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Annomauus. B cmamee npeocmasneno onucanue memooa cnekmpogomomempuu. Obvexmamu
UCCNe006aNULl UCNOAL3OBANUCH IKCIMPAKMA U3 GE2eMAMUGHLIX dacmell U N10008 pAOuMbl KPACHOU
(Sorbus aucuparia) 6 npoyecce nayunoeo ucciredosanus Oviiu 6bIOPaAHBL OUANAZ0HBL PACMEOPUMENS C
KUCIOU CPedoll, HelimpaibHOU U welouHou. Hcciedosanue onmuyeckux c8oLUCme IKCMpaKmos npoeepsiiu
nOCPeOCmeoM UCNONL308AHUSL CHEKMpoMempuu, ¢ nomowwio npubopa KDK-2. B npoyecce pabomul
U3yuanu onvimuvle 06paszybl SIKCMPAKmos no ci1edyiowum nokazamenam: unmencugnocms yeema (1, e.o.),
ommenok ysema (T, e.0.), xpomamozcpaguueckas cmpykmypa (%) u cooepicanue cymmvl aHmMoOYUaHos (8
nepecueme Ha Yyuanuoum-3,5-ouenuxo3uo, %). B pezynemame sxcnepumenmanvuuix uccie0o8anuii oOvina
npogedena mamemamuyeckas o0pabomxka OAHHLIX C pacyemom CPeOHUX 3HAYeHUl U CMAHOAPMHO20
OmKIOHeHUs. AHANU3 KOIUYeCMBEHHbIX OAHHBIX UCCIeO008AHUSA Y8ema U NPO3pa4HOCmu 06pa3yo8 noKasal
3a6UCUMOCIb MedcOy nokazamenem unmencueHocmo yeema (1, e.0.) u codepowcanuem anmoyuanos (8
nepecueme Ha YUaHuOun-3,5-o0uenuxosuo, %), umo c¢ ygeauuenuem ONMuYecKou NIOMHOCIU NpU ONUHe
sonubl 1=440, 540 u 670 um 6ospacmaem codepicarue AHMOUUAHOBBIX KOMNIEKCO8 6 UCCNed)yeMblx
akempakmax  Sorbus aucuparia. Coenracno amanuzy u 06pabomke OAHHLIX PEKOMEHOOBAHO
UCNONb306AHUE 8 Kayecmee pacmeopumens 800y C WeENOUHOU cpedoll OJi 6blOeleHUsl AHMOYUAHOBbIX
COeOuHeHUll npu UCCAe008aHUe CUHe20 KOMNOoHenma (A= 670 Hm) onpedenun codepicanue c80000HbIX
AHMOYUAHO08 8 XUHOHHOU (opMme.
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Abstract. The article describes the method of spectrophotometry. Materials and methods. The objects
of research were extracts from vegetative parts and fruits of red mountain ash (Sorbus aucuparia). In the
process of scientific research, solvent ranges with acidic, neutral and alkaline media were selected. The
study of the optical properties of the extracts was verified by using spectrometry, using the KFK-2 device.
In the course of work, experimental samples of extracts were studied according to the following
indicators: color intensity (I, e.d.), color shade (T, e.d.), chromatographic structure (%) and the content
of the sum of anthocyanins (in terms of cyanidin-3,5-diglycoside, %). As a result of experimental studies,
mathematical data processing was carried out with the calculation of average values and standard
deviation. Analysis of quantitative data on the color and transparency of samples showed a relationship
between the color intensity index (I, e.d.) and the content of anthocyanins (in terms of cyanidin-3,5-
diglycoside, %), that with
an increase in optical density at a wavelength of A=440, 540 and 670 nm, the content of anthocyanin
complexes in the Sorbus extracts under study increases aucuparia. According to the analysis and data
processing, it is recommended to use water with an alkaline medium as a solvent for the isolation of
anthocyanin compounds in the study of the blue component (A= 670 nm) determined the content of free
anthocyanins in quinone form.

Keywords: fruits of red mountain ash, Sorbus aucuparia, color intensity, anthocyanins
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Introduction. When creating food systems, special attention is paid to the formation of
organoleptic abilities, which are most often the promotion of goods on the market. Appearance
and color are the first things that the consumer market makes a choice before [1].

