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Identification of chlorogenic acid in cotyledonous leaves and husks of
common sunflower (Helianthus annuus L.)

Abstract. The relevance of the study is conditioned by the need to optimise the production process of the sunflower
farming ecosystem by increasing environmental sustainability. Among the by-products of processing, the use
of which is still not effective, the release of the powerful antioxidant chlorogenic acid has not been sufficiently
studied. Inthis regard, this paperis aimed at revealing the patterns of accumulation and identification of phenolic
compounds in cotyledons and sunflower husks. The purpose of the study is to identify phenolic compounds in
cotyledonous leaves and husks of various genotypes of common sunflower (Helianthus annuus L.) by thin-layer
chromatography. In the course of research on this problem, the authors used field, biochemical, and statistical
research methods. To identify chlorogenic acid, a solvent system was used: chloroform - glacial acetic acid -
methanol - water (60:32:12:8). Chromatography analysis was performed in the SORBFLIL TLC software suite.
The object of research is the Auris common sunflower hybrid. It is established that the qualitative composition
of the phenolic complex and the number of individual compounds has a pronounced variety specificity. On the
chromatogram, this substance has an Rf of ~ 0.60 (for sunflower husks) and an Rf of ~0.74 (for cotyledonous leaves).
It was found that the most effective solvent for chlorogenic acid is aqueous ethanol. Extraction of chlorogenic acid
with 40% ethanol provides up to 10 mg/g of chlorogenic acid. In addition to chlorogenic acid, a small amount of caffeic
acid was found in the alcohol extract. The materials of the study are of practical value for improving the processes
related to the development of the productivity of sunflower crops and the rational use of processing by-products
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INTRODUCTION

At the current stage of crop production development as
a science, increasing the ecological stability of varieties
and plant communities is one of the important factors for
intensifying crop cultivation technologies. In the conditions
of increasing the number of technogenic means used to
optimise the growing conditions of agricultural crops (fer-
tilisers, pesticides, etc.), the role of ecological stability of
varieties and agrocoenoses in the implementation of their
potential productivity is constantly increasing. The maxi-
mum possibilities of plant adaptation to negative environ-
mental factors are determined by the genotype and func-
tional features of the synthesised metabolites, which, in
particular, include polyphenolic compounds. Numerous
studies show that phenolic compounds perform a wide
range of regulatory and protective functions (Pedrosa et
al., 2000; Voitsekhivska et al., 2015), directed against vari-
ous negative environmental factors (infections, insects, UV
radiation, temperature stress, etc.) (Levytskyi et al., 2010;
Makarenko & Levytskyi, 2013). These properties of polyphe-
nols can determine the varietal characteristics of culti-
vated plants. The implementation of the stress-protective
effectis based on the antioxidant properties of these com-
pounds (Andersen § Markham, 2005; Alexieva et al., 2013).

The biological activity of chlorogenic acid is primar-
ily conditioned by its strong antioxidant effect (Parr & Bol-
well, 2000). Its biosynthesis occurs exclusively in plants and,
along with phenolic compounds, is widespread in the plant
world (Clifford, 1999; Nakatani et al., 2000). Chlorogenic
acid is often found in higher dicotyledonous plants, ferns,
and many medicinal plants, which are called “plant gold”
in China (Liang Wang et al., 2022). It has strong antioxidant,
antifungal, antibacterial, and antiviral properties. A number
of researchers have established anti-cancer and haepato-
protective effects, effects on the regulation of glucose metab-
olism, and positive effects on blood vessels (Levytskyi et al.,
2010; Liang Wang et al., 2022). This property can be used both
in medicine, in agriculture, and the food industry. Chloro-
genic acid plays an important role in plant respiration, is
a regulator of growth processes, occupies an important
place in ensuring plant immunity, and performs protective
functions. The content of chlorogenic acid depends on the
varietal characteristics of plants, natural and climatic fac-
tors, and on the method of determination (Makarenko &
Levytskyi, 2013; Voitsekhivska et al., 2015; Labeiko, 2021).

