PROCEEDINGS OF THE YEREVAN STATE UNIVERSITY

Chemistry and Biology 2023, 57(2), p. 100-109

Chemistry

COMPARATIVE STUDY OF THE CONTENT OF ANTHOCYANINS IN THE
FRUITS OF BLUEBERRIES, BLACKBERRIES AND BLACKCURRANTS.
DEVELOPMENT OF A TECHNOLOGICAL METHOD FOR OBTAINING
PARTIALLY PURIFIED NEW-GALENIC EXTRACTS
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The work is devoted to a comparative study of the content of anthocyanins in
the fruits of blueberries, blackberries and blackcurrants to develop a technological
method for producing partially purified extracts. The latter, due to the significant
content of anthocyanins, compounds with antioxidant, antiaggregate, angioprotective,
anti-inflammatory activities stipulate their use in the complex therapy of ophthal-
mic diseases (myopia, age-related macular degeneration, diabetic retinopathy).

The objects of the study were fresh natural fruits of common blueberries
(Vaccinium myrtillus L.), blackberries (Rubus caesius L.) and blackcurrants
(Ribes nigrum L.) collected in the foothill landscapes of the city of Aparan of the
Republic of Armenia, harvested in 2022.

The purpose of this study was to determine the comparative indicators of the
quality and content of anthocyanins in fresh fruit extracts by direct spectrometry
and obtain environmentally friendly extracts with the lowest content of macro-
(Fe, Cu, Zn, Ca, Mg, etc.) and microelements (Mn, Co, Cd, V, Se, Cr, As, Pb, etc.)
by ion-exchange sorption and desorption.

It has been shown that the highest content of the total amount of anthocyanins
in terms of cyanidin-3-O-glycoside is determined in the juice of fresh blueberries
in an acidic medium at an analytical wavelength of 546 nm — 4.21 + 0.18%.

At the same time, the completeness of extraction of anthocyanins (> 95%) from
blueberries is achieved at a ratio of raw material to extractant (95% EtOH, 1% HCI)
1:50 and when heated in a boiling water bath for 40 min.

It has been shown that the content of these macro- and microelements in the
extracts after ion-exchange sorption and desorption with Ku-2x8 (H*) cation
exchanger does not exceed the permissible limits.

https://doi.org/10.46991/PYSU:B/2023.57.2.100

Keywords: fruits of blueberries, blackberries, currants, anthocyanins, extract,
lozenges, sorbent, macro-and microelements.

Introduction. One of the most important sources for the isolation of biolo-
gically active compounds that are widely used, especially in medicine, are plants.
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The distinguishing feature of the majority of preparations of plant origin is the
complex and complementary nature of the action of compounds they contain [1-3].

The interest in natural compounds not only does not weaken, but even
increases. These compounds include anthocyanins that are contained in relatively
large quantities in the fruits of blueberries common, blackberries and currants.
These plants have long been used in folk medicine as an astringent. Scientific
medicine exhibits special interest in the fruits of these plants as sources of a complex
of biologically active substances (BAS), which have an antioxidant effect, improve
the rheological properties of blood, strengthen the walls of blood vessels, and
accelerate the recovery of decolorized rhodopsin. However, despite the valuable
biological properties of fruits of blackberries, blueberries and currants, modern
requirements for products intended for both treatment and prophylaxis, that is,
dietary supplements, are determined by the qualitative and quantitative content of
BAS. Such a requirement can be met by developing an improved technology that
meets the conditions for preserving BAS in their native form, as well as reliable
methods for standardizing fruits and final products (in particular, anthocyanins) [3].

Subcritical CO,-extraction and supercritical fluid carbon dioxide extraction
(SCF-CO,) are modern and promising methods for extracting BAS from plant
materials [4-11]. Subcritical CO»-extraction is slow, cold, clean; intact, but less deep
extraction matrix; limited output targeting and fractionation options.

Both of them negatively affect the safety of extracted substances — some of
the thermolabile compounds decompose, thereby violating the integrity of the
extraction matrix, simultaneously contaminating the final product. For example,
during supercritical extraction, sugars often become caramelized, which gives the
extract an almost irremovable and rather unpleasant smell and taste of burnt sugar.
And increased pressure creates a specific environment, in which the substances
included in the extract (both native and thermal decomposition products) enter into
chemical reactions with each other, the course of which and the effect of their results
on the final product is extremely difficult to predict.

