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Cryosublimation Fractionating of Biological Material

[IpoBeneH aHanu3 TepMOJMHAMUYECKUX ACIIEKTOB KPUOCYOIMMAIIMOHHOM CYIIKH GHOJIOTHYECKUX 00BEKTOB. DKCIIEPUMEHTAIBHO
U3Yy4eH COCTaB BOAHBIX (ppaKuuii, n3BIEKaeMBIX U3 OMO0OBEKTOB B Ipoliecce JINOGMIN3ALNH, OTPEASICHbI IPUHIMIIB UX BapUaLIUH.
PaccMmoTpeHBI 0COOCHHOCTH peai3aii TEXHOIOTHIA MOJIEKYIIIPHOTO KPHOCYOIMMAaIHOHHOTO (PaKIIHOHUPOBAHHS OHOIOTHIECKIX
CHUCTEM U MEPCIIEKTUBBI MX MPUMEHEHUS TP MPOU3BOIACTBE (hapMaIleBTHIECKHX H KOCMETHUYECKUX MPErapaToB.

Kniouesvie cnosa: xproreHHbIE TEXHOJIOTHH, KPHOCYOIMMaMOHHOE (HPaKLHOHUPOBAHUE, CyOINMALOHHAS CyIITKa

IIpoBeneHo aHai3 TEPMOIMHAMIYHUX ACIIEKTIB KpiocyOIiMariifHOro Cy1iHHs 6i0J0ri4HIX 06’ €KTiB. EXCliepiMeHTanIbHO BUBYEHO
ckiag BoAsHUX (pakuid, ski goOyBanm i3 6i000’ekTiB y mporeci modinizanii, BU3HAYCHO MPUHIMIK iX Bapiamii. Po3misHyTO
0COOJMBOCTI peaizalii TeXHOJIOTH MOJEKYIIpHOTo KpiocyOmiMamiitHoro ¢pakmioHyBaHHS 0i0JOTIYHUX CHCTEM, IEPCIEKTUBHU iX
3aCTOCYBaHHs Y BUPOOHHUITBI (papMalleBTUYHUX Ta KOCMETHYHHX HPEIaparis.

Kniouosi cnosa: xpiorensi texuoiorii, kpiocyonimaniiine ¢ppakuionyBaHHs, cyOaiManiiiHe CyIIiHHS.

The article presents the analysis of thermodynamic aspects of cryosublimation drying of biological objects. Composition of water
fractions, obtained from biologicla objects during freeze-drying, is studied experimentally and their variation principles are determined.
Peculiarities in technology realisation for molecular cryosublimation fractionating of biological objects as well as their perspective

use in pharmacology and cosmetics production are discussed.

Key-words: cryogenic technologies, cryosublimation fractionating, sublimation drying.

