
periods [6]. For example, currently, there is such a trend abroad as increasing requirements to product quality. In
recent years, the appearance of milk fat as a healthy product has improved significantly in many countries.

Selenium (Se), a trace element, restores human health in small amounts. It acts as an antioxidant and
immunomodulator and controls various endocrine pathways [7]. The issue of selenium content in various foods
and its effect on health is relevant and requires careful study.

Scientific Hypothesis

Adding Selenium during the butter production suppresses oxidative processes occurring during butter storage.
Objectives

Primary objectives: Study of technological properties of milk as a raw material for butter production to
optimise its qualitative characteristics, increase the efficiency of processing and ensure the stability of production
of finished products of high quality.

MATERIAL AND METHODS
Samples

Samples description: The following raw materials were used to produce experimental butter samples:
milk of Holstein and Alatau cows, Republic of Kazakhstan. The milk was obtained from a tanker of the farming
company Turar LLP located in Kostanay region, Kazakhstan.

Samples collection: To analyse and assess the quality of milk, samples were collected following the
requirements of standards. The collection was carried out from the tanker of the farm of the company “Turar”
LLP (Kostanay region, Kazakhstan). After collection, milk samples were stored at +2 to +4 °C and transported to
the laboratory for further studies.

Samples preparation: Butter with selenium was produced from pasteurised cream converted into double
cream following current technological recommendations. Milk reception and preparation: Milk is received,
cleaned and cooled to a temperature of 4-6 °C. Normalisation and pasteurisation: The fat content of the milk is
normalised to the required level (3.5-4.5%). Pasteurisation is performed at 85-90 °C for 15-20 seconds to Kill
pathogenic microflora. Cream maturation: Milk is separated to obtain cream with a mass fat percentage of 30-
35%. The cream is cooled to a temperature of 4-6 °C and allowed to mature for 6-12 hours. Selenium enrichment:
While the cream is ripening, a pre-prepared solution of organic selenium is added. The cream is mixed thoroughly
to ensure an even distribution of the additive. Cream whipping: The ripened cream is whipped in a creamer until
butter grains are formed. The butter is washed with cold water to remove any residual buttermilk. Forming and
packing: Ready butter is formed into blocks or packed in containers (250 g, 500 g). Storage and transportation:
The butter is stored at 0 to +4 °C. The shelf life of enriched oil is 30-45 days under observance of storage
conditions. The selenium concentration is calculated so that the final product contains 10-20 pg of selenium per
100 g of oil (recommended rate). Control samples were analysed.

Number of samples analysed: 28
Chemicals

Calcium oxides CaO, methanol CH3OH, ethyl alcohol C:HeO, and sodium methylate CH3NaO were
purchased from Sigma-Aldrich, Inc. (Merck KGaA, Darmstadt, Germany), which guarantees the high quality and
reliability of the chemicals used in the experiments.
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Animals, Plants and Biological Materials

Holstein and Alatau cows belong to the “Turar” LLP farm in Kostanay region, Kazakhstan.
Instruments

Gas chromatographs: Meta-chrome (Russia).

G10S titrators: Compact, Mettler Toledo (Russia).
Laboratory Methods

Method for determination of fatty acids. In a 500 cm? flask, weigh (30+1) g of calcium oxide, add 250 cm? of
methanol, and boil with a refrigerator-type XSh (reverse) for 6-8 hours. Then methanol is distilled in a distillation
apparatus at a temperature of 64.7 °C. In a flask of 500 cm? capacity, weigh (30+1) g of calcium oxide, add 250
cm? of ethyl alcohol, and boil with a refrigerator of XSH (reverse) type for 6-8 hrs. Then ethyl alcohol is distilled
in a distillation apparatus at a temperature of 78.3°C. Preparation of a solution of sodium methylate in methanol
(sodium ethylate in ethanol) of concentration 2 mol/dm?® weighs 2.7 g of sodium methylate (3.4 g of sodium
ethylate) or 1.15 g of metallic sodium into a weighing cup. The result shall be recorded in grams to the second
decimal place. Pour 10-12 cm? of absolute methanol (absolute ethanol) into a measuring flask with a capacity of
25 cm?®, pour into it a suspension of sodium methylate, or throw small pieces of sodium. After stirring
(dissolution), the solution is cooled to room temperature and topped up with absolute methanol (absolute ethanol)
to mark. The solution is stored in the refrigerator. The test oil sample is mixed well. 2-3 drops of oil are pipetted
into a glass tube and dissolved in 1.9 cm? of hexane. 0.1 cm? of sodium methylate in methanol (sodium ethylate
in ethanol) solution of 2 mol/dm? concentration is added. After stirring vigorously for 2 min, the reaction mixture
is allowed to stand for 5 min and filtered through a paper filter. The ready solution is stored in the refrigerator for
over 2 days [8].

