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MEPCNEKTHBY BUKOPUCTAHHSI TOPOBMHU 3BUYAITHOT (SORBUS
AUCUPARIA) Y BUPOBHULITBI XAPYOBOI MPOIYKIIIT

Obijective is to study the possibility of using mountain ash as a potential raw material for food
production.

Methods. Chemical analysis of the total content of phenolic substances in mountain ash was
carried out using a volumetric method, which is based on the principle of oxidation of phenols with
potassium permanganate in the presence of indigo carmine. We determined the presence of phenolic
substances in the rowan under study by IR spectroscopy, and the presence of polyphenolic structures
in the plant's alcoholic extract — by UV spectroscopy. The study of the antioxidant effect of fruits was
carried out using an accelerated method using a standard technique based on measuring the peroxide
value — a conventional unit, the equivalent amount of iodine released from a sample with potassium
iodide, from a given unit of mass of oil by peroxide compounds formed in it during oxidation with
atmospheric oxygen. A more informative indicator of antioxidant activity is the peroxide value per
unit time increase during the oxidation process (6 PV), equal to the difference in peroxide numbers
of oxidized and non-oxidized oil samples.

Results. A chemical analysis of the total content of phenolic substances in rowan fruits showed
the content of phenolic substances in the substrate to be 1950 mg/100 g, which places these fruits in
one of the first places in terms of the content of P-vitamin substances. They are second only to
chokeberry, in which P-vitamin compounds sometimes reach 5000 mg/100 g. The presence of
phenolic substances in the studied plant is confirmed by IR spectroscopy. UV spectra of a diluted
alcoholic extract of the plant also confirm the presence of polyphenolic structures in them. Due to
the complex structure of the various compounds they contain, they contain many characteristic bands.
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It has been experimentally established that rowan fruits (red-fruited) have a relatively powerful
complex of polyphenolic substances, giving them high antioxidant properties. This fact makes the
plant a promising raw material that can be used as an additive to fats and oils and various fat-
containing products to preserve their quality and nutritional value for long periods.

Keywords: mountain ash, phenolic substances, antioxidants, extract, vegetable oil, spectra.

Formulation of the problem. Natural food products of plant origin that we consume daily are
one of the elements of a healthy diet. Plants and plant products reliably occupy an important place in
a properly balanced human diet. Plants used in nutrition contain a diverse set of vitamins, easily
digestible carbohydrates, proteins, enzymes, amino acids, fats, minerals, aromatics and other valuable
components that play an important role in metabolic processes in the body. They increase the ability
to absorb protein and carbohydrates and help normalize the functioning of the digestive organs.
Aromatic substances significantly improve the taste of food, increase appetite, and have a beneficial
effect on digestive processes [1].

Eating plant foods in sufficient quantities helps normalize metabolism, prevent weight gain,
and plays a vital role in preventing and treating cardiovascular diseases, salt metabolism disorders,
etc. Humans have consumed many fruits and vegetables as food products from the deep past. In
addition to food, they contain substances that have not been fully studied but have therapeutic and
preventive value. Many so-called diseases of civilization are associated with a lack of plant products
in modern man's diet [2].

Enriching the diet with fresh fruits and vegetables significantly prevents the insufficient supply
of the body's various biogenic compounds. Still, their seasonal consumption only allows some of
them to be used throughout the year.

A unique role in solving the problem of uniform provision of vegetables and fruits to the
population belongs to the processing industries. Still, the technological means used in industry are
distinguished by relatively strict processing parameters, which lead to the destruction of the share of
vitamins, organic acids and other substances [3]. In addition, some of the most valuable fruits in terms
of their chemical composition are practically not used in this area. Special attention is paid to non-
traditional plants, which have long been used almost exclusively as medicines, and there is absolutely
no experience in consuming them as complete raw materials rich in various nutritional and
biologically active substances.

Analysis of the latest research and publications. Now, the processes taking place in Ukraine's
national economy make the problem of providing the country's population with food products of high
quality and nutritional and biological value very important. The solution to this problem closely
depends on expanding the raw materials market and using new types of raw materials, mainly local
and, most often, non-traditional. At the same time, it is possible to produce new types of products
with increased nutritional and biological value, enriched with vitamins, minerals, protein, dietary
fibre, antioxidants, and other valuable nutritional components. Many of these components perform
therapeutic and prophylactic functions — they remove heavy metals and radionuclides from the body
and increase its resistance under conditions of high anthropogenic load [3 — 7].

