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The anatomical structure of frozen strawberries, cv. Ducat,
depending on pre-treatment in potato starch solutions with con-
centration 1, 2, and 3% and sugar-pectin solutions with concen-
tration 1 and 2% in equal correlation of sugar and pectin, was
studied.

It has been found out that mesocarp cells of strawberries at
a consumer stage have large parenchyma cells with thin mem-
branes, large intercellular walls as thick as 50—75 px, and as
long as 150—225 pxk. They are long in strawberries cv. Polka,
Honey and Rusanivka, and they are round and angular-oval in
Ducat strawberries. Mesocarp cells of strawberries are filled
with cellular sap, and large intercellular walls — with air.

The microscopy of the received samples of frozen straw-
berries showed the formation of ice crystals of various sizes in
intercellular space and distinct changes in the structure of
parenchyma tissues, which were seen in the change of the form
and the loss of integrity. Instead, epidermis cells did not lose
their form and integrity. The membrane thickness on a surface
in the strawberries treated with 1%-starch solution was 0,1 mm,
and in those treated with 2 and 3% of starch solution — more
than 0,1 mm. The treatment of strawberries in sugar-pectin
solutions of different concentrations resulted in the formation of
membrane on strawberry surface — 0,05 and 0,1 mm.

The tissue microstructure of frozen strawberries, which
were pre-treated in the solutions with structure-maintaining
properties, remained in a better condition, which was due to
the decrease of mass loss during freezing and the prevention
of cell moisture loss during defrosting.

A serious preservation of the form and structure, com-
pared with other variants, was found when strawberries were
treated in 3% starch solution and 2% sugar-pectin solution.
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AHATOMIYHA BYAOBA 3AMOPOXEHMUX Arig CYHuLl
3ANEXHO Bl NONEPEAHLOI OBPOBKMU

L.JI. 3amopcbka

Ymancoxuii nayionanvnuii ynigepcumem cadisHuymea

CyHuys — yinna A2iOHa Kya1bmypd, Wo KOPUCIYEMbC SHAYHUM NONUMOM HA
DUHKY Y CBIHCOMY MA 3AMOPONCEHOMY 6u2nsaodi. Ilpome nio uyac 3amopooicysanHs
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52i0 cnocmepieaomvCsi He2amueHi 3MIHU CIMPYKMYPU MKAHUH, 3anodiemu sSKum
MOACHA 3 OONOMO2010 NONEPEOHbOI 0OPOOKU 52I0 NePed 3aMOPONCYBAHHSIM.

Jlocniooiceno anamomiuny 0y008y CEINCUX [ 3AMOPONCEHUX 210 CYHUYL COPMY
Ilykam, wo Oyau nonepeonvo 00pobNeHi neped 3aMOPONCYBAHHAM Y POZUUHAX
KapmonaHo20 Kpoxmanio 3 konyenmpayieio 1, 2 i 3% ma 6 yykpo8o-nekmuHosux 3
rkonyeumpayieto 1 i 2% y pienux cniéGiOHOUEHHSX YYKpY ma NeKMUHy.

Bcmanosneno, wo wnimunu me3oxapnirto 52i0 CYHUYi 8 CRONCUBHIU cmaldil
cmu2nocmi  Maiomov KPYNHI NAPEeHXIMHI  KUMuHu 3 MOHKUMU O0OOJOHKAMU,
BENUKUMU MINCKTTMUHHUKAMU 3a8uiupuuru 8i0 50 0o 75 ux ma 3a8008dicku 6i0 150
0o 225 ux. Knimunu me3zokapniio s2i0 CyHuyi 3ano8HeHi KIIMUHHUM COKOM, d
eenuKi migxckaimunhuku — nosimpam. Ilonepeous obpobxa s12i0 cyHuyi cnpusia
VMBOPEHHIO HA NoGepxHi s2i0 naieku moswurnoro 0,05—0,1 mm 3anesxncno 6io
KOHYeHmpayii po3uumy.