Methods of iodine number determination according to GOST 5475-69 [9].

Type of detector used: Mass Spectrometric (MS) (optional depending on configuration).

Injector: Split/no split injector.

Column: Fused quartz (glass column) or stainless steel. Dimensions: Length: 30 m. Inner diameter: 0.25-0.32
mm.Film thickness: 0.25 pm.

Stationary phase: Polar: DB-17 (50% phenylmethylpolysiloxane) for the analysis of complex mixtures. Non-
polar: DB-5 or HP-1 (100% dimethylpolysiloxane) for general analysis.

Carrier Gas: Carrier gas type: Helium (basic) or hydrogen. Carrier gas purity: 99.999%. Flow/Pressure
Parameters: Constant flow: 1.0 mL/min. Alternatively, 40 pounds per square inch (psi) pressure.

Description of the Experiment

Study flow: At the first stage of the experiment, we collected milk samples from cows of the farm “Turar” LLP
located in the Kostanay region, Kazakhstan. The samples were collected in sterile containers and delivered to the
laboratory at +4 °C for further processing. Then, we processed the samples for individual experiments and
laboratory analyses. First, we determined the main milk characteristics: fat, protein and dry matter content;
minerals (including selenium baseline); acidity level (pH); and number of microorganisms. The obtained results
were processed and subjected to statistical analysis. We compared the indices of the oil enriched with selenium
with control samples (without selenium addition). We tested the validity of our hypothesis about the influence of
enrichment on the quality of the product.
Quality Assurance

Number of repeated analyses: 5

Number of experiment replications: 5

Reference materials: -

Calibration: -

Laboratory accreditation: The experiments were conducted in the laboratory “Food Safety” accredited in
the accreditation system of the Republic of Kazakhstan for compliance with the requirements of GOST ISO/IEC
17025-2019 “General requirements for the competence of testing and calibration laboratories” (Accreditation
Certificate Ne KZ.T.02.E 1158).

Data Access

No data sets are available.
Statistical Analysis

Statistical analysis was performed using the SPSS program (IBM SPSS Statistics 20). The methodology of
analysis included one-factor analysis of variance (ANOVA). Comparisons were made at a significance level of p
< 0.05. On the statistical evaluation were these parameters X1 (amount of selenium), X2 (shelf life) and Y (oil
acidity).
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RESULTS AND DISCUSSION
Moisture content, mass fraction of fat, mass fraction of carotene, and amount of iodine were determined in
freshly prepared butter (Table 1).

Table 1 Chemical composition of butter.

Indicators Alatau breed Holstein breed
first Third lactation and high first Third lactation
lactation lactation and high
Amount of moisture 15.6 15.6 15.6 15.7
Mass fraction of fat, % 74.3 75.4 78.3 79.9
Mass fraction of carotene, 0.04 0.04 0.03 0.04
%
Acidity, ° T 37.1 37.5 38.0 37.0
Quantity of iodine 28.6 28.5 28.9 28.7

The data of the table showed that the moisture content in the studied oil samples was within the range of 15.6-
15.7. High moisture content of freshly prepared fat 15.7 was in Sako cows of Holstein breed, and in other groups
it was 15.6. Acidity of milk fat ranged from 37.1 to 38.0. The fat prepared from milk of Tumsa Holstein cows had
high acidity-38.0. This indicates that the fat contains a lot of free fatty acids. The fat content of freshly prepared
butter was following the established standard. However, despite the high fat content in Holstein breed, there is
little difference in Alatau cows.

