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Abstract

The aim of research is quality assessment of peanut and peanut-flaxseed oil for organoleptic and physico-chemical indicators, 
as well as the study of fatty acid composition of fat. It will determine the consumer properties of these products. Comparative stud-
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ies of consumer properties of peanut and peanut-flaxseed oil for organoleptic indicators, fatty acid composition, acid and peroxide 
numbers are carried out. To determine the fatty acid composition of fat, the gas chromatography method is used. The measurement 
of the acidic and peroxide number of fat is performed by a titrimetric method.

The research results of organoleptic and physicochemical parameters, as well as the fatty acid composition of peanut oil 
and peanut-flaxseed blend have shown that the flavor qualities of the developed oil are balanced and high, therefore new oil can be 
consumed by consumers. The enrichment of peanut oil with flaxseed helps improve the fatty acid composition beyond the set of a 
significant increase in unsaturated fatty acids (linoleic by 23 %, oleic by 28 %, linolenic by 96 %). It has also been proved that the use 
of flaxseed oil does not have a significant effect on the acceleration of the hydrolytic processes of vegetable oil fats.

The expediency of mixing peanut and flaxseed oil is shown, which makes it possible to obtain new blended peanut-flaxseed 
oil, balanced by fatty acid composition. 

Keywords: peanut-flaxseed oil, blending of oils, fatty acid composition of peanut-flaxseed oil.
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1. Introduction

Balanced nutrition is one of the most pressing problems of mankind in the third millennium. 
Today, most products have an acute shortage of high-grade proteins, polyunsaturated fatty acids, 
vitamins, minerals, dietary fiber and other nutrients. A very good source of these substances is nut-
fruit [1]. But they have not yet found their full application for the production of healthy foods. A 
promising raw material for expanding the range of such products is peanuts. The proteins of which 
are characterized by a high content of essential amino acids, they brings them closer to animals. 
Peanuts are a source of vitamins and minerals, which positively affects the activity of the nervous 
system, heart, liver and other organs, accelerates the growth of cells [2]. The most important, in 
terms of nutritional value, in peanuts is an oil in which unsaturated acids predominate, which 
makes this nut an important product in the fight against atherosclerosis and other cardiovascular 
diseases, and also helps to reduce the level of excess cholesterol in the blood [3, 4].

Peanuts are distinguished by high annual yields, resistance to diseases and pests, and fat 
content. Peanut oils are characterized by high consumer properties, which explain the annual in-

crease in demand from the population [5].

Recently, dietitians pay special attention to the composition of vegetable fats, that is, the ra-

tio of saturated, monosaturated and polysaturated fatty acids in them. Peanut oil consists of mixed 
glycerides containing about 80 % unsaturated (oleic, linoleic, traces of linolenic) and 20 % sat-
urated fatty acids [6]. The fatty acid composition of peanut oil determines its stability under the 
influence of high temperatures and resistance to oxidation during storage [7]. It should be noted 
that peanut oil practically does not contain linolenic fatty acids. In order to improve the consumer 

properties of vegetable oils, they are being developed to balance them with the blending method 
[8]. To increase the content of linolenic fatty acids in peanut oil, it is advisable to use flaxseed oil, 
which is characterized by a high content of omega-6-unsaturated fatty acids.

The aim of research is quality assessment of peanut and peanut-flaxseed oil for organoleptic 
and physico-chemical indicators, as well as the study of fatty acid composition of fat. This will 
make it possible to establish the expediency of using flaxseed oil in a peanut blend to obtain a bal-
anced product for the prophylactic nutrition of a fatty acid composition.

2. Material and Methods

For the experiment, peanut and peanut-flaxseed oil are selected (Fig. 1), obtained from the 
varieties of peanut Krasnodar 14, Krasnodar 15, Pink Big, Pale Pink 2, AR 1, AR 2, which are 
characterized by high fat content and oil yield (Fig. 2–7).

With the help of mathematical modeling [9] it is established that to create blended oils with 
optimized fatty acid composition, such ratio of oils, %: peanut – 86, flaxseed –14. The basis for the 
calculation of a balanced blend of oils is the requirements of dieticians for the fatty acid composi-

tion of oils, namely the ratio of MFA:PFA as 1:1, and ω-3:ω-6 as 1:5 (for therapeutic and prophy-
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lactic purposes). The maximum permissible concentration of flax oil in mixtures, which does not 
reduce their quality, is not more than 17.1 % [10]. As a result of the determination of the fatty acid 
composition of the developed blend of vegetable oils, it is found that the content of unsaturated 
fatty acids is, %: oleic – 46.8; palmitooleine – 0,17; erucic – 0,04; linoleic – 37.22; linolenic – 7.65. 
The total content of unsaturated fatty acids in blended oil is 90.82 %, of which polyunsaturated is  
44.81 %, with the ratio ω-6 ω-3=4.8 :, and the ratio of monounsaturated fatty acids to polyunsatu-

rated fatty acids is 1:1, which corresponds to the recommended ratio of ω-6 to ω-3 fatty acids for 
therapeutic and preventive nutrition [9].

