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ChIpbe pacTUTEIBHOTO U KHBOTHOTO MPOUCXOXK-
JIEHUS IHIPOKO MPUMEHSIETCS PU IPOU3BOJCTBE METHU-
LWHCKWX W BETEPUHAPHBIX MpEenapaToB, KOCMETH-
YECKHX CPE/ICTB, MUIIEBHIX J00ABOK, TOCKOIBKY OHO
SIBIISICTCSI YHUKAIbHBIM HCTOYHUKOM OHOJIOTHYECKH
AKTHBHBIX KOMIUIEKCOB: BATAMHHOB, MUKPOJIEMEHTOB,
AMUHOKHCIIOT, TOPMOHOB, JINMTUAHBIX (PAKIIHHA U T. [I.
OpHako coxpaHeHWE WX CTPYKTYPHI M CBOMCTB ISt
JalbHENIIEro UCMOJb30BaHUS B MPOU3BOJCTBE —
CIOKHEHIas TEXHOJOTHYeCKas 3aaada, peleHne
KOTOPOI BO3MOXKHO Ha OCHOBE COBPEMEHHBIX KPHOOHO-
TEXHOJIOTUH: KPUOTEHHOTO AucreprupoBanus [3],
KpuocyOnuManroHHoro ¢gpakguoHuposanus [1],
9KCTPaKLUU CKMKEHHBIMHU razamu [4]. [pu ux peanu-
3alMd HEOOXOIWMO KOHTPOJIHUPOBATH MapaMeTpHl,
OTIPEIEISIONINE CTPYKTYPY ¥ ()a30BOE COCTOSIHHE Tie-
pepabaTbiBaeMoro marepuaia. B manHoM ciydae k
YHCTy HanOoJiee CI0KHBIX apaMeTpoB JUIs Onpee-
JICHHSI ¥ KOHTPOIIS OTHOCHTCS Temieparypa T, mpu
KOTOPOH B OXJIaKJa€MOM 00pas3iie NCcUe3aroT )KI/IJIKI/IG
MHUKPO(a3bl, T. €. IPOUCXOAUT €T0 MOJHBIN NEPEXOA B
TBepaoe cocTossHue. CI0KHOCTD ONPEAETIEHHS 3TOrO
rapaMeTpa CBA3aHa C TEM, YTO MPOIECC KPUCTAIIIH-
3aIMy BOABI B OMOMaTepuae MpoTeKaeT B IIHPOKOM
HMHTEpBale TeMieparyp: ot —2...—5°C u go TeMmepa-
TYpP CTEKJIOBaHHMS CBS3BIBAIOIINX BOAY OMOMOJIEKYIISIp-
HBIX KOMIUTIEKCOB, KOTOpBIE MOTYT gocturars —100°C
n HIwKe. [Ipr KpHOreHHOM U3MENTBIEHIH U KPHOCYOJTH-
MAaIMOHHOM (paKMOHUPOBAHWUH HATNYME HITH OTCYT-
CTBHE JXHMAKUX MHUKpoda3 B mepepabarsiBaeMOM
CBIPBE OTIpEEIsieT HE TOJIBKO 0COOEHHOCTH Mepepa-
00TKH 1 ce6eCTOMMOCTh KOHEUHOTO TIPOIYKTa, HO U
€ro KadecTBo.

Lenb paboTsl — pa3paboTKa METOa ONpeIeIICHHS
3HAYCHHIT Temmeparypsl T, npu KpHOTeHHOH mepe-
paboTKe pa3IMIHbIX 6H0MaTepHan03

Martepuanbl n metoanl

Jist onpenenenus 3uadeHuit Temmeparypst T, mie-
pepabatpiBaeMbIX OMOMAaTEPHaIOB MPUMEHSITH MeTOII
TepMOILIacTU4YeCKoi aedopmaruu [2]. B kauecTBe

"HauunoHaAbHbIi TexHuyeckuin yHuBepcuteT “XIMN”, r. Xapbkos
MHCTUTYT npobaem KPpMOOMOAOTUM U KPUOMEAULIMHBI
HAH Ykpauhbl, r. Xapbkos

