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Abstract. Flaxseed oil and seeds are natural sources of essential fatty acids
-6 linoleic and -3 a-linolenic. However, the content of a-linolenic acid in the
seeds of industrial varieties of oil flax and even in individual varieties of the
food industry is several times higher than the content of fatty acids presented in
the pool, including linoleic acid. Therefore, there is a need to create varieties
with a ratio of ©-3:0-6 of at least 1:5 for food and medicinal use. The article
studies the biochemical parameters of seeds in oil flax varieties for different
areas of use, both technical and food. The work used standard methods of
biochemical analysis of plant seeds (extraction method for determining fat, gas-
liquid chromatography, titration, spectrophotometric methods). Statistical
analysis of research results was carried out using the programs Libre Office Calc
(GNU Lesser General Public Licensev). As a result of the study of five varieties,
three of which are considered for food use (‘Kivika’, ‘Zhyvynka’,
‘Solnechnyj’), it was established that only the 'Solnechnyj' variety has a ®-3:
®-6 ratio in oil of 1:16.9, which corresponds to the recommended indicators.
and other cultivars have high linolenic acid values and, accordingly, an altered
polyunsaturated fatty acid ratio of 3:1 and 1:1.6, respectively. A comparative
study of the content of fatty acids and the determination of acid, peroxide and
iodine numbers showed that the iodine number and the ratio of unsaturated fatty
acids are the most important criteria for identifying the quality of the oil and
determine the further directions for its use. It was revealed that flax seeds of
both technical and food fields are very rich in vitamin E at the level of 117-
146 mg/100 g. Therefore, they are recommended to be used more widely in food
as a source of this vitamin. It is proposed that when creating new varieties of
flax for food purposes, also need to take into account the indicators of iodine
and acid numbers, which should be low in them. These indicators are also of
interest for characterizing already existing varieties in order to differentiate
them. It is noted that for food use it is necessary to create varieties with a reduced
content of linolenic acid to the level of 5-10%.

Keywords: oil flax, variety, biochemical characteristics of seed quality,
fatty acid, oil quality, food use

Introduction. Formulation of the problem

been valued for their medicinal properties, and the oil

Cultivated flax (Linum usitatissimum L.) has been

has been used in cooking and cosmetics [3,4,5].
In recent years, flaxseed has become popular as a

grown for nine to ten thousand years, primarily for the
manufacture of linen fabrics, canvas and ropes from
stalks. Now this culture is grown all over the world as
an oil and technical crop [1,2]. Flax seeds have long
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healthy (functional) food product. High levels of fatty
acids and minerals (Ca, Mg, Na, K, P, Cu, Fe, Mn, Zn
and B) give it useful characteristics for food use [6,7,8].
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In Canada, the United States and many other
countries, flaxseeds are classified as natural functional
foods by the Departments of Health and are considered
a must for daily consumption [9].

However, to date, the level of biochemical
parameters of oil and seeds of flax varieties for different
uses is not clearly outlined, although this information is
very important when using these products for food.

Analysis of recent research and publications

The components of the nutritional value of flax
seeds are fats, proteins, vitamins, minerals, pentosans
and dietary fibre. Each of these components contributes
to the value of the human diet [10,11].The oil content in
flax seeds is at the level of 38-49%. In addition to its
high oil content, its importance as a source of essential
nutrients increases the characteristic fatty acid
composition. Flax seed oil contains saturated palmitic
and stearic acids, monounsaturated oleic acid, doubly
unsaturated linoleic acid and triple unsaturated o-
linolenic acid. Flaxseed oil is the richest plant source of
polyunsaturated fatty acids - a-linolenic (C18:3) and
linoleic (C18:2). a-linolenic acid refers to omega-3
(0-3) fatty acids with the location of the first double
bond between the third and fourth carbon atoms.
Linoleic acid is an omega-6 (w-6) fatty acid with the first
double bond located at the sixth carbon atom [12].