The technology of the developed oils does not differ from the traditional one and consists 
of the following stages: inspection, cleaning from the shell, grinding, conditioning by moisture 
content, pressing, filtration, packaging, marking and storage [11].

Fig. 1. Peanut flaxseed oil

Fig. 2. Krasnodar 14 peanut

Fig. 3. Krasnodar 15 peanut

Fig. 4. Pink Big peanut
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Fig. 5. Pale Pink peanut

Fig. 6. AR 1 peanut

Fig. 7. AR 2 peanut

Organoleptic properties of oils are examined in accordance with DSTU 4536:2006 “Blended 
vegetable oils. Technical conditions »[12] and on a 5-point scale developed by the specialists of the 
Department of Commodity Research and Expertise of Goods of the Kharkiv State University of 
Nutrition and Trade (Table 1). For the tasting assessment of the quality of oils, an expert commis-

sion is compiled from six faculty members. The following parameters are evaluated: appearance, 
taste and smell. When evaluating the appearance of the product, attention is paid to its homogene-

ity, turbidity presence, sediment and foreign inclusions. Color is determined by visual inspection. 
In the study of taste and smell, the harmony, intensity, specificity, and the presence of specific and 
extraneous tastes and smells are evaluated [13].

The acid number of blended oil is determined by the titration method in the titration unit 

(Fig. 8). The essence of the method consists in dissolving a certain mass of oil in a mixture of or-
ganic solvents (ethyl alcohol), followed by titration of free fatty acids with an aqueous or alcoholic 
solution of potassium hydroxide or sodium [14].

A test oil sample of 2.5 to 10 g was placed in a conical flask with a capacity of 250 cm3, 
depending on the expected acid value. In the second flask, 150 cm3 of ethyl alcohol contain-

ing 0.5 cm3 of phenolphthalein was heated to boiling. At an ethyl alcohol temperature above  
70 oC, it was gently neutralized with a solution of potassium hydroxide and titrated until the 
color changes, non-vanishing for 15 seconds. Neutralized ethyl alcohol was poured into the 
first flask with a research probe and mixed thoroughly. The contents of the flask were brought 
to the boiling point and titrated with a solution of potassium hydroxide (at a concentration of 
0.1 mol/dm3 or 0.5 mol/m3, depending on the expected acid value) until a stable crimson color 
of the solution.
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Table 1

Scores of organoleptic parameters of oil quality

Indicator
Scores

5 4 3 2 1

Appearance

Homogeneous solution, color from light 
yellow to dark yellow

Presence of a  

sediment, the 
solution does not 

separate, the color 
is non-uniform 

from light yellow to 
light brown

Color is heterogeneous,  
dark predominates

Stratification and 
sedimentation are 

not allowed

Slight turbidity is 
allowed

The presence of a 

significant amount 
of precipitate, the 

mixture is partially 
stratified

The mixture is 
turbid, exfoliates

Taste

Harmonious, characteristic of raw materi-
als, without foreign taste Slightly expressed 

bitter taste, bitter 
aftertaste

Not expressed taste, 
with a slight other 

aftertaste

Uncharacteristic, 
unpleasant, bitter 

tasteWithout bitterness
Slightly expressed, 

bitter taste

Smell Oily smell, free of 
smells

Slightly oily smell Uncharacteristic 
other smell

Unpleasant other 
smell

Sharp unpleasant 
smell

Fig. 8. Titrated installation TPR-M-UHL 4.2 (Ukraine)

The acid number (mg KOH/g) is calculated by the formula:

                                                  
C V 56,1

AN ,
m

× ×
=     (1)

where C – the exact value of the molar concentration of the alkali titrate, mol/dm3, V – the volume 
of alkaline titrant determined during the indicator titration, cm3, 56.1 – the molar mass of potassi-
um hydroxide, g/mol; m – oil weight, g.