Sunflower is one of the main industrial crops in Ukraine.
Taking into account processing, it is considered a valua-
ble oilseed crop using by-products of processing, mainly
for feed purposes. However, it can be used as a source of
production of various types of biofuels, potash fertilisers,
paper, hexose and pentose sugar, etc. Common sunflower
is also an important source of natural antioxidants and,
compared to other crops, its seeds are characterised by the
highest potential (Halvorsen et al., 2002). The husk of sun-
flower seeds contains only 0.7-5.4% of the total amount of
its phenolic compounds, while the rest is found in the ker-
nel (Pedrosa et al,, 2000; Grana et al., 2017). The predominant

phenolic compound of the sunflower kernel is chlorogenic
acid, which is 43-73 % of all phenolic compounds (Weisz et
al.,2009) and has strong antioxidant, antifungal, and anti-
bacterial properties (Levytskyi et al., 2010). Scientific studies
in most cases relate to the production and use of sunflower
protein, and the production of the antioxidant chlorogenic
acid from sunflower meal is rather neglected (Labeiko, 2015).
Chlorogenic acid is one of the most valuable com-
pounds that is in great demand among consumers, pri-
marily due to its antioxidant properties. The use of
chlorogenic acid is promising in the fat and oil indus-
try as an antioxidant of vegetable oils as a substitute
for synthetic substances (tributylhydroquinone, butyl-
hydroxytoluene, etc.) (Shapovalova et al., 2013). How-
ever, the use of methanol to produce chlorogenic acid,
which in the future can be used in food and supple-
ments, is not desirable. In addition, pre-extraction of
chlorogenic acid from meal would allow obtaining plant
protein without phenolic compounds and using it for
the production of light-coloured food (Labeiko, 2015).
In this regard, the purpose of the study was to iden-
tify composite phenolic complexes in the husk and coty-
ledon leaves of various genotypes of common sunflower
(Helianthus annuus L.) by thin-layer chromatography.

MATERIALS AND METHODS

The study was conducted during 2017-2018 in the labora-
tory of biotechnology and cell engineering of the Depart-
ment of Ecobiotechnology and Biodiversity of NUBiP of
Ukraine. Field experiments were carried out in the sta-
tionary crop rotation of the Department of Crop Growing
in the special subdivision of NUBiP “Agronomic Experi-
mental Station” on typical low-humus chernozems.

The object of research was a hybrid of common sun-
flower (Helianthus annuus L.) Auris (resistant to herbicides
based on tribenuron-methyl (SU), listed in the State regis-
ter of varieties suitable for distribution in Ukraine (2022).

In the course of the study, a field research method
was used to investigate the interaction of the research
object with biotic and abiotic factors in the field.

Experiment scheme - fertiliser options: 1. N
(ContrOD; 2 N60P50K90 + 830; 3 N90P75K135 + S30; 4 N120P100K180+
+ S, .. Mineral fertiliser application rates were calculated
using the balance method for the planned yield, consider-
ing the content of the main elements of mineral nutrition
in the soil. Plot area 25 m? Repetition - four times. Place-
ment of options is sequential.

The technology of growing sunflower seeds is gen-
erally accepted for the forest-steppe zone. Its predeces-
sor was winter wheat. After harvesting the predecessor,
stubble ploughing was carried out. In the first-second ten
days of October, according to the experiment scheme,
50% of the annual norm of nitrogen fertilisers (ammo-
nium nitrate, 33.4%), 100% of phosphorous and pot-
ash fertilisers (double superphosphate, 46%; potassium
chloride, 62%) were applied and winter ploughing was
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carried out to a depth of 25-27 cm. In spring, when the
soil was physically ripe, mulching was carried out using
a toothed harrow. On the day of sowing, according to
the experiment scheme, 50% nitrogen fertilisers and
100% sulphur (ammonium sulphate) were applied and
pre-sowing treatment was carried out with a combined
unit. Seeds were sown to a depth of 4-5 cm at a soil tem-
perature of 10°C at a depth of 6-8 cm (second 10 days of
April). In the post-sowing period (pre-emergence), a soil
herbicide (312.5 g/1 S —-metolachlor + 187.5 g/l Terbutyla-
zine) was applied. The fungicide (80 g/l Ciproconazole +
200 g/1 Azoxystrobin) was applied when the first signs of
the disease appeared, and the second application - if nec-
essary with an interval of 18-22 days. All elements of the
cultivation technology, with the exception of the subjects,
were the same throughout the experiment.

Sampling of cotyledons in each variant was carried
out in the full ripeness phase on 10 plants. The results
obtained for each of the indicators were tested for normal-
ity according to the Shapiro-Wilk criterion (Razali § Wah,
2011). In the case when the variational series did not cor-
respond to the normal distribution, the number of sam-
ples was increased. The seed yield was determined by col-
lecting all seeds from the registered plot and converting
the value in t/ha to the basic seed moisture index of 8%.