OcHoBy Hambonee 3(h(PEeKTUBHBIX COBPEMEHHBIX
TEXHOJIOTUH TIepepadOTKH OMOIOTHYECKOTO ChIPhS C
LIETIBIO MPOU3BOACTBA BEICOKOKAUE€CTBEHHBIX MTPOIYK-
TOB MUTAHUS U MONy(haOdpUKaTOB AJs approMepun,
KOCMETOJIOTMU U (DapMaKOJIOTHH COCTABIISIOT TAKHUe
METOJbl 3arOTOBKH, XpaHEHUS U NepepadoTKu
HCXOJTHOTO ChIPbsI, KOTOPbIE MAKCUMAJILHO COXPAHSIOT
€ro MOJICKYJISIPHYIO CTPYKTYPY, BATAMUHHBIN COCTAB,
apoMar, I[BET U BKyCOBBIE KauecTBa. Hanbonee momHo
ATUM TPeOOBAHUIM YIAOBIETBOPSIOT KPUOTCHHBIC
TEXHOJIOTHH, 00ECIICUNBAIOIINE OTPUIIATEIIBHYIO TEM-
repaTypy npu nepepadotke coipbs [1]. B pesymnbrare
WHTUOMPYIOTCS OKUCTUTEBHEIE TTPOIIECCH B TIEpepa-
0aThIBAEMOM CHIPbE, IPEIOTBPAIIAOTCS JICHATYPAITUS
U TUCCOIMAIM HAauOosIee BAXKHBIX MOJIEKYISIPHBIX
KOMIIJICKCOB, TUTMEHTANUS U JAeapoMaTHU3aIusl
HUCXOITHOTO CHIphs. Kpnorennas mepepaboTka pacTu-
TEJIBLHOTO CHIPbS MO3BOJISET MOJHOCTHIO COXPAHUTh
HaTypaJIbHYIO CTPYKTYPY HE TOJIBKO HAXOJSIINXCS B
HEM BUTAaMUHOB, HO ¥ MOJIEKYJISIPHBIX KOMIIJIEKCOB,
coJepKAMUX MUPOKUN CHEKTP HEOOXOMUMBIX
YeIIOBEKY MUHEPAJIbHBIX BEIIECTB, YTO BAYKHO IS X
MIOJIHOIIEHHOTO ycBOeHUs. KpuoreHHble TEXHOIOTUN
MIPUMEHSIOTCS TIPU TIepepaboTKe OMOTOTHUECKUX
TKaHel (IUTaIeHTHl YeJI0BEKa W JKHUBOTHBIX), OHHU
MMO3BOJISIIOT COXPAHUTH HATYPAIbHYIO CTPYKTYPY
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The basic of the most effective up-to-date
technologies of biological raw material processing for
obtaining food products of a high quality and semi-
product for perfumery, cosmetology and pharmacology
is made by the methods of collecting, storage and
processing of initial raw material, maximally
preserving its molecular structure, vitamin compo-
sition, colour and gustatory properties. These
requirements are quite completely met by cryogenic
technologies, providing the below zero temperature
during raw material processing [ 1]. These technologies
provide an inhibition of oxidation in processed raw
material, prevents denaturation and dissociation of the
most important molecular complexes, pigmentation
and loss of flavour. Cryogenic processing of plant raw
material enables to preserve completely the natural
structure of vitamins, as well as molecular complexes,
containing wide spectrum of mineral substances
essential for human, that is important for a complete
uptake of vitamins and mineral substances. Cryogenic
technologies are used in processing of biological
tissues (human and animal placenta), allowing to
preserve the natural structure of almost all the
important hormones, aminoacids, lipid fractions,
mineral complexes and vitamins. Hence the products
of placenta tissue cryogenic processing are unexpen-
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MPaKTUYECKN BCeX Hambosiee BaKHBIX TOPMOHOB,
AMUHOKHCJIIOT, JIMIUAIHBIX (paKini, MUHEpaTbHBIX
KOMIIJIEKCOB M BUTaMHHOB. IloaTOMy mpoayKTsl
KPUOTEHHOH nepepaboTKy MIaleHTapHBIX TKaHei
HE3aMEHHUMBI NIPU MPOU3BOACTBE JIEKAPCTBEHHBIX U
KOCMETHUYECKHUX IpenaparoB. ClieayeT OTMETUTb, UTO
B BBICOKOKaUECTBEHHOU nepepaboTke Ouonormyec-
KOT'O CHIpbs B HACTOsAIIEE BPEMsI KDUOTEHHBIE TEXHO-
JIOTUU HE UMEIOT aJbTePHATUBEI.

Ocoboe MecTO B HCIMOIB3YEMBIX KPHUOTEHHBIX
TEXHOJIOTUAX 3aHUMAET METO KPHOCYOINMAIMOHHO-
ro BBICYIIMBAHHUS OMOJOTUYECKHX MaTEpHaJIOB,
KOTOPBIM MONYYHJI HIUPOKOE pAacIpOoCTpaHeHHUE 3a
nociaenaue 30-40 meT, HECMOTpPS HA BBICOKYIO
ce0ecTOMMOCTh NOIy4aeMbIX MPOAYKTOB. BaxkHbIMH
C TOYKHM 3pEHHUs KauyecTBa MPOAYKLHH SIBISIOTCS
CJIEAYIOIINE TEXHOIOTHYECKHE (DAaKTOPHI.