Fat firmness assesses changes in butter composition depending on the time of year. Throughout the year, the
iodine content of milk fat varies from 25 to 40. The amount of iodine starts to increase in March and reaches its
peak in October. In combined milk, the minimum iodine content is observed in December-March, then it gradually
increases and reaches its maximum in July-August. The iodine fraction expresses the amount of iodine, the value
of which can be related to 100 grams of fat. The higher it is, the more unsaturated acids in the oil, and the more
double bonds in these acids [10].

The iodine index in cows of the Alatau breed was 28.62, while for those in the third lactation and beyond, it
was 28.45. For Holstein cows, the iodine index values were 28.86 and 28.7, respectively.

Pleasant taste, smell and colour are essential in butter recipes. The type of butter primarily determines the
flavour and odour of butter. There should be sweet butter with an excellent pronounced taste and smell of
pasteurised cream. The taste and aroma of butter depend on the composition of cream, which, in turn, is
determined by the season (the taste and smell of butter in winter is usually not expressed), biological maturity of
cream, and storage period of products [11]. In our studies, fat from the milk of Holstein cows was characterised
by pronounced flavour and aroma.

The consistency of butter is a consumer indicator related to its physical structure and composition [12]. In
terms of consistency, butter should not be too hard, brittle, crumbly or soft; it should have elasticity and good
spreading ability, retaining its shape even at temperatures of 20-25°C. In our study, the consistency of butter in
all groups of cows was homogeneous and spreadable; the surface of fat on the cut was shiny with the tiniest drops
of moisture.

Saturated fatty acids dominate milk fat, the total amount of which is about 65%. The primary saturated acids
are palmitin, myristic acid and stearin. The results presented in Table 2 show that the total content of these three
acids is 49%. The data also show that Holstein seed milk butter contains a low amount of stearic acid at 10.17 and
a relatively high amount of volatile low molecular weight fatty acids (fatty, caproic, caprylic and lauric acids) at
11.26%.

The distribution of natural and artificially introduced Selenium between separate fractions of milk and its
processed products was investigated.

Butter with selenium was produced from pasteurised cream by converting it into double cream following
current technological recommendations. The product was enriched with selenium while whipping the double
cream. Small amounts of selenium were detected in the tested milk. Their mean monthly content in milk ranged
from 3.5 to 7.0 pg/kg and threshold values ranged from 3.0 to 9.0 pg/kg.

Of the 100% Selenium contained in milk, 4% was transferred to butter, 10% to whey, 43% to cheese and 43%
to whey. This indicates that the natural selenium in milk is mainly bound to proteins. The selenium artificially
introduced into milk was distributed among the latter fractions: butter 1, whey 4, cheese 5 and whey 90%. This
indicates that the artificially introduced selenium preparation is mainly dissolved in the aqueous phase of milk
and, during its further processing, passes with it into the final product.
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Table 2 Fatty acid content in butter from Holstein seed milk.

Peak number Name of the acid

Share of the total number, %

Saturated
1 Cs0 Miles 242
2 Ce:0 Capron 3.80
3 Cs:o Capril 2.29
4 Ci2:0 Laurin 2.75
5 Cu4:0 Miristin 16.45
6 Ci6:0 Palmitin 22.48
7 Cis:0 Stearin 10.17
Unsaturated
8 Cig:1 Olein 28.58
9 Clg;z Linol 2.79
10 Cis:3 Linolene 1.47

Therefore, this preparation can be used for the enrichment of liquid dairy products, while in the production of
butter, cheese and other multi-component products, a part of the aqueous phase is released; for this reason, the
preparation should be introduced at the final stage of production or in the finished product.

The dependence of butter flavour and odour on storage temperature (X1), amount of free volatile fatty acids
('Y2), amount of fatty acids (V3) and peroxides (Y4), mass fraction of fat in butter (X2) and storage duration (X3)

is expressed by the following regression equations:
The planning matrix of the experiment is shown in Table 3.
X1 selenium content, mg / kg
X2 shelf life, date
Y1 butter peroxide value (POV), 100 g x10-2 g 12
Y2 acid number (AV), oK
Y 3 Reichert-Meissel number
Organoleptic evaluation Y4, score

Table 3 Experiment planning matrix.

