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AHHOTAIIUA

BBenenue. bepecra colepKUT IeHHbIE OMOJIOTHYECKH aKTUBHBIE BellecTBa (BAB). B cBsi3u ¢ 3THM aKTyasieH TIOUCK
IyTel yBeJIMUeHHs BbIx0/1a U3 Hee BAB.

Il enw. V3yunTs BIUSHUE METO/IOB U3MEIbUEHUS OEpPeCThl Ha U3BJyieueHre u3 Hee BAB nipu sKkcTparupoBaHuu.

Matepuanbsl U MeToAbl. O6pasubl Gepectsl Gepessl moBucioi (Betula pendula Roth.) u Gepesbl mymucToit
(Betula pubescens Ehrh.) nusmesnpyanncy Ha amnmapaTtax ¢ pa3IMYHBIMU CHJIOBBIMHU BO3/IEHCTBUAME Ha PAaCTUTETBHBIN
Marepuaja — AUCKOBOH (MPenMyIeCTBEHHO CIaBJINBAIOIIME, CABUTOBbIE, PACTATHBAOIIME U CPE3AOIIUE YCUIIHS), TPEX-
BJIKOBOH KOJIBI[EBOH (pasziaBJMBaOIe W HCTHUPAIOIINE YCUJIWs) U MIApOBOH (pas/iaBiuBalollye, UCTHUPAIONINE U
YIapHO-CABUTOBBIE YCHJIHNSA) MeJIbHUIAX. IIpOBOIMIN MOP(OIIOTUYECKOE U MUKPOCKOIIMUECKOE UCCIIEZIOBAHUA, OIIpe/ie-
JISITIU COZlep KaHUe DKCTPAKTUBHBIX BEIIECTB, BJIarH B U3MEJIbUeHHBIX 00pa3iaxX. AHAJIM3UPOBAIM COCTAB U COZIEPIKAHLIE
BAB.

PesynbraTsl. HauMeHblne n3MeHeHHUsI B MOPGOJIOTUYECKON U AHATOMUYECKOH CTPYKTYPE PACTUTEJILHOTO MaTe-
puaia HabJIIIaJINCh TIPU UCIIOJIb30BAHUH JIMCKOBOM MEJBHUIIBI (COXpaHSIOTCS MOP(OJIOTHUeCcKUe ITPU3HAKU OepeCcThl U
ee KJIETOYHOE CTPOEHNE), U3MeJIbUeHHe Ha TPEXBAJIKOBOH KOJIBIIEBOU U IIAPOBOY MEJIbHUIIAX TPUBOIUT K CEPhE3HBIM U3-
MeHEHUSM B MOP(HOJIOTHIECKON U aHATOMUYECKOH CTPYKType GepecThl (yTpauuBaercss MOpQ0JIOro-aHaTOMUYECKOE CTPO-
eHle, Pa3pyIIaloTcsa KIeTouHble cTeHKH). CpaBHUTEIBbHBIM aHAIN3 BBIX0JIa SKCTPAKTUBHBIX BEIIECTB U3 U3MebUeHHBIX
00pa3noB OepecThl B 3aBUCUMOCTH OT METOZA U3MeTbUeHUs U HCII0JIb3YeMOro 3KCTpareHTa (BoJa OUMILEeHHAs U CIIUPT
STHJIOBBIN PA3JIMYHOHN KOHIIEHTpAIUU: 96, 80, 70, 40, 20 U 10 %) [TOKa3aJ1, YTO HAWIYYIINM 9KCTPAreHTOM sBJsgeTcs 80%
CIUPT STHIO0BbIH. HanbobIITNE BBIXO/ SKCTPAKTUBHBIX BEIIECTB OTMEUEH /i 00pasia 6epecTsbl, H3MeJIbUeHHOTO B IIa-
poBO# MesibHUIE — 36.85 %, /I N3MEJIbUEHHOTO Ha AUCKOBOM MEJIBHHUIE — 29.96 %, Ha TPEXBAJIKOBOU KOJIBIIEBON —
30.88 %. [Ipu nccieIOBAaHUM BBIXOZIA OCHOBHBIX TPyII BAB (camoHuHBI, IyOHIbHBIE BEI[ECTBA, KYMapHUHBI, TUAPOKCHUKO-
PUYHBIE KHCJIOTBI) U3 U3MeTbUE€HHBIX 00pa3IioB 6epecThl BHIABIEHO, UYTO IIPU UCIIOJIb30BAHUU METO/I0B U3METbUEHUSI, HE
MIPUBOJIAIINX K PA3PYIIEHHIO KJIETOYHBIX CTEHOK, BBIX0/I BAB JTMMUTHpPYeTCsT KaTMJIAPHO-IIOPUCTOH CTPYKTYPOU pacTH-
TeJIPHOTO MaTepuaJa.

3aknoueHue. [Ipu NCHOIB30BAHUN METOJOB M3MEJIbUEHUs, IPUBOJAIINX K PA3PYIIEHUIO KJIETOUHBIX CTEHOK,
HauOOJIBIINH BHIXO/T OMOJIOTMYECKH aKTUBHBIX BEIIECTB U3 OepecThl HabJII/1aeTcs B CIydae UCII0JIb30BaHUs O0Jiee JKecT-
KOT'O BO37IeHiCTBUA Ha Hee, BKJIIOYAIOIIET0 He TOJIBKO YCHJINA UCTUPAHUSA, Pa3/laBINBaHuUsA, HO U yZapa (1IapoBble Mesb-
HUIIBI).

Karouesnte crosa: 6epeCTa, METOAbI U3MEJIbYE€HUA, 3aBUCUMOCTDb, 9KCTPDAKIIUA, OMOJIOTUYECKN aKTHBHBIE BeIIleCTBa.
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ABSTRACT

Introduction. Birch bark contains biologically active substances (BAS). In this regard, the search for ways to in-
crease yield of its bioactive agents is relevant.

Aim. To study the effect of birch bark grinding methods on the extract of its BAS during extraction.

