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AHHoTanus. B HacToAIIMI MOMEHT M3BECTHA PELENTypa MPOU3BOACTBA SIOIOYHOTO COKA, KOTOPast BKIIIOUAET CIEAYIOIIE OCHOBHBIE
STambl BBICBOOOXKAEHUS COKa M3 (pPYyKTa: MEXAHHMUYECKOE MIIM TMAPABINYECKOE MPECCOBaHUE, LEHTPUGYTUPOBAaHUE, TEPMHUUECKAs
00paboTKa, 3MEKTpoIIa3Monu3. bbuta mpeanokeHa M pacCMOTpEeHa albTepPHATUBHAS TEXHOJOTHS IOTYyYEHHS COKa METOJO0M
HpeIBapUTeIbHON 3aMOpO3Ke ChIpbs. B xoe uccnenoBaHus ObLI NPOBEAEH SKCIICPUMEHT I10 NPEIBAPUTENILHON 3aMOPO3KHU A07I0Ka
copta «DyKI» B XOJIOAUIBHOH KaMepe. PaccMoTpeHa ot MUKPOCKOIIOM CTpYKTypa (GpyKTa o 1 rocie 3aMOpo3KH. 3ahUKCHpOBaHO
BpeMsi, KOTOpOE ITOHaJ0OMIOCH IS JOCTHIKEHHS KPUOCKOIIMYECKOH TeMIIepaTyphbl BHYTPH IUI0JIA, M HCIIOJIB3Ysl JaTYNK TeMIIepaTyphl
«XH-W3001» 6pua 3adukcupoBaHa JaHHas Temmeparypa Ha oTMerke -4,5 °C. BEIiBIeHBI cHulbHBIE U cllabble CTOPOHBI JTaHHOM
texHosoruy: C KakAOTo KWIIOTpaMMa 3aMOpPOKEHHOTO ChIpbsi Bhimensiercss Ha 20-30% Oombmie coka. [l momydeHHs coka
MEXaHMYECKUM, THIPABIHMIECKIM IPECCOBAaHUEM HIIH IIEHTPH(YTHPOBAHUEM 3aTpadunBaeMasi MOITHOCTh YMEHBIIAETCS, TaK KaK CHlIa
JaBJICHHS IIPECCOM Ha sI0JI0KO MEHBIIE [0 CPABHEHUIO CO CTAHAAPTHBIM MeTo0oM. CKOpPOCTh HeHTpudyru tpedyeTcs Takke MEHbIIE.
YBenudeHne CpOKOB XPaHEHHS CHIPbS 3a CUET KOHCEPBALMK CIIOCOOCTBYET IIPOU3BOANTH COK BHE ce30Ha. Butamun C mpu 3amopo3ke
pa3pymaercs, 3TO SBISIETCS INIaBHBIM HEJOCTATKOM IO CPAaBHEHUIO CO CBEXEBBDKATHIM COKOM. Takoke M3-3a KOHTaKTa ()epMEHTOB
nonMQeHoNIoKcHAa3a ¢ KUCIOPOJIOM KOHEYHBIH MPOIYKT MOKET OBITH TEMHEe, YTO HUBEIHMPYETCs Ha Tale OCBETIICHUS S0J0YHOTO
coka. JlaHHasi TEXHOJIOTHSI XOPOIIO ITOKa3bIBaeT ceOs ISl IPOU3BOACTBEHHBIX JIMHUH 110 M3TOTOBICHUIO MPOIYKIHMH, TJie OCHOBHOM
yInop uIeT Ha ero 0e3omacHOCTb, a He Ha BUTaMHH C, KOTOpBIH [00aBiseTcs Ha IOCIENYIONIMX 3Tamax IO IIPOU3BOJACTBY
KOHIICHTPHPOBAaHHOI'O COKa, CHJIPa U JETCKUX TOBAPOB Ha OCHOBE A0JI0KA U €ro COKa.

KiiodeBble cj10Ba: 3aMOpO3Ka, S0JI0KO, SIOIOYHBIIN COK, CTPYKTYpa KIETKH, JIeH, TEMIIepaTypa.
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Abstract. Currently, a known apple juice production recipe includes the following key stages of juice extraction: mechanical or
hydraulic pressing, centrifugation, heat treatment, and electroplasmolysis. An alternative technology for juice extraction using pre-
freezing of raw materials was proposed and examined. During the study, an experiment was conducted with pre-freezing a Fuji apple
in a refrigeration chamber. The fruit's structure was examined under a microscope before and after freezing. The time required to reach
cryoscopic temperature inside the fruit was recorded, and using an XH-W3001 temperature sensor, this temperature was recorded at -
4,5°C. The strengths and weaknesses of this technology were identified: 20-30% more juice is extracted from each kilogram of frozen
raw materials. The energy required to extract juice by mechanical, hydraulic pressing, or centrifugation is reduced, since the pressing
force on the apple is less compared to the standard method. A lower centrifuge speed is also required. Extending the shelf life of raw
materials through preservation facilitates the production of off-season juice. Vitamin C is destroyed during freezing, which is a major
drawback compared to freshly squeezed juice. Also, due to the contact of polyphenol oxidase enzymes with oxygen, the final product
may be darker, which is mitigated during the clarification stage of the apple juice. This technology is well suited for production lines
where the primary focus is on juice safety, rather than vitamin C, which is added at subsequent stages in the production of concentrated
juice, cider, and children's products based on apples and apple juice.
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BBenenune

[Ipy mpOMBIIIIEHHOM MPOU3BOJACTBE SIOJIOY-
HOT'O COKa IPHUMEHSIOT HECKOJIBKO CIIOCOOO0B €ro 13-
BJIe4YeHUs U3 I1010B. IIpn MexaHn4eckoM wiu ruj-
pPaBIMYECKOM  IIPECCOBAHMM  SIOJIOKM  MOIOT,
WHCIIEKTUPYIOT M U3MEJIBYAIOT 10 ME3TH, KOTOPYIO
3aTeM MOABEPraloT CHABIUBAHHUIO UIS OTACICHHS
coka. lleHTpudyrupoBanue TakKe BKIIOYACT
MOHKY, COPTUPOBKY M APOOJICHHE IUIOAOB, IOCIE
Yero Me3ry MOAAI0T B IEKAaHTEPHI, TIe OHA pa3aess-
ercst Ha coK | TBEPABIN octarok [3]. lpu depmen-
TaTUBHOW 00pabOTKe Tepen MPECCOBAHWEM HIIH
HeHTpu(yTUpoBaHHEM B ME3Ty BHOCAT (epMEHT-
HBIE TIpEeNapaThl U BBIACPKUBAIOT €€ MPH 3aJaHHON
TeMIepaType: pa3pylieHHe MEeKTWHA JeNaeT Kile-
TOYHYIO CTPYKTypy OoJiee pBIXIION, UTO oOjerdaer
nocyeayoomiee oraeaeHue coka. Tepmuueckas 00-
paboTKa mpearoaraeT MmpeABapUTEIbHBIA HarpeB
CBIPbSl  C IOCHCAYIOUIMM OTHCJICHHEM KHIKOU
(asbl, a’MEKTPOIUIa3MOJIM3 — BO3JCHCTBHE Ha
ME3Ty JJIEKTPUUECKUM TOKOM, TTOCiIe KOTOPOTO COK
BBIIEsIETCS Jlerde [16, 17].

B nacrosmeit pabote nmpenmaraeTcs HCTIONb-
30BaTh TEXHOJIOTHIO TMOJIyYeHHUs SI0JOYHOrO COKa
MyTéM MpeABapUTENIbHON 3aMOpO3KH L1008 [10,
12—14]. Ilpu AOCTHKEHUU KPUOCKOTTUYECKON TEM-
NepaTypbl U HIKE B KJIETOYHOH CTPYKTYpe sI010Ka
MPOUCXOAUT 00pa3oBaHHE U POCT KPHUCTAIIOB
Tb/Ia, TPHUBOAALIMX K Pa3pylICHHIO KJIETOYHBIX
CTeHOK. B mporiecce mocienyromero paamMmopaxu-
BaHUs BHYTPHKJIETOYHOE COJAEPKUMOE, B TOM
YHCJIe COK, BEICBOOOKAAETCS, YTO MO3BOJISIET yBE-
JUYUTH €0 BBIXO/I.

Lesan padoThl — SKCIIEpUMEHTAEHOE OTIpe-
JeNICHHE PEXHUMHBIX NapaMEeTPOB MpPEaBapUTEIb-
HOW 3aMOpPO3KH sI0JI0K copTa «DymKi» U OlleHKa
W3MEHEHUH MUKPOCTPYKTYPBI MSIKOTH I1J10/1a, 00Y-
CJIOBJIMBAIOIMX MOBBIIIEHUE BBIX0/1a COKA IPH MO~
cieayomen nepepaboTke.

MaTepnanbl H METObI

Jis TOCTHXKEHUSI TEPeXOTHOTO COCTOSHHS
YKHUJIKOCTH BHYTPH MTPOIYKTA UCIOIH30BAJIACh XOJIO-
JITbHAS KaMepa M300pakeHHas Ha pucyHke 1 [4, 7].

SA6noko copra «Dymxm» ¢ HAYATBHON TEM-
nepatypoit 17 °C momernnaercss B TEIIOM30JIAPO-
BaHHYIO Kamepy 2. Paboraromuii BeHTUISATOP 3 WH-
TEHCU(PHULUPYET UUPKYIIILUIO XOIOIHOTO BO3LyXa
BOKpYT Hero. Mcnapurens 4 0TBOAUT TEIUIO, BBI3HI-
Bas KUIEeHUe xyaaarenta. Kommpeccop 5 komnpu-
MHUpYeT Mapbl XJanarenTa. B konnencarope 6 mpo-
HUCXOIMT  TemlooTnada U (a3oBbli  mepexon
XJIaJlareHTa B XKHUJKOE cocTosiHME. [[poccenuposa-
HHUE Yepe3 BeHTWIb 7 MOATOTABIMBAET XJIAareHT
K BO3BPAIICHHUIO B UCTIAPUTEND 4 1715l IPOIOTKEHUS
XoJIoAWJIbHOTO 1Kia [11; 6].
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Pucynok 1. Cxema X0JI0AHIBHOM KaMepsl
Figure 1. Refrigeration chamber diagram

Jns n3mepenust Temmneparypsl GpykTa Hc-
HOJB30BAJICA JIATYMK TSI M3MEPEHHs TeMIiepa-
Typbl «XII-W3001».

Pucynoxk 2. [latunk temnepatypsl «XII-W3001»
Figure 2. Temperature sensor "XII-W3001"

B xoe nccnenoBanuii M3MEPSUIUCH CIEAYIO-
IH€e TEMIIEPATYPHI: TEMIIEPATypa Ha IOBEPXHOCTH
A0/0Ka, BaXKHAa JJIsI MCCIENOBaHMSA Ipolecca
BHEIHETO OXJIAKICHUS U 3aMOPO3KU MPOLYKTA.
CpenHsist TeMIiepatypa BHyTpH, OHA [TIOMOTaeT Io-
HSTh, HACKOJIbKO PABHOMEPHO IIPOXOANUT OXJIaXKIe-
HHUE NPOIyKTa mocioiiHo. Temmepatypa B riry0oo-
KHX CJIO0SIX, YTOOBl BBIUTH Ha  HYXHYIO
BHYTPEHHIOIO TEMIIEPaTypy MPOAYKTa sl (pUKca-
[IUU TIEPEXOAHOTO COCTOSHUSI.

PeSyJ’[I)TaTLI H 06cy>lcz]elme

Heobxoanumo nipu mporiecce 3aMOPO3KH J10-
OUTHCS KPHOCKOITMYECKOW TEMITepaTyphl sSOJIOKa
copra «Dymxu». Mcxond u3 mokazaHud AaTyvka
«XII-W3001» Brita 3adukcupoBaHa cpeiHe00bEM-
Has TeMIiepaTypa, Ipyu KOTOpOM HadrHaeTcs (azo-
BBl TIEPEeXOJ BHYTPH TMPOAYKTa W COCTaBHIIA
oHa -4,5 °C. Bpewmsi, koTopoe OBLIO 3aTpadeHO Ha
JTAaHHBIN TIPOIIECC COCTABMIIO 14 MUH. TIPY CKOPOCTH
JIBIDKEHUS BO3/IyXa B XOJIOMILHON Kamepe 2 M/C.

Cpennuii pe3ynbTaT, IpH KOTOPOH BHYTpHU
MPOyKTa HAYWHAET OOPa30BHIBATHCS UYACTUUKU
JBAA JUTSL PA3TUYHBIX COPTOB S0JIOKA HAYMHAETCS
¢ -2.7 no -3,7 °C, HO u3-3a OOJBIIOTO COJCPKAHHUS
caxapa BcopTe «Dymkm» naHHAsS TeMIepaTrypa
cocraBuia Boie [ 18]

Ha pucynke 3a npuBeeHa MUKPOCTPYKTYpa
MSKOTH s10J10Ka copTa «DymKm» 10 3aMOPO3KH.
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(b)

PucyHox 3. MukpocTpykTypa Me3okapmnust si050ka copta «Pymkm»: (a) — no 3amopo3sku; (b) — nocie

Figure 3. Microstructure of the mesocarp of the Fuji apple variety: (a) — before freezing; (b) — after

MSKOTh NPEUMYIIECTBEHHO COCTOMT U3
KPYITHBIX W COYHBIX MapEeHXUMHBIX KJIETOK, OMOp-
HBIM KapKacoM CIY)KUT KJIETOYHasl CTEHKa, KOTO-
past oOecrieunBaeT XpyCTKOCTh 3a CUET YIPYTOCTH,
3TO TIO3BOJISIET COXPAHATH CTPYKTYpPY KIIETKH
MpaKkTU4YecKH Oe3 TMOBPEKACHUH, B OTIMYHE OT
ObICTpO paszMsryaromuxcs coproB. COK XpaHUTCS
B OONBIIMX BAaKyoJsiX, KOTOpble 3aHUMaroT 90%
BHYTpPEHHETO 00Bbema s10JI0Ka.

Ha pucynke 3b npuBeneHa MUKPOCTPYKTYpa
MSIKOTH 0710Ka copTa «DyIKm» 1ociIe 3aMOPO3KH.

MSKOTh pa3pyllieHa U3-3a BO3JACHCTBUS HU3-
KOH TemIepaTypbl Ha COK, KOTOPBIH HaXOIUTCA
BHYTpH Bakyoseit [21]. [Ipu mocTikeHnn KpHOCKO-
NUYECKON TEMIIEPATyphbl BHYTPH IIPOJAYKTa HAUMHA-
ercst o0pa3oBaHHE KPUCTAJUIOB JIbJA, YTO BEAET
K Pa3pyLICHUIO KJIETOYHOH CTeHKH [8—9].

OrnpeznenieHo, 4To 1nocjie AOCTHKEHUS KpHO-
CKOIIMYECKOM TEMIIEpaTypsl BHYTPU IIPOJLYKTa
MPOMCXOJUT Pa3pbIB KIETOYHOH CTEHKH, U BECh
COK OOBeAMHSETCS B KPYNHBIE KPUCTAUIBI JIBAA,
YTO MO3BOJSET OOJIErYUTh MPOIECC W3BJICUCHHS
COKa M YBEJIMYUTh €r0 KOJIMYECTBO.

3akiouenue

V npenmaraeMoi TEXHOJIOTUH UMEIOTCS CIle-
IYIOIINE MOJIOKUTENbHBIC CTOPOHBI: ¢ KQXKIO0TO K-
Jorpamma 0ok BeiAensiercss Ha 20—30% Oodbiie
coka [1-2, 5, 11]. IIponiecc BEICBOOOXKIEHUS SOII0U-
HOT'O COKa YNPOIUAETCS B CBSI3H C TE€M, 4YTO TpeOy-
eTcsl MEHbIIIee JIaBICHHUE Mpecca U MEHbIIIAasi MOIII-
HOCTh UeHTpudyru. Takxke u3-3a KOHTAaKTa
(epMEeHTOB MONMU(PEHONOKCUAA3Bl € KUCIOPOIOM
KOHEYHBIN NPOJIYKT MOXKET ObITh TEMHEE, YTO HUBE-
JHUPYETCsl Ha JTale OCBETICHHs SOJOYHOTO COKa.
JlaHHas TEXHONIOTHS XOPOLIO MOKA3bIBACT ceOs s
MPOU3BOJCTBEHHBIX JIMHUH 110 U3TOTOBJIEHUIO MPO-
JYKIIUH, TJIe OCHOBHOH YIIOp HJIET Ha ero Oe3omac-
HOCTb, a He Ha BUTaMuH C, KOTOPBIH J00aBiseTcs
Ha TMOCJIEAYIONIMX 3Tanax Mo MPOHU3BOJCTBY KOH-
HEHTPUPOBAHHOTO COKa, CU/Ipa ¥ JETCKHX TOBapOB
Ha ocHoBe s0yoka uero coka[19-20]. B cBszu
C JUIMTEJIBHON 3aMOPO3KOH MPOIYKTa MPOUCXOIUT
€ro KOHCEpBalus, YTO CIIOCOOCTBYET YBEIHMUCHUIO
CpOKa XpaHEeHHs! CHIPbs IS TIPOU3BOCTBA COKA.
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