Ne Encoded values Independent factors Resulting factors

Z1 Z2 X1 X2 Y1 Y2 Y3 Y4
1 -1 -1 0 0 0.34 1.2 26 4.6
2 0 -1 5 0 0.34 1.2 26 4.6
3 1 -1 10 0 0.34 1.2 26 4.6
4 -1 0 0 15 0.63 1.8 64 4.2
5 0 0 5 15 0.46 15 34 4.35
6 1 0 10 15 0.44 15 31 4.4
7 -1 1 0 30 0.97 2.8 97 3.9
8 0 1 5 30 0.54 1.9 43 4.2
9 1 1 10 30 0.51 1.8 40 4.25

Table 4 Coordinates and values of critical points Y 1, Y2, Y 3 and Y 4.

View Coordinates of fixed points Meaning of
X1 — Amount of selenium X2 — Shelf life, days representation

Y 1max 0 30 0.97

Ylmin 10 0 0.34

Y2max 0 30 2.8

Y2min 10 0 1.2

Y3max 0 30 97

Y3min 10 0 26

Y4max 10 0 4.6

Y4min 0 30 3.9
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Table 4 represents the response for the corresponding coordinates (X1 and X2). These points are used to
analyze how changes in the amount of selenium and storage time affect the various parameters (Y1, Y2, Y3, Y4).

The study's results showed that using selenium preparations in butter production inhibited oxidative processes
occurring during butter storage. In such a product, oxidative changes of butter were slowed down, resulting in the
product's quality parameters being preserved longer. Similar phenomena were observed for all experimental butter
samples. However, as the dose of selenium added to the oil increased (from 5 to 15 mg per kg of product), its
antioxidant effect became more pronounced.

Before storage, the oil was evaluated between 45 and 43 points. After 15 days of storage, the taste and odor
scores of the oil ranged from 44 to 40 points. The highest score was assigned to samples with high fat content
stored at minus 5 °C. The 62.5 percent fat samples stored at 15 °C had the lowest score for this period. When
stored for more than 30 days, there was a further decrease in the taste and odor score of the oil. It scored between
41 and 37 points during this storage period. In addition, only sweet butter stored at minus temperature remained
in the high grade. At the last stage of storage (60 days), the butter scored from 38 to 35 points.

Extended multiple regression equations for peroxide value (Y1):

Y1 POV =0.3639 - 0.0353*x1 + 0.0192*X2 + 0.0037*x1*x1-0.0015*x1*X2-1.4815 E-5 * X2 * X2

Regression analysis revealed a strong relationship between the change in butter shelf life and the amount of
selenium by peroxide (POV) values (correlation index, 0.859; coefficient of determination, 0.738). The null
hypothesis was rejected, and the regression coefficients and regression equations were statistically significant

(P<0.05) (Table 5). Multiple R 0.859464739, r-squared 0.738679637.

Table 5 Regression analysis results of oil peroxide as a function of storage time and amount of selenium.

Variable name Fisher's F-probability of regression Student's probability of the

criterion the null equation criterion null hypothesis for

(F-criterion)  hypothesis for coefficient (t-test) the coefficient of

criterion (p) the regression

equation (P-level)

Initial value 8.480161 0.017845 0.44944444 5.702087 0.00125783
coefficient
Selenium -0.0216667 -2.24442 0.06594501
content

Shelf life 0.01111111 3.452955 0.01358379

35 ¢ e —

30

25

20

AOd VA

15
X2 shelf life

-2 0 2 4 6 8 10 12
X1 selenium

Figure 1 Butter peroxide (Y1) essentially, surface and lines representing equal levels of selenium content and
storage time in butter.
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Before storage, the butter peroxide value mainly depended on the type of butter and ranged from 0.35 to 0.44.
After 15 days of storage, the distribution of oil peroxide took the following pattern. For oil with a fat content of
82.5% stored at Minus 5°C, the fat peroxide was 0.40, 5°C was 0.45 and 15°C was 0.53.

Over 30 days of storage, these values increased to 0.72; 0.77 and 0.83, and over 60 days, 0.80; 0.90 and 0.96,
respectively.

Extended multiple regression equations for acid number (Y2):

Y2 AV =1, 2278-0, 0667*x1+0, 0378*x2+0, 0073*x1*x1-0, 0033*x1 * x2+0, 0004 * X2 * X2

Regression analysis revealed a strong relationship between the change in butter shelf life and the amount of
selenium as measured by acid number (AV) values (correlation index, 0.899; coefficient of determination, 0.808).
The null hypothesis was rejected, and the regression coefficients and regression equations were statistically
significant (P<0.05) (Table 6). R multiple 0.899128002, r-squared 0.808431163.