In the authors' work, color is described as a qualitative characteristic of light, for
visualization of visual sensation [2, 3]. Recently, instrumental methods of assessment have been
applied to the study of the indicators "color" and "transparency", where color is decomposed into
a luminous flux with wavelengths in the range from 190 to 780 nm [4-8].

Foreign researchers believe that traditional organoleptic assessment of color
characteristics is subjective and dependent on the taster's experience, as well as external lighting
factors [9]. Therefore, a method of quantitative analysis of intensity in color addition is proposed
[10].

In the article by N.S. Anikina and other co-authors, a calculation method is proposed for
the analysis of three components at different wavelengths: red (A = 540 nm), yellow (A = 440
nm) and blue (A = 670 nm). The presence of each color is characterized by the decomposition
products of phenolic compounds, such as yellow color, the content of tannins (tannins) and
anthocyanin, red - free anthocyanins (in the form of flavylium cations and anthocyanin-tannin
complex) and the blue component - free anthocyanins in quinone form or combinations of
tannins and anthocyanins [11].

The aim of the work is to study the color characteristics of extracts from different parts of
Sorbus aucuparia and their dependence on the content of anthocyanins.

Materials and research methods. The objects of the research were extracts obtained
from dry vegetative parts (leaves and branches) and fruits of red rowan (Sorbus aucuparia).
Purified water was used as a medium for dissolving (solvent) the studied plant raw materials and
reducing the error of the research, the acidity of the aqueous medium was regulated using a 1%
solution of citric acid (pH = 1.98 units) and 1% sodium bicarbonate (pH = 9.1 units). Purified
water was obtained in accordance with the requirements for type Il water according to GOST
52501-2005 "Water for laboratory analysis™ (by filtration through the UPVA-159 unit, Belgorod,
Russia). The plant materials were collected in the Novosibirsk region in dry weather, the
collection period was September 2022. The raw materials were dried: leaves and branches by
natural drying (T = 20 + 2 ° C, humidity 75%), fruits by convective drying (drying oven with
forced ventilation "Binder", Germany) (T = 55 + 3 ° C, convection 100%), the raw materials
were dried until the moisture content in the final product was 6.0 + 1.0% (using the Chizhov
method). The samples were stored at a temperature of t =20 £+ 3 ° C, air humidity W = 67 + 2%.
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For the study, samples of plant materials were taken in dry crushed form (fraction
diameter =~ 0.5 cm) crushing was carried out in a laboratory mill LM 201 of the company "Plaun"
(Russia, Moscow) and in the form of extracts. For the studies, extracts were prepared from
crushed plant materials by mixing the sample with a solvent in the ratio of 1:20 (g: ml).
Extraction was carried out for 180 and 240 min at a temperature of 60+2 °C in a water bath of
the company "Loip" (Russia, St. Petersburg).

The coding of the samples was carried out in the following sequence and is presented in
Table 1.

Table 1 — The code of the extract samples

Type of
Sample code raw Solvent environment Duration, min
material
p.0/180 neutral 180
p.0/240 neutral 240
p.k/180 . sour 180
fruit
p.k/240 sour 240
p.s./180 alkaline 240
p.sh/240 alkaline 180
1.0/180 neutral 180
1.0/240 neutral 240
1.k/180 sour 180
leaves
1.k/240 sour 240
1.sh/180 alkaline 180
I.sh/240 alkaline 240
v.0/180 sour 180
v.0/240 sour 240
v.k/180 alkaline 180
branches -
v.k/240 alkaline 240
v.sh/180 sour 180
v.sh/240 sour 240

The extraction study was carried out using optical methods: measuring the optical density
(D, units), transmittance (T, %) and absorption coefficient (g, units) using a KFK-2 photoelectric
concentration colorimeter (ZOMZ, Russia). Blue (A=440 nm), green (A=540 nm) and red (A=670
nm) light filters were used in the work. Distilled water was used as a comparison solution.
The color intensity (I, units) taking into account all pigments was expressed according to
formula (1) [1,11,12]:
I' = Dyso + Dsao + De7o 1)

Where D — optical density of the absorption spectrum, rel. units,

It was established that color intensity | less than 0.10 characterized the extracts as weakly
colored, from 0.11 to 0.30 as moderately colored, from 0.31 to 0.50 as well colored, and more
than 0.51 as intensely colored [11].