Materials and methods. Samples of birch bark of silver birch (Betula pendula Roth.) and downy birch (Betula
pubescens Ehrh.) were ground up on devices with various force effects on plant material — disk (mainly squeezing, shear,
tensile and shearing forces), three-roll annular (crushing and abrasive forces) and ball (crushing, abrasive and shock-shear
forces) mills. Morphological and microscopic studies were carried out, the content of extractive substances and moisture
in the ground up samples was determined. The composition and content of BAS were analyzed.

Results. The smallest changes in the morphological and anatomical structure of plant material were observed when
using a disk mill (the morphological features of birch bark and its cellular structure are preserved), grinding on three-roll
ring and ball mills leads to serious changes in the morphological and anatomical structure of birch bark (the morphological
and anatomical structure is lost, cell walls are destroyed). Comparative analysis of the yield of extractive substances from
ground up birch bark samples, depending on the grinding method and the extractant used (purified water and ethyl alcohol
of different concentrations: 96, 80, 70, 40, 20 and 10%) showed that the best extractant is 80% ethyl alcohol. The highest
yield of extractive substances was noted for a sample of birch bark ground up in a ball mill — 36.85%, for ground up in a
disc mill —29.96%, on a three-roll ring mill — 30.88%. When studying the yield of the main groups of BAS (saponins, tan-
nins, coumarins, hydroxycinnamic acids) from ground up birch bark samples, it was found that when using grinding meth-
ods that do not lead to the destruction of cell walls, the yield of BAS is limited by the capillary-porous structure of the plant
material.

Conclusion. When using grinding methods that lead to the destruction of cell walls, the greatest yield of BAS from
birch bark is observed in the case of using a more severe impact on it, including not only abrasion, crushing, but also impact

(ball mills).

Keywords: birch bark, grinding methods, dependence, extraction, biologically active substances.

BBEJIEHUE

AKTyasIbHOCTh TIPOOJIEMBI PAI[MOHAIBLHOTO HC-
[IOJTb30BAHUS PACTUTEJIBHBIX PECYPCOB B HAIIEH
CTpaHe 3aKpelieHa Ha 3aKOHO/ATEJIbHOM YDOBHE.
Cosnanue B Poccuu tiardopmbel «buoTex2030»,
HaIpaBJIEHHOW HA HCII0JIb30BaHUE BO30OHOBIISIEMO-
T'O CBIPBA IJISI XUMUUECKOH ITPOMBIIITIEHHOCTH U Op-
TaHUYECKOTO CHUHTEe3a, IIOATBEPKIAeT HeoOXOomu-
MOCTb IIOMCKA peHTabeIbHOTOo criocoba mepepaboT-
KU PaCTUTEJIBHOTO ChIpbs. OHUM U3 IyTell ee pe-
IIEHUs SBJISIETCS MpeABapUTeIbHAsI 00paboTKa Jie-
KapCTBEHHOTO PACTUTEIBHOTO CHIPBS PA3TMUHBIMU
MeToziaMu: (PUBUIECKUMU, XUMUUYECKUMU, OUOJIO-
THYECKUMHU, OMOXUMUYECKUMU, SH3UMATUIECKIMU
" ux koMbuHanuamu [1—3]. Mcnosb3oBaHue nepe-
YUCJIEHHBIX METO/I0B HaIlpaBjIeHO, B IIEPBYIO Oue-
pezn, Ha MOBBIIIEHNE BHIX0O/Ia OMOJIOTUUECKH AKTUB-
HbIX BeniecTB (BAB) u3 chIpbs.

OnHUM 13 caMbIX IPOCTHIX U 3 HEKTUBHBIX Me-
TO/IOB yBeJInUeHus Bbixoa BAB u3 chIpbs sBIsIeTCSA
ero m3MeJIbUeHHe, YTO IPUBOJUT K YBEJIUUYEHHIO
IIOBEPXHOCTU pasziesia TBepAoH u Kujkod daz u
60JIbIIIEMY BBIXO/Y I1€JIEBOTO IIPOAYKTA IIPU 9KCTPa-
rupoBaHud [4]. JIyg u3MenbueHUsl PaCTUTETHLHOTO
CBIPbS MOTYT OBITH MCIIOJIb30BaHBI PA3JINYHbIE Ma-
IIUHBI, OTJIUYAIOIINECS KOHCTPYKIUEN, ITPUHIIU-
IIOM BO3JIEHCTBUS HA MCXOMHBIA MaTepuas. B muc-
KOBO# (HO2KEBOI) MeJIbHUIE U3MeIbUeHHe MPOUC-

INTRODUCTION

The relevance of the rational use issue of plant re-
sources in our country is fixed at the legislative level.
The creation of the BioTech2030 platform in Russia,
aimed at using renewable raw material for the chem-
ical industry and organic synthesis, confirms the
need to find a cost-effective way of processing plant
raw material. One of the ways to solve it is the pre-
treatment of medicinal plant raw material by various
methods: physical, chemical, biological, biochemi-
cal, enzymatic and their combinations [1—3]. The use
of these methods is primarily aimed at increasing the
yield of biologically active substances (BAS) from
raw material.