* ABTOp, KOTOPOMY HEOOXOAMMO HarpaBASiTb KOPPECMOHAEHLIMIO:
yA. [Nepeacaasckas, 23, r. Xapbkos, YkpanHa 61015; Tea.:+38
(057) 373-41-11, cpakc: +38 (057) 373-30-84, anekTpoHHas nouta:
cryo@online.kharkov.ua

NPOBJIEMbI
KPUOBMOJIOTUU
T. 18, 2008, Ne1

Raw materials of plant and animal origins are widely
used during the production of medical and veterinary
preparations, cosmetics, food additives, since they are
unique source of biologically active complexes: vita-
mins, microelements, amino acids, hormones, lipid frac-
tions etc. However preservation of this structure and
properties for further use in production is the complica-
ted task the solving of which is possible basing on
contemporary cryobiotechnologies: cryogenic disper-
sion [3], cryosublimation fractionation [1], extraction
with liquefied gases [4]. During their realization it is
necessary to control the parameters determining the
structure and phase state of the material to be proces-
sed. In this case to the most complicated parameters
for determining and control the temperature T, is

L e
referred, under which in a cooled sample liquid micro-
phases disappear, i.e. there is its complete transfor-
mation into a solid state. The difficulty of this parameter
determining is related to the fact that the process of
water crystallization in biological material proceeds
within a wide temperature range: from —2...—5°C and
down to vitrification ones, binding water of biomolecu-
lar complexes, which may reach —100°C and lower.
At cryogenic fragmentation and cryosublimation
fractionation the presence or absence of liquid micro-
phases in the raw material under processing determines
not only the peculiarities of the processing and final
product prime cost, but also its quality.

The research aim was to develop the method of
determlnlng the temperature values T,at cryogenic
processing of various biomaterials.

Materials and methods

To determine T, values for the biological materials
under processing there was applied the method of ther-
moplastic deformation [2]. As the objects under study
the fragments of washed-out in distilled water porcine
placenta tissues as well as “Semirenko” apples with
the storage term under 3 months were used. Prior to
the experiment the studied fragments were frozen in
deformation device [2] with the rates of 1020 grad/min,
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HCCIEeyeMbIX 00BEKTOB HMCIIOJIB30BAIN (YparMeHThI
OTMBITHIX B JUCTUJIMPOBAHHOM BOJE TKaHEH CBUHOM
IJIAIEHTH U sI0J0K copTa «CEeMHPEHKO» CO CPOKOM
XpaHeHus1 He Oonee Tpex mecsies. [lepen skcnepu-
MEHTOM HCCIeyeMble (PparMeHThl 3aMOpPaKUBAIIU B
nedopMaImoHHOM puctaBke [2] co ckopocTsamu 10—
20 rpan/MuH, KOTOpbIE OOBIYHO HCHOIB3YIOTCS MPU
KPHUOTCHHOU TIepepadOTKe OMOIOTHUECKOTO CHIPhS

Pe3yAbTaThl M 00CyXXA€HHe

Ha puc. 1 npuBeneHsl TUNIMYHBIE TEPMOILIAC-
THYECKHEe KPHUBBIE, MOJYyYEHHbIE MPH H3YyYECHUHU
3aMOPOXKEHHBIX TKaHEW CBMHOM IJIALlEHTHI IO METO-
nuke [2]. [Ipy Bcex 3Ha4YEHHUAX BHEIIHUX HAPSKEHUN
y, IPUKIAABIBAEMBIX K HCCIEAyeMbIM o0Opa3mam,
xapakTep 3aBucuMoctu £=£(T) He n3MeHseTCH:
nedopmanus 3aMOPOKEHHBIX 00pa3loB AE He3HAUM-
TENBHO BO3PACTAET C MOBBIIIEHUEM TEMIIEPATYPHI OT
—140°C o mexoropoii remneparypst T, a mpn T>T,
HauMHAETCS X MHTEHCHBHOE TUTACTHYECKOE TEUCHHE.
[Ipu 3TOM TEeMnepaTypa Hagasa NIacTHYECKOro Tede-
Hus T, CyIIECTBEHHO 3aBUCUT OT IPUKIIAJBIBACMBIX
HaIpPsDKEHUN O.