The proportion of red color in the color composition was determined as the dA (%)
indicator using formula (2) [14]:

dA(%) = (1 + 2e20*Per0y %10 (2)

2%Dg49
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The color shade (T, units) was expressed according to formula (3) [1,11,12]:

Dsao
Where D — optical density of the absorption spectrum, rel. units,

The chromatographic structure (%) was calculated using formula (4) [1]:

D
D440,540,670(%) = —222 02 5100 4)

Mathematical data processing using regression analysis was performed using the MS
Excel program, the experiments were carried out in triplicate. The adequacy of the regression
equations was checked using Fisher's F-criterion. The significance of the regression coefficients
was assessed using Student's t-criterion.

The following indicators were taken as controlled parameters of the extracts: active
acidity (pH, units), upper limit of thermodynamic stability of the solution (¢st), temperature (t,
°C), absorption coefficient (g, units), transmittance coefficient (T%), color intensity (I, units),
color shade (T, units), chromatographic structure.

Determination of anthocyanins.

The volume of extracts in the amount of 0.5-1.0 cm3 was placed in a measuring test tube,
10 cm3 of 1% hydrochloric acid solution was added and kept in a water bath at 40-45 °C for 20
minutes. After cooling, the contents were filtered through a paper filter and the optical density of
the solution was measured on a spectrophotometer at wavelengths of A =510 nm and 670 nm (in
the spectra, detection of a green and red light filter). As a comparison solution, use a 1%
hydrochloric acid solution.

The content of the sum of anthocyanins (in terms of cyanidin-3,5-diglycoside, %) is
calculated using formula (5) in % of dry matter [13]:

(D510—0,33%Dg70)*V
X, % = 4551;)*111*(1006—7311) (5)

V - volume of extract, cm3; 453 - specific absorption index of cyanidin-3,5 - diglycoside;
D490 6700ptical density of absorption spectrum, rel. units; m - weight of plant material in extract,
g.

Research results and their discussion. The studied samples differed in optical density
indices, and therefore in the calculated characteristics — color intensity, color shade. Unlike the
work of Nilova L.P. and other co-authors [14], and Rozhnov E.D. [12], the research was
conducted not only in a neutral and acidic environment, but also in an alkaline one. The study of
extracts from various initial plant materials was analyzed according to several indices, presented
in Table 2.

Table 2 — Study of color characteristics

Samples I, e.d ! ca:ic:};ltlzon T, e.d. 3 D44,0 (%)4 D540 (%)5 D670(%)6 A?I::lgfgrn
fruit
p.0/180 0.20+0.01 21.37£1.07 1.53+0.08 | 46.80£2.34 | 30.54+1.53 | 22.66+ 1.13 0.0081i0.00
p.0/240 0.20+0.01 21.05£1.05 1.50+0.08 | 46.73 £2.34 | 31.16%£1.56 | 22.11+1.11 0'0073[0'00
p-k/180 0.08+0.00 21.30£1.07 1.74+0.09 | 53.33 £2.67 | 30.67+1.53 | 16.00+ 0.80 traces
p-k/240 0.08+0.00 21.78£1.09 1.78+0.09 | 52.98 £2.65 | 29.80+£1.49 | 17.22+ 0.86 traces
p.s./180 0.35+0.02 20.40£1.02 1.38+0.07 | 44.93 £2.25 | 32.46+1.62 | 22.61+1.13 0°0201i0°00
p-sh/240 0.36+0.02 19.79+0.99 1.29+0.06 | 43.66£2.18 | 33.80£1.69 | 22.54+1.13 0'021;:0'00
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leaves
LO/I80 | 0265001 | 23465117 | 22940.11 | 61.90+3.09 | 27.08+135 | 11.03+0.55 | 010000
107240 | 0282001 | 21.03£1.05 | 1842000 | 57356287 | 31184156 | 11476057 | 010000
LK180 | 0205001 | 25314127 | 2.6540.13 | 6533:3.27 | 24.624123 | 10.05=0.50 | 000000
K240 | 0204001 | 26115131 | 2.87+0.14 | 67.95:3.40 | 23.68+1.18 | 837+042 | 007000
Lsh/180 | 0.39£0.02 | 17.73:0.89 | 1.04:0.05 | 40.82+2.04 | 39.29:1.96 | 19.90+ 0.99 0‘0392*0'00
Lsh240 | 0.42+0.02 | 18235091 | 1014005 | 38.28+191 | 37.80+1.89 | 23.92+ 1.20 | #047000
branches