1lio uac 3amopooicysanus GUABLEHO YMBOPEHHS KPUCMANIE 1600y 8CepeOuHi
NAPEHXIMHUX MKAHUH 5210 3 JOKAA3ayicio iX Yy MIJICKIIMUHHOMY NPOCMOPI.
Iemomne 36epesicenns popmu ma cmpykmypu 12i0 6CMAHOGIEHO V 6apIaHmax 3 ix
00pOoOKOI0 Y 3-NPOYEHMHOMY PO3UUHI KPOXMATI0 MA 2-NPOYEHMHOMY YYKPOBO-
NeKMUHOB80MY POZYUHI.

Jlosederno, wo nonepedns 06pobxa s12i0 cyHuyi neped 3amMopoNCY8AHHIM ) PO3-
YuHax 3i  CMPYKMYPOYMPUMYIOYUMU  GIACUBOCMAMU CHPUALA  30EPENCEHHIO
CMPYKMypU MKAHUH 3a60KU YMBOPEHIll Ha NOGEPXHI Naisyl, 3anodiecarouu eumi-
KAHHIO KIIMUHHOT 80102uU. 30epesicenicms cmpykmypu 1210 Kopeaosanda 3 KOHYeH-
mpayieio po3uuny 0isi 06pooOKu.

Kntouoei cnoea: 3amoposicysants, CyHuys, pO34UH, KOHYEHMpayis, MiKpo-
CmpyKkmypa.

IMocTtanoBka npodaemu. CyHUIsT — OfiHA 13 HAHOLTBII MOMYJSIPHUX 1 IHHUX
ATIMHUX KyIbTYp B YKpaiHi Ta CBiTi, O 3yMOBIIEHO ii aJIaNTHBHICTIO JI0 YMOB
BHPOIIYBaHHS, BUCOKOIO PEHTA0ENbHICTIO BUPOOHHUIITBA, TAPMOHIMHAM CMaKOM 1
apoMaToM. 3aMOPOXKEH1 SITO/IU CYHUI[ KOPUCTYIOThCS 3HAYHUM IMOITUTOM Ha CBIiTO-
BOMY PHHKY, a JI0 HaiOutemmx immoprepiB BimHocsaTh CLHA (25%), Himeuunny
(12%), ®panuito (9%), Anoniro (7%) ta Kanany (6%) [1]. ExkcriopT 3aMoposkeHuX
arij cyHuI 3 Ykpainu y 2015 p. npunic npuOyTKy BTprdi OlTbIle, HDK CBIKHUX [2].

AHaJi3 ocTaHHIX J0CHiIKeHDb i myosikaniii. OqHak yHACTIIOK 3aMOpPOKYBa-
HHSI COKOBUTOI POCITMHHOT CHPOBHHH B Hiil BIiIOYBAaIOTHCSl 3MIHH OPTaHOJIEITHIHUX
BIIACTUBOCTEH, IO 3yMOBJICHI YTBOPEHHSIM KPHCTAIIB JIbOMY, 3HEBOIHCHHIM
riIpodiTbHIX KOJOiAiB, KOHIICHTPYBAHHAM BOJIOPO3YMHHUX CYXHX PEUOBHH 1 IIE
PSIOM TIPUYHH, HA SIKi TIOCHJIAIOTHCS YKPATHChKI Ta 3apyOiXKHI BUEHI.

[NoBinbHE 3aMOPOKYBaHHS CIIPHUSIE YTBOPEHHIO KPYITHUX MO3aKIITHHHUX KPHC-
TaJiB JbOAY, IO BUKJINKAIOTh MEXaHI4YHI MOMIKO/KEHHSI POCIMHHUX TKaHUH [3] 1
3MiHY TPaHCIIOPTHHX BIIACTUBOCTEH KIITHHHHUX MEMOpaH, BHACIIJIOK 4Oro BTpa-
YaeThCsl IXHS HAMIBNPOHUKHICTE. Lle cripuumHsie BTpaTH BOJOTU Ta PEYOBHH, IIO
PO3YHMHEHI B KIIITHHHOMY COKOBI [4].

s 3anobiraHHs HeOakaHUM 3MIiHAM Xap4doBoi, OIOJIOriYHOI IIHHOCTI Ta
OPTaHOJICITUYHUX BJACTUBOCTEH IUIOJ00BOYEBOI MPOMYKIT y Psial JAOCTIKCHD
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3aMpONOHOBAHO Pi3HI CHOCOOM ToIepeaHbol 0OpOOKH CHPOBUHHU IIEpPel 3aMOpo-
JKYBaHHSIM, 1110 CIIPUSIOTH 30€PEKEHHIO SIKOCTI [5].