A biochemical research method was used to deter-
mine the content of chlorogenic acid. The qualitative
and quantitative composition of phenolic compounds
was studied by thin-layer chromatography on sunflower
seedlings grown in the laboratory and the husk of sun-
flower seeds grown in the field. Extraction of phenolic
compounds from plant material depends on the type
and polarity of the solvent. Ethanol was chosen as the
solvent for the isolation of chlorogenic acid. Identifica-
tion was performed by thin-layer chromatography (TLC)
using plates measuring 100x150 mm, sorbent - Silicagel
60 F254 (Merck). Solvent systems were used to identify
chlorogenic acid: chloroform - glacial acetic acid - meth-
anol - water (60:32:12:8). To enhance the glow of sub-
stances under ultraviolet illumination, UV (365 Nm) plates
with chromatographs were treated with 5% EtOH solu-
tion AICI3 with subsequent heating (5 min at 105°C). The
chromatogram was kept for 7-10 minutes at a tempera-
ture of 110°C to the appearance of characteristic spots.
Photo documentation of the materials was carried out
using the AxioVision 40V Carl Zeiss software suite. Digi-
tal data processing was performed in the Image Pro Pre-
mier 9.0 (Trial version) software suite. Chromatography
analysis was performed in the SORBFLIL TLC (Kovalov
et al., 2003). To determine the chemical nature of sub-
stances, chromatograms were treated with developing
reagents. Rf indicators were determined photodensito-
metrically using Sorbfil TLC software suite. The presence
of coumarins in methanol (MeOH) extracts was detected
by lactone breakdown and qualitative reaction to diazo-
tated sulfonylic acid (Kovalov et al., 2003). The statistical
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research method was used to analyse experimental data,
determine the reliability of data, and identify dependen-
cies between the studied indicators. Statistical data pro-
cessing, principal component analysis (PCA), correlation
and cluster analysis were performed in the XLSTAT soft-
ware suite (Addinsoft Inc., USA, 2010).

RESULTS AND DISCUSSION

The qualitative composition of the phenolic complex and
the number of individual compounds has a pronounced
variety specificity, which is confirmed by the results of the
conducted studies.

Based on thin-layer chromatography in methanol
leaf extracts by the nature of the glow in the UV region
(365 Nm), performed by a colour reaction to a FeCl3 solu-
tion and the Rf value, a substance that can be identified as
chlorogenic acid was discovered. On the chromatogram,
this substance has an Rf of ~0.60 (for sunflower husks)
and an Rf of ~0.74 (for cotyledonous leaves) (Fig. 1). Thus,
itis established that secondary metabolites, including
oxybenzoic acids, accumulate in the vegetative organs of
plants, which play an important role in the formation of
their constitutional stability. The general state of the plant
organism and its survival strategy depend on the activity
of the synthesis of phenolic substances.
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Figure 1. Chromatography of MeOH extracts:
1 - cotyledonous leaves; 2 - husks of Auris sunflower
hybrid; T - chlorogenic acid (system: chloroform - acetic
acid - methanol - water (60:32:12:8)

The effect of phenolic compounds on plant resistance
against negative environmental factors is confirmed by the
findings of other researchers (Levytskyi et al., 2010; Gai et
al.,2020). Phenolic compounds are crucial for the antioxi-
dant potential of sunflower seeds (Karamac et al.,2012). The
possibility of using phenolic compounds obtained from
extracts of the aboveground part of sunflower as antiox-
idants is evidenced by scientific studies by Gai et al. (2020).
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Given that the content of chlorogenic acid is quite high
not only in cotyledonous leaves, but also in pericarpia, it is
justified to consider them as a source of a valuable chemical
compound (Table 1). Chlorogenic acid was detected by

thin-layer chromatography in 40% of water-alcohol extrac-
tion of cotyledonous leaves and husks, as evidenced by
the area of peaks in the fluorescence intensity of individ-
ual compounds according to photodensitometry results.

Table 1. Area of fluorescence intensity peaks of individual compounds based on photodensitometry results

Peak area, S - 10° (c.u.)
Rf Indicators 0.02 0.07 0.16 0.22 0.45 0.64 0.74 0.88 0.92 0.97
Cotyledonous leaves 27.5 128.4 60.4 56.1 0 35.3 367.5 0 18.8 224.1
Husk 0 1334 57.4 39.9 111.6 0 370.2 36.2 0 201.7
Chlorogenic acid 104.7

Obtaining extracts with high antioxidant activity from
sunflower seed husks is confirmed by Szydlowska-Czer-
niak et al. (2011).