Table 6 Results of regression analysis of acidity value as a function of oil storage time and amount of selenium.

Variable name Fisher's F-probability regression Student's probability of the
criterion of the null equation criterion null hypothesis for
(F-criterion) hypothesis for coefficient (t-test) the coefficient of the
criterion (p) regression equation
(P-level)
Initial value 12.66017 0.00703 1.388889 8.079945 0.000193
coefficient
Selenium
content -0.04333 -2.05834 0.085252
Shelf life
0.032222 4.591684 0.003724

35

30

25

20

15

X2 shelf life
10
5
0 3

26

22

5 18

2 0 2 a 6 8 10 o

X1 selenium 1
Figure 2 surface and lines of sight with equal storage time and amount of selenium in oil on the amount of oil
acidity (Y2).
Extended multiple regression equations for Reichert-Meisel number (Y 3):

Y3 = 31.0833-5.35*x1+2.0833*X2+0.52*x1*x1-0.19*x1*X2+2.047 E-16 * X2 * X2

Regression analysis revealed a strong relationship between the change in butter shelf life and the amount of
selenium in the Reichert-Meisel number values (correlation index, 0.831; coefficient of determination, 0.691).
The null hypothesis was rejected, the regression coefficients and regression equations were statistically significant
(P<0.05) (Table 7). R multiple 0.831739166. R-squared 0.69179004.
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Table 7 Results of regression analysis of Reichert-Meisel number as a function of oil storage time and amount of
selenium.

Variable name Fisher's F-probability regression Student's probability of the null
criterion of the null equation criterion hypothesis for the
(F-criterion) hypothesis for coefficient (t-test) coefficient of the
criterion (p) regression equation
(P-level)
Initial value 6.733624 0.029278 41 4.064034 0.00662
coefficient
Selenium -3 -2.428 0.051302
content

Shelf life 1.133333 2.751736 0.033215

35

30
25

20
Y3 Reichert-
Meiss| number

15

X2 shelf life

10

5

X2 shelf I|fe‘ .:.,

m\ 0 — 12
> . 92
72
; = 5 : 52
b o X1 selenium 2 0 2 4 6 8 10 12 32

X1 selenium =12

Figure 3 View surface and lines at equal levels of selenium content and storage time in oil by Reichert-Meisel
number (Y3).

The maximum value of Reichert-Meisel number after 15 days of storage with a fat content of 62.5% was in
oil stored at 15°C.
Extended multiple regression equations for organoleptic parameters (Y4):

Y4 = 4.5764+0.0264+0.0242*x1-0.0275*X2-0.0023*x1*x1+0.0012 * x1 * X2+0.0002 * X2 * X2

Regression analysis revealed a strong relationship between the change in butter shelf life and the amount of
selenium in terms of organoleptic index values (correlation index, 0.946; coefficient of determination, 0.896). The
null hypothesis was rejected, the regression coefficients and regression equations were statistically significant
(P<0.05) (Table 8). Multiple R 0.946717113, r-squared 0.896273292.

Table 8 results of regression analysis of organoleptic indicators values depending on butter shelf life and
amount of selenium

Variable name Fisher's F-probability regression Student's probability of the
criterion of the null equation criterion null hypothesis for
(F-criterion) hypothesis for coefficient (t-test) the coefficient of the
criterion (p) regression equation
(P-level)
Initial value 25.92216 0.001116
coefficient 4.494444 76.67185 3.31E-10
Selenium
content 0.018333 2.553617 0.043279
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Shelf life
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35
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Figure 4 View surface and lines at the level of storage time and amount of selenium in oil by organoleptic oil
parameters (Y4).

The presented results of production tests confirm the selenium's positive role in preserving butter's organoleptic
properties.

Summarising the presented data, it should be noted that using selenium in butter production inhibits the
development of oxidative processes and slows the deterioration of organoleptic characteristics during product
storage. The rate of these processes depends on the storage temperature and the amount of oil in the butter. Due
to the use of selenium at a temperature of Minus 5 °C, the shelf life of butter of the highest grade will increase by
1.6-2.0 times, at 5 °C by 1.8-2.4 times, and at 15 °C by 2.4-3.0 times.