As a source of non-traditional raw materials, special attention is drawn to a widespread plant
throughout Ukraine — the common or red-fruited rowan. This is a 15 m tall tree of the rose family.
The berries are juicy and orange-red, with a diameter of up to 10 mm. They reach full ripeness in
September.

In the food industry, this plant is almost never used as a raw material, although in medical
practice, it is common to use it as a raw material for multivitamin tea to treat vitamin deficiencies,
especially vitamin deficiency C. Multivitamin tea consisting of rowan and rose hips in a ratio of 1:1
[8] is often used.

Red rowan is a favourite medicinal plant in folk medicine. Its fruits are used as diuretics,
hemostatics, and laxatives. Rowan, as a medicinal product, was widely used in official and folk
medicine in Western countries. In Poland, rowan berries were used as medicine for diseases of the
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kidneys, urinary and gallbladder, and diabetes. In Hungary, they were used for dysentery, and in
Norway, they were used as a means of helping wound healing [9].

The objective is to study the possibility of using mountain ash as a raw material for food
production.

Presentation of the primary research material. The chemical composition of this plant has
been studied in sufficient detail, albeit according to the traditional scheme — the vitamin composition
of the berries, the content of minerals and essential nutrients in them have been found. The content
of the main substances in mountain ash is given in Table 1.

Table 1 — Elemental chemical composition and energy value of rowan berries

Ne The name of the indicators Mass fraction, %
1 | Water 81,0

2 | Proteins 1,4

3 | Carbohydrates, total 12,5

4 | Mono- and disaccharides 8,5

5 | Fiber 3,2

6 | Organic acids 2,2

7 | Ash 0,8

8 | Energy value, kcal / 100 g 58,0

9 | Energy value, kJ /100 g 253,0

Rowan berries have long been used as a multivitamin, so the vitamin composition of the raw
materials, shown in Table 2, has been studied in sufficient detail.

Table 1 — Vitamin composition of rowan berries (mg/ 100 g)

Carotenoids Vitamin B Vitamin B> Vitamin C Niacin
9,00 0,05 0,02 50-140 0,5

As seen from Table 2, the primary attention is drawn to the amount of vitamin C and carotenoids
in berries, which exceeds the content of these biologically active substances in many vegetables and
fruits. Regarding vitamin C content, the plant successfully competes with currants, tomatoes, and
apples, and in terms of carotenoid content — with carrots and the best varieties of pumpkin [3].
However, there is no information in the literature about the presence of certain substances in mountain
ash, which are now attracting special attention for their biological activity, thanks to which the raw
material can be considered very valuable in manufacturing functional food products.

Plant organisms contain many substances that make up the physiological antioxidant system.
Among them, phenolic compounds are primarily critical, including cyclic alcohols with an aromatic
ring with one or more hydroxyl groups. If the benzene ring contains more than one hydroxy group,
such compounds classify as polyphenols. Several thousand phenols are known and isolated from plant
materials, and the largest group among them are flavonoids, molecules of which a chain of three
carbon atoms interconnects benzene rings. Depending on the structure of this bridge and the degree
of its oxidation, 10 groups of flavonoids can be counted, five of which are colourless substances with
reducing properties (catechins, dihydrochalcones, flavonols, etc.). They are easily susceptible to
oxidation, during which they acquire different colors. Thus, depending on the degree of oxidation,
catechins in tea leaves acquire black, yellow or green color. The last five groups of natural flavonoids
are the colored compounds that give color to leaves, flowers and fruits. The most important property
of many phenolic compounds is their ability to reverse oxidation, that is, to transform from hydroxy
to oxy form. Thanks to this transition, almost all phenolic compounds have pronounced antioxidant
activity [10].
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Using a volumetric method, We conducted a chemical analysis of the total content of phenolic
substances in rowan fruits. This method is based on the principle of oxidation of phenols with
potassium permanganate in the presence of indigo carmine. The analysis showed the content of
phenolic substances in the substrate to be 1950 mg/100 g, which puts these fruits in one of the first
places regarding the content of bioflavonoids. They are second only to chokeberry, in which
bioflavonoids sometimes reach 5000 mg / 100 g.