The peroxide number was measured by a titrimetric method [15]. The sample mass was 
measured from 1.0 to 2.0 g. The sample was weighed into a conical flask, 10 cm3 of chloroform was 
added, rapidly dissolved, 15 cm3 of acetic acid and 1 cm3 of potassium iodide solution were added, 
then immediately closed, stirred for 1 min and left for 5 minutes in a dark place at a temperature 
of 15–20 °C. Then 75 cm3 of water was added, thoroughly mixed and a starch solution added until 
a weak, uniform violet-blue color appeared. The released iodine was titrated with a solution of 
sodium thiosulfate until milky white, stable for 5 seconds. The peroxide number X in mole kg ½ O 
was calculated by the formula:

                                            
( )V1 V0 C 1000

X ,
m

− × ×
=     (2)

where V0 – the volume of the solution of sodium thiosulfate for control titration, cm3; V
1
 – the vol-

ume of the solution of sodium thiosulfate during the measurement, cm3; C – the true concentration 
of the used sodium thiosulfate solution, calculated taking into account the correction to the nominal 
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concentration, mol/dm3; m – oil weight, g, 1000 – factor, taken into account when recalculating the 
result of measurement in mg per kilogram.

The fatty acid composition of fat was determined by gas chromatography, based on the sepa-

ration of methyl esters of fatty acids using a Chrom-5 gas chromatograph (Czech Republic) (Fig. 9).

Fig. 9. «Chrom-5» gas chromatograph

The first stage of the study was the production of methyl esters of fatty acids. To the 
sample of 0.1 g of oil, placed in a glass with a capacity of 19 cm3, add 0.5 cm3 of methanol or 

absolute standard and one granule of potassium hydroxide. The glass is tightly closed with a 
stopper and kept at room temperature (20–22 oC) for at least 24 hours for hydrolysis. Then, 
sulfuric acid is added dropwise, concentrated to pH 4.0–5.0. To the resulting methyl esters of 
fatty acids, 0.02 g of distilled dibutyl phthalate is added, weighted to within +/– 0.0002, used 
as the internal standard. 

At the second stage, chromatographic determination of 1–3 μl of methyl esters of fatty acids 
was carried out and introduced into a gas-liquid chromatograph evaporator having a temperature 
of 300 oC. The temperature of the column thermostat is programmed in the range 150–200 oC with 

a rate of change of temperature of 5 deg/min, the carrier gas (nitrogen) velocity is 30 ml/min. The 
identification of methyl esters of fatty acids was carried out by comparing the retention times of the 
sample peaks and the control mixture of methyl esters of fatty acids. The mass fraction of the acids 
considered is calculated by the formula:

                                             
S1 M.f.a. 100 %

X ,
S2 M.e.f.a. a

× ×
=

× ×
    (3)

where X – the mass fraction of fatty acids, mg, S1 – the area of the fatty acid peak, mm2; S2 – the 
area of the standard peak, mg; M.f.a. – relative molecular weight of fatty acid, a.s.m; M.e.f.a. – rel-
ative molecular weight of the fatty acid ester, a.s.m.; a – weight of the fat sample, mg; 100 – con-

version factor per 100 mg [16].
The repetition of all the experiments was threefold. The research results were processed us-

ing mathematical statistics and correlation analysis on a PC using Microsoft Word 2010, Microsoft 
Excel 2010 and Math Cad 14 Ful.

3. Results. Comparative quality assessment of peanut and peanut-flaxseed oil
A comparative assessment of the quality of peanut and peanut-flaxseed oil was carried out 

for organoleptic, physicochemical indicators, and their fatty acid composition was studied. The 
results of the organoleptic quality assessment of peanut oil (control) and the developed peanut-flax-

seed blend are given in Table 2.

As a result of the organoleptic assessment, it is established that pure peanut oil is inferior to 
the taste properties of the developed peanut-flaxseed blend of oils. It can be argued that the intro-

duction of flaxseed oil in an amount of 14 % does not negatively affect the palatability of the new 
oil. Tasters assessed peanut-flaxseed oil to be 4.9 balls out of the maximum possible 5.
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Table 2

Organoleptic quality assessment of peanut and peanut-flaxseed oil

Indicator
Sample

Peanut oil Peanut-flaxseed oil

Appearance Oily liquid of light yellow color with a 
slight sediment

Transparent homogeneous oily liquid, without 
sediment and foreign impurities, light yellow with a 

greenish tinge

Taste
Harmonious, characteristic of raw 

materials, weakly expressed
Harmonious, characteristic of raw materials, without 

bitterness and foreign taste

Smell Slightly oily smell Oily smell, free of other smells

Score 4.4 4.9

The second stage of the work involved measuring the acidic and peroxide number of fat in 
peanut and peanut-flaxseed oil. During storage in the oil, hydrolytic processes occur that signifi-

cantly degrade the quality of the products.
Indicators of oxidation processes in fats are acidic and peroxide numbers of fat. It is known 