Taking into account the high cost of these methods, extraction methods using
selective extractants and CO; gas cushion to prevent oxidation processes are still
relevant [12].

The objects of this study were fresh natural fruits of common blueberries
(Vaccinium myrtillus L.), blackberries (Rubus caesius L.) and blackcurrants
(Ribes nigrum L.), collected in the foothill landscapes of the city of Aparan of the
Republic of Armenia, harvested in 2022.

The objectives of this study were to determine the comparative quality
indicators and the total content of anthocyanins by direct spectrometry in an acidic
medium at an analytical wavelength of 546 nm and to develop a technological
method for the partial purification of the resulting extracts of fresh fruits from macro-
and microelements.

Materials and Methods.

Preliminary Preparation, Fruit Squeezing and Juice Purification. As an
object of study, ripe fruits of blueberries, blackberries and blackcurrants, harvested
in the foothills of the city of Aparan in 2022, were used. After sanitizing the
production site (class A or B) and washing fresh blueberries, blackberries and
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currants (accurately weighed 1 kg), they were squeezed on a “Braun 700" juicer,
grinding a sample of fruits to a particle size passing through a sieve with holes 1 mm
in diameter.

Preparation of 70% Ethyl Alcohol Containing 1% Hydrochloric Acid.
6.5 mL of hydrochloric acid (State Pharmacopoeia of the Russian Federation,
XI1 edition) is added to 126 mL of 95% ethyl alcohol and diluted with water to a
volume of 200.0 mL.

Quantitative Determination of the Total Content of Anthocyanins in the
Studied Fruits. About 1 g of crushed raw blueberries, blackberries and blackcurrants
(accurately weighed) is placed in a 100 mL conical flask with a section, 50 mL of 60%
ethyl alcohol containing 1% hydrochloric acid is added. The flask is closed with a
stopper and weighed on an electronic balance with an accuracy of £ 0.001 g. The
flask is attached to a reflux condenser and heated in a boiling water bath for 90 min.
Then the flask is cooled to room temperature for 30 min, closed with the same
stopper, weighed again and the missing extractant is replenished with 70% ethanol,
containing 1% hydrochloric acid. The extract is filtered through a paper filter (brand
“Red tape”). 1 mL of the obtained extract is placed in a 25 mL measuring flask and
brought to the mark with 1% hydrochloric acid in 95% ethanol. The optical density
is measured in a cuvette with a layer thickness of 1 cm at a wavelength of 546 nm.
95% Ethyl alcohol is used as a reference solution. The total amount of anthocyanins
in common fruits of blueberries, blackberries and currants in percent (X) in terms of
absolutely dry raw material and cyanidin-3-O-glycoside is calculated by the formula:

A x25x%x50x100
T mx1x100 x (100 — W)’
where A is the optical density of the test solution; m is the mass of raw material, g;
W is the weight loss on drying in percent; 100 is the specific absorption rate of
cyanidin-3-O-glucoside.

The results of processing the experiments performed show that the error of a
single determination of the amount of anthocyanins in the studied fruits of
blueberries, blackberries and blackcurrants with a 95% confidence level is 4.21%,
3.56% and 3.64%, respectively (Tab. 1).

Separation of Anthocyanins from a Mixture of Amino Acids, Metal Cations
and Water-Soluble Compounds. For this purpose, 500 mL of the extract obtained
with 1% hydrochloric acid in 95% ethanol was distilled off to 1/4 of the volume of
the original sample (125 mL) and the solution was acidified to pH 2-3 by adding
50 mL of 2 N HCI. Then the resulting mixture was passed through a column with a
cation exchanger in the form of Ku-2x8(H*). After passing the entire solution (an
acidic aqueous solution with a probable content of unsorbed anthocyanins was
collected), the column was washed with water until neutral pH. Then anthocyanins
were desorbed from the cationite surface with 1% hydrochloric acid solution in 95%
ethanol. After extracting unsorbed anthocyanins from the acidic aqueous fraction
with 1% hydrochloric acid solution in 95% ethanol, organic fractions were added
(300 mL) and distilled to 1/4 of the volume of the original sample (75 mL).

