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Abstract. Chemical analysis showed that rowanberries (Sorbus aucuparia) contain 1950
mg/100 g total phenolics, ranking them among the highest in flavonoid content. Only chokeberries
sometimes have more, with up to 5000 mg/100 g of flavonoid compounds. This study details how the
sum of phenolic substances (bioflavonoids) in rowanberries changes in response to acidic and basic
reagents, as measured by spectrophotometry. The findings reveal distinct spectral changes in rowan
berry extracts depending on pH, indicating structural insights into the berries' bioflavonoids. The
results suggest that preparations from rowan berries are particularly promising for use in functional
foods, as the phenolic derivatives identified demonstrate strong antioxidant properties. Their
abundance in phenolic hydroxyls suggests significant potential to enhance the antioxidant capacity
and health-promoting applications of food products.
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Introduction.

Rowanberries have been widely used as a medicinal remedy in both traditional
and folk medicine in European countries [1]. In Poland, rowan berries were used for
kidney, urinary, and gallbladder ailments, as well as diabetes. In Hungary, they were
used for dysentery. In Norway, they aided wound healing. Common rowan berries have
a rich, well-studied chemical composition. The main focus is on the berries' vitamin C
and carotenoid content. These levels exceed those of these substances found in many
fruits and vegetables. In terms of vitamin C content, the plant successfully competes
with currants, tomatoes, and apples. For carotenoid content, it matches carrots and the

best pumpkin varieties [2]. However, the literature lacks information on the presence
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of certain substances in rowan berries. These substances are now attracting attention
due to their biological activity, making this raw material highly valuable in the
production of functional foods. These are phenolic substances. They are found in every
part of the plant — in every cell, root, leaf, berrie, and bark. Several thousand phenols
are released from plants. Naturally, such common substances must perform important,
vital functions. One key function is their strong capillary-strengthening effect. This is
why plant phenolic substances can stop hemorrhagic bleeding and improve vascular
tone, including coronary arteries.

The study of phenolic substances in plants, which makes raw materials very
valuable for producing functional food products, is a pressing issue that has been
studied by a number of domestic and foreign scientists [3, 4].

Flavonoids, also called bioflavonoids, are the most common group of phenolic
compounds in plants. Their structure has two aromatic rings joined by a carbon-carbon
bridge. The main aromatic ring is an oxygen-containing pyran heterocycle. Each part
of the molecule has many hydroxyl groups as side substituents, classifying them as
polyphenols [5]. Bioflavonoids have several forms with different oxidation states,
which can convert into each other when exposed to oxidative or reductive reagents. A

diagram shows the main bioflavonoid structures and how they transition (Figure 1).
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Figure 1 — Main groups of plant bioflavonoids

Source: [1]
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The results of the research.

A chemical analysis found that rowanberries (Sorbus aucuparia) contain 1950 mg
of phenolics per 100 g, making them among the richest in flavonoid content. Their
flavonoid content is second only to chokeberry, which can reach 5000 mg/100 g.
However, this value only indicates the total phenolic content, not the specific structure.
To study the structure of rowan bioflavonoids, we performed spectrophotometric
analyses of aqueous berry extracts at various pH levels. Bioflavonoids, with many
conjugated double bonds and hydroxyl groups containing mobile hydrogen atoms, are
highly sensitive to pH changes.

Spectrophotometric studies show that rowan berry bioflavonoids have two
distinct absorption maxima, as is typical for these molecules [6]. As pH increases, these
maxima undergo a marked bathochromic shift: at acidic pH, the maxima are at 340 and
380 nm; near neutral pH, they shift to 400 and 40 nm. Such a significant bathochromic
shift occurs only with a long chain of conjugated bonds, as found in structure 1 (Figure
1), the anthocyanidin molecule. In this molecule, mutual transitions with changing pH

are possible, as shown in Figure 2.

E=H; CH CH

Figure 2 — Structural changes of the anthocyanidin molecule in alkaline

conditions

Author's development

The detachment of a proton from one of the phenolic hydroxyls by the hydroxyl

anion of an alkali forms an anhydrous base structure. This base exists in two resonant
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forms, which determine its stability. Anhydrous base molecules typically absorb at
longer wavelengths than the corresponding salt-like structures to which anthocyanidins
belong. This is even noticeable visually. When exposed to alkaline reagents, the
aqueous extract from rowan berries acquires a deeper color. This confirms the presence
of anthocyanidins in the bioflavonoids of rowanberries. However, anthocyanidins are
known to be extremely vibrant in color compared to other bioflavonoids and are
responsible for the wide range of colors in flowers and fruits. Rowanberries, on the
other hand, are not very colorful compared to other fruits and berries. Their aqueous
extract is also not vibrant at all. This suggests that anthocyanidins are not the main
bioflavonoids in rowanberries, although they are what give rowanberries their red
color.

Consider the possible presence of reduced and oxidized forms of bioflavonoids in
rowanberries. The reduced forms are leucoanthocyanidins (2) and catechins (3). To
confirm whether these structures are present, we conducted several chemical studies.
It 1s known that leucoanthocyanidins are converted to anthocyanidins when boiled in
the solutions of mineral acids, particularly hydrochloric acid, and the reaction mixture
should then acquire a brighter color. However, boiling an aqueous extract from the
berries with 10 % hydrochloric acid did not cause any color change. Instead, the
mixture became paler, consistent with spectrophotometric studies. This test allows us
to exclude leucoanthocyanidins from the bioflavonoid complex in rowanberries with
high certainty.

The next reduced structure is catechins. Among bioflavonoids, they are the most
reduced form. As strong reducing agents, they reduce oxidizing agents during
reactions. One well-known mild oxidizing agent in plant research is methylene blue.
When reduced, methylene blue turns into its leuco form and becomes colorless.

When we studied the reaction mixture of an aqueous extract of rowanberries and
methylene blue spectrophotometrically, we observed no discoloration of the medium,;
the optical density did not decrease and in fact increased slightly. This observation
suggests that the rowan bioflavonoid complex does not contain catechins. The

increased optical density points to the presence of oxidized forms — flavones and
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flavonols — among the rowan bioflavonoids (4). This conclusion is further supported
by IR spectra of crushed dried rowanberries, where a distinct and highly intense band
at 1712 cm-1 corresponds to stretching vibrations of carbonyl groups (C=0) in the
flavone ring.

Thus, all experimental studies show that oxidized bioflavonoids — anthocyanidins
and flavones or flavonols — predominate in rowanberries. This indicates the berries
have diverse functional properties. For example, they likely interact actively with metal
cations, especially transition metals, by chelating them via reactive groups. Carbonyl
and hydroxyl groups in flavones, and the positively charged heterocyclic pyran ring in
anthocyanidins, enable complex formation with metals. This offers significant
potential for detoxifying toxic heavy metals from water, air, and food under conditions
of high anthropogenic load [7].

Conclusions.

Preparations from rowanberries (Sorbus aucuparia) show promise for functional
foods. Phenolic derivatives, among the most powerful free radical inhibitors, act as
antioxidants. The abundance of phenolic hydroxyls in bioflavonoids makes them
promising natural antioxidants. Adding these antioxidants to foods can enhance their

functional properties, providing therapeutic and prophylactic benefits.
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Anomauis. Ximiunuii ananiz noxkaszas, wo 51200u 20podbunu 3euuaunoi (Sorbus aucuparia)
micmams 1950 me ghenonvrux cnonyx na 100 2, wo pobums ix 0OHUMU 3 HAUBUWUX 3d EMICHIOM
¢nasonoiois. Tinvku 6 HOPpHONAIOHIU 20POOUHT THOOT MicMumMbCcs Oinbute PrasoHOIOHUX CNONYK — 00
5000 m2/100 2. YV yvomy Oocniosxcenni OOKIAOHO ORUCYEMBCA, AK 3MIHIOEMbCA CYMA QeHOTbHUX
peuosun (biogh1asonoidis) 6 s1200ax 20podOUHU Y 8I0N0GIOb HA KUCJIOMHI I IYHCHI peazeHmu, BUMIPSAHA
3a 00NOM02010 chekmpogomomempii. Pezynomamu 00cniodxcenus 6usaeunu 4imxi CneKkmpaibHi 3MiHU
8 excmpakmax s2i0 20poOuHu 6 3anexcHocmi 6i0 pH, wo exazye Ha cmpykmypHe pO3YMiHHA
bioghnasonoioie 6 seooax. Pezyrnomamu nokaszyioms, wo npenapamu 3 s2i0 20poOUHU 0COOIUBO
nepcneKkmueHi Oisl 6UKOPUCMAHHA 8 (DYHKYIOHANbHUX NPOOYKMAX XApYY8aHHs, OCKLIbKU GUABIIEHI
eronvii noxioui 60100i10Mb CUNLHUMU AHMUOKCUOAHMHUMY 8racmusocmamu. Ix eenuxa Kinvkicmo
V (heHonbHUX 2I0pOKCUNAX CIOYUMb NPO 3HAYHUL NOMeEHYIan Nio8UUjeHHs AHMUOKCUOAHMHOL
30aMHOCMI XAPUOBUX NPOOYKMIG i iX KOPUCHOCMI OJisl SMIYHEHHSL 300P08 5.
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@na8oHOHONU, AHMUOKCUOAHMU, PYHKYIOHANbHI XaAPY08i NPOOYKMU, CHeKMpopomomempis.
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