Linoleic and a-linolenic fatty acids are essential
(essential) acids, the absence or lack of which in food
inhibits the growth of a young organism, reduces
reproductive functions, and lowers the tone of blood
vessels. They have been proven effective in reducing the
risk of chronic diseases such as heart disease, kidney
disease, diabetes, high blood pressure, rheumatism, and
certain types of cancer. Proven to have a positive effect
on strengthening the immune system.Regular inclusion
of flaxseed products has been shown to improve plasma
lipids in subjects with hypercholesterolemia and lowers
cholesterol levels, as well as suppresses cancer,
thrombosis and allergic reactions [13,14]. Their
biological role is determined by a wide range of
therapeutic and prophylactic effects, in connection with
which flaxseed oil can be attributed to functional
vegetable oils, which ensure the entry of physiologically
functional ingredients into the human body. Therefore,
flaxseed oil is increasingly used in food as an additive
in various food formulations such as baked goods
(pastry), cereals, yogurt and bread [15-18].

In the human body, there must be a certain balance
of linoleic and a-linolenic fatty acids. In sufficient
quantities, a-linolenic acid is found only in fish oil and
in flaxseed. Much lower amounts of linoleic and o-
linolenic fatty acids are found in soybean, corn,
camelina, hemp and sunflower oils [10]. It is believed
that, for a healthy diet, an important point is to achieve
the optimal ratio of omega-3:0mega-6 fatty acids. There
is data that human beings evolved on adiet with a ratio

of omega—6 to omega-3 essential fatty acids of ~1
whereas inWestern diets the ratio is 15:1-16.7:1, and in
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India ratios in urban areas rangebetween 38:1 and 50:1
whereas in rural areas the ratios range from 5:1 t0 6.1:1.
A lowerratioof omega-6:0mega-3 fatty acids is more
desirable in reducing the risk of many chronic diseases
[19,20]. In flaxseed, the content of a-linolenic acid (o-
3) is more than three times higher than the content of
linoleic acid (w-6).

It has been found that the levels of fatty acids and
other components of flaxseed, such as biomass and
lignin content, are more dependent on genetic
predisposition than on growing conditions [21].
Therefore, genetic and breeding studies are being
carried out in various scientific centers in order to
change the biochemical parameters of both seeds and
the fatty acid composition of linseed oil. Thus, edible
varieties of oil flax (Linum humile) with a reduced
content of linolenic acid in oil have already been
obtained. In varieties Y 117 up to 26% and Nilin up to
2.9%. Varieties ‘Solnechnyj’ and ‘Linola™*‘(Canada)
have a very low content of ®-3 acid. Variety ‘Sanlin’
has already been bred with a ratio of omega-3 and
omega-6 fatty acids close to 1:8, and variety ‘Rucheek’
with a ratio of 1:4.3.Kiralanwith co-authors (2010)
propose to carry out targeted breeding programs, using
the selection of variability in fatty acid composition and
mineral content (Ca, Mg, Na, K, P, Cu, Fe, Mn,
Zn, B) [22].

In Ukraine, breeding and genetic work is being
carried out to create special-purpose varieties, both food
and technical [21]. The result of this work is the already
created varieties of oilseed flax for the food industry
‘Kivika’ and ‘Zhyvynka’. They are listed in the State
Register of Plant Varieties of Ukraine [23].

In this regard, the purpose of our research was to
compare the biochemical parameters of seeds in flax
varieties from different areas of use.