Methods for Quantitative Determination of the Amount of Anthocyanins in
the Juice of Fresh Natural Fruits of Blueberries, Blackberries and Blackcurrants.
Quantitative determination was carried out using the method of direct spectrometry
in an acidic medium at an analytical wavelength of 546 nm.
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Determination of the Elemental Composition of the Studied Fruits of
Blueberries, Blackberries and Blackcurrants. The elemental composition was
determined by optical emission spectrometry with inductively coupled plasma using
Agilent 5800 VDV ICP-OES (“Agilent Technologies”) with axial and radial
analysis. The sample injection system consisted of a SeaSpray nebulizer with a single
pass cyclone spray chamber and injection torch “DV-d” with a diameter of 1.8 mm.

For the study high purity deionized water from the Milli-Q system (resistance
>18.2 MQ-cm, “Millipore”, Bedford, USA) was used. Before preparing the solutions,
all laboratory materials were decontaminated by soaking in 10% HNOs, then washed
with high purity water. Subsequently, all materials were dried in a drying oven.

All solvents and reagents were of the highest commercially available purity.
To dissolve a sample, pure 69% (v/v) HNOs; and 30% (v/v) H2O. (“Merck”,
Darmstadt, Germany) were used. High purity calibration standard solution (“Agilent
Technologies™) contained 500 mg/L Ca, K, Mg, Na, 200 mg/L Al, Ba, 100 mg/L Fe,
60 mg/L Sb, 50 mg/L Co, V, 40 mg/L Ni, 25 mg/L Cu, 20 mg/L Zn, 15 mg/L Mn,
10 mg/L Ag, As, Cr, Tl, 5 mg/L Be, Cd, Se, 3 mg/L Pb, Sr. Pb in 5% nitric acid was
also used. 5% nitric acid was prepared to dilute the standard solution. The purity of
argon exceeded 99.99%.

Sample Preparation. About 200 mg of samples were added to Teflon vessels
with 8 mL HNOs 69% (v/v). The mixtures were left at room temperature for about
15 min. The microwave heating program was applied as follows: (1) holding 20 min
at a temperature up to 180°C; (2) 20 min at 180°C (Tab. 2). The vessels were then
removed from the microwave rotor and cooled to room temperature. After
decomposition, deionized water and 2 mL of 30% (v/v) H.O, were added to bring
the final volume to 50 mL. All samples were filtered off with “Blue tape” filters.

Results and Discussion. It is known that anthocyanins can exist in 4 tauto-
meric forms depending on the medium acidity. In an acidic environment (pH < 3)
they are present in solution in the form of red benzopyrylium salts. With an increase
in pH (< 4-5), the addition of a hydroxyl group in the second position occurs with
the formation of a colorless pseudo-base, and at pH greater than 8.0, the chromene
ring opens with the formation of the corresponding chalcone (see Scheme).
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Scheme. Tautometric transformations of anthocyanins depending on the pH value.
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Consequently, to prevent structural changes in native anthocyanins, all further
studies of the effect of factors on the completeness of extraction of anthocyanins
from fresh fruits of blueberries, blackberries and blackcurrants were performed in an
acidic environment at pH 2-3. The results are given in Tab. 1.

Table 1

Influence of various factors on the completeness of extraction of anthocyanins from fresh fruits of
common blueberries (No 1-6), blackberries (No 7-9) and blackcurrants (No 10-12)

Ratio of raw | Time of |The content of anthocyanins
No Concentration material : | extraction, intermsof Note
of ethyl alcohol extractant min cyanidin-3-O-glucoside
in fresh fruits
extractant

1| 95% (1% HCI) 1:50 120 2.42+ 0.23% igr‘:‘:;ggtjgoom

2 | 95% (1% HCl) | 1:50 40 253+ 0.21% heating In a boiling
3 | 95% (1% HCl) 150 40 4.21%0.18% heating 1t & botling
4 | 70% (1% HCl) 1:50 40 3.64 0.20% heating ¢ abotling
5 | 40% (1% HCl) 1:50 40 3.39+ 0.16% heating It a hofling
6 | water (1% HCI) 1:50 40 3.00 +0.16% heating 1t & botling
7 | 95% (1% HCl) 1:50 120 2.14+0.23% igr‘:‘:;ggtjgoom

8 | 95% (0.1%HCl) | 1:50 40 2.33+ 0.20% heating In a boiling
9 | 95% (1% Hal) 1:50 40 3,56+ 0.16% heating i & boling
10 | 95% (1% HCI) 1:50 120 2.39+ 0.22% igr‘:‘:;ggtjgoom
11 | 95% (0.1% HCI) | 1:50 40 2.43+0.23% heating In a boiling
12 | 95% (19 HCI) 1:50 40 3.67+0.21% heating i & boling

From the results of Tab. 1 it is seen that fresh fruits of common blueberries
collected in the foothill landscapes of the city of Aparan contain the highest content
of the total anthocyanins (4.21+ 0.18%) in terms of cyanidin-3-O-glycoside.
They are extracted in a boiling water bath at the ratio of raw material to extractant
1:50. The extraction time is no more than 40 min.