Chlorogenic acid is highly soluble in ethanol and
can therefore be extracted from the husk, where its con-
tent for the Auris hybrid ranges from 10 to 25 mg/g. The
content of chlorogenic acid in sunflower husks varied
depending on the zonal placement of seeds in the basket,
which is a phenomenon of its matrix diversity. The con-
tent of chlorogenic acid in the seed husk, which is located
in the centre of the flower (within a radius of 50.0 mm), is
almost twice as high as in the seeds of its peripheral zone.
This is conditioned by the different intensity of its devel-
opment during certain periods (from flowering, fertilis-
ation of flowers to seed formation) - in the flower, seeds
are most intensively formed from the periphery to the
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centre. Thus, in the peripheral zone, the seed has a larger
weight 0f 1,000 seeds than in the central zone, which even
with the same absolute content of chlorogenic acid, in
terms of fractions per unit mass, shows its lower content.
This allows considering the possibility of recycling waste
that remains during the seed cleaning process.

According to the densitogram, the average content
of chlorogenic acid in cotyledon leaf and husk extracts
almost did not differ (Fig. 2). The use of ethanol as a sol-
vent does not allow for complete extraction of the phe-
nolic compound, but this method is the most optimal in
terms of price/quality. In addition, unlike other solvents,
it does not exclude the further use of raw materials, and
when used as a substrate for fungi, it improves the effec-
tiveness of sterilisation against pathogenic microflora
and spores of competing fungi.
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Figure 2. Photodensitogram of MeOH extracts: a — cotyledonous leaves; b — husks of the Auris sunflower hybrid

According to the results of studies, extraction of
chlorogenic acid with 40% ethanol provided up to 10 mg/g
of chlorogenic acid. Moreover, in addition to chlorogenic
acid, a small amount of caffeic acid was found in the alco-
hol extract (Fig. 3), as well as minor traces of cinnamic,
coumaric, ferulic, and sinapic acids.

The confirmed biological activity suggests that
the green parts of sunflower plants can be considered
a source of natural antioxidants.

D

Similar results were obtained by Pedrosa et al. (2000),
where in addition to chlorogenic acid, up to 10 compo-
nents were identified in the sunflower phenolic complex,
including caffeic, cinnamic, coumaric, ferulic, sinapic,
traces of vinyl and oxybenzoic acids.

The use of aqueous ethanol as a solvent is confirmed
by the results obtained by Kovalov et al., 2008, Labeiko,
2021. However, the use of ethanol as a solvent at concen-
trations of 40% compared to 50% and 70% in studies by
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Labeiko et al. (2019) and Nathia-Neves & Alonso (2021)
provides a high yield of this compound and reduces the
cost of obtaining it.

Field and laboratory studies have shown that
the content of chlorogenic acid varies depending on

chlorogenic acid

Optical dencity, c.u.

Wavelength, nm

environmental factors, varietal characteristics, and culti-
vation technology. All modern sunflower hybrids are char-
acterised by a high fat content, and therefore, a higher
content of chlorogenic acid compared to wild forms,
which is confirmed by studies by Pomenta & Burns (1971).

caffeic acid

25
OH

.
;. HOL -~
= OH
2
£15 7 o}
)
o
I
S
&, 1
o

05 7

0 T T T T T T T T T T T T T T T T T 1 1
210 260 310 360

Wavelength, nm

Figure 2. Electronic spectra of chlorogenic and caffeic acids extracted
with 40% ethyl alcohol from the Auris sunflower husk

The application of mineral fertilisers has a signif-
icant effect on the synthesis of chlorogenic acid: a bal-
anced mineral diet increases its content (Table 2). With an
insufficient amount of phosphorus and potassium against
the background of high nitrogen application, there is a sig-
nificant decrease in its content in the husk. Foliar appli-
cation of growth stimulants in combination with trace
elements in chelated form leads to an increase in the con-
tent of phenolic compounds in sunflower leaves by 2.3-2.5
times compared to the control variant, which has a posi-
tive effect on the accumulation of chlorogenic acid in the
achenes. Microelements are an integral part of enzymatic
systems, which are biological catalysts that increase the
activity of biochemical processes in plants. Due to the syn-
ergy of introduced growth regulators and trace elements,

plants are able to use nutrients from the soil more effi-
ciently, and plant resistance to adverse factors increases.

