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I/ICCﬂeHOBaHI’Ie TEXHOJOI'MICCKHUX MMPOUECCOB U3BJICUYCHUS
IKCTPAKTHBHBIX BELIECTB U3 0CMO-00€3BOKEHHOH SITOIHOM MPOXYKIIUH
Haranbst A. 'puboBa ' natali-g@bk.ru 0000-0002-8440-5325

1 Poccuiickuii skoHOMUYeckuii yHuBepcuteT nMenn I'.B. [lnexanora, CTpeMsHHBIH nepeyiok, 36, r. Mocksa, 117997, Poccus
AnHoTtanust. [Iporiecc 9KCTparupoBaHUs W3 PACTHTEIBHOTO CBHIPbSl SIBISIETCS BaXKHBIM TEXHOJIOTMYECKUM pELICHHEM B MHIIEBOM
HPOMBILUICHHOCTH JUTS OJIYYECHHS 9KCTPAKTUBHBIX BELICCTB, KOTOPBIC 00JIaJal0T MHHEPAIbHBIMY BEIIECTBAMY, OPrAHHMYCCKHUMH KHCIOTaMH,
(heHOJIPHBIMU BElIECTBAMH, NMEKTHHAMH, caxapaMH W BHUTaMHHaMu. Ha mpouecc 3KCTparupoBaHHMs BIHSIOT OCHOBHBIE (haKTOPBI — pasMep
PACTUTENBHOTO CBIPbS, €r0 NPOAODKMTENBHOCTE W TeMIepaTypHble pexuMbl. CerMEeHTHpOBAaHHE HMEET 3HAYMMOe 3HA4YeHHe JIs
9KCTparupoBaHus. IIpaBUIIbHBIA BEIOOp pa3Mepa IO3BOJIAET JIy4lle COXPAHHUTh KICTOUHYIO CTPYKTYpPY SroJ, AuU((Y3HOHHBIE IIPOLECCHI
HPOTEKAIOT ONTUMAIBbHO d(P(PEKTUBHO, IKCTPArupOBaHUE 3aMEAJIACTCS, U TIOMYYCHHAs BBITSDKKA COAEPIKUT MEHBIIE MEXaHUYECKHUX puMecet
1 nerde oummmaercs. TpaIUIMOHHBIM CIIOCOOOM I SKCTPardpOBaHHS PACTUTENBHOIO CHIPhS SBISIOTCS BOLHO-CIUPTOBBIE PACTBOPEL, HO
U3BJICYCHHE BOJIOPACTBOPUMBIX BEIIECTB MPOMCXOJUT YACTUYHO, a KAK M3BECTHO B SITOJJHOM ChIPbE NPEUMYIIECTBEHHO HpeobialaioT
BHTaMHHEI, caxapa, ()eHOIbHBIC BemecTBa. Hanboaee NOCTYIHBIM U S3KOHOMUYHBIM CPEJICTBOM IS SKCTParHpOBAaHUS SABISCTCS Boja. Ilpu
9KCTParupoBaHUHU BOJIOW B KOHEUHOM IPOJYKTE NPUCYTCTBYIOT BOJOPACTBOPUMBIE BEILECTBA, U HET JKMPOPACTBOPUMBIX. DKCTPArupoBaHUE OCMO-
CYLIEHBIX SIT0JI MPOBOAMIOCH BOJHBIM PAacTBOPOM IIPH Pa3HBIX TEMIEPATypHBbIX pexumax ¢ quanazoHamu 30-40 °C, 50-60 °C u 70-80 °C. Jns
OIIpeieNIeH s TPOJI0JDKUTEIBHOCTH SKCTPArupOBaHHS OCMO-CYIIEHBIX SO/l PyKOBOACTBOBAIMCH BBIXOJIOM CYXHX BEILECTB. Y CTAHOBIICHO, YTO
HanOonbIKKA BBIXOA CyXuX BemecTB u3 3emisiHuku (10,17%), manunbl (8,74%) u yepHoit cmopoaunsl (11,43%) naGmionaercs npu
temneparype skcrparupoBanus 50-60 °C u 70-80 °C ¢ mponomkurenbHOCThI0 8 — 12 uyacoB. Bpemsi sKcTparupoBaHHs ONUCHIBAETCS
HOJMHOMUAJIBHBIMU YPaBHEHUSIMH PErpeccHu 2-oif CTeNeHH. BbIiBIEHO, yTo Hamboubliee comepskaHue BuTaMuHa C oTMedaeTcsl NpU
Temneparype ¢ nuanazonoMm 50-60 °C skcrparupoBanus 36,7 mr/100 r skcTpakra, a mpu temmeparype ¢ auanazonom 60—70 °C coneprxanue
acKOPOMHOBOI KHUCJIOThI YMeHbIIIoch Ha 40%.

KirroueBble ¢10Ba: SKCTPAarnpoBaHie, OCMOTHYECKH 00e3BOKEHHAs!, 3EMIITHUKA CaZI0BAsl, MATMHA, YePHAst CMOPOINHA, TEMIICPATyPHBII PEXKUM.

Study of technological processes of extractive substances extraction
from osmo-dehydrated berry products
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Abstract. The process of extraction from vegetable raw materials is an important technological solution in the food industry for obtaining
extractive substances that contain minerals, organic acids, phenolic substances, pectin’s, sugars and vitamins. The extraction process is
influenced by the main factors - the size of the plant material, its duration and temperature conditions. Segmentation is essential for extraction.
The correct choice of size allows you to better preserve the cellular structure of the berries, the diffusion processes proceed optimally efficiently,
the extraction slows down, and the resulting extract contains less mechanical impurities and is easier to clean. The traditional method for
extracting vegetable raw materials is water-alcohol solutions, but the extraction of water-soluble substances occurs partially, and as is known,
vitamins, sugars, and phenolic substances predominate in berry raw materials. The most accessible and economical means for extraction is
water. When extracted with water, the final product contains water-soluble substances and no fat-soluble substances. Extraction of osmo-dried
berries was carried out with an aqueous solution at different temperature conditions with ranges of 30—40 °C, 50-60 °C and 70-80 °C. To
determine the duration of extraction of osmo-dried berries, the yield of dry matter was used. It has been established that the highest yield of
dry matter from osmo-dried strawberries (10,17 %), raspberries (8,74 %) and black currants (11,43 %) is observed at an extraction temperature
of 50-60 °C and 70-80 °C. With a duration of 8 — 12 hours. The extraction time is described by polynomial regression equations of the 2nd
degree. It was revealed that the highest content of vitamin C is observed at a temperature in the range of 50-60 °C, extraction of 36,7 mg/100 g of
extract, and at a temperature in the range of 60—70 °C, the content of ascorbic acid decreased by 40 %.

Keywords: extraction, osmotically dehydrated, garden strawberry, raspberry, black currant, temperature regime.

TUIO/IOBO-STOJTHOTO CBHIPBSI CYIIECTBEHHO BUJIOM3ME-
HSIFOTCS, TI09TOMY B TEXHOJIOTHH ITHIIEBBIX MPOH3-
BO/ICTB HCIIONB3YIOT BBITSDKKH (9KCTPaKThi) [4, 5].

[Ipomecc 3KCTpakIuu MPEACTABISIET CO0O0
U30MPaTENIbHOE M3BJICUCHHE OTIIEIBHBIX KOMIIOHEH-
TOB U3 CJIOYKHOTO TI0 COCTABY ChIPbsi TP MOMOIIH
pacTBopuTes (3KcTpareHTa), 00J1a1aroIero n3om-
paTeNbHONW PaCTBOPUMOCTHIO. DKCTparupoBaHUe
B CUCTEME «TBEPJOC TEJO — KHUIKOCTB» — OJUH
U3 BAKHEHIIUX TEXHOJOTHYECKHX IPOIECCOB,
HaIISIIHMX [HPOKOE PACIIPOCTPAHCHUE B MUILEBON
npoMEIIIeHHocTH [1, 7, 8].

BBenenune

[TpoaykThl nepepabOTKH, a UMEHHO PaCTH-
TEIILHOE CBHIPbE SIBJISCTCSA ICHHBIM HCTOYHHUKOM
OPraHMYECKHX BELICCTB ¥ B MEIIUIIMHE UCTIONB3YEeTCs
B JiedeOHO-TIpodmnakTiaeckux nessix [1]. K takum
HPOJYKTaM IepepadOTKH OTHOCSTCS U OCMOTHYC-
CKH 00E3BOYKEHHBIC STOJbI, KOTOPHIC 00JIaaaroT
BUTaMHHAM{, MHHEPAJIbHBIMU U OHOJIOTHYECKU
aKTHUBHBIMHM BelecTBamu [2, 3].

B mporiecce AIMTENHOTO XpaHEHUs Kade-
CTBEHHBIC IMOKA3aTEeIH TMPOMAYKTOB MEpPepadOTKH
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Uexanu H.P. u mp. yTBEepKIar0T, 4TO B IO-
CllelTHME TOIBl B IOJXOJAaX K CO3JaHUIO HOBBIX
NpEnapaToB M3 PAaCTUTEIBHOTO CHIPhs, HAMETHIINCH
TEHJICHIIMM K pa3paboTke pecypcocOeperarommx
TEXHOJIOTHH, YTO 00CCIeUMBACTCS MPHUMEHEHHEM
Pa3IMYHBIX IKCTPAreHTOB, CXEM M PEKUMOB IKC-
TpPaKIMH, UCTIOJIb30BAHUEM aIllapaTyphbl, IO3BOJIS-
IOLLEH B 3HAYUTENILHON CTEIIEHU YBEJINYUTh BBIXOJ
IKCTPAaKTHBHBIX U JEHCTBYIOMIHX BemiecTs [9].

CopnepkaHie SKCTPAKTHBHBIX BEILECTB SIBIISI-
€TCs O/THOM U3 BAYKHBIX XapaKTEPUCTUK, KOTOPAs 1aeT
BO3MOKHOCTh YCTQHOBHTH KadeCTBO OSKCTPAKTa,
HOJTy9aeMOT0 U3 PaCTUTEIBEHOTO ChIphs. V3BecTHO,
YTO MPOIIECC U3BIECYCHUS SKCTPAKTUBHBIX BEIIECTB
3aBHCUT OT psiAsl (aKTOpPOB, TAKUX KaK pasMep
CBIPBSI, IPOIOJKUTEIBHOCTD SKCTPAKIIUK U TEMIIe-
parypa [1, 10, 11].

CerMeHTHpOBaHHE UMEET 3HAYMMOE 3HAUCHHE
JUTs OKCTparupoBaHusl. Kak MOKa3bIBalOT JIMTEpaTyp-
HbIC MCCIICIOBAHMs MPABUIBHBIA BHIOOp pa3Mepa
MO3BOJISIET JIy4Ille COXPAHUTh KICTOYHYIO CTPYK-
TypYy Arof, TuPQPy3nOHHBIE MPOLECCH MPOTEKAIOT
onTUMaNbHO 3(h(HEeKTUBHO, SKCTParHPOBaHUE 3aMe]T-
JIIETCSI, Y TIOJTyUCHHAS BBITSDKKA COJICPKUT MEHBIIIE
MEXaHHUYECKHX TIPUMECEH 1 JIeTde OUMIIACTCS.

W3BeCcTHO, YTO Ype3MEPHOE H3METbYCHHUE
ceipbs (0,1 cM) MPUBOAUT K CIIEKHMBAHUIO U3 UETO
CIIE/IyeT, YTO 3KCTpareHT (pacTBOPHUTEND) Yepes
TaKyl0 Maccy OyAeT HpPOXOAWTh OYEHb IUIOXO.
CMIIKOM MEJIKOe M3MelbueHue (Ppakuuu pe3ko
YBEIIMYMBACT KOJMYECTBO PA3OPBaHHBIX KJIETOK, YTO
NPHUBOJUT K BEIMBIBAaHUIO COIT TCTBYFOLIMX BEIIECTB,
3arpsI3HSIOLIMX BBITSKKY (OCNTKH, NEKTHHBI, MOJIH-
MEpbI U JIp.), B IKCTPAreHT MEPEXOIUT OOJIbIIOE
KOJIMYECTBO B3BemIeHHBIX wactuil [12-17]. B pe-
3yJIbTaTe BBITSDKKH MOJYYaIOTCS MyTHBIC, TPYIHO-
ocserisiembie [12, 18-21] u dpunbTpyembie, a npu
Oornee KpynTHOM H3MeTbYeHNH (CBBIIIE 1 cM) TIepexon
OMOJIOTMYECKH AKTUBHBIX BEIIECTB — AHTHOKCH-
JTAaHTOB OYJET HETOCTATOYHBIM.

TpaauIMOHHBIM CIOCOOOM IS SKCTParupo-
BaHHS PACTHTEIBLHOTO CHIPBSI SIBIISTFOTCS BOHO-CITHP-
TOBBIE PACTBOPBI, HO M3BJICUECHHE BOJIOPACTBOPUMBIX
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BEIIECTB MPOUCXOANT YaCTUYHO, a KAK MU3BECTHO
B SITOTHOM CBIPhE MPEUMYIIIECTBEHHO IMPeoOIanaroT
BUTaMUHBI, caxapa, ()eHOIbHBIE BEeIECTBA.

HaubGonee mOCTYmHBIM ¥ 3KOHOMUYHBIM
CPEICTBOM JIJIsl 3KCTPArupPOBaHUs SIBISAETCS BOJA.
IIpu skcTparupoBaHUM BOJOH B KOHEYHOM IPOJYKTE
MIPUCYTCTBYIOT BOJIOPACTBOPUMBIE BEIIECTBA, U HET
JKAPOPacTBOPUMBIX. [103TOMy B KauecTBe SKCTpareHTa
WCTIONB30BANI MTUTHEBYIO BOIY COOTBETCTBYIOIIAS
tpedoBarmsim TP EADC 044/2017.

Ha nepBom 3Tane mpon3BoAnIz 3KCTparupoBa-
HUE OCMO-CYIICHBIX STOJ[ 3€MJISTHUKH, MAaJUHBI,
YepHOW CMOPOJIMHBI BOAHBIM PaCTBOPOM TIPH Pa3HBIX
TeMIIepaTypHbIX pexumax c auanazoHamu ot 30 °C
mo 40°C, or50°C mo 60°C mor 70°C gmo
80 °C. 13BecTHO, UTO TP BHICOKOH TeMIepaType
(6oee 80 °C) yckopsieTcst mpoIecc IKCTParupoBa-
HUS, HO Takas TeMIepaTypa OTpULATebHO BIHUsET
Ha IIEHHBIE BEIIeCTBa dKCTpakTa. [loaToMy, OCHOB-
HBIM KpUTEPHEM TIPH OIIPEJICIICHUH OIITUMAITEHOTO
BPEMEHHU IKCTPAarupOBaHMsl ABIAETCS COXpaHEHHE
ACKOpOMHOBOM KHUCIIOTHI.

OcMo-cymieHbIe STOABI 3AMBATN BOIJHBIM
pacTBOpoM B cOOTHOmIeHMH 1:5, HactaWBaiau B
TeyeHre 12 4acoB, IEpUOTNICCKH TIEPEMEIIINBAIH.
Ilocne sKcTparupoBaHus OTIACISIIHN KHUIKYIO (aszy
(HacTo) OT AT/ M ONMPEACISIIA BHIXO/] IKCTPAKTA.

[nsa ompeneneHus TPOAOIKUTENBHOCTH
9KCTPAarupoOBaHMUs OCMO-CYIIEHBIX Sr0Jl pyKOBOJ-
CTBOBAJIUCH BBIXOZIOM CYXHX BEIIECTB U3 Tepepa-
OotaHHON mpOAyKIWU. M3MepeHus MPOBOIUIN
pedpaKTOMETPHUUECKIM METOIOM 4Yepe3 KaxIble
nBa yaca. OnTuManbHOE BpeMsl SKCTParupOBaHHS
OTIPEIETISUIA TI0 MAaKCHUMAaJIbHOMY BBIXOIY CYXHX
BeIeCTB (PUCYHOK 1).

Kak BHAZHO #3 TIONY4YEHHBIX JaHHBIX,
HanMOONBIINI BBIXOJ CYXHX BEIIECTB B MpoIiecce
3KcTparupoBanus u3 srox (9,74-12,45%) nabaro-
nmaercst pu temneparype 70-80 °C, mpoaomku-
TEIBHOCTh cOoCcTaBiseT B 1,3-1,6 pa3a MeHbllIe, UeM
[IPU MEHBIIUX TEMIIEPATYPHBIX PEKUMAX.

uepHas cmopoauna | black currant

PI/ICyHOK 1 Bnusaue MMPOAOJLKUTCIIBHOCTU OKCTpAarupoBaHus Ao Ha BbIXOJ SKCTPAKTUBHBIX BCHICCTB
Figure 1. The effect of the duration of extraction of berries on the yield of extractive substances
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OIMCBIBACTCSA
perpeccuu

Bpewms
MOJTMHOMHUATBHBIMH
2-0i1 CTCTIICHH:

— 7S 3EMJISIHUKH CaZloBOM (PUCYHOK 2):

9KCTparupoBaHus
YPaBHEHHUSAMHU

mpu Temreparype 30-40 °C ys3 = -0,3002
x?+3,117 x + 0,315 (R* = 0,992)

mpu Temmeparype 50-60 °C y, = -0,3054
x%+3,0915 x + 2,536 (R? = 0,99332)

npu temmeparype 70-80°C y; = -0,2161
x?+2,3236 x + 5,056 (R*=0,98911)

— 7S MaJNuHB! (PHCYHOK 3):

npu Temreparype 30-40°C ys;= -0,1436
x?+1,6784 x + 2,108 (R* = 0,9493)

mpu Temmeparype 50-60 °C y, = -0,1034
x>+ 1,3712 x + 4,389 (R? = 0,9318)

npu Ttemmeparype 70-80°C y; = -0,1034

x®+1,3712 x + 5,389 (R* = 0,9318)
— IS YepHOI CMOPOIUHEI (PUCYHOK 4):

npu Temmeparype 30-40 °C y; = -0,375 x* +
3,6893 x + 0,24 (R? = 0,9847)

npu Temmeparype 50-60 °C y, = -0,4087
x% +4,0795 x + 1,561 (R? = 0,9829)

npu Ttemmeparype 70-80°C y; = -0,3373
x*+ 3,351 x + 4,361 (R* = 0,9937)
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Pucynok 2. TIpupocT CyXuX BEHISCCTB B 3EMIITHHUKE
CazioBOM B MPOLIECCE IKCTpArupoBanus, %

Figure 2. The increase in dry matter in strawberries in
the process of extraction, %
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Pucynok 3. IlpupocT cyXux BEIIECTB B MajHHE B
npotiecce 3KcTparuposanusi, %

Figure 3. The increase in solids in raspberries during the
extraction process, %
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Pucynok 4. TIlpupoct cyxux BelecTB B YepHOM
CMOpOJIMHE B IpoIiecce IKCTparupoBanus, %

Figure 4. The increase in solids in blackcurrant during
the extraction process, %

Ha pucynke 5 npeicTaBieHsl TaHHBIE 110 W3-
MEHEHUIO coziepkaHnio BuTamuHa C B 3aBHCHMOCTH
OT TeMIIEPaTyPbl SKCTPAaruPOBAHHS.

HccnenoBanus mokasanu, 9To 3KCTPArHpo-
BaHne mpu Temmepatype 50—60 °C ormeuaeTcs
HauOonbiee conepkanue ButammHa C ot 25,9
no 90,2 mr/100 r skcrpakra. [Ipu Temmnepatype
ot 60 mo 70 °C coxmepxaHue acKOPOMHOBOU KHC-
JIOTHI YMEHbINUIOCH Ha 26,1 u 47,5%. 310 MOXHO
OOBSICHUTH TEM, YTO MpPU BBICOKOH TeMmIeparype
MIPOUCXOMIAT 3HAYUTENBHBIE TIOTEPH ACKOPOHHOBOM
KUCITOTHI U UCTIONTB30BATh JTAHHBIN MapameTp TeMrie-
paTypHOTO pEeKMMa HE PEKOMEHIYeTCs, HECMOTPS
HA BBISBJICHHBIA 3HAYUTENBHBIA BBIXOJ CYXUX
BEIIICCTB MPH DKCTPArUPOBAHUH.

70-80°C # ¥ ManuHa

50-60°C | ‘ 3eMJISIHUKA
# canoBas

30-40°C -‘ ‘ ‘ B yepHas
E— cmopomHa

0 20 40 60 80 100
mr/100 r | mg/100 g

Pucynoxk 5. Comepxanne BuramuHa C B 3aBHCHMOCTH
OT TEMIIEPATYPHOI'0 PEXUMa DKCTPArMpOBaHUA OCMO-
CYIICHBIX ATOJ

Figure 5. Vitamin C content depending on the
temperature regime of extraction of osmo-dried berries

3akioueHne

VYCTaHOBIEHO, 4YTO ONTUMAJIbHOE BpEMS
SKCTpParupoBaHUs II0 BBIXOJY CYXHX BELIECTB
(o1 20,82 mo 25,07%) ocMO-CyIIEHBIX STOA TPH
temrmiepatype ot 50 10 60 °C 1 BbICOKOE COXpaHeHHe
ButamuHa C 1o 20,8 u 36,4% cocraBmio § 4acos.
ITosryueHHsblil TEMIIEPATYPHBINM PEKUM UL IIPOLIECCA
SKCTParupoBaHusl SIBUJICS HauOosee LIafslyM, CIIo-
COOCTBYET COXPaHEHHIO TEPMOCTAOMILHBIX COCITIHE-
HHH, KOTOpBIE MO/IBEPAKEHBI OBICTPOMY Pa3pyIICHHUIO
npu OoJiee BEICOKUX TeMIIepaTypax.
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