[IpenBapurenbHoe 3aMOpa)KMBaHUE BBICYIIU-
BaeMoro oopasua (UKCHPYET €r0 MOJIEKYISPHYIO
CTPYKTYDY, a ocieayomiee cyonMMUpoOBaHUE BOJIBI
HMCKJII0Y9aeT MEXaHWUYEeCKOe HCKaKeHHE-yCaaKy,
KOTOpO€ HEM30EKHO MPH OOBIYHOM BBICYIINBAaHNH Ha
BO3/yX€ 1 0COOEHHO MPOSBIISETCS B MPOIECCE CYIIKU
OHMOIOTHYECKUX TKaHEeW JKUBOTHOTO ITPONCXOXKICHHUS,
AToA, TPUOOB U (PPYKTOB C OONBIINM COAEPKAHUEM
BOJBI. YCaJKa WJIW YMEHBIIEHHE 00BeMa dTHX
MIPOIYKTOB ITPHU OOBIYHOM BBICYILIMBAHUH IIPOUCXOTUT
BCJIECTBHE KOJUIATICA €T0 CTPYKTYpPbI B pe3yJsbrare
yIdaJIeHUs] BOJBI U3 JKUAKOHM (a3bl M3-3a BBICOKOTO
3HaueHHs K03 PuLMeHTa MOBEPXHOCTHOTO HaTsKe-
uus Boabl (0=0,073 w/M). Ocrarmuecs B oOpasiie
KHUIKUE PpaKIuu CKUMAIOTCS TaK, YTOOBI CyMMapHast
IUIOIIA/b UX TOBEPXHOCTH CTajla MUHUMaIIbHOH. [Ipn
9TOM BHYTpH (ppakmuii pa3BHUBAaeTCs 10CTATOYHO
BBICOKOE JIaBJICHHE

p=2,
r

re » — XapakTepHbI pa3Mmep (pakuuii, a mMoie-
KyJISIpHAs CTPYKTYpa 00pasia UCIIBITHIBAET ACHCTBUE
Pa3IMYHBIX [0 HANPaBICHUIO NePOPMUPYIOLIUX
HanpspbkeHuil. B pesynbrare Tepsercs yCTOHYMBOCTD
MOJIEKYJISIPHBIX KOMIJIEKCOB, COCTABIISAIOLINX OCHOBY
BBICYILIMBAEMOT0 00pa3iia, HapyaeTcsi pABHOBECHOE
ANEKTPOCTATHYECKOE B3aUMOJEUCTBUE COCTABIIAIO-
IIUX UX aTOMapHBIX TPYTIIL, 9TO HE TOJIILKO HEOOpaTuMo
M3MeHsIeT KOH(OPMaIuio OMOMOJIEKYIT, HO M IPUBOANT
K OTPEEICHHBIM XUMHUYECKUM B3aMMOICHCTBUAM.
OTO MPUBOAHUT K TOMY, YTO B BBICYIIMBAEMOM
OOBIYHBIM 00pa3oM OMOJIOTHYECKOM CHIPhE BCEraa
COJIEPIKUTCS LIeJIbIH PSiJI HECBOMCTBEHHBIX UCXOJJTHOMY
MPOAYKTY XUMHUYECKUX 31eMeHToB. llpu cybnuma-
LUOHHOM CyIIKe 3TOT 3P (PEKT UCKIIOYCH, TAK KaK BOJa
yaansieTcs U3 00beKTa U3 3aKPUCTAIIIM30BAHHBIX UIIH
CWJIBHO CBSI3aHHBIX COCTOSTHUM, JUIl KOTOPBIX SIBJIEHUE
MUHUMH3aLUHU [IOBEPXHOCTH HECYIIECTBEHHO.

NMPOBJIEMbI
KPUMOBMOJIOIrUM
T. 16, 2006, N22

231

dable in production of medicine and cosmetic prepa-
rations. Cryogenic technologies should be noted as
having no current alternative in high quality processing
of biological raw materials.

Special position in utilised cryogenic technologies
is taken by method of cryosublimation drying of
biological materials, gained a wide distribution during
last 30-40 years in spite of a high net price of products
obtained. The following technology factors are of great
importance for quality of products.

Preliminary freezing of sample to be dried fixes
its molecular structure, and following water subli-
mation excludes a mechanical distortion and
shrinkage, which is inevitable during usual drying on
air, especially during drying of biological tissues of
animal origin, berries, mushrooms and fruits with great
extent of water. Shrinkage or decrease of volume of
these products during usual drying is caused by
structure collapse resulted from water removing from
liquid phase due to a high value of surface tension
coefficient of water in drying object (¢=0.073 N/m).
Sample’s residual liquid fractions are pressured in such
a way, that their total surface value is minimal. In this
case the fractions got a high internal pressure

20

P=

b

p
where r is a characteristic fraction size, and molecular
structure of sample meet the action of differently
directed deforming stresses. As a result the molecular
complexes, being the basis of object to be dried, loss
their stability, as well as the balance of electrostatic
interaction between atomic groups as their parts, that
cause both irreversible biological molecule conforma-
tion and certain chemical interactions. The reason of
these processes lies in presence of series of chemical
substances in biological raw material dried in a usual
way, which are non-inherent to a final product.
Sublimation drying excludes this effect, water is
removed out of the object from crystallised or strongly
fixed states, where the effect of surface minimisation
is insignificant.