The technology of growing sunflower seeds has
a direct impact on the estimated gross yield of chloro-
genic acid per unit area: the application of mineral fer-
tilisers significantly affected the gross yield of this phe-
nolic compound.

The highest content and the gross yield of chlorogenic
acid was obtained on variants with full mineral fertiliser.
Unbalanced mineral nutrition and unilateral application
of nitrogen fertilisers against the background of phospho-
rus and potassium deficiency leads to a decrease in crop
yield and a decrease in the antioxidant content in sun-
flower husks, and as a result — a smaller estimated yield
of chlorogenic acid.

Table 2. Crop productivity and estimated gross yield of chlorogenic acid for sunflower cultivation
(average for 2017-2018)

Fertiliser options Yield, t/ha Huskiness, % i;?;:s::iir:;s d‘,ﬁlfgh;hzf
N,,P,,K,, (control) 3.19 21.9 6.71
N¢oPsoKoo?Ss, 3.46 21.6 7.47
NgoP 5K 35550 3.80 221 8.31
N_,0P100K180+ S50 3.85 22.8 8.60
LSD, 0.26 11

It was found that the total gross yield of chlorogenic
acid depends on the productivity of sunflower seeds.
The highest biological yield of the studied hybrid is
formed by applying N, P, .K,..+S, - 3.8 t/ha. A further
increase in the rate of application of mineral fertilisers

does not lead to a significant increase in crop yield. The
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huskiness index of cotyledons, depending on the back-
ground of mineral nutrition, is 21.6-22.8 %. Thus, the
estimated gross yield of chlorogenic acid for growing
Auris sunflower hybrid with the application of min-
eral fertilisers at a rate N, P K ,.+S, is 8.31 kg/ha,

90~ 7577135
g

N,0P100K 50+ S50 — 8:60 kg/ha.
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Chlorogenic acid has a stronger antioxidant effect
than ascorbic acid, caffeic acid, or vitamin E. The pros-
pects for chlorogenic acid eradication in medicine are
confirmed by Liang Wang et al. (2022); Cao et al. (2020).
Preliminary extraction of chlorogenic acid from sun-
flower processing products expands the possibilities of
using plant proteins, which is confirmed by the results of
research by M. Labeiko et al. (2019); M. Labeiko § Z. Fed-
iakina (2017); W. Jia et al. (2022). Even crude chlorogenic
acid is of considerable commercial interest, and phenolic
compounds extracted from the husk do not reduce, but
even slightly improve its properties, which can be used in
production: for example, adding to the substrate for grow-
ing oyster mushrooms and other edible mushrooms,
in medicine, food industry.

CONCLUSIONS

As aresult of the analysis of the current state of research
on the identification, content, and influence of phenolic
compounds, it was established that the qualitative
composition of the phenolic complex and the number
of individual compounds has a pronounced variety
specificity. Chlorogenic acid was detected in water-alcohol
(40%) extraction of cotyledon leaves and husks by thin-
layer chromatography. Chlorogenic acid can be extracted
from the sunflower husk by 40% ethanol, where its
content in plants of the Auris hybrid is 10-25 mg/g.

Seeds placed in the centre of the basket within a
50.0 mm radius contain almost twice as much chlorogenic
acid as seeds placed closer to the periphery. The
application of mineral fertilisers has a significant effect
on the synthesis of chlorogenic acid: a balanced mineral
diet increases its content.

The total gross yield of chlorogenic acid depends on
sunflower productivity and seed huskiness. The highest
biological yield of the studied Auris hybrid is formed by
applying N, P, K _.+S, —3.80t/ha.

Extraction of 40% ethanol provides up to 10 mg/g of
chlorogenic acid. Estimated gross yield of chlorogenic acid
for growing Auris sunflower hybrid with the application
of mineral fertilisers at a rate N, P, K ..+S, is 831kg/ha,
N,,oP,0oK s+ S5, — 8:60 kg/ha.

It can be argued that even crude chlorogenic acid
is of considerable commercial interest, and phenolic
compounds extracted from the husk do not reduce, but
even improve its properties.