Buninenns He BHpilleHNX paHillle YaCTHH 3arajbHoi nmpoodaemu. OkpeMuM
HaTpPsSMOM TONEePEIHhOT 0OPOOKU POCIMHHOI CUPOBHUHU € 30epekKeHHs 11 CTpyK-
TypH micis aedpocTallii, OCKIIbKU JISSIKI BUIU CUPOBUHHM MAIOTh BUCOKY 37aTHICTh
1o 3MiHu cBoei (opmu. [y MiABUINEHHS CTIHKOCTI KIITHHHOI CTPYKTYpPH IO
3aMep3aHHs BHUKOPHUCTOBYIOTH PO3YMHH Caxapo3W, TiIPOKONOIAIB, KaJbIlil0 Ta
HATpPIiEBOI COJI, a TAKOXK CyMIIlIeH, [0 BKJIIOYAIOTh IIi KOMIIOHEHTH. BJIMB mmx
CHOJYK Ha KIITUHHY CTPYKTYPY 3YMOBJICHHM B3a€MOJIEI0 3 KOMIIOHEHTaMH KJli-
TUHHOI CTIHKH, III0 CHPHUSE 3MEHIICHHIO POCTY KPHCTATIB JILOAY Ta MiATPHUMAaHHS
LUTICHOCTI TKaHMH [5].

3a qanumu M. Suutarinen [6], CTPYKTYPHY MIITHICTh CBIKHX SIT1J] CYHHUIII 3yMOB-
JIOIOTh TYProp KIIITHHH, THIT 1 KUTBKICTB 11 BMICTY, a TaKOX XapakTep KIITHHHOT
CTIHKM 1 CEpelMHHOI TUIACTHHKH, IO «IEMEHTYE» OKpeMi KINTHHH IS (OopMy-
BaHHS TKaHWH [7]. HeraTwuBHI 3MiHHM TiCTOJNOriYHOI CTPYKTYpU CYHHIII ITiJ| 4ac
3aMOpOKYBaHHS 3aJIEKaTh HE JIMIIE BiJ IIBUIAKOCTI 3aMOPOKYBaHHS 1 PO3MIpiB
KPHCTATIB JIbOJY, a ¥ BiJl CTPYKTYpU OKPEMHX THUIIB TKaHWH y CyHHUIll. Tak, mif
Yyac 3aMOpPOXKYBaHHSI HE BUSBISIOTH 3MIH B €MiJepMici i KcujeMi, aje crocre-
piraroTh HE3HAYHUH PO3PHB MAPEHXIMHHUX KIITHH. Y ST COPTIB 3 KPYIMHUMH
KIIITHHAMH HETaTHBHI HACTIIKU PO3PHBIB KIITHH BHpakeHi cuibHime [6]. Tomy
BHBYCHHS 3MIH aHATOMIUYHOI OYJOBH 3aMOPOXKEHUX STl CYHHI 3aJIKHO BiJ
norepeHp0I 0OPOOKH B PO3UMHAX 31 CTPYKTYPOYTPUMYIOUHMH BIIACTHBOCTSIMH €
AKTyaJbHUM.

Meta cTaTTi: JOCHiPKEHHS BIUIMBY IONEPEAHBbOT OOpOOKM SITiJ CYHHII B
pO3YHMHAX 31 CTPYKTYpOYTPHUMYIOUMMH BIIACTUBOCTSIMH Ha 3MiHM IXHBOI aHATO-
MIYHOT OYI0BH IIiJI Yac 3aMOPOXKYBaHHSI.