that flaxseed oil is unstable and easily oxidized during storage. Therefore, it was sensible to study 
the change in physical and chemical parameters when adding flaxseed oil to peanut oil. Shelf life 
of vegetable oils (sunflower, olive, peanut, etc.) is 1–2 years, and flaxseed – from 3 to 12 months. In 
order to determine the dynamics of the content of acidic and peroxide fat in the test samples, it is 
expedient to carry out periodically during storage: immediately after the bottling, after 3 months of 
storage, after 6 months, 9 and 12 months later. The results of the study of fresh oil and after storage 
for 3 months are shown in Table 3. It is also planned to carry out research on changes in the quality 
of oils during further storage (Table 3).

Table 3

Determination of acid and peroxide number of fat in peanut and peanut-flaxseed oil

Indicator
Peanut oil Peanut-flaxseed oil

0 month 3 month 0 month 3 month

Acid number, mg KOH/g 1.3 1.5 1.4 1.6

Peroxide number, ½ O mmol/kg 3.0 3.3 3.3 3.6

An analysis of the results shows that the acidic fatty acid content of peanut-flaxseed oil is 
only 5 % higher than peanut oil, and peroxide number – 8.5 %. During the storage for 3 months, the 
acidity of peanut oil and peanut-flaxseed blend increased by 12 %, and peroxide number – by 8 % 
and 9 %, respectively. Comparing the obtained results, it can be stated that the application of flax-

seed oil does not significantly affect the amount of acidic and peroxide fat amount of the developed 
blend during storage for 3 months.

In order to compare the biological value of the oil, the fatty acid composition of the oil 
samples is studied, namely the content of unsaturated fatty acids – oleic, linoleic and linolenic, by 
gas-liquid chromatography after 3 months of oil storage. The results are given in Table 4.

Table 4

Fatty acid composition of peanut and peanut-flaxseed oil

Indicator Peanut oil Peanut-flaxseed oil

Oleic, g/100 g 28.6 39.8

Linoleic, g/100 g 25.3 32.8

Linolenic, g/100 g 0.4 10.7
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As a result of the research it is established that the developed blend of peanut-flaxseed oil con-

tains more unsaturated fatty acids in comparison with peanut oil. For example, the content of oleic acid 
in the developed blend is 28 % higher than in peanut oil. Linoleic fatty acids are also larger by 23 % in 
peanut-flaxseed oil than in pure peanut oil. Thanks to the introduction of flaxseed oil, it is possible to 
enrich the new oil with linolenic fatty acids, which became more by 96 % than in pure peanut oil.

4. Conclusions

1. Comparative assessment of organoleptic indicators indicates that the use of flaxseed oil to 
enrich peanut oil does not adversely affect the flavor and aromatic properties of vegetable oil, but, 
on the contrary, contributes to its balance.

2. The acid and the peroxide number of the fat peanut, peanut and flaxseed oil are located 
substantially in the same range. Because it is possible that the introduction of flaxseed oil does not 
accelerate hydrolytic processes blended egg fat in the vegetable oil.

3. The expediency of enrichment peanut oil by flaxseed is shown, thereby significantly in-

creasing the content of unsaturated fatty acids, especially linolenic, and hence improved biological 
value of the vegetable oil.

The research results of the quality of peanut and peanut-flaxseed oils allow to assess their 
biological value, to predict the change in quality during storage. In order to establish the patterns 
of acid and peroxide changes in fat, fatty acid and vitamin composition of peanut-flaxseed blends, 
further experiments are planned during long-term storage.

Comparative assessment of peanut and peanut-flaxseed oil confirm whether enrichment 
peanut flaxseed oil. This allows to increase the content of unsaturated fatty acids (oleic, linoleic, 
linolenic). The obtained results of acidic and peroxide number make it possible to predict with a 
high probability the nature of the changes in the quality of the developed blend during storage and 
culinary processing of raw materials.
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Abstract

Today in Ukraine the share of low-quality bakery products is near 20–25 %, because they often don’t correspond to quality 
standards and sanitary norms, because of being produced of flour with low bakery properties. That is why new raw material sources, 
functional ingredients and so on are searched for in bread technologies. For using new raw material and food supplement types, it 
is necessary to know their functional-technological properties (FTP) that allows to prognosticate the behavior of powder-like raw 
materials and food supplements in food masses at technological processing and storage of ready products. 

The water-retaining capacity (WRC) is one of main functional-technological parameters of carbohydrate-containing raw 
materials, because it favors the outcome, structural-mechanical properties and quality characteristics of ready products. 