However, it is necessary to further investigate the
dynamics of chlorogenic acid content in different periods
of growth and development of sunflower plants and its
effect on plant resistance against biotic and abiotic factors.
To increase the yield of chlorogenic acid from the products
under study, it is necessary to investigate the use of various
solvents. Ultimately, the use of ethanol as a solvent does not
allow for the complete extraction of the phenolic compound.
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laeHTNdiKaLUia xnoporeHOBOi KUCNOTU B CiM'AA0NIbHMUX TUCTKaX
| NYWWNWHHI COHALWHMKA ogHopiuHoro (Helianthus annuus L.)

AHoOTauif. AKTYaJbHICTD [OCTIIKeHb 3yMOBJIeHa HeOobXimHiCcTI0O onTUMi3allil IPOAYKIIMHOIO IIPOLECY
arpoleHO3iB COHAIIHMKA 32 PaXyHOK IMiIBUIEHHS eKOJIOTIYHOI CTiMKOCTi. Cepen O6IYHUX IPOAYKTIB IepepobKy,
BUKOPUCTAaHHSA AKUX JoTellep He € epeKTUBHUM, BUIJIEHHS ITOTY>KHOIO aHTHOKCUIAHTA XJIOPOTeHOBOI KUCIIOTU
BUBYEHO HEeJOCTaTHHO. V 3B'I3Ky 3 LIUM JIaHa CTaTTs CIIPIMOBAHA Ha PO3KPUTTA 3aKOHOMIpHOCTeM HaKOIIMYeHHS
Ta imeHTUOIKAIliI0 EeHONMPHUX CIIONYK B CIM'AONBHUX JIUCTKAX i JIIINMUHHI COHAIIHVKA. MeTa IOCTiIXeHb —
inenTHdiralia eHoMPHUX CIIONYK B CIM II0BHUX JIMCTKAX i TYIINTUHHI pi3HUX Fe HOTUIIIB COHAIIHUKY OIHOPIYHOTO
(Helianthus annuus L.) METOZOM TOHKOLIAPOBOi XpoMaTorpadii. V mporieci HayKOBUX IMOIIYKIB 32 L€ TPO6IeMO0
3aCTOCOBYBAJIH ITOJILOBI, 610XiMiUHi Ta CTATUCTUYHI METOIY HOCIiIKeHb. JIJid ileHTHIKaIlil XTOpOTeHOBOI KUCIOTH
BUKOPUCTOBYB&JTH CUCTEMY PO3YMHHUKIB: XJIOPOGOPM — JIbOZSHA OLITOBA KHC/IOTA — METAHOJ — Boga (60:32:12: 8).
Awnai3 xpomarorpadii nmposozvu B mporpami Sorbflil TLC. O6'eKT focmimkeHb — ri6puj] COHAIHUKY OOHOPIYHOTO
Aypic. BcTaHOBJIEHO, IO AKiICHUY CKIaJ, GeHOJIBHOI0 KOMILIEKCY i KUIBKiCTB iIHIUBIAyaTbHUX CIIONYK Ma€ BUPJKEHY
copTocrerpbiuHicTs. Ha xpoMaTorpami aHa pedosrHa Mae Rf ~0,60 (i nymnuHHS coHsuHuKa) Ta Rf ~0,74 (ms
CiM'SITONIBHUX JIUCTKIB). BCTAHOBJIEHO, 10 HAU6LIBI ePpEKRTUBHUM PO3YMHHUKOM [JIS XJIOPOTEHOBOI KUCIIOTU €
BOIHUM eTaHOJI. EKCTPAaKIIif XJIOPOreHOBOI KUCIOTH 40 % eTaHOJIOM JI03BOJIS€ OTPUMATH 0 10 MI/T XJIOpOTreHOBOI
KUCIOTH. OKpiM XJIOPOreHOBOI KMCJIOTH Y CIIUPTOBOMY €KCTPaKTi Y He3HaYHil KiIbKOCTI BUSIBIEHO KaBOBY KUCJIOTY.
Marepiany cTaTTi CTAaHOBJIATD NIPAKTHUYHY LiHHICTD 1151 BAOCKOHAJIEHHS IIPOLIECiB, ITOB'A3aHMUX i3 $OpMyBaHHAM
MIPOZLYKTHUBHOCTI [TOCIBiB COHAIIHYKA, 8 TAKOXX PAl[ioHAIBHOMY BUKOPHCTaHHIO ITO6IYHIX IIPOYKTIB Tepepo6Ku
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