The worst extraction is observed when fresh unacidified water is used as an
extractant (< 3.00).

Fig. 1 reflects the transformation of a red-colored cation of anthocyanin
(pH < 3) into blue phenolates (pH 6-7), and when the acidity of the medium is stable
(Fig. 2, pH < 3), no characteristic tautomeric transformation of the native structure
of anthocyanins is observed.
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Fig. 1. TLC image of isolated anthocyanin

Fig. 2. Isolated fractions of anthocyanins.
fractions.

To determine the degree of ecological purity of anthocyanin extracts, from
acidic fractions (pH < 3) 5 g of dry extracts of blueberries, blackberries and
blackcurrants were obtained, and according to Sample preparation the content of

macro- (Fe, Cu, Zn, Ca, Mg, etc.) and microelements (Mn, Co, Cd, V, Se, Cr, As,
Pb, etc.) was determined. The results are shown in Tab. 2.
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Fig. 3. Electron absorption spectrum of the total anthocyanins isolated at pH < 3

from fresh juice of common blueberries fruits.

The results of studying the elemental composition of dry extracts of fruits
of blueberries, blackberries and blackcurrants prove the presence of more than
20 elements, including macro- (Fe, Cu, Zn, Ca, Mg, etc.) and microelements (Mn,
Co, Cd, V, Se, Cr, As, Pb, etc.). It is shown that the content of these macro-
and microelements in extracts after sorption and desorption does not exceed
the permissible norms [13] and the studied extracts can be recommended for the
manufacture of partially purified new galenic preparations, in particular, “Blueberry
lozenges”.
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Table 2

The content of chemical elements (mg/kg) in dry extracts of blueberries, blackberries and
blackcurrants

Element Dry extrac_:t Dry extrac_t Dry extract Wavelength,
of blueberries of blackberries of currants nm
Ag 0.00 0.00 0.00 328.068
Al 49.14 43.74 52.19 396.15
As 0.05 0.09 0.10 234.984
Ba 2.83 2.98 3.06 455.403
Be 0.00 0.00 0.03 313.042
Ca 1517.45 1624.42 1689.71 422.673
Cd 0.00 0.00 0.00 214.439
Co 0.00 0.00 0.05 238.892
Cr 1.15 1.66 2.84 267.716
Cu 6.05 6.20 7.09 324.754
Fe 40.20 41.58 52.93 238.204
K 820.50 890.94 953.34 766.491
Mg 646.30 661.81 677.32 280.270
Mn 2.75 2.66 3.05 257.610
Mo 0.00 0.00 0.00 202.032
Na 1762.37 1917.45 2037.12 589.592
Ni 0.55 0.61 0.70 216.555
Pb 0.00 0.00 0.00 283.305
Sh 3.05 3.12 3.35 206.834
Se 0.00 0.00 0.00 196.026
Sr 9.08 9.14 10.62 421.552
TI 0.00 0.00 0.00 190.794
\Y/ 0.00 0.01 0.00 309.310
Zn 3.39 3.53 4.56 213.857
Conclusion.

1. The comparative indicators of the quality and content of anthocyanins in
the fruits of blueberries, blackberries and blackcurrants collected in the foothill
landscapes of the city of Aparan, RA, were studied. The highest content of the total
anthocyanins in terms of cyanidin-3-O-glycoside was determined in the juice of fresh
fruits of blueberries — 4.21 + 0.18%. It has been established that the completeness of
anthocyanins extraction (>95%) from fruits of blueberries is achieved at the ratio of
raw material to extractant (95% EtOH, 1% HCI) 1 : 50 and when heated in a boiling
water bath for 40 min.

2. The authenticity of comparative indicators of quality and content of
anthocyanins in extracts of fresh fruits is confirmed by the method of direct
spectrometry in an acidic medium at an analytical wavelength of 546 nm.