One of the simplest and most effective methods of
increasing the yield of BAS from raw material is its
grinding, which leads to an increase in the interface
between the solid and liquid phases and a greater
yield of the target product during extraction [4]. For
grinding plant raw material, various machines can
be used, differing in design, the principle of influenc-
ing the source material. In a disc (knife) mill, grind-
ing occurs due to cutting when shear deformations
emerge. A distinctive feature of the force action on
the fiber during grinding in knife mills is the pres-
ence of mainly squeezing and shear forces. Along
with these components, tensile and shear forces act
on the fibers, while chemical changes in the source
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XOJIUT 32 CUET Pe3aHUs IPU BOBHUKHOBEHUU C/IBHU-
roeix aedopmanuii. OTJIHYUTETLHONU OCOOEHHO-
CTBIO CHJIOBOTO BO3/IEMCTBUA HA BOJIOKHO IIPU U3-
MeJIbUeHUU B HOXKEBBIX MAIIWHAX SIBJIAETCSA HAIU-
Yre IPeuMYyIIeCTBEHHO CIaBJIUBAIOIIEr0 U CABUTO-
Boro ycwiuii. Hapsay ¢ yKazaHHBIMU COCTaBJISIO-
MU Ha BOJIOKHA JIEHCTBYIOT PACTATUBAIOIINE U
cpesarolye yCUIns, IPU 3TOM XUMHYECKUX H3Me-
HEHUU B UCXOJTHOM MaTepuasie OObIYHO He IPOHC-
xomuT [5]. B KOIbIEBBIX MeJIbHHIAX H3MeJIbuae-
MBI MaTepuas MPIKUMAETCs BPAIIAIOIIIMUC
BaJbllaM¥ (IapamMu) K HEIMOJBHKHOMY WJIM Bpa-
IIA0NeMycs KOJIbIIeBOMY BKJIQ/BIINLY, U U3MeJbue-
HUe TPOUCXOJIUT IIyTEM Pa3/IaBJIUBAHUS U UCTHPA-
HUS MaTepuasia Moj, JefCTBUEM CHJIBI Beca pa3Ma-
JIBIBAIONIUX TeJ (BJIBIIOB HJIU IIAPOB), CHUJIBI HATSA-
JKeHUs IPYKUH WU IeHTPoOeKHbIX cuJl. [IlapoBbie
MeJIPHUIIBI OTHOCAT IO MPUHIINILY JIeUCTBUA K Ma-
IIMHAM CO CTECHEHHBIM Y/IapOM, T.€. JUCIEPTUPO-
BaHUE PACTUTEIHHOTO ChIPbs IIPOUCXOIUT IO ek~
CTBUEM MEJTIOIINX TeJ IIPU Pa3faBJINBaHUU, UCTH-
pauum u yaape [6].

OIHUM U3 IEPCIEKTUBHBIX JIJIs1 BHEAPEHUS B Me-
JIULHY BUZIOB PACTUTEJIBHOTO CHIPBSA ABJAETCA Oe-
pecTa, CKaIuIBaIoIascs Ha JIeCOCeKaxX Mocie PyOKu
U Ha J1epeB00OpabaThIBAIOIIUX IPEAIPUATHIX B pe-
3yJIbTaTe OKOPKU JPEBECHHBI U HE HMEIOIIAs IIPOo-
MBIIIUIEHHOTO TpuMeHeHusd [7]. bepecra conmep:xut
IIeHHble OMOJIOTUUECKH AKTUBHBIE BEIECTBA: TPHU-
TEPIIEHOBbIE CAIIOHUHBI, JyOWIbHBIE BEIIECTBA,
(1aBoHOUIBI, KYMapUHBI, TEPIIEHOWABI U Jp. [8—
10]. ITockoyibKy GeTyJIMHBI U DKCTPAKTHI, ITOJTyUeH-
HbIEe U3 OepecTsl, IPOABJIAIOT IIUPOKUH CIIEKTP 61O0-
JIOTHYECKOH aKTUBHOCTH [10—12], uccIemoBaHUA
psa OTeuecTBEHHBIX U 3apy0OeKHBIX YUEHBIX Ha-
IIpaBJIeHbl HAa IIOUCK IIyTeH YBeJIWYEHWs BBIXOZA
BAB u3 6epectsl [2, 7, 13], YTO MOUEPKUBAET aKTy-
JIBHOCTD JAHHOTO HCCJIeIOBAHMUS.

IOEJIb NCCJIEJOBAHUA

W3ydnTh 3aBHCHUMOCTH BBIXOJA OHOJIOTHYECKH
aKTUBHBIX BEIECTB M3 OepecThl OT METO/IOB ee H3-
MeJIbUeHUs Ha IUCKOBOU, TPEXBAITKOBOU KOJIBIIEBOM
U IIIAapOBOY MEJIbHUIIAX.

MATEPUAJIBI 1 METO/1bI

OOBeKTaMU JIJIST UCCTIEIOBAHUS CIIY KN 00pas-
bl OepecThl (BHEITHENW YaCTH KOPBI) OEpPE3hI IIOBUC-
goui (Betula pendula Roth.) u Gepe3bl mymiucTou
(Betula pubescens Ehrh.) cemeiictBa 0GepesoBble
(Betulaceae), namesbueHHble Ha JAUCKOBOM (HOMKe-
Boi1) MesbHMIlE (06pazer; N2 1), Ha [IIAPOBOM MeJIb-
Huile (oOpaszer] NQ 2) 1 Ha TPEXBAIKOBOI KOJIbIIEBOH
mesbHuIle (06pazer; NO 3).

material usually do not occur [5]. In ring mills, the
ground up material is pressed by rotating rollers
(balls) to a stationary or rotating ring liner, and
grinding occurs by crushing and abrasion of the ma-
terial under the influence of the weight of the grind-
ing bodies (rollers or balls), the tension force of
springs or centrifugal forces. Ball mills are referred
by the principle of operation to machines with a con-
strained impact, i.e., the dispersion of plant raw ma-
terial occurs under the action of grinding bodies dur-
ing crushing, abrasion and impact [6].

One of the most promising types of plant raw
material for the introduction into medicine is birch
bark, which accumulates in logging areas after log-
ging and at woodworking enterprises as a result of
debarking wood and has no industrial application
[7]. Birch bark contains valuable BAS: triterpenoid
saponins, tannins, flavonoids, coumarins, terpe-
noids, etc. [8—10]. Since betulins and extracts ob-
tained from birch bark exhibit a wide range of bio-
logical activity [10—12], the research of a number of
domestic and foreign scientists is aimed at finding
ways to increase the yield of BAS from birch bark
[2, 7, 13], which emphasizes the relevance of this
study.

AIM OF THE RESEARCH

To study the dependence of the yield of BAS from
birch bark on the methods of its grinding in disk,
three-roll ring and ball mills.

MATERIALS AND METHODS

The objects for the study were samples of birch
bark (the outer part of the bark) of silver birch (Bet-
ula pendula Roth.) and downy birch (Betula pubes-
cens Ehrh.) of the birch family (Betulaceae), ground
up in a disc (knife) mill (sample 1), in a ball mill
(sample 2) and in a three-roll ring mill (sample 3).