Objectives of the study

1. To compare the fatty acid composition of flax
seed oil of different uses.

2. Investigate oil
researched varieties.

3. To determine the content of vitamin E in the
seeds of flax varieties of different uses.

quality indicators of the

Research materials and methods

The experiments were conducted during 2019-
2021. Material used from the collection of the
Department of Genetics and Plant Resources of the
Zaporizhzhia National University — ‘Pivdenna Nich’,
variety of technical use (year of registration 2000,
Institute of Oilseeds, Zaporizhzhia, Ukraine), ‘Kivika’,
variety of food use (2007, Institute of Oilseeds,
Zaporizhzhia, Ukraine), Vodohrayi, variety of technical
use (2010, Institute of Qilseeds, Zaporizhzhia, Ukraine),
Zhyvynka, variety of food use (2018, Institute of
Oilseeds, Zaporizhzhia, Ukraine) (State register of plant
varieties, 2021), Solnechnyj, variety of food use
(foreign breeding).

The oil content was determined according to [24].
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The fatty acid composition was determined by gas-
liquid chromatography in the form of methyl esters
using a gas chromatograph GC-16A “Shimadzu”
(Japan) with a flame ionization detector, a thermostat
with a temperature not lower than 200°C, an evaporator
with a temperature not lower than 300°C, software “GC
solution”, column THERMO TR-FAME 30m x 0.25mm
with filler (70% Cyanopropy! (equiv) Polysiphenylene-
siloxane), carrier gas with nitrogen not lower than
99.99% purity. The content of fatty acids was expressed
as % of the total fatty acid. The acid value was
calculated according to [24]. The free fatty acid content
was calculated as oleic acid in which case 1 mL of 0.1
MKOH is equivalent to 0.0256 g of oleic acid.

The peroxide value was determined
according to [24].

The iodine value was determined using the ASTM
D2078 analytical procedure [24].

Determination of vitamin E content was carried out
according to methodological principles [25].

The experiments were carried out in 3-fold
repetition.

Statistical analysis of the research results was
carried out using the program Libre Office Calc (GNU
Lesser General Public Licensev 3).

Results of the research and their discussion

As can be seen from the data obtained, the studied
flax varieties had significant differences in the fatty acid
composition of the oil (table 1). In the standard variety
PivdennaNich, the ratio of fatty acids is the most typical
for most varieties of flax, the so-called typical "linum-
type", where linolenic acid is predominant with a
content of 50-55%. Saturated fatty acids palmitic
CisH3:COOH and stearic C17H3sCOOH in total in
linseed oil are 5-10%.

During genetic breeding work on the creation of
genotypes with a modified content of fatty acids in the
composition of linseed oil, forms with a high content of

individual unsaturated acids are selected. So, the variety
of the technical direction ‘Vodohrai’ has an increased
content of up to 70.0-73.0% of linolenic acid
C17H29COOH due to a decrease in linoleic C17H3:COOH
and oleic C17H33COOH acids.

In the opposite direction, food varieties are being
created, and they are characterized by a reduced content
of linolenic acid. At the same time, the ‘Kivika’ variety
has the highest content of oleic acid among them, and
the ‘Zhyvynka’ and ‘Solnechnyj’ varieties have linoleic
acid. It is important to note that the ‘Solnechny;j’ variety
is distinguished by an extremely low content of linolenic
acid, which greatly distinguishes it from the other
studied oil flax genotypes.

When considering the ratio of the amount of
saturated acids to the amount of unsaturated acids, a
decrease in the content of saturated acids in the high
linolenic variety is clearly seen (Figure 1).

So, if in a “typical” variety ‘PivdennaNich’ this
ratio is 1:10, in food varieties ‘Zhyvynka’— 1:9.6,
‘Solnechnyj’— 1:12, ‘Kivika’ — 1:14, then in the
technical variety ‘Vodohrai’ with a content of linolenic
acid more 70% it was 1:29 (Figure 1).

To characterize flax varieties for food purposes, it
is also important to take into account the ratio of
polyunsaturated fatty acids w-3:w-6. In the studied flax
varieties, this ratio was: for the variety ‘Pivdenna
Nich’3.3:1, for the technical variety “Vodohrai’ 7.7:1,
for food varieties ‘Solnechnyj’ 1:16.9, ‘Zhyvynka’—
1:1.6, ‘Kivika’ — 3:1 (Figure 2).