A study shows that adding selenium and vegetable oil to broiler diets significantly improves body weight gain,
final body weight and meat quality without increasing feed costs [13], and selenium and vitamin E
supplementation improved milk production. They provided higher levels of selenium and vitamin E in blood and
milk [14]. High selenium levels in meat, eggs, poultry and seafood are essential for human health [15]. The study
shows that 3% cinnamon extract [16] and carrot cake [17] can be used to create antioxidant-rich oil, and it can be
used as a natural preservative in oil preparation. Sweet lime peel powder (SLPP) also improves the stability and
quality of the oil at different storage times, with 6% SLPP showing the highest antioxidant activity and colour
change [18].

Adding 1.5% sea buckthorn to goat butter increases consumer appeal by 35%, giving it a sticky and sour taste
but with a negative colour and fruity aroma [19]. Also, adding olein to butter produced a softer product with a
more intense colour and possible nutritional benefits due to medium-chain triglycerides and higher levels of
carotene [20]. In several scientific papers, scientists have investigated the technology of butter production with
the addition of barberry [21], dihydroquercetin [22], and flaxseed [23], which increases its nutritional value and
calorie content while reducing bacterial contamination and saves raw milk. The positive effect of adding rosemary
[24], and thyme extracts was only observed when analysing the oxidative stability of milk fat of butter [25].

Enrichment of butter with linseed oil and sesame oil improved vitamin E content, flavour and shelf life without
compromising quality while adding antioxidant properties improved storage stability at 3-2 °C [26]. Also, the
authors investigated the safety parameters of vegetable oils, and the rationality of using amaranth oil as a
functional component of butter was established [27].

Adding olein to butter resulted in a softer product with a more intense color and possible nutritional benefits

due to medium chain triglycerides and higher levels of carotene [28].
The concentration of 0.5% fucoidan in sour cream butter [29], as well as the addition of 0.1% and 0.25% chia
seed extract [30], has been studied to increase shelf life and reduce acidity while preserving flavour, odour and
colour during storage. Butter, ice cream and mayonnaise with lycopene supplementation extends their shelf life
and maintain organoleptic properties while reducing extraneous flavours, odours and colour change during storage
[31].

Periodic monitoring during storage is crucial to preserve the organoleptic and physicochemical properties of
the oil as they change with time [32]. Also, the physicochemical, microbiological and organoleptic characteristics
and fatty acid composition of Turkish yak butter made from yoghurt were studied [33]. The effect of storage at 4
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°C or 12 °C on cow butter produced without or with salt (2.1%) was studied [34], and the physical and chemical
characteristics of different types of butter made from pasteurised cream were determined during shelf life [35].

CONCLUSION

The study results showed that using selenium preparations in butter production suppresses oxidative processes
occurring during butter storage. As a result, oxidative changes in butter slowed down, and the quality parameters
of the product were preserved longer. Similar phenomena were observed for all experimental butter samples.
However, as the dose of selenium added to the butter increased (from 5 to 15 mg per kg of product), its antioxidant
effect became more pronounced.

Before storage, the oil was evaluated between 45 and 43 points. After 15 days of storage, the taste and odour
scores of the oil ranged from 44 to 40 points. The highest score was assigned to samples with high-fat content
stored at minus 5 °C. The 62.5 percent fat samples stored at 15 °C had the lowest score for this period. When
stored for more than 30 days, there was a further decrease in the taste and odour score of the oil. It scored between
41 and 37 points during this storage period. In addition, only sweet butter stored at minus temperature remained
in the high grade. At the last storage stage (60 days), the butter scored from 38 to 35 points. Summarising the
presented data, it should be noted that using selenium in butter production inhibits the development of oxidative
processes and slows the deterioration of organoleptic characteristics during product storage. The rate of these
processes depends on the storage temperature and the amount of oil in the butter. Due to the use of selenium at a
temperature of minus 5 °C, the shelf life of butter of the highest grade increased by 1.6-2.0 times, at 5 °C by
1.8-2.4 times, and at 15 °C by 2.4-3.0 times.
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