The presence of phenolic substances in the fruits of the plant under study is also confirmed by
IR spectroscopy; in the IR spectrum of dried and crushed berries, a characteristic intense diffuse
absorption band with a maximum at 34885 cm™ is observed, corresponding to stretching vibrations of
one or more hydroxyl groups. Of course, the free hydroxyl group absorbs in the region of 3630 cm™.
Still, these groups very quickly form hydrogen bonds, significantly changing the spectrum’s nature.
Suppose the hydroxyl group participates in the formation of a hydrogen bond. In that case, the
frequency of its stretching vibrations sometimes decreases by almost 170 cm, and the absorption
band spreads considerably and becomes more intense. We observe the same thing — intermolecular
hydrogen bonds predominate in the recorded IR spectrum, giving the spectrum this appearance. Along
with the absorption band attributed to the hydroxyl group bound by hydrogen bonds, at 2852 and
2951 cm?, two clear, unsmeared bands with slightly lower intensity are observed, which can be
attributed to the stretching vibrations of CH groups associated with both the aromatic nuclei of
polyphenolic compounds, in particular flavonoids, and with aliphatic fragments of their molecules —
bands with a lower frequency relate to CH bonds of aromatic rings, and with a higher frequency —
to CH fragments of aliphatic sections of the molecule. At around 1712 cm™, the spectrum contains a
clear band with a high frequency, which fully corresponds to the stretching vibrations of the flavone
ring's carbonyl groups (C=0). Strength with them, a slight separation of double molecules can be
observed with a maximum value at 1588 cm™.

UV spectra of a diluted alcoholic extract of berries also confirm the presence of polyphenolic
structures in them. They contain many characteristic bands due to the complex structure of the various
compounds they contain. The spectra are characterized by a group of characteristic bands in the
180...700 nm wavelength range. The first absorption band with a maximum of 213 nm has high
intensity. It corresponds to the excitation of lone electron pairs of the oxygen atom of the carbonyl
group, which is not associated with the aromatic nucleus (n—c" transition) and, most likely, is not
related to compounds of a phenolic nature. It also includes a weak, diffuse band in the region of 230
nm, which corresponds to the n—r" transition of carbonyl oxygen electrons. A reasonably intense
absorption band in the region of 274 nm and a slightly less intense one at 325 nm can be explained
by the excitation of the same electron pairs of the oxygen atom of the carbonyl group but connected
by a powerful chromophore to the aromatic ring, which is typical for flavonoid molecules. But in
addition to absorption, which confirms the presence of a reasonably large amount of bioflavonoids in
the fruits, two more intense bands with maxima at 454 and 479 nm are observed in the UV spectrum,
related to electron t—m" transitions of the carotenoid chromophore, consisting of a long chain of
single and double bonds which are alternating and causing the bright colour of the compounds. It is
not surprising because, as literature data indicate, the content of carotenoids in fruits is relatively
high..

Polyphenolic substances of plant products mix in their structures into several hydroxyl groups
with a mobile water atom. It can be done with the help of powerful antioxidants, such as the
antioxidant reaction caused by the manifestation in their compositions of a mobile water atom or
functional, active groups that actively react with a molecular organism. The primary function of
oxidation inhibitors is the detection of radical molecules, adding a new carbohydrate radical in
molecules according to the following scheme:

RH + 02 —> R- + - OOH

This radical saturates with the hydrogen atom of the antioxidant by the following reaction:
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R-+AH —>RH+-A
Consequently, antioxidants sharply reduce the possibility of forming free peroxide radicals:
R-+ 0, = ROO-

As we see from these diagrams, antioxidants have an inhibitory effect due to sufficiently mobile
active hydrogen. If hydrogen is not adequately reactive, the reaction occurs according to the scheme:

AH + 0z = A- + -O0H

and proceeds more quickly than the reaction according to this scheme:

RH+ 02 —>R-+-00H

The easier free hydrocarbon radicals form, the less active they are. Therefore, the free

hydrocarbon radical A-, formed from the antioxidant, should not react with molecular oxygen to form
peroxide radicals. In this regard, the oxidation of the RH substrate does not occur, and the

concentration of A- radicals constantly increases until their frequent collisions and recombination
become possible.