BukJiaieHHs OCHOBHHX pe3yJbTaTiB gociaimkenHss. O0’eKTOM J0CHTIIKEHHS
Oynmu sromu cyHuii copry [ykar. froau oTpuMyBanu B JCHb 30MpaHHS,
COpPTYBAITH, BUJIAJISUTA YAIIOJIMCTKH, MUY, MIJCYIIYBAIH Ta 3aHyPIOBAIN Y PO3YHH
KapTOIUISTHOrO KPOXMaJjio 3 KOHILeHTpamiero 1, 2 i 3% i B IyKpOBO-IIEKTHHOBHIA
po3uMH 3 KOHIeHTpalieto 1 1 2% y piBHUX CIIBBITHONICHHSIX IYKPY Ta MEKTHHY.
[Ticnst 0OpoOKHM SITOM MACYITYBAIH Ta 3aMOPOKYBAIN PO3CHIIOM 32 TEMIIEPaTypH
Minyc 30+1°C. 3a KOHTpPOIb MpUAMAIIK SATOJM CYHUII Oe3 MmorepeHpoT 0OpOOKH.
3aMOpOKEHY MPOAYKINIO (acyBaid y MAKEeTH 3 TONIETUICHOBOI IUTIBKM Macoro
0,5 kr 1 30epiranay MpOTATOM IIECTH MICAIIB 3a TemnepaTypu Minyc 18+1°C.

JocnijpkeHHsT aHATOMIYHOI OYZOBM CBDKMX 1 3aMOPOKEHHX ST CYHHII
3IIMCHIOBAJH 3a JIonoMororo Mikpockomna «biomam» C1Y4.2. 3pisu oTpuMyBaiu 3a
nornomMoroto Mikporomy M3-1 i3 mpucrocyBanusm TOC-2. Otpumani 300pakeHHs
¢ikcyBanu Ha KOMII'toTepi 3 nomomororo BimeonpucraBku «Philips ToUcam ca-
meray i CHCTeMH JijIsl Mikpockomii i ananizy «Image Scope Litey. [{ist orpumanHs
3a0apBJIeHHS TUTIBKK Ha QOTO, STOMH, IIPU3HAYUEHI JUIsi MIKPOCKOITii, 3aHYPIOBAIN Y
PO3YHMHH 13 CTPYKTYpOYTPHUMYIOUMMH BIACTHBOCTSMH, MOMNEPEAHBO 3abapBiicHI
Xap4oBuM OapBHHKOM E142.

Ha puc. 1 mpencrapneHi 3pi3u MapeHXIMHUX KIITHH CBDKHX 1 3aMOPOKEHUX
SITiJl CYHHIII, 1€ BUAHO, IO KIITUHUA ME30KApIIiIO ST1Jl CYHHUI B CIIOKUBHIN cTasii
CTHTJIOCTI MaIOTh KPYITHI MapeHXiMHI KIITHHU 3 TOHKUMH O0OOJOHKAMU, BETUKUMHU

—— Scientific Works of NUFT 2018. Volume 24, Issue 2 —— 197



XAPYOBI TEXHOJIOTII

MDKKTITHHHAKaMHM 3aBIIUPIIKK Big 50 1o 75 pk, ta 3aBmoBxkku Bim 150 mo 225 uk.
VY srix cynuti coprie Ilonka, XoHel 1 PycaniBka BoHU IMPoOA0BryBaroi ¢opMu, a y
srig copTy Jlykat — OKpyrjioi Ta KyTacTo-OBaJibHOI. KIIITHHH ME30KapIito sirif
CYHHIII 3alOBHEHI KIIITHHHUM COKOM, a BEIHMKI MDKKIITHHHUKHA — MOBITPSAM, IO
crpuurHsie GopMyBaHHS HKHOI KOHCHCTEHIIIT ST,

Mikpockomisi OTpUMaHUX 3pi3iB 3aMOPOYKEHHUX AT CYHHIIl IMOKaszajia (popMmy-
BaHHS KPUCTAJIIB JbOAY PI3HOT BETUYMHH Y MDKKIIITHHHOMY ITPOCTOPI Ta BUPAXKEHI1
3MIHH B CTPYKTYpl MapeHXIMHHMX TKaHUH (puc. 1), 10 BUSBISUIMCS BHA03MIiHAMH

(¢hopMu Ta BTPATOIO IIUTICHOCTI KIIITHH.