The birch bark was ground up in a ball mill using
a centrifugal type activator, the AGO-2 mill. Steel
balls with a diameter of 6 mm were used as grinding
bodies, the loading of the balls was 200 g per 10 g of
the processed plant material, the calculated accel-
eration of the grinding bodies was 200-600 m/s,
the calculated processing intensity was 1 W/g, the
processing time was 30 min. Conditions for grind-
ing birch bark using a three-roll ring mill: rotation
speed was 900 rpm, temperature was 27—28°C,
pressure was 40 Hz, productivity was 1 kg of raw
material per hour. Birch bark was ground up on ball
and three-roll ring mills in the laboratory of the In-
stitute of Solid State Chemistry and Mechanochem-
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N3menbueHne OepecTbl Ha IIAPOBOU MEJIbHHUIIE
MPOBEJIEHO C UCIIOJIb30BAHNEM aKTHBATOPA IEHTOPO-
GexxHoro tuna — MeabHuIBl AI'O-2. B kauectse me-
JTIOITUX TeJT UCIOJIb30BAUCH CTAJIBHBIE IIAPhI JTAA-
MeTpoM 6 MM, 3arpysKa I1apoB — 200 T Ha 10 T 00-
pabaThIBaeMOTO BEIECTBA, PACUETHOE YCKOPEHUe
MEJIIOIIUX TeJl — 200—600 M/c, pacueTHass MHTEH-
CUBHOCTH 00pabotku — 1 Bt/r, Bpemsa o6paboTku —
30 MUH. YCJIOBUS U3MeJIbUeHUsT OepecThbl ¢ UCIIOJIb-
30BaHHEM TPEXBAJTKOBOH KOJIBIIEBOH MEJIbHUIIBI:
CKOPOCTB BpallleHusA — 900 00./MUH, TeMIepaTypa —
27—28 °C, pmaBienue — 40 [, TpOU3BOAUTENTH-
HOCTb — 1 KT ChIpbsi/4. VI3menbueHune GepecThl Ha
IApOBON M TPEXBAJIKOBOW KOJIBIIEBOM MEJIHHUIIAX
MIPOBOMIMJIH B JJabopaTopuu VIHCTUTYTa XUMHUHU TBEP-
qmoro tena u MmexaHoxumuu CO PAH (Axkamemropo-
JI0K, T. HoBocHOMpCK), HAa IUCKOBOW MEJIBHUIIE — Ha
MeJIbHHUIIE «IJKCUEIBCHOP», IUPOKO IIPUMEHAEMOMN
B (hapMaIieBTHUeCcKOM ITpou3BoicTBe. OCHOBHOM Jie-
TaJIBIO JITAHHON MEJTbHUIIBI SBJISIOTCS IBA BEPTUKAJIb-
HO YCTAHOBJIEHHBIX JINCKA, OTUH U3 KOTOPBIX Bpalia-
€TCsT CO CKOPOCThI0 250—300 00./MuH. [IoBepXHOCTH
JINCKOB TIOKPHITA MEJKUMHU 3yOIlaMu, PacIoJIOKeH-
HBIMH IT0 OKPY?>KHOCTH TaKUM 00pa3om, 4To0bI 3y0ITbI
JIBIDKYITIETOCS IFICKA TIOTIA/IAIN B IIPOMEKYTKU MeK-
Jly 3yOIIaMUu HETTOABMKHOTO TUCKA. [Ipou3BOIUTEIb-
HOCTb IIPU IUAMETPE IUCKOB 400 MM — JI0 50 KI'/d.

Onucanre BHEIIHUX IPU3HAKOB, Mopdosoruye-
CKHeEe U MUKPOCKOIIUECKHUE UCCIe0BAHMUSA, OIIpeie-
JIeHUEe BKCTPAKTUBHBIX BelllecTB (MeTos 2), BIa’KHO-
CTHU TIPOBOJIWJIN B COOTBETCTBUU ¢ ['ocy1apcTBEHHOM
dapmaxkomeeit (I'®) XIV [14].

MUKPOCKOTIUYECKHE KCCIENOBAHUSA TPOBOIIN
Ha MHKPOCKOIIE ITPOXO/ISIIETO M OTPAKEHHOTO CBETa
Axioskop 2 plus (Zeiss), nudponast kamepa AxioCam
HRc (Zeiss), mporpammuoe obecieuenne AxioVision
(Zeiss). OtnenbHBbIE (PparMeHTHI UCCIEOBAHUI BBI-
IIOJTHEHbI HA JIIOMHHECIEHTHOM  MHKPOCKOIIE
SteREO Lumar.Vi2 (Zeiss), nudpoBas kamepa
CoolSNAP fx ¢ mporpaMMHBIM oObecredeHueM
WinView 32 (Roper Scientific) u Ha kKoHpOKaTbHOM
CKaHUPYIOIIIEM Jia3epHOM MHUKpockone LSM-510
Mera (Zeiss) mpu yBeslnueHUH 10 600 pa3 B IIPOXO0-
JIAIEM cBeTe B VIHCTUTYTE IIUTOJIOTUH U T€HETHUKU
CO PAH (AkazeMropoiok, . HoBocubupck).

AHaM3 KOMIIOHEHTHOTO COCTaBa, KOJUYECTBEH-
Horo cojiep:kanus BAB mposezieH ¢ nomotbio dap-
MAaKOIIEHHBIX METOAUK B cooTBeTcTBUH ¢ I'D XIV [14].

PE3YJIBTATDBI 1 OBCY2KIEHUE

CpaBHUTEJIPHBIN BU3YIBHBIA aHAIN3 00Pa3IoB
GepecThl, U3MEJIbUEHHBIX Ha JAUCKOBOH MEJIbHUIIE
(obpaszerr N@ 1), mapoBoi MmesbHuUIE (00pazer; NO 2)
U TPEXBAJIKOBOU KOJIBIIEBOU MeJibHUIE (0Opasery

istry (Akademgorodok, Novosibirsk), on a disk mill
— on the Excelsior mill, widely used in pharmaceu-
tical production. The main part of this mill is two
vertically mounted disks, one of which rotates at a
speed of 250—300 rpm. The surface of the disks is
covered with small teeth arranged around the cir-
cumference so that the teeth of the moving disk fall
into the gaps between the teeth of the stationary
disk. Productivity with a disk diameter of 400 mm
was up to 50 kg/h.