The above interpretation schemes made it possible to search for antioxidant substances among
products of natural origin purposefully. These compounds include polyphenolic structures with more
than one hydroxyl group in the aromatic ring. Their most important property is the ability to reverse
oxidation to quinone (3). Quinones are oxidized forms of many phenols that arise when phenol
donates (1) two electrons and two hydrogen nuclei (protons). Oxidation to quinone occurs in steps by
losing two electrons one after the other (Fig. 1).

-H H
+H +H
1 2
o~ =g
3

Figure 1 — Ability of phenolic compounds to reverse oxidation to quinone
(1 — phenol, 2 — semiquinone radical, 3 — quinone)
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In this case, an unstable intermediate compound forms — semiquinone radical (2). After the
donation of the second electron and proton (the second hydrogen atom), the system of double bonds
in the benzene ring rearranges, and carbonyl groups appear in place of hydroxyl groups. Such
quinones, unlike reduced phenols, very easily attach hydrogen atoms and, if present, are converted
back into the corresponding phenols through the intermediate semiquinone form.

The above diagrams show that the phenolic inhibitor molecule, which neutralizes and
inactivates the free radical involved in the oxidative reaction, turns into an inhibitor radical —
semiquinone. However, when, in contrast to one radical, another arises, the essence of the matter
should not change. It is possible to observe natural antioxidant effect only when the newly formed
inhibitor radical has low energy, is relatively unstable and does not continue the chain of oxidative
processes. It is precisely what the semiquinone radicals of phenolic inhibitors are. These are relatively
long-lived and low-active radicals. The formation of each of them when using phenolic inhibitors
means the termination of one of the free radical oxidation chains and a general slowdown of the
oxidation process. When a phenolic inhibitor is present from the beginning in a substrate that requires
protection from oxidation, achieving the desired effect with just 0.01...0.02% additive becomes
possible.

Since both flavonoids and tannins, as well as other representatives of phenolic compounds,
have all the properties for identifying antioxidant activity, we decided to quantify their antioxidant
effect in the studied raw materials. The study of the antioxidant effect of fruits was carried out by an
accelerated method using a standard technique based on measuring the value of the peroxide number
—a conventional unit equivalent to the amount of iodine that is released from a sample with potassium
iodide from a given unit of mass of oil by the peroxide compounds that form in it. A more informative
indicator of antioxidant activity is the increase in peroxide number per unit of time during the
oxidation process (6 PV), equal to the difference in peroxide numbers of oxidized and non-oxidized
oil samples.

To screen the new antioxidants, we added concentrations of 0.05. 0.1% of the additive to the
reaction mixture. Concentrations less than 0.05% do not exhibit antioxidant activity, while
concentrations exceeding 0.1% cause a pro-oxidant effect [4].

Therefore, taking into account the research methods for new antioxidant agents, studies were
carried out on fruits in the process of oxidation of sunflower oil using a concentration in the form of
powder (finely crushed dry berries) of 0.05. 0.1%. Data on the study of the antioxidant activity of
rowan fruits are given in Table 3.

Table 3 — Influence of rowan berries on the oxidation process of sunflower oil
(oxidation time - 5 hours, oxidation temperature — 150 °C, PV of unoxidized oil — 0.069)

Additive Peroxide value (PV), Peroxide value (PV), Coefficient
Ne | concentration, % mmol %2 O / kg mmol ¥2 O / kg of antioxidant effect, D,
%
1 - 0,335 0,053 -
2 0,1 0,091 0,004 92,4
3 0,05 0,078 0,002 96,2

As evidenced by the experimental data in Table 3, rowan berries have a powerful complex of
polyphenolic substances that give them high antioxidant properties.
Conclusions. We experimentally established that mountain ash berries have a fairly powerful

complex of polyphenolic substances, which give them high antioxidant properties. This makes the
plant a promising raw material that can be used as an additive to fats and oils and various fat-
containing products to preserve their quality and nutritional value for long periods.
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Mema — OocniddcenHs MONCIUBOCMI BUKOPUCNAHHA 20pOOUHU  36UYAUHOI 8 SKOCMI
NOMEeHYINHOI CUpOBUHU O BUPOOHUYMEA XAPU0B0I NPOOYKYIi.