300 px

300 px

300 px

300 px

300 px

300 px

Puc. 1. IlapenxiMHi KJIiTHHU: 2 — CBiZKHX i 0 — 3aMOpOKEHHUX AT CYHHILi COPTIB:
X — Xoueit, P — PycaniBka, IT — IMonka, T — Jlykat. 30iblieHHs B 56 pa3iB.
Iina moxinku cranoButh 100 pi
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OkpiM 1bOT0, BUSBIICHO TIOTOHIICHHS KIIITHHHUX CTIHOK, 1110 S.S. Roy, T.A. Taylor
1 H.L. Kramer [7] mosicHIOIOTh AenoniMepH3allicto i pyiHyBaHHSM TIEKTHHOBUX pe-
YOBUH Yy KIITHHHIN CTiHII 1 cepennuHii mmactuHmi. L{i mponecn cnpuYuHSIOTH MO-
TIPIICHHS CIOYKUBHUX BJIACTHBOCTEH 3aMOPOXKEHHUX AT CYHHII, 30Kpema po3-
cablieHHs] KOHCHCTEHIIii, BTpaTy Typropy TKaHHH, 3HH)KEHHS KPiOpe3UCTEHTHOCTI
Ta 3Ha4YHI BTPaTH KOMIIOHEHTIB XIMIYHOI'O CKJIay.

Ha puc. 2 i1 3 npencrapineHi 3pi3u MOBEPXHI Ta MAPEHXIMHUX KIITHH CBDKHX 1
3aMOpPOKEHUX STiJl CyHUIl 3 0OpOOKOI0 B PO3YMHAX 31 CTPYKTYPOYTPHMYIOUUMHU
BJIACTUBOCTSIMU. 3 PHUCYHKIB BUJIHO, HIO KIITHHH EHiIEPMICYy HE BTPATHINA CBOET
¢dopmu Ta 1imicHocTi. Lle 30iraeTses 3 qanumu, otpumanumu 3.A. Jlepoenenepoto (8],
sKa 3a3Hayae, 110 MiJl 4ac 3aMOPOXKYBaHHSI A1l CYHHMIII Kpaille 30epiracThcsi CTpyK-
Typa MUIKOKIITHHHUX TKaHHWH (EmilepMic, ceplieBMHA) 3i IUIBHO MPHIICTIUMH
OJIHA /10 OJHOT KIIITHHAMHU.

0,5MMm

0,5 Mmm

Puc. 2. IloBepxHsl Ta napeHXiMHi KJITHHU: a — CBIZKHX i 0 — 3aMOpOKeHUX ATII CyHUIIi 3
00po0K0I10 B PO3YMHAX 3i CTPYKTYPOYTPUMYIOYHMH BJIACTUBOCTSAIMH. K — KOHTpOIIB,
Kp 1% — 1-npouentHuii po3unH kpoxmanto, Kp 2% — 2-nporeHTHuUil po3unuH Kpoxmaiio.
30inbiienHs B 27 pasi. Llina noainku craHoButh 0,1 MM
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3a paxyHOK IONepenHboi 0OpOOKKM Ha MOBEPXHI SATIJ CYHHUIl YTBOPIOBajacs
IUTIBKA Pi3HOI TOBHIMHH. Tak, y sArix cyHwIll, o0poOjeHuX y 1-IpoleHTHOMY po3-
YMHI KPOXMaJIl0 TOBIIMHA IUTIBKM HE nepeBuiryBaia 0,1 mm. HatomicTs 00poOka
Srig y 2- Ta 3-MPOILEHTHOMY PO3YMHI KPOXMAJIIO CIpHsJIa YTBOPSHHIO IUTIBKH TOB-
muHo Outbme 0,1 Mm. OOpoOKa sTiJ CyHHUIl B IIYKPOBO-IIEKTHHOBUX PO3YMHAX
Pi3HOT KOHLIEHTpAIlii 3yMOBHJIa YTBOPEHHS Ha MTOBEPXHI AT IUIiBKK po3Mmipom 0,05
Tta 0,1 MMm.

VY pe3ynbraTi 3aMOpPOKYBaHHS ST CYHHUIIl Ta MOJANbIIoi iX gedpocrarii
IUTIBKAa Ha MOBEPXHI ATiJ HE 3a3Hajia ICTOTHHX 3MiH. A BCEpEAMHI MapeHXIMHUX
TKaHHMH STiJ] CIIOCTEPIranocss YTBOPSHHS KPHUCTATIB JbOAY 3 JOKali3aliero X y
MDKKITITHHHOMY ITPOCTOPI.