The balance of the two types of polyunsaturated
fatty acids is important for homeostasis and normal
development of the human body. Introducing flax seeds
or flax seed oil into the diet can bring this ratio closer to
life-saving. To obtain a lipid complex of designed
products with the recommended optimal ratio of
polyunsaturated fatty acids w-3:w-6, it is desirable to use
lipid blending from seeds of various flax varieties.

Table 1-Indicators of the fatty acid composition of the oil of edible flax varieties in comparison
with the technical variety and the standard varieties (% of the total fatty acids)

Fatty acid %
Variety palmitic stearic oleic linoleic linolenic
C1sH3::COOH C17H3sCOOH C17H33COOH C17H3:COOH C17H20COOH

PivdennaNich 48+1.11 424096 20.8+1.36 163+0.78 53.9+1.92
\ariety-standard

‘Vodohrai’ 1.2+041 2.1 +0.57 16.2+1.24 9.3 +£0.65 71.2+1.87
‘Solnechnyj’ 52+1.07 2.6+0.61 18.8 £1.77 69.3+1.93 4.1+0.97
‘Zhyvynka’ 5.4+0.75 4.0+0.56 19.1 £1.09 442 +1.68 273 +1.31
‘Kivika’ 29+048 3.8+0.65 35.6 +£1.86 13.9 £ 1.51 43.8 +1.94
max 5.4 4.2 35.6 64.3 71.2
min 1.2 2.1 16.2 9.3 4.1

_‘? 3.9+0.8 3.2+0.4 22.0+3.5 29.6+10.6 40.1+11.5
CV,% 46.3 28.7 35.1 80.17 64.0
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In the results, presented in Table 2, it can be seen
that varieties with a high content of linolenic acid,
especially ‘“Vodohrai’ 194.2 g/100 g, have higher iodine
values, which reflect the concentration of mono- and
polyunsaturated fatty acids in the total pool of fatty
acids. And the ‘Solnechnyj’ variety with the lowest

—_
(=]

content of linolenic acid also has the lowest iodine value
of 150.1 g/100 g. A comparative study of the content of
fatty acids and the determination of the iodine number
showed that these parameters serve as important criteria
for identifying the quality of the oil and determine
further directions for its use.
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Fig. 2. The ratio of polyunsaturated fatty acids ®-3:0-6 in the studied varieties of oil flax

Table 2 — Oil quality indicators of edible flax varieties in comparison with the technical grade and
the standard grade

Acid valueor acidity Peroxide number Yodine
. number
Variety % free fatty acids
mg KOH from seed weight % I2 mM/kg % O g/100 g
‘PivdennaNich’
variety-standard 1.7740.01 0.89+0.006 0.117+0.001 9.130+0.06 168.9+0.6
‘Vodohrai’ 1.72+0.009 0.86+0.003 0.047+0.001 3.660+0.120 194.2+1.3
‘Solnechnyj’ 1.17+0.007 0.58+0.003 0.323+0.005 25.194+0.40 150.1+1.9
‘Zhyvynka’ 1.79+0.02 0.90+0.010 0.332+0.0003 25.922+0.026 192.6+4.1
‘Kivika’ 1.87+0.05 0.94+0.003 0.029+0.003 2.335+0.263 164.6+1.6
max 1.87 0.94 0.332 25.922 194.2
min 1.17 0.58 0.029 2.335 150.1
X 1.66+0.12 0.83+0.06 0.17+0.07 13.25+5.10 174.1+8.5
CV,% 16.91 17.37 87.19 86.99 10.90
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A similar trend can be traced in terms of acid
number. The acid number is one of the main quality
indicators characterizing the degree of freshness of fat
and is regulated by standards for all types of edible fats.
In the case of improper storage of seeds or oil, the
amount of free fatty acids increases and their further
oxidation leads to the appearance of defects in taste and
smell, and in the case of deeper processes, the
unsuitability of fat for food purposes. The amount of
free fatty acids in fat is not constant and depends on the
amount of fatty raw materials, the method of obtaining
fats, the duration and storage conditions, and other
factors. Their accumulation is due to the hydrolytic
breakdown  of glycerides into  diglycerides,
monoglycerides, glycerol and fatty acids. Partially free
fatty acids are also formed as a result of oxidative
transformations of fat in the later stages of its oxidation.
In the studied varieties, the lowest value of the acid
number (1.17 mg KOH) was found in the Solnechnyj
variety, the highest — in the ‘Kivika’ variety (1.87 mg
KOH) (Table 2).