The fact that there is non-bound water in an ice
state in an object during cryosublimation excludes the
prolonged effect on biological molecules coming from
fluid fraction with steadily changed chemical
composition. On another hand at positive temperatures
the water molecule evaporation increases the con-
centration of salts and other solutes in residual water
fractions, that leads to irreversible changes in confor-
mation of biological molecules in the sample. The
remarkable evidence of the phenomenon is observed
during drying with vacuum supercondensation, where
molecular skeleton of the biological object is
intensively flown around by liquid fractions of
overcritical concentrations (during 2-6 hrs at 40-60°C).

PROBLEMS
OF CRYOBIOLOGY
Vol. 16, 2006, N22



Tot daxt, 4To cBOOOIHASI BO/IA B TIpOIIeCcCe KPHO-
CyOIIMMUpPOBaHNS HAXOAUTCA B OOBEKTE B BUJIE JIb/IA,
HCKJIIOYaeT JJIUTEIbHOE BO3AEHCTBUE Ha Onomole-
KYJIBbI )KHJIKOH (PPaKLUK C HETPEPBHIBHO MEHSIOIUMCS
XMMHYECKUM COCTaBOM. HanpoTus, mpu nonoxuress-
HBIX TeMIIepaTypax HCIapeHUue MOJEKYJI BOIBI
MOBBIIIAET KOHLEHTPALMIO COJIEH U APYTHX XUMHUYEC-
KHX 3JIEMEHTOB B OCTAIOMIMXCS KUAKUX (DpaKIHiX,
YTO TPHBOJUT IPU JOCTHUIKCHUH KPHTHUUECKHX
KOHIICHTpAINH K HeOOpaTUMBIM H3MEHEHHSIM KOoH(Op-
MaIy OMOMOJIEKYJ, Haxoasamuxcs B oopasie. Hanbo-
Jiee SIBHO 3TO TMPOSIBISIETCS MPHU CYUIKE B pEXHUME
BaKyyMHOH NIepeKOHICHCAIINH, KOT/Ia MOJIEKYIISIPHBIN
0CTOB OMO00OBEKTa MHTEHCHUBHO OMBIBaeTCs (2-6 4)
npu 40-60°C xuakuMu QpakIusIMy 3aKPUTHUECKUX
KOHLEHTpaluii. B 1aHHOM citydae 107151 HeOOpaTuMbIX
OMOXMMHUYECKUX MOBPEKICHUN JOCTATOYHO BEJIHKA.

[Ipu cyuike B pesxume KpUoCyOIMMaiy MpaKkTU-
YECKH MO/IaBJICHBI OKUCIUTEIbHBIC POLIECCHI, TAK KaK
T Qy3us MOIEKYIIPHOTO KHCIOPO/Ia B 3aMOPOKEH-
HOM 00pasIie KpaiiHe 3aTpyHEeHa, a BHICYIIINBACMBIii
oOpa3zel MOCTOSTHHO HaXOJUTCS B BaKyyMe, T.€. HE
KOHTaKTHPYeT ¢ kucimopoaoM (puc. 1). IIpu cymike B
BO3JIyIIIHOW Cpelle MOJIEKYJIIPHBII KUCIOPOJ BCEraa
B3aUMOJICUCTBYET C OMOJIOTHUECKUMHU MOJICKYJIaMH,
o0pa3ysl Takue BBICOKOTOKCHYHBIC MPOIYKTHI, KaK
cynepokcu b noH O; u nepekucs Bogopozna H,O,.
B pesynbprare mpoucXOOUT aKTHBHAS XUMHYECKas
Jerpajganus MCXOJHOTO ChIpbi. DTO Hambojee
XapaxkTePHO IS CYLIKH METOJOM PACIbIIICHHUS, KOTaa
B 3aBHCHMOCTH OT AMaMeTpa Kamesb 3 (PeKTHBHAS
MMOBEPXHOCTh BBICYIIMBAEMOro o0Opa3la yBeJln4u-
BACTCs B IECATKH THICSIY Pa3 M CTAHOBUTCS aKTUBHBIM
COpOEHTOM MOJIEKYIISIPHOTO KHciopona. [lockonbky
B TIpoIiecce KpHoCyOnMMalmoHHON CyIIKu oOpaszert
HaxoIUTCA TPU JOCTATOYHO HU3KHX TEMIlepaTrypax
(puc. 2, 3), B HeM o0ecrieyuBaeTCs BHICOKAask COXPaH-
HOCTbH TE€PMOJIAOMIIBHBIX MOJIEKYS W OMOJIOTUYECKU
AKTUBHBIX MOJIEKYJISIPHBIX KOMITJIEKCOB, COCTAaBJISIO-
LIMX, KaK IPaBUJI0, OCHOBHYIO ICHHOCTH Iepepadarhbl-
BaEMOI'0 PACTUTEJILHOTO CHIPBS.