XapakTep 3aBucHMOCTEi TemmepaTypsl T, oT
HPUIIOKEHHBIX HANPSHKEHUH O JUIS TKaHEeH CBHHO
IUTaLEHTHI U (ParMeHTOB 516n01< copta «CeMUpeHKo»
nokasan Ha puc. 2, rae 0,(T) — nanpsbkenne Hayana
MHTEHCUBHOTO IIACTHYECKOTO TeUeHHs 00pasna npu
onpeaeneHHol Temneparype T, T. €. aHanor npexaena
TeKkydyecTd Mmarepuana. IIpencraBinennsie Ha puc. 2
KPUBBIE UMEIOT BBIPAXKCHHBINA TPEXCTAAMMHBIN Xa-
pakrep. Tak, HanpsHKeHUE O, TMHEHHO YMEHBIIAETCSA
B MHTEepBanax Temneparyp —196°C.. T” u T' -10°C,
OJTHAKO HAOIONAeTCs IOCTATOUHO pe3I<0e €r'o CHITKe-
HHE B JMara3oHe TeMIepaTyp T" T' C Touku 3pe-
HUAS QU3UKU TUIACTUIHOCTH Z[aHHBII/I aq)(beKT MO>KHO
OOBSICHUTH TOJBKO IJIABJICHHEM MJIM PACCTEKIIOBA-
HHUEM KOMIUIEKCOB «OHOTIOTMMEP-BO/IA» B TOM HHTEP-
Baje temneparyp. [Ipu Takux npoueccax B o0pasmax
00pa3yroTcst KuaKue MUKpodasbl U, Kak CIeJICTBHE,
CHIDKAETCS. CONPOTHUBIIIEMOCTh 00pa30B BHELIHEH
Harpy3Ke 1 MOBBIIIAIOTCS UX MIACTUYECKHUE XapaKTe-
puctuk. [ 1o OKOHYaHWH 3THX IPOIIECCOB, T. €. B HHTEP-
BaJie TeMITepaTyp T' —10°C, mabromaercst OObIIHAS
JUTSL YUCTOTO JIbAA 3aBUCUMOCTD 0,=0,(T). Ycranos-
JICHHBIE TAKUM 00Pa3oM TeMnepaTypHHe HHTEPBAJIBI
MIJIaBJICHUS WJIM PACCTEKJIOBAHMS OMOTIOIMMEPHBIX
KOMILJIEKCOB TTO3BOJISIOT ONTHMH3UPOBATH PEKUMBI
nepepaboTKU COOTBETCTBYIOIIET0 OMOJIOTHYECKOTO
CBIpbA. Tak, KpHOTEHHOE U3METIBICHHE 11eTiecoo0pas-
HO IIPOBOJIUTH IPU TEMIIEPATYPaX T<T" TO €CTh IIPU
HCYE3HOBEHHUH >KUIKUX MUKpoda3 u OXpyHT-II/IBaHI/II/I
o6uomarepuana. Hanporus, kpuocyOinMannoHHoe
(pakIMOHUPOBAHUE HAYMHAIOT MPHU T>T' , Korga
OosbmIast yacTb CBOOOTHOM BOJIBI 3aKpHCTannH3OBaHa
a OMOJIOTHYECKHN aKTUBHBIE HU3KOMOJIEKYISIPHBIE
(paKkuuy HaXOAATCA B )KUIAKUX MUKpo(hazax.
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usually used for cryogenic processing of biological raw
material.

Results and discussion

Fig. 1 shows typical thermoplastic curves obtained
when studying frozen tissues of porcine placenta
according to the methods [2]. At all the values of
external strengths 0, applied to the samples under study,
the dependence character £=¢(T) does not change:
deformation of frozen samples A€ _ slightly increases
with a rise of temperature from —140°C up to a
temperature T, and at T >T, their intensive plastic
yielding starts. “Herewith the temperature of the start
of plastic yielding T, depends on applied strengths O.