According to the indicators of peroxide number,
which reflects the degree of oxidation of fat (oil), due to
the accumulation of peroxide compounds (peroxides
and hydroperoxides) during the oxidation of fat (oil)
during storage, which is especially active in the light,
another dependence was revealed. The highest values of
the peroxide value are typical for the ‘Solnechny;j’ and
‘Zhyvynka’ varieties with a high content of linoleic acid
of more than 25 mM/kg %2 O. Moreover, the excess over
other studied varieties was very significant (Table 2).

The use of whole flax seeds in the bakery and
confectionery industry is increasing every year. At the
same time, flax seeds are used regardless of the variety,
although there are already varieties of food.

Table 3 shows the seed weight and oil content of
the food wvarieties ‘Kivika’, ‘Zhyvynka’ and
‘Solnechnyj’ in comparison with the technical variety
‘Vodohrayi’ and the standard variety ‘Pivdenna Nich’.
As can be seen, the varieties of the food direction have
a significantly smaller seed mass. When comparing the
oil content with the standard variety, the ‘Kivika’ and
‘Solnechnyj’ varieties showed a significant decrease in
fat content. And the variety of the food direction
‘Zhyvynka’ exceeds ‘Pivdenna Nich’, although it is
inferior to the variety of the technical direction
Vodohrayi.

As can be seen from the data presented in Table 3,
both industrial and food flax seeds are very rich in
vitamin E, which is a key antioxidant and plays an
important role in overall human health. Our results
indicate broad prospects for the use of flax seeds as a
source of vitamin E in food. After all, its content in flax
seeds is 117-146 mg / 100 g.
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Table 3 — Indicators of seeds of edible flax varieties in
comparison with the technical variety and the standard

variety
Weight of | .. —
- Oil content, | Vitamin E,
Variety 1000 Ejeeds, % mg/100 g

‘PivdennaNich 8.0 454 | 146.47+2.99
\variety-standard
‘Vodohrai’ 8.0 50.2 138.48+4.39
‘Solnechnyj’ 5.3 42.7 139.44+2.23
‘Zhyvynka’ 6.9 47.0 117.22+2.85
‘Kivika’ 6.0 43.5 134.79+2.65
Max 50.2 146.47
Min 42.7 117.22
X 45.45+1.68 | 135.28+4.89
CV,% 7.4 8.09
LSD 0.25 1.13

Taking into account that the daily requirement for
this vitamin is 4-10 mg per day, daily consumption
products with whole flax seeds (yogurts, cookies,
bakery products) can be recommended as dietary and
prophylactic to ensure its required amount.

Vitamin E in foods is maximally preserved in raw
foods. The main natural source of this vitamin is natural
unrefined cold-pressed vegetable oils. Most vitamin E is
found in sunflower seed oils 56 mg/100 g, grape seed
oils 32 mg/100 g, wheat germ 20-25 mg/100 g,
soybeans 15-20 mg/100 g [9,10].

Thus, the considered biochemical criteria can be
recommended for the breeding of flax varieties for food
purposes, and in the future the number of indicators will
need to be expanded.