Description of external signs, morphological and
microscopic studies, determination of extractive
substances (method 2), humidity were carried out in
accordance with State Pharmacopoeia of Russia
[14].

Microscopic studies were carried out on the Ax-
ioskop 2 plus (Zeiss) transmitted and reflected light
microscope, the AxioCam HRc digital camera (Zeiss),
the AxioVision software (Zeiss). Individual frag-
ments of the studies were performed on the SteREO
Lumar.Vi2 luminescent microscope (Zeiss), the
CoolSNAP fx digital camera with the WinView 32
software (Roper Scientific) and on the confocal scan-
ning laser microscope LSM-510 Meta (Zeiss) at mag-
nification up to 600 times in transmitted light at the
Institute of Cytology and Genetics (Akademgorodok,
Novosibirsk).

The analysis of the component’s composition, the
quantitative content of BAS was carried out using
pharmacopoeial methods in accordance with the
State Pharmacopoeia of Russia [14].

RESULTS AND DISCUSSION

A comparative visual analysis of birch bark sam-
ples ground up in a disc mill (sample 1), a ball mill
(sample 2) and a three-roll ring mill (sample 3)
showed the influence of mechanical pretreatment of
raw material on morphological characteristics: birch
bark sample 1 is a mixture of pieces of birch bark of
various shapes, with a predominance of the fraction
passing through a sieve with holes in a diameter of
3 mm. The color of the pieces ranges from white,
light beige to beige-brown. The odor is faint, the taste
is peculiar, slightly astringent. Birch bark sample 2 is
a dense dark brown powder with a predominance of
a fraction with a particle size of 0.3 mm, with a faint
odor and a bitter astringent taste. Birch bark sam-
ple 3 is a dense brown powder with a whitish hue,
with a predominance of a fraction with a particle size
of 0.3 mm, with a faint odor and a bitter astringent
taste (Fig. 1).

Microscopic examination of ground up birch bark
samples revealed that the cell structure was not dis-
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No 3), mokasas BJIUsIHHE MEXaHUYECKOU mpeaobpa-
OOTKHU CBIpbsI HA MOP(OJIOTHYECKe TPU3HAKH: 00-
paser 6epectsl NO 1 mpezcTaBiisieT co60H cMeCh Ky-
COUKOB OepecThl pa3IudHOu GOPMBI, ¢ ITpeobiiaaa-
HueM QpaKIUU, IPOXO/ISIIEH CKBO3b CUTO C OTBEP-
CTUSMU AuaMeTpoM 3 MM. I[BeT KycoukoB oT 6eJ10ro,
CBeTJIO-0e3KeBOTO 10 0OeKeBO-KOPUYHEBOTO. 3arax
c1abbIl, BKyC CBOEOOpa3HBIH, clerka BKyui. O6-
paserr 6epectbl N2 2 mpejicTaBiasieT cCOO0H IIOTHBIH
TEMHO-KOPHUYHEBBI IIOPOIIOK C IIPeobJialaHueM
(dpaxiuy ¢ pazmMepoMm YacTHIl 0.3 MM, €O CJ1aObIM 3a-
[IaxOM M TOPHKOBATHIM BSIXKYIITUM BKycoM. OGpasery
Gepecthl N 3 — IUIOTHBIN KOPUYHEBBIN IIOPOIIOK C
OeslecbIM OTTEHKOM, C IIpeobiiasianueM (ppakiuu ¢
pasMepoM uactuil 0.3 MM, CO CJIabbIM 3amaxoM U
TOPBKOBATHIM BSIKYIIIUM BKycOoM (pHc. 1).

I[Ipy MHUKDPOCKOIIMYECKOM HCCJIEIOBAHUU W3-
MeJIbYEHHBIX 00pasIoB OepecThl OBLIO yCTaHOBJIE-
HO, 4TO B 00pasue NO 1 kyleTouHasI CTPYKTypa He Ha-
pyllleHa: Ha MPOOJIBHOM cpe3e GepecThl Haboa-
IOTCST TPO3E€HXUMHBIE KJIETKH C 3a0CTPEHHBIMU KOH-
[IAMHU U YTOJIIEHHBIMU cTeHKaMH (puc. 2, A). B Y-
cBeTe OTMeuaeTcss cOOCTBEHHOE CBEUYEHHE KJIETOY-
HBIX CTEHOK, YTO OOBACHSIETCS MPUCYTCTBHEM B HUX
BemecTB (peHOSbHOU HPHUPOAbl (T0rbeHOTIbHbIE
coenmHenwus) (puc. 2, B, C). B o6pasmnax Ne 2 u 3 npu
CBETOBOU MUKPOCKOIIUY HaboaoTes 6echopmeH-
Hble (pparMeHThHl MaTEPUH, UYTO CBUETEIHCTBYET O
paspyllIeHnun CTeHOK KIeToK (puc. 2, D, G). IIpu Ha-
OJIIO/IEHNH TeX 2Ke IpernapaToB B YO-cBeTe ycTaHOB-
JIEHO, YTO CBETSTCS He TOJIbKO (parMeHThl KJIETOU-
HBIX cTeHOK (puc. 2, F, I), HO u BKJIIOUYAOIIAA UX
KuAKOCTD (puc. 2, E, H), yTo roBopuTt o TOM, uTO de-

turbed in sample 1: prosenchymatous cells with
pointed ends and thickened walls were observed on
the longitudinal section of birch bark (Fig. 2, A). In
UV light, the cell wall’s luminescence is noted, which
is explained by the presence of substances of a phe-
nolic nature (polyphenolic compounds) in them
(Fig. 2, B, C). In samples 2 and 3, shapeless frag-
ments of matter are observed under light microsco-
py, which indicates the destruction of the cell walls
(Fig. 2, D, G). When observing the same prepara-
tions in UV light, it was found that not only frag-
ments of the cell walls glow (Fig. 2, F, I), but also the
liquid that includes them (Fig. 2, E, H), which indi-
cates that phenolic compounds are washed out of the
destroyed cell walls.