The character of T, temperature dependencies on
applied strengths g, for tissue of porcine placenta and
fragments of “Semirenko” apples has been demonst-
rated in Fig. 2, where 0, (T) is the strength of the start
of intensive plastic yielding of the sample at a certain
temperature T, i.e. the analogue of fluidity limit of the
material. The presented in Fig. 2 curves are of the
manifested three-stage character. So, the strength g,
is linearly decreased within temperature intervals —
196°C... T and T; —10°C, however there is obser-
ved quite silarp its reductlon within the temperature
range of T and T” From the point of view of physics
of plastlclty this effect may be explained only by
melting or devitrificaiton of the ”biopolymer-water”
complexes within this temperature interval. Under these
processes in the samples the liquid microphases are
formed and, as the consequence, the resistance of the
samples to external loading reduces and their plastic
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Puc. 1. TepmormacTudecKie KpUBBIE IPEBAPUTEIHHO 3aMO-
POKEHHBIX TKaHEH CBHUHOH IUIAIIEHTHI, TIOJyYCHHBIE TIPH
Pa3IMYHBIX 3HAYEHUSX BHELIHUX HanpﬁxceHI/H‘/'I: 0, = 65%
10* H/M?, 0, = 130x10* H/m?, o, = 392x10* H/Mm?, o,=
654x10* FIA, 0 0.= 1046x10* H/ve,

Fig. 1. Thermoplastlc curves of preliminary frozen tissues of
porcine placenta, obtained at different values of external
strengths: 0= 65x10* N/m’, 0,= 130x10* N/m? 0,=
392x10* N/m??, G 654x10*N/m’, 0= 2 1046%10* N/m,
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Puc. 2. TemmnepatypHbie 3aBUCUMOCTH HANIPSKEHUHN TEKY-

YeCTU 3aMOPOYKEHHBIX TKaHeil cBUHOHN rutaneHTsl (1) u

¢dparmeHToB 10510k copra «CeMupeHko» (2).

Fig. 2. Temperature dependences of yield strength of frozen

tissues of porcine placenta (1) and fragments of “Semi-

renko” apples (2).

JlaHHBIE pe3yNbTaThl MOATBEPKIAIOTCS IPU KPHO-
TeHHOU TepepaboTke OmomarepuanoB. Hampumep,
BpeMsi KpPHOTEHHOTO M3MEIbUCHHS J0 3aJaHHOU
JUCIEPCHOCTH (PparMEeHTOB TKaHEH CBUHOM TIALlEHTHI
u 650k copra «CeMUpeHKo» yMeHblIaeTrcs B 3—4
pasa Ipu epexoie Yepes TeMIeparypy T’;, B IIpoIriecce
OXJIaXKJICHHSI C OJTHOBPEMEHHBIM YMEHBIIICHUEM pac-
XO0JIa YKHJKOTO a30Ta.

BbiBOADI

IIpennaraemslii TOAXOA MO3BOJISIET TOYHO OIpE-
JCIINThb BaYKHBINA I Kpno61/10nomqec1<nx TEXHOIOTHI
TEMIIepaTypHBIH MHTEpBan 00pa3oBaHUs >KHIKUX
MuKpoda3 B OuomaTepuanax U ONTHUMH3UPOBATDH
OTACIBHBIC TCXHOJIOTHYCCKHEC 3TAIIbl X KpPIOI‘CHHOﬁ
nepepabOTKH, YTO YIyYIIaeT KadecTBO MOIydaeMou
MPOAYKLIHUHN U CHUKAET €€ ce0eCTOMMOCTb.
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characteristics increase. After finishing of these
processes, i.e. within the interval of T'g ...—10°C
temperatures, there is observed usual for pure ice de-
pendency 6,=0 (T). Thereby established temperature
intervals of melting or devitrification of biopolymer
complexes enable the optimization of processing regi-
mens of corresponding biological raw materials. So,
cryogenic fragmentation is expedient to be performed
at T<T'; temperatures, that is during disappearance of
liquid microphases and embrittlement of biomaterial.
In contrast, cryosublimation fractionation is started at
TZT; , when the major part of free water has been
crystallized and biologically active low molecular
fractions are in liquid microphases.

These results are well confirmed during cryogenic
processing of biological materials. For instance, time
of cryogenic fragmentation up to the determined
dispersiveness of the fragments of porcine placenta
tissues and the ones of “Semirenko” apples reduces in
3—4 times during transition via T'; temperature during
cooling with simultaneous expenditure of liquid
nitrogen.

Conclusions

Proposed approach enables the distinct determining
of an important for cryobiological technologies tem-
perature interval of the formation of liquid microphases
in biological materials and optimization of some
technological stages of their cryogenic processing, that
improves the quality of the resulted production and
reduces its net price.
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