[Ipu xkpuocyOIMManMOHHON CYIIKE B IpejBa-
PHUTENBHO 3aMOPOKEHHOM HCXOJHOM CBIPbE JIydIlle
COXPAaHSIOTCSI HU3KOMOJICKYJISIPHBIE CIIOKHBIE (DUPBL,
OTBETCTBEHHBIE 32 ApOMATHUECKUE CBOMCTBA MPOIYK-
Ta, 3QUPHBIC Maclia U IPYTHe BHICOKOJIETYYHE KOMIIO-
HEHTBI, YTO 00ECIIEUYNBAET BHICOKHE apOMaTHYECKHe
1 BKYCOBBIE€ KaueCTBa KOHEYHOTO MPOAYKTA, a TaKkKe
€ro 0coObIe JIedueOHbIe CBOICTRA.

[lepeuncnennbie (pakTOphl JOKA3BIBAIOT, YTO MPU
KpHOCYOIMMAaIMOHHOM CyIIKE pACTUTEIHHOTO CHIPbA,
B OTJINYME OT IPYTUX U3BECTHBIX CIIOCOOOB YIaJICHUS
BJIaru U3 OMOJIOTHYECKUX 00BEKTOB, MOJKHO MOTYYaTh
MIPOLYKTHI O0Jiee BHICOKOTO Ka4ecTBa.

OpHako MpUMEHEHHE KPUOCYOIMMAaMOHHOTO
BBICYILIMBAHUS JI0 HACTOSIIETO BPEMEHH OTPaHNIHBa-
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The portion of irreversible biochemical damages in
this case is quite big.

During cryosublimation drying the oxidative pro-
cesses are almost suppressed, as the molecular oxygen
diffusion in a frozen object is extremely embarassed,
and treated sample is constantly under vacuum, i.e.
has no contact with oxygen (Fig. 1). During air drying
the molecular oxygen always interacts with biological
molecules and produces a high-reactive products, such
as superoxide ion O; and hydrogen peroxide H,O,.
This results in an active chemical degradation of a
initial raw material. This is mostly characteristic for
spray-up drying, when depending on a drop diameter
the effective surface is increased by ten thousand times
and become the active sorbent of molecular oxygen.
Hence the sample is under quite low temperatures
during cryosublimation drying (Fig. 2, 3), the
thermolabile molecules and biologically active
molecular complexes, being the most valuable part of
processed plant raw material, are well preserved.

During cryosublimation drying the preliminarily
frozen initial raw material preserves low molecular
complex ethers, responsible for flavour properties of
the product, ether oils and other highly-fugitive
components much better, and this results in high
quality flavour and taste properties of final product,
as well as in its special medical properties.

The stated factors testify to the fact, that cryosub-
limation drying of plant raw material allows to obtain
the products of higher quality comparing to other
known ways for water removing from biological objects.

However utilisation of cryosublimation drying
lately has been limited to the obtaining of dry product
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Puc. 1. TunuuHble BpeMEHHBIE 3aBUCUMOCTHU JaBJICHUS B
CcyOnmMMaIoHHOM kamepe P. mpu Bo3roHke npa (kpusast 1)
1 no(UIIM3alMy OMOJIOTHYECKUX MaTepralioB (Kpusas 2).

Fig. 1. Typical pressure P, vs time t dependencies in freeze-
drying chamber during ice sublimation (curve 1) and freeze-
drying of biological materials (curve 2).
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in sublimation chamber [2, 3], hence
the major part of engineering research
was directed to improving the quality
of just dry fraction.