The moisture content in the birch bark samples
does not exceed 3%: for sample 1, it is 2.65 + 0.05%,
for sample 2 it is 2.10 + 0.04%, for sample 3 it is
2.70 + 0.07%.

In the comparative analysis of the content of
extractive substances in the studied birch bark
samples, a number of extractants were used as
solvent: purified water and ethyl alcohol of vari-
ous concentrations (96, 80, 70, 40, 20 and 10%).
A comparative analysis of the yield of extractive
substances, depending on the extractant used,
showed that 80% ethyl alcohol is the best for all
the studied samples. The content of extractive
substances for sample 1 is 29.96%, for sample 2 is
36.85%, for sample 3 is 30.88%. The highest yield
of extractive substances was established for a
sample of birch bark ground up in a ball mill
(sample 2) (Fig. 3).

Puc. 1. BiiusHue MeTOI0B n3MeIbueHus Ha MOP(OJIOTHUECKYIO CTPYKTYPYy 06pasios 6epectsl: A — obpaser] NO 1,
M3MeJIbYEeHHBIN Ha IUCKOBOU MeJibHMUIlEe; B — 06paser N2 2, n3aMesibueHHbIN Ha IaPOBON MEIbHUIIE;
C — obpaser; N 3, u3mMeIpYeHHBIH Ha TPEXBAIKOBOU KOJIBIIEBON MEJIbHUIIE
Fig. 1. The influence of grinding methods on morphological structure of birch bark samples: A — sample 1,
ground up in a disc mill; B — sample 2, ground up in a ball mill; C — sample 3, ground up in a three-roll ring mill
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Puc. 2. ®parMeHTH MUKPOCKOITUYECKOH CTPYKTYPHI 06pasios 6epectbl. O6paser; N 1 (A, B, C), o6pazer; N2 2 (D, E, F),
obpazer; N2 3 (G, H, I) (A, D, G — cBeroBoi Mukpockon; B, E, H — JIloMUHEeCIEHTHBI MHKPOCKOIT;
C, F, I — KoOHQOKIBHBIN CKAHUPYIOIINH JIa3ePHBIA MUKPOCKOI). A, B, D—I — yBenmuenue x400, C — x600
Fig. 2. Fragments of the microscopic structure of birch bark samples. Sample 1 (A, B, C), sample 2 (D, E, F),
sample 3 (G, H, I) (A, D, G — light microscope; B, E, H — fluorescent microscope; C, F, I — confocal scanning laser
microscope). A, B, D-1 — magnification x400, C — magnification x600
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HOJIBHbIE COETUHEHMsI BHIMBIBAIOTCS U3 Pa3pyIleH-
HBIX KJIETOUHBIX CTEHOK.

CojiepskaHue BJary B HCC/IEIyeMbIX 00pasiax be-
pecThI He TIpeBbImIaeT 3 %: 11 obpasma N2 1 0HO co-
craBysieT 2.65 + 0.05 %, jya obpasma N 2 —
2.10 + 0.04 %, /15 obpasna N2 3 — 2.70 + 0.07 %.

[Ipu cpaBHUTETLHOM aHAIU3E COJIEPIKAHUS DKC-
TPaKTUBHBIX BEIECTB B UCCIIETyeMbIX 0Opasnax be-
pecThl B KauecTBe SKCTPAreHTOB UCIIOJIb30BAIA P/
PacTBOpDHUTEJIEHN: BOAY OUMIIEHHYIO U CIUPT STHUJIO-
BBIM pa3yIMYHON KoHIeHTpamuu (96, 80, 70, 40, 20
u 10 %). CpaBHUTEIbHBIN aHAIN3 BBIX0O/]a DKCTPaAK-
THUBHBIX BEIECTB B 3aBUCUMOCTH OT HCII0JIH3YEMOTO
SKCTpareHTa IMoKa3aJl, YTO HAWJIYUIIIUM JIJIs BCEX UC-
caeyeMbIX 00pasIoB ABJsgeTCs 80% CIOUPT BTHUIIO-
BbIH. CoJleprkaHre SKCTPAKTUBHBIX BEIECTB /IS 00-
pasna N2 1 — 29.96 %, mis obpasna Ne 2 — 36.85 %,
Jutst obpasma Ne 3 — 30.88 %. HaubosibIiuii BBIXO/T
SKCTPAKTHUBHBIX BEIIECTB YCTAHOBJIEH /IS 0Opasia
OepecThl, U3MEJIbYEHHOTO B IIAPOBON MEJIbHUIIE
(o6paszer; Ne 2) (puc. 3).

IIpu npoBeaeHun o0OIIET0 (GHUTOXUMUUECKOTO
aHaJIM3a B HCCIEAyeMBIX oOpasiax OepecThl ycTa-
HOBJIEHO MPUCYTCTBUE TPUTEPIIEHOBHIX CATTOHUHOB,
TUPOKCUKOPUYHBIX KHCJIOT, KyMapHHOB, JyOWIb-
HBIX BeIllecTB (IPeuMyIEeCTBEHHO TUJIPOIU3yEeMOU
rpyunsl). ITo cocraBy ocHOBHBIX Tpynn BAB uccie-
JlyeMble 00pasIbl 6EPECThI HE Pa3INYATHUCh.

CpaBHUTEJIPHBIA aHAJIU3 BJIUSHUS METOJIOB W3-
MeJibueHusT OepecThl Ha BbIX0o BAB 13 Hee BBIABUI,

During the general phytochemical analysis, the
presence of triterpene saponins, hydroxycinnamic
acids, coumarins, tannins (mainly of the hydrolyz-
able group) was found in the studied birch bark sam-
ples. The studied birch bark samples did not differ in
the composition of the main groups of BAS.