3. It has been shown that the content of macro- (Fe, Cu, Zn, Ca, Mg, etc.) and
microelements (Mn, Co, Cd, V, Se, Cr, As, Pb) in extracts after ion-exchange
sorption and desorption with the sorbent in the form of Ku-2x8 (H*) is within
acceptable limits.
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4. Based on the studies carried out, the acidic extract of fruits of blueberries

collected from the foothill landscapes of the Aparan City, RA, can be recommended
for the manufacture of partially purified new galenic preparations, in particular,
“Blueberry lozenges”.
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d. U. 202UsUy, W. U.MN1NUsuys, U. Q. 1UQUr3UY,
U. U.{Nd<uuvLvhuduy, U.U. 2Uu2Ursdy, U. . 20rusidv

dusSN8pudvuerh MULNFLUUNRE8UL <UUBUUSUUUTL
NFUNFUWUUPLORG3NFLL <UNMULUUR, UNGH, UG, <U1UrQh
M3INFILENLNFU B4 UUULUUL UULAIUD LNNGULELUShY
LOFoU<ULNRuLE b USUSUUL SEluLNLNGhULUL UGN
ucuunNryu

Whwnwbpp tjhpywd £ hwyupuuh, Wnph b ult hwiwipgh wymninbtipnid
wbhwmnghwbitiph  yupniynipyjut  hwdtidwnmuwubt  niunidbwuhpni pyuinp
dwubtyh dwppywd nréwhwitmijitiph unwgdwt wtihnbininghugh Wuwijiwh
tuyuununy: dtipghtiitipu, 2tinphhy hwjwopuhnuiinuyhtl, hwjuwgnptiquinmuyhty,
whnpuuyuunuub, hujupnppnpuyhtt wmhynipgudp odnywd wmbnnghwbi-
iph pwpap yupnitwlnipjud jhpunymd G wbwpniduljud hhyubnn -
pmibbtph  hwdwihp  phpuwhugh  dte  (Qupbwwnbuniggnil, wwphpuyht
dwniyup nhgtiitipughw, nhuptnhly nbnhtnuuwphw):

<twmwgnunnipyul wnwplu G hwinhuwgt <ujuunwith <wubpuytimni -
Pt Quupui punuph Gwhwtinbught  wbnudmbtinphg  hujupywod
hwuyuquup (Vaccinium myrtillus L.), dnph (Rubus caesius L.) L ull hwinupeh
(Ribes nigrum L.) pwpd wywninbtpp (2022 . pippwhwjup):

<tmwgnuniEyubd uyumulin Ep winmnghwbitinh wpupniwynipput hudt-
dwnwijuit gnigutihyiiph npnynidp pwnd wunniniitiphg unmugyud nudwhwbn -
tpnid” niqnuih uybuopndtuphugh dtennny, htsytu twle yninghwytiu
dwpnip nuowhwanijobph unwgnidp’ dwypn-(Fe, Cu, Zn, Ca, Mg L wyt) L
dhypnumwpptiph-(Mn, Co, Cd, V, Se, Cr, As, Pb It uyt) tuqugnyh wyupniiw-
Unipyudp, hnbwhnjuwbwuyhtt unppghwyh b niunppghuyh Whennbtinny:

8nyg k mpyti), np wmbnnghwbttiph winwytjugnyy pmbwy” ghwthnho-O-
qihinghnh Yypw hupgud (4.21 £ 0.18%), hwymbwpbpyt  hwwujwuh wynnin-
ttiphg unwgywd nLowhwbniniy, pEYuyhlt thewjuypnid, 546 4 tpljupni-
Pyl mwl: Uhlihnyh dudwiwl hwmyuwjuuh wunniniitinphg wnnghwbatph
wnwytjugnyb nrdwhwbnid (> 95%) wbtinh £ nidkbinid hnidp @ nidwhwibthy
1:50 hwpwpbpnipjub ntypmd L towgnn opuyhlt punbhpmd 40 prwyk
nmwpugdwb yuyiwbbbpnud:

8nyg £ wpyty, np Yytpp tpduwd dwljpn- L dhijpnumwpptiph wyjupni uw-
UnipynLip Ky-2x8 (H*) Juumhntwthnjuwbwjuyhtt jutidny hntwhnpuwtwjuyght
unppghuyhg b ntiunppghwyhg htinn sh gipwquiigly) enyjuwmpth vwhdwbhatpn:

A. C. TAJIASTH, A. C.TIOTOCSIH, C.T. KA3APSH,
A. M. OTAHECSIH, M. C. KA3APSIH, C. A. JAJIASH

CPABHUTEJIBHBII AHAJIM3 COJIEPKAHHMSI AHTOIIAHOB
B IUIOJIAX YEPHUKH, EXXEBUKU U YEPHOU CMOPOJIMHBI.
PA3PABOTKA TEXHOJIOTMYECKOI'O CIIOCOBA IIOJIYYEHUA
YACTUYHO OYMIINEHHBIX HOBOI'AJIEHOBBLIX OKCTPAKTOB

Pabora nocesiieHa cpaBHUTETLHOMY UCCIICIOBAHUIO COJICPIKAHHS aHTOIIMAHOB
B TUTOJ]aX YEPHUKH, ©KEBUKH 1 YEPHON CMOPOAMHBI IJIs pa3pabOTKH TEXHOJIOTTIECKOTO
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crocoba IOMy4eHHMsl YacTUYHO OYMILIECHHBIX JKCTPAKTOB, KOTOphIe OJsaromaps
3HAYUTEJILHOMY COAEP)KaHUIO aHTOLMAHOB (COeNMHEHNH, 001aAal0INX aHTUOKCHU -
JIAaHTHOM, aHTHArperaTHOM, aHTMOMPOTEKTOPHOM, MPOTHBOBOCTIAIUTEILHON aKTHUB-
HOCTBIO) OOYCIIOBJIMBAIOT UX NMPUMEHEHHE NPH KOMIUIEKCHOHN Tepanuu opTaabMo-
Joruyeckux 3abojeBaHWd (MHOMNMS, BO3pacTHas MakyJsipHas [ereHeparus,
nuabeTnyeckas peTHHOIATHS).

IenssmMu HACTOSILIIETO UCCIIEI0BAHUS SIBJISUTICH OIPEEICHUE METOIOM IIPAMON
CHEKTPOMETPUH CPAaBHUTEIILHBIX TIOKA3aTelNe KauecTBa U COJIEPKaHUsl aHTOL[aHOB
B DKCTPAKTax CBEXHUX IUIOJIOB YepHUKH oObIkHOBeHHOU (Vaccinium myrtillus L.),
yepHoii exxeBukn (Rubus caesius L.) u cmopomunsr (Ribes nigrum L.), cobpanHBIX
Ha NpeAropHbIX Janamadrax r. Anapan (Pecmybnauka Apmenus), ypoxkas 2022 r.,
a TakXKe MOJYYCHUE SKOJIOTHUECKH YHCTBHIX SKCTPAKTOB C HAUMEHBIINM COAEpIKa-
anem Makpo- (Fe, Cu, Zn, Ca, Mg u T.1.) u mukpo- (Mn, Co, Cd, V, Se, Cr, As, Pb
U T.]I.) DJIEMEHTOB CIIOCOOOM HOHOOOMEHHOH copOumu u gecopomun. [Tokazano, 94To
HauOospIee colepKaHUe CYMMBl aHTOLMAHOB B IepecueTe Ha IHuaHuanH-3-O-
[JIMKO3UJT OOHAPY)KEHO B COKE CBEXHX IUIOJIOB YEPHUKU B KHUCIIOW Cpejie TpH
AHAJIUTUYECKOHN JUTHHE BOJHBI 546 nm — 4.21% 0.18%. IIpu atom, mojaHOTaA H3BIIE-
YEeHHUs! aHTOUMAHOB (> 95%) W3 IJIOI0B YEPHUKHU JIOCTUTACTCS MPU COOTHOIICHUH
ceipbe : skcTpareHT (95% EtOH, 1% HC=1:50 u npu HarpeBe Ha KUIISLIECH
BO/sHOI OaHe B TeueHue 40 mun. IlokazaHo, 4To coaepaHie YKa3aHHBIX MaKpo- U
MHUKPODJIEMEHTOB B JKCTPaKTaxX IIOCIIE MOHOOOMEHHOH copOmmu u IecopOIuu
kaTnoHuToM Ky-2X8(H") He mpeBbIiaeT 10MyCTUMBIC HOPMBI.