VOIS0 | 0342002 | 2224+111 | 1584008 | 45.86+2.20 | 28994145 | 25.15+1.26 | "0 000
V040 | 0373002 | 20424102 | 1294006 | 41.89+2.00 | 32434162 | 25.68+1.28 | 0010000
VIJ180 | 0.0440.00 | 28.71=1.44 | 3.4740.17 | 73.2053.66 | 21.0961.05 | 571029 | traces
vIj240 | 0.0450.00 | 27.1751.36 | 3.1320.16 | 70.6553.53 | 22.55+1.13 | 6.79+0.34 | traces
v.sh/180 | 0.39+0.02 | 17.99:0.90 | 1.07+0.05 | 41.34+2.07 | 38.50£1.93 | 20.16% 1.01 0“’271*0'00
vsh/240 | 0435002 | 18548093 | 1024005 | 37.6541.88 | 36944185 | 25414127 | 036000

Note: ' Color intensity, units according to formula (1); * share of red color in color addition % according to
formula (2); * color shade, units according to formula (3); 436 Chromatographic structure (%); ' anthocyanins in terms
of cyanidin-3,5-diglycoside, % according to formula (5)

Sorbus aucuparia fruit extracts in different solvents had different color characteristics.
Thus, the "color intensity (I, units)” index when processed in an alkaline medium showed the
highest quantitative result and the samples can be described as "well colored", while in an acidic
medium the transition of coloring pigments is lower by ~ 4.5 times compared to an alkaline
medium and = 2.5 times, the samples were described as "weakly colored". According to formula
5, the constituent element when assessing the content of anthocyanins plays a numerical value at
X = 670 nm. It was noted that with a high content of red pigments (D ¢70 (%)) in alkaline fruit
extracts (samples p/sh.180 and p.sh/240), there was a high content of anthocyanins (in terms of
cyanidin-3,5-diglycoside, (%)) - in comparison with the control sample, it is higher by = 2.5
times.

Samples of extracts from leaves and branches of Sorbus aucuparia in different solvents
also had higher color characteristics in a medium with sodium bicarbonate. When comparing all
Sorbus aucuparia extracts with each other, the maximum release of anthocyanins was noted in
the leaves (sample 1.sh/240) was ~0.05%, in the branches (sample v.sh/240) =~ 0.04%, in the
fruits (sample p.sh/240) 0.02%.

The calculated characteristic “color shade” (T, units), with a ratio of wavelengths A=440
and 540 nm (more often used to study flavonoids of various natures) indicated the maximum
transition in the branches and amounted to ~ 3.3 units for treatment for 180 and 240 minutes
within the error limits, thereby indirectly indicating the preservation of phenolic compounds.
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Analyzing the data in Table 1, high values were noted for the studied indicators, this fact
indicates the preservation of phenolic compounds during drying. When assessing the
chromatographic structure D 449 (%) nm determined high values in an acidic environment, in
comparison with neutral and alkaline in fruits 1.2 times, in branches =~ 1.8 times.

Conclusion. Comparative analysis showed that there is a relationship between the color
intensity index (12, units) and the content of anthocyanins (in terms of cyanidin-3,5-diglycoside,
%), so with an increase in optical density at a wavelength of A = 440, 540 and 670 nm, the
content of anthocyanins in the studied Sorbus aucuparia extracts also increases.

The aim of the work was to study the color characteristics of extracts from different parts
of Sorbus aucuparia and their dependence on the content of anthocyanins. During the analysis
and generalization of the obtained data, the parameters for evaluating the extracts using different
solvents (neutral, acidic and alkaline) revealed significant differences when using the solvent
medium and the type of plant material (fruits, leaves, branches). According to the analysis and
processing of the data, it is recommended to use water with an alkaline medium as a solvent for
the extraction of anthocyanin compounds. A transition in an acidic medium of phenolic
compounds in red (A = 540 nm) and yellow (A = 440 nm) color was noted, according to the
literature [11], it can be assumed about the transition of tannins and other polyphenolic
compounds of the anthocyanin-tannin complex. The study of the blue component (A = 670 nm)
and the calculation of anthocyanins (in terms of cyanidin-3,5-diglycoside, %) determined the
content of free anthocyanins in the quinone form.
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