A comparative analysis of the effect of birch bark
grinding methods on the yield of BAS from it re-
vealed that the smallest amount of BAS is extracted
from birch bark samples ground up on a disc (knife)
mill, the largest — from samples ground up a ball
mill, and samples ground up on a three-roll disc mill
occupy an intermediate position (Fig. 4). Micro-
scopic studies of ground up birch bark samples
showed that particles of raw material of sample 1
passing through a sieve with a hole diameter of
1 mm or less retain their cellular structure (see
Fig. 2, A). It is known that the extraction of plant
objects (birch bark in particular) in order to isolate
BAS is a mass-exchange process complicated by the
capillary-porous structure of objects, and the yield
of bioactive agents is directly dependent on the par-
ticle size of the raw material [4]. The cellular struc-
ture of samples 2 and 3 is broken (Fig. 2, D, G),
which explains the greater yield of BAS from them
(see Fig. 4).

The highest yield of BAS was noted for birch bark
samples ground up in a ball mill. When grinding
plant material in ball mills — under conditions of in-
tensive mechanochemical action (crushing, abrasion

40 =@=—O6paser; N2 1 / Sample 1
X
w & 35 =fll= OGpazen NC 2 / Sample 2
. Q
é 5 30 O6pasen N2 3 / Sample 3
o8
% 2% o5
82
g %2
s.g% 207
SE:
SEE 15
< =
&2 10 -
5E
=t
E 5-
&)
o T T T T T T
BO C3 Ca C3 C3 C3 Cca
PW EA EA EA EA EA EA
10% 20% 40% 70% 80% 96%

Akcrparent / Extractant

Puc. 3. /[uHaMuKa cofiepKaHusl SKCTPAKTUBHBIX BEIIECTB B 06pasiax 6epecTsl B 3aBUCUMOCTH OT METO/IOB
ee U3MeJIbYEHMsI U UCII0JIb3YEMOT0 SKCTpareHTa (B %, B mepecuere Ha abCOJIIOTHO-CYXOE ChIPBE;
BO — Boza ounienHasi; C9 — CIIUPT STUTOBBIH)
Fig. 3. Dynamics of the content of extractive substances in birch bark samples depending on the grinding methods
and the extractant used (%, in terms of absolutely dry raw material; PW — purified water; EA — ethyl alcohol)
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4YTO HamMeHblllee KoanuecTBO BAB u3sByiekaercsa us
00pasioB 0OepecTbl, M3MeJIbYEHHBIX Ha IMCKOBOM
(HOKEBOIT) MesTbHUIlE, HAaUOOJIbIIIee — U3 00PA3IIoB,
U3MeJIbUeHHBIX Ha IApOBOW MeJIbHUIIE, a 00pasIlbl,
U3MeJIbYeHHbIEe Ha TPEXBAIKOBOH AMCKOBOH MEIbHU-
1le, 3aHUMAIOT ITPOMEKYTOUHOE T0JIOXKeHHe (PHC. 4).
MUKpPOCKOITUYECKHE HCCIIEIOBAaHUS U3MeTbUeHHBIX
00pasioB GepecThl MOKA3a/d, YTO YACTHUIBI CHIPbS
obpastia N 1, mpoxozIue CKBO3b CUTO C AUAMETPOM
OTBEPCTUH 1 MM U MEHee, COXPaHSIOT CBOIO KJIETOY-
HYIO CTPYKTYPY (cM. puc. 2, A). I3BeCTHO, UTO 3KCTpa-
TMPOBAaHME PACTUTEIBHBIX OOBEKTOB (OepecTsl B
YaCTHOCTH) C IeJIbI0 BhIesienuss BAB sBisercsa mac-

A
4.5

Conep:xanue, %
Content, %

and impact) — high rates of load changes on the raw
plant material are realized, while the structure and
texture of the material undergoes radical changes —
the cell walls of not only parenchymal cells, but also
cells of mechanical tissues are destroyed. Changes
are observed not only in the anatomical and morpho-
logical structure of the ground up plant material, but
also in the structure of polymer compounds (poly-
phenolic substances). There is an increase in excess
free energy, a break of intermolecular bonds that sta-
bilize the supramolecular structure, a change in the
valence angles and intermolecular distances of poly-
mer chains, a weakening of crystallinity (mechano-

B Kymapussl
Coumarins

B TUAPOKCUKOPUYHBIE KUCIOTHI
Hydroxycinnamic acids

B 1y6uiabHBIE BEIleCcTBa
Tannins

O6pazert N2 1 O6paszert N2 2 O6paser N 3

Sample 1 Sample 2 Sample 3
B
50.0 -
40.0
X
gixsao-
23
&3
g8 200
S
&)
10.0 -
0.0 -
O6paser N2 1 Ob6paszer; N2 2 Ob6paser N2 3
Sample 1 Sample 2 Sample 3

Puc. 4. JluHaMuKa CoJiep:KaHIs OCHOBHBIX IPYIIIT OHOJIOTHYECKH aKTHBHBIX BEIIECTB B 00pasiax 6epecTsl
B 3aBHCHMOCTH OT METO/IOB ee u3MesibueHus (B %, B mepecyere Ha abCOIIOTHO-CYXO0€ ChIPbe):
A — KyMapuHBI, THAPOKCHKOPUYHbIE KUCJIOTHI U {yOUJIbHbIE BELECTBA; B — TpUTEpIIEHOBbIE CATIOHUHBI
Fig. 4. Dynamics of the content of the main groups of BAS in birch bark samples, depending on the grinding methods
(%, in terms of absolutely dry raw material): A — coumarins, hydroxycinnamic acids and tannins; B — triterpene saponins
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COOOMEHHBIM ITPOIIECCOM, OCJIOKHEHHBIM KaIlMJI-
JIIPHO-TIOPUCTOH CTPYKTYpOH OOBEKTOB, WU BBIXO]
BAB HaxojiuTcsl B IPSAMOM 3aBUCHMOCTH OT pa3Mepa
JacTull ceIpbs [4]. KieTouHnas cTpykrypa 06pasion
N¢ 2 u 3 mapymrena (puc. 2, D, G), 94To 1 06bsACHsIET
OosipIuE BhIXo/ 13 HUX BAB (cm. puc. 4).