Puc. 3. IloBepxHs Ta napeHXiMHi KJITHHU: 2 — CBIZKHX i 0 — 3aMOpOKeHUX AT CyHUIIi 3
00poOKOI0 B PO3YHHAX 3i CTPYKTYPOYTPUMYKOUHMH BJIACTHBOCTSIMH.
Kp 3% — 3-npouentHuii po3unH kpoxmamno, LI 1% — 1-nponeHTHi 1IyKpOBO-IIEKTHHOBHH
po3uuH, L{I1 2% — 2-nponeHTHHIl IyKpOBO-IIEKTHHOBHIT po34yrH. 301IbIICHHS B 27 pasiB.
ina moxinku craHoBuTh 0,1 MM
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3 puc. 3 BUOHO, IO MIKPOCTPYKTypa TKAaHMH 3aMOPOKEHHX STiJ CYHMII, SKi
Oynmu morepeqHb0 0OpOOJIeHI B PO3UHMHAX 31 CTPYKTYPOYTPHMYIOUHMMH BIIAcCTH-
BOCTSIMH, 30eperiacsi Kpalie, 0 3YMOBJICHO 3HWKEHHSM BTpAaT Macd Il 4ac
3aMOpOKYBaHHS Ta 3armo0iranHs BTpaTaM KIITHHHOI BOJIOTH IiJ] 4ac aedpocrartii.

[TpuyoMy MOMIMNIIEHHS SKOCTI ATIA 3HAXOAWJIOCSA B MPSAMIM 3aJeXKHOCTI Bif
KOHIIEHTpAIil po3uuHy i 00poOku. IcToTHE 30epexkenHss GopMu Ta CTPYKTypH
AT1JI BCTAHOBJIEHO Y BapiaHTax 3 iX 00poOKoIo y 3-pOIeHTHOMY PO3YHHI Kpoxma-
JI10 Ta 2-TIPOLIEHTHOMY IIyKPOBO-ITEKTHHOBOMY PO3YHHI.

OueBuIHO, MO 3 MiJIBUIIEHHSM KOHIIEHTPAIIIl KPOXMaITIO i TIEKTHHY B PO34HHI
3MEHIIYEThCS BTpaTa KIITHHHOI BOJOTH Ta 30UTBIIYETHCS 3aXMCHUM MOTEHIIIANT
TKkaHuH. [TogiOHi pe3yabTaTH OTPHUMaHi 32 BAKYYMHOI'O 3HEBOJHEHHS ST/l CYHUII] B
PO3YHMHAX MEKTHHY Ta XJOPUIY KaJbIi0 pi3HOI KOHIIeHTpalii [3].

BUCHOBKM

[Tix yac 3aMOpOKYBaHHS ST CyHUI BiIOYBaIHCS 3MiHU iXHBOI MIiKpOCTPYK-
TypH, IO 3aJIeKaTh BiJi 0OCOONMBOCTEH OyNOBH TKaHHMH 1 3yMOBJICHI YTBOPEHHIM
KPHCTANIB JIbOIY B MDKKIITHHHOMY IMPOCTOpPI, MOTOHIIECHHSIM KIITHHHHX CTIHOK
YHACIiZIOK pyWHYBaHHS NEKTMHOBUX PEYOBHH Yy KIITHHHIA CTIHIN 1 CepeIuHHIN
rtactuHii. [lonepenHs o0poOKa ST CyHHUIN TIepel 3aMOPOKYBAHHSIM Y PO3UMHAX
31 CTPYKTYpOYTPUMYIOUHMH BJIACTHBOCTSAMH CIpHsIa 30€peKEHHIO CTPYKTYpH
TKaHWH 3aBIKA YTBOPEHIH Ha IMOBEPXHI ILIIBI, 3al00iral0o4d TaKKMM YHHOM
BHUTIKAHHIO KJIITHUHHOI BOJIOTH. 30€pPEeKEHICTh CTPYKTYpPH ST KOpelroBajia 3
KOHIICHTPAIIEI0 PO3YMHY IS 0OPOOKH.
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