In this paper we have firstly
studied the chemical composition of
water fractions sedimented on cryo-
genic surface of desublimator during
freeze-drying of plant raw material
and biological tissues. The obtained
results show, that in some cases these
fractions are not less valuable and
unique, comparing to the dry rests left
in sublimation chamber. Hence this
paper deals with a detailed study of
the extraction of water fractions with
complex biochemical composition

from frozen biological materials. We
defined this process the cryosubli-

-80 -60 -40 -20 0 20 40
Temnepatypa T, °C

Puc. 2. TepmoguHamMuyeckasi cXxema IPOIECCOB KPHOCYOINMaMOHHOTO

(GpaKIMOHUPOBAHMS CIIOKHBIX OHOTOIMUYCCKUX CUCTEM.

Fig. 2. Thermodynamic scheme of sublimation fractionating in complex bio-

logical systems.

JIOCh TIOJTYYEHHEM CYXOT0 IPOIyKTa B CyOIMMalnoH-
HOM Kamepe [2, 3], T03TOMy OCHOBHBIE KOHCTPYKTOP-
CKre pa3paboTKu OBLIM HANPABIEHBI HA YIydIIEHHE
Ka4eCTBa UCKIIOYUTEIHHO CYXOH (paKIi.

B pabote Hamu BIiepBbIe UCCIEIOBAH XUMHYECKUH
COCTaB BOAHBIX (pakLuii, 0OCAKAAEMBIX Ha KPHOTCH-
HOHM MOBEPXHOCTH AecyOnuMaTopa MmpH JHO(UIU-
3alUH PACTUTEIbHOTO CBHIPbS U OMOJOTrHYECKHUX
TkaHel. [lomyueHHbIe pe3ynbTaThl MOKa3bIBAIOT, YTO
B psAle ciaydyaeB 3T (Qpakuuyu HE MEHee LEHHBI U
YHHUKaJIbHBI, Y€M OCTAIOLIUICcS B CyOIMMalOHHOM
Kamepe cyxoi octarok. [ToaTomy B pabote monpoOHO
WCCJIEIOBAH MPOIIECC BBIACIEHUS U3 3aMOPOKEHHBIX
OHMOIOTMYECKUX MaTEPHUAIIOB, CIIOKHBIX TI0 OMOXUMH-
YeCKOMY COCTaBY BOJIHBIX (DpaKIuii, KOTOPHIH Ha3BaH
KpUuocyoIuMayuoHHbIM (paKyuoHupo8aHueM.

Tepmoounamuyeckue acnekmul KpUuocyoruMayuoH-
HO20 (DpaKYUOHUPOBAHUSL DUONOSUYECKUX Mamepud-
n106. TepMonuHAMHUYECKHE MTapaMeTpbl KPHOCYOIH-
MallMOHHOM CyHIKH OMOJIOTMYECKUX MaTepHalioB
OOBIYHO CBA3BIBAIOT C AMATPAMMON COCTOSIHUS YUCTOM
BOJIbI (INTpUX-yHKTUPHBIE KpuBbie O-O , O-0,,
0-0,) u napameTpamu ee TpoiiHou TouKH: Py=4,6 MM
pT. cT. (610,6 ITa) u T,=0,008°C (cMm. puc. 2).

CormnacHo TpeACTaBIECHHON aUarpamMme MpoIecc
nepeBoaa 00bEKTOB B PEXKUM JTHO(DUITH3AIIH 3aKITIO-
YyaeTcsi B MX MPEIBAPUTEILHOM OXJAXIACHUH [0
teMneparypsl T-<T, ¢ nocienyomumM MoMenieHueM
B BaKyyMHYIO KaMepy, IIe ¢ TIOMOIIbIO BaKyyMHBIX
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T T
mation fractionating.

Thermodynamic aspects of cryo-
sublimation fractionating of biolo-
gical materials. Thermodynamic
parameters of cryosublimation drying
of biological materials are usually
associated with a phase diagram of pure water (dashed
lines 0-O,, 0-0O,, 0-0,) and position of its triple point
P,=4.6 mm hg (610.6 Pa) and T,=0.008°C (see Fig. 2).

According to the presented diagram the transferring
of objects into freeze-drying regimen consists in their
pre-cooling down to temperature of T.<T, with
following introducing into vacuum chamber, where
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Puc. 3. Tunuunele 3aBUCHMOCTH TeMneparypbl oobekra T
OT BPEMEHH t B ITpOLIecCce BO3TOHKHU YUCTOTO Jibja (KpuBas 1)