The variety of fields of application of flax seeds
requires breeders to develop varieties with different
indicators corresponding to the purpose of the final
product. According to the FAO, linseed oil can be
divided into four groups according to the content of
linolenic acid: 1) high — more than 50% — the oil is
suitable mainly for use for technical purposes; 2)
average — 36-49% — the oil is suitable for technical
purposes, in medicine and perfumery; 3) low — 10—
35% — suitable mainly for food purposes; 4) very low —
less than 10% — only for food purposes [21].

Therefore, for food use, it is necessary to create
varieties with a reduced content of linolenic acid to a
level of 5-10%. At this stage, neither the "typical™ and
technical varieties, which contain too much linolenic
acid, nor the already established food grade varieties
‘Zhyvynka’ and  ‘Kivika’, which  synthesize
significantly less linolenic acid, until they give the
optimal ratio of o-3: -6 fatty acids.

In our opinion, one of the best ways to obtain the
necessary initial breeding material of a special direction
is the method of experimental mutagenesis, which
makes it possible to create mutant lines with various
biochemical characteristics in a relatively short period
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of time. In our earlier works, we successfully used
mutation breeding to obtain valuable mutant forms of oil
flax with new valuable traits, including those with
modified fatty acid composition of the oil [26] and to
create flax varieties based on them [23]. Other authors
also obtained mutants with a changed fatty acid
composition of the oil and an improved ratio of »-3:®-
6 as a result of chemical mutagenesis of different
genotypes of oil flax among 27 types of mutations. The
authors proposed to use the resulting mutant samples as
initial forms for conducting breeding work on flax in
various directions [27].

Conclusion

In the group of studied varieties of oil flax, only the
variety ‘Solnechnyj’ revealed a ratio close to the
recommended ratio ©-3:-6 — 1:16.9. The remaining
varieties have high values of linolenic acid, which

changes this ratio and is characteristic of the fatty acid
composition of a typical linseed oil.

Varieties of flax for food purposes with the required
ratio of ®-3:w-6 within 1:5 should also be characterized
by such biochemical characteristics as reduced iodine
and acid numbers. It should be remembered that fiber
flax seeds do not have the required ratio of such
polyunsaturated fatty acids, because this crop is not
selected for oil quality.

To create varieties of oil flax for special purposes,
it is necessary to create breeding material using the
method of experimental mutagenesis, which makes it
possible to obtain forms with a modified composition of
individual fatty acids in flax oil and their ratio.

In the course of research, it was found that flax
seeds, both technical and food, are very rich in vitamin
E 117-146 mg / 100 g. This indicates broad prospects
for the use of flax seeds as food as a source of this

vitamin.
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AmnoTanisi. JInsiHa onist Ta HACIHHS JTHOHY € NIPUPOIHIMHI JKEPEIaMU eCeHIIaIbHUX XXUPHUX KHCIIOT -6 JIIHOJIEeBOT Ta
®-3 a-niHonenoBoi. OHAK, B HACIHHI TEXHIYHUX COPTIB JIbOHY OJIIITHOTO if HaBiTh Y OKPEMHX COpTax XapuoBOTO HANPSMY
BMICT (L-JIIHOJICHOBOT KHCJIOTH B JIeKiJIbKa Pa3iB MEPEBHUILYE BMICT JKUPHUX KUCJIOT, IO MPEACTABNICHI B IyJTi, BKJIIOYAIOUH
niHoneBy. ToMy icHye HEOOXiJHICTh CTBOPEHHS COPTIB i3 CHIBBIIHOIICHHAM ®-3:0-6 He MeHHI 1:5 A XapuoBOro Ta
JIKyBaJIBHOTO 3aCTOCYBaHHA. Y CTaTTi MPOBENEHO IOCIHIIKEHHS 010XiMIYHMX MOKAa3HUKIB HACIHHS COPTIB JbOHY OJIHHOTO
PI3HUX HampsMiB BHUKOPHCTaHHS SK TEXHIYHOTO, TaK 1 XapuoBoro. Y poOOTi BHKOPHUCTOBYBAJM CTAaHIAPTHI METOAM
0lOXIMIYHOTO aHANi3y HACIHHA POCIHH (EKCTPAaKmiHHWKA METOJ BH3HAUEHHA JKHPY, Ta30piAWHHA Xpomatorpadis,
TUTPYBaHHs, CIEKTpopoToMeTpudHi Meronu). CraTHCTHUHY OOpOOKY pe3yibTaTiB AOCHiIKEHb TPOBEACHO 3
Bukopucrannsam nporpam Libre Office Calc (GNU Lesser General Public Licensev). Y pe3ynbrati JOCTIDKEHHS 11SITH
COPTIB, TPH 3 SIKMX BBaXKAIOThCs XapyoBoro Bukopuctanus (‘Kivika’, ‘Zhyvynka’, ‘Solnechnyj’), BcTaHOBIICHO, 1110 TLTBKH
copT ‘Solnechnyj’ Mae criBBigHOMmIECHHS ®-3:®-6 B oii 1:16.9, 1110 BiAMOBia€ pEKOMEHIOBAHUM MTOKA3HUKAM, a iHIII COPTH
MAalOTh BUCOKI 3HAUCHHSI JIITHOJICHOBOT KMCIIOTH Ta, BiIIOBIJHO, 3MiHEHE CITiBBiJHOLIICHHS MOJiHEHACHYEHHUX JXKUPHUX KUCIIOT
Ha piBHi 3:1 ta 1:1.6, BiamosigHO. [lopiBHsIEHE BUBUEHHS BMICTY KUPHHUX KUCIIOT i BU3HAYEHHS KUCIOTHOTO, TIEPEKUCHOTO
Ta fOTHOTO YMCel MOKa3allo, 0 MOKa3HUKU HOMHOTO YHCIIa i CHiBBiIHOLIEHHS HEHACHYCHUX YKUPHUX KUCJIOT CIYTYIOTh
HAMOUTBII BOXXITUBIMHA KPUTEPIIMH IS 1IeHTHU(IKAIIT SIKOCTI 0JIii i BU3HAYAIOTH MMOJANBINNI HAPSMOK 11 BHKOPUCTaHHS.
BusiBneHo, 1o HaCiHHS JIbOHY SIK TEXHIYHOTO, TaK 1 XapuoOBOTO HampsMy ayxke 6arare Ha BitamiH E Ha piBHi 117-146 mr/100
r. ToMy foro pekOMEHIyeTbCs LIMpIIE BUKOPHUCTOBYBATH B DKY, SK JDKEPENO I[OTO BiTaMiHy. 3alpOIOHOBAHO IpU
CTBOPEHHI HOBHX COPTIB JIbOHY XapuOBOT'O HAIIPSIMY TaKOXX BKa3yBaTH IOKa3HUKH HOTHOTO il KHCIIOTHOTO YHCEl, SIKi Y HUX
MaroTh OyTH HU3bKUMHU. J[aHi MOKa3HUKY MPEICTABISIIOTE IHTEpeC 1 ISl XapaKTePUCTHUKH BXKe ICHYIOUHX COPTIB 3 METOIO iX
nudepenianii. 3a3Ha4a€eThCs, MO U XapuoBOr0 BUKOPHCTAHHS HEOOXITHO CTBOPIOBATH COPTH 3i 3MEHIIEHUM BMIiCTOM
JIHOJICHOBO KHCIOTH 10 piBHS 5—10%.

Kawuogi ciioBa: nb0H oniliHMMA, cOpT, 010XIMiYHI TTOKA3HUKH SIKOCTI HACIHHS, )KAPHOKUCIIOTHUHA CKIaJl, SKICTh OJIii,
Xap4yoBe BUKOPHCTaHHS
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