Memoou. Ximiynuil aumaniz Ha 3a2anibHUll 6Micm (DeHONbHUX pPeyo8UH ) NI00ax 20poOuHuU
npogedenuti 00 EMHUM MemoooM, 6 OCHOBI K020 JedCumv NPUHYUN OKUCTEHHS (QeHoNi8
NepMaHeanamom Kauniro 6 npucymuocmi iHOucoxkapminy. Hasenicms peuosun ¢henonvHo20
xapaxkmepy y cKaaoi niuodié 00CHi0NCeHOI pociuHu npoeoounocs memoodom IY-cnekmpockonii.
Hassnicmv cmpykmyp nonigenonvnoi npupoou 8 cnupmosomy excmpaxmi niodié npogoounocs
memooom YD-cnexkmpockonii. Busuenns anmuokcuoanmmuoi 0ii nioodie nposoouiu npucKkopeHum
MemoOOM 3 GUKOPUCAHHAM CMAHOAPMHOI MemOOUKU, 3ACHOBAHOI HA BUMIDIOBAHHI 3HAYEHHS
NepeKUcHO020 YUcia — YMOBHOI 0OUHUYI, eKBIBANeHMHOI KilbKOCMI 100y, AKUL GUBLILHIOEMbCA 3
npodou 3 Uooudom Kauilo, 3 00YMOBNEHOI O0OUHUYI MACU Oii NepPeKUCHUMU CHOIYKAMU, SKI
VMBOPIOIOMbCA 6 Hill Npu OKUCNeHHI Kuchem nosimps. binow iHgpopmamuenum nokasHuxkom
AKMUBHOCMI AHMUOKCUOAHMY € MAKA BETUYUHA SIK NPUPOUJEHHS NEPEKUCHO20 YUCTIA 8 OOUHUYIO 4aACY
6 npoyeci oxucnenns (O I14), sike 00pisHIOE Pi3HUYT NEPEKUCHUX YUCeT OKUCTIEHO20 MA HEOKUCTEHO2O0
3pasKie oii.

Pezynomamu. [Iposedenuti Ximiunuii ananiz Ha 3a2anbHull BMICM QeHOIbHUX PeHO8UH ) NI100AX
20pobuHu nokazae emicm ernonvhux pewosun y cyocmpami 1950 me [ 100 2, wo susooums yi nioou
Ha 00He 3 nepuiux micyv 3a emicmom P-gimaminHux pewosun. Bonu nocmynaromucs auwe 20poouHi
YOPHONIIOHIU, V AKIU KinbKicmb P-gimaminnux cnoayk inooi oocseae 5000 me / 100 e. Hasgnicmo
PpeuosuH (eHoNbHo20 Xapakmepy V CKIa0i N100i8 0O0CHIOHNCeHOi pPOCIUHU NIOMBEPOI’CYEMbCA
memoodom 149-cnexkmpockonii. YD-cnekmpu po3eedeno2o cnupmoso2o eKCmpaxkmy niooie markodic
niomeepoNCyIomb HAAGHICMb 8 HUX CMPYKMYP NOAigheHobHoi npupoou. Bonu emiwyroms 6acamo
XapakmepucmuyHux cmye 3a805Ku CKIAOHIU CIMPYKMYpPi pI3HOMAHIMHUX CHOLYK, WO 6X005iMmb 00 ix
cknaody. Excnepumenmanvho 6Ccmamnosieno, wo nioou 20poouHu 36u4aiiHoi (1ep8OHONIIOHOL) Maromy
00CMAMHbLO  NOMYIHCHULL  KOMNIEKC NONIPEHONbHUX —peyosuH, AKi HA0aromv iM  UCOKUX
AHMUOKUCTIOBANbHUX  é1acmusocmeli. Lle pobumb pociuny nepcneKmugHoOl CUPOBUHOIO, SKY
MOJNCIUBO  BUKOPUCMOBYBAMU 6 AKOCMI 000A80K 00 JCUPI@ ma O, a MAaKodC pizHUX
AHCUPOBMIWYIOUUX NPOOYKMIE 3 MEMOI0 30epedCceHHs iX AKOCmI ma Xap4o80i YiHHOCMI NPoOmsa2oM
0082UX CIPOKIB.

Knrouoei cnosa: ropobuna 3BuvaiiHa, (eHONbHI pEYOBUHU, aHTHOKCUJIAHTH, €KCTPAKT, OJis,
CIICKTPH.
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