HaubGospmmii Beixon BAB ormeueH jisi oOpas-
110B GEPECThI, U3METbUEHHBIX Ha IIAPOBOM MEIbHU-
ne. [Ipu u3mMesIbueHnH pacTUTEIPHOTO MaTepraia B
[IaPOBBIX MEJIbHUIIAX — B YCJIOBUAX HHTEHCHBHOTO
MEeXaHOXHUMUYECKOTO BO3JAeHcTBUA (paszaBiinBa-
HUs, UCTUPAHUS U yiapa) — Pealn3yIoTcs OOJIbIIHe
CKOPOCTH U3MeHEeHUsI Harpy3KU Ha UCXOIHOE PaCTH-
TeJIbHOE ChIPhe, IIPU BTOM CTPYKTYPa U TEKCTypa Ma-
Tepuasia IpeTepIreBaeT paJuKaIbHble U3MEHEHUs —
Ppas3pyIIaTcs KJIETOYHbIE CTEHKU He TOJIHKO MTapeH-
XHMHBIX KJIETOK, HO U KJIETOK MEXaHHUYECKHX TKa-
Hel. l3MeHeHus HaOJIIOZAIOTCS HE TOJIBKO B
aHaTOMO-MOP(OJIOTUUECKOM CTPOEHUH U3MeJIbyae-
MOTO PaCTUTEJIHLHOTO MaTepuasia, HO U B CTPYKTYPe
IIOJTUMEPHBIX COeIMHEHUHN (0T EHOTBHBIX OKHC-
JISIEMBIX BellecTB). IIpOUCXOIUT yBeImYeHne U30bI-
TOYHOU CBOOOZHOHM SHEPTHH, Pa3PHIB MEKMOJIEKY-
JISIPHBIX CBs3€H, CTAOWIM3UPYIONIUX HAIMOJIEKY-
JIIPHYIO CTPYKTYPY, U3MeHeH!e BAJIEHTHBIX YIJIOB U
MEKMOJIEKYIAPHBIX PACCTOSHUM MOJUMEDPHBIX Ile-
meH, ocyrabyieHre KPUCTA/UTUYHOCTH (MEeXaHOXUMHU-
yeckas Je3uHTerpanusa) [2, 15]. OTUMH CTPYKTyp-
HBIMU U XUMHYECKUMU U3MEHEHUSIMHU U 00bSICHSIET-
¢s1 OOJIBIITNI BBIXO/T SKCTPAKTUBHBIX BelecTB 1 BAB
u3 obpasma NO 2, Tak KakK IIPU SKCTPArupPOBAHUM U3-
BJIEKAIOTCSI HE TOJILKO CBOOOZIHBIE I HU3KOMOJIEKY-
JISIpDHBIE TIPUPOJIHBIE COETMHEHUsI, HO U IOJHUMED-
HbIEe U paHee cBsA3aHHbIe BAB.

B ciyuae uzmesibueHust 06pa3IioB Ha TPEXBAJIKO-
BOU KOJIBIIEBOM MeJIbHUIIE Ha OepecTy B OCHOBHOM
BOB/IEHCTBYIOT YCWINS DPa3/laBJMBaHUSI U KCTHUPA-
HUs, T.e. IPOUCXOUT Oosiee «MsrKass o6paboTka»
Marepuasia, €CJIM CPAaBHUBATh C U3MEJbUEHHEM B
[IaPOBOU MeJIbHUIIE, OJTHAKO IIPHU 3TOM KJIETOUYHAs
CTpyKTypa obpasiia yrpauuBaeTcs, YTO TaKXKe BJIe-
YeT MOBBIIIIEHHE BbIX0/IA DKCTPAKTUBHBIX BEIECTB U
BAB 1tipu sKcTparupoBaHu# (CM. puc. 3, 4).

3AK/IDYEHUE

HpOBeﬂeHHbIe HCCIeg0BaHUA CBUAETEJIBCTBYIOT
O 3HAQUHUTE/JIBHOM BJIMAHHUHW METOJO0B H3MEJIbYCHHUA
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chemical disintegration) [2, 15]. These structural and
chemical changes explain the greater yield of extrac-
tive substances and BAS from sample 2, since during
extraction not only free and low-molecular-weight
natural compounds are extracted, but also polymer
and previously bound BAS.

In the case of grinding samples on a three-roll
ring mill, the birch bark is mainly affected by crush-
ing and abrasion forces, i.e., there is a more “soft
processing” of the material, if compared with grind-
ing in a ball mill, but the cellular structure of the
sample is lost, which also leads to an increase in the
yield of extractive substances and BAS during extrac-
tion (see Fig. 3, 4).

CONCLUSION

The conducted studies indicate a significant influ-
ence of grinding methods of birch bark on the yield
of BAS from it during further extraction. When using
grinding methods that do not lead to the destruction
of cell walls, the yield of BAS is limited by the capil-
lary-porous structure of birch bark. When using
grinding methods that cause the destruction of cell
walls, the greatest yield of BAS from birch bark is ob-
served in the case of using a more severe influence on
it, including not only the forces of abrasion, crush-
ing, but also impact.
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OGepectsl Ha BBIXOJ, BAB u3 Hee npu JayibHENIIIEM
SKCTparupoBaHuu. [IpW HCIOJIB30BAaHUHM METOOB
u3MeJIbueHns, He IPUBOJAIINX K Pa3pyIIEHUIO Kile-
TOUHBIX CTE€HOK, BbIX0/i BAB siuMuTHpyeTcsa Kamnui-
JIIPHO-TIOPUCTON CTPYKTypo#l Gepectbl. Ilpu wuc-
II0JIb30BAHUU METO/IOB HM3MeJIbUEeHUs, BbI3bIBAIO-
IUX pa3pyllIeHue KJIETOYHBIX CTEHOK, HANOOIbIITHHI
BbIX0/T BAB 13 GepecThl HabJIIOIa€TCS B CIydae Hc-
II0JIb30BaHUsA O0JIee JKEeCTKOTO BO3/IEHCTBUS HA Hee,
BKJIIOYAIOIIEr0 He TOJIBKO YCUJINSA UCTUPAHUA, pas-
JlaBJINBaHUsA, HO U yZapa.

Kou@uuKT nHTEepecoB. ABTOPHI 3asIBJIAIOT
00 OTCYyTCTBUY KOH(JINKTA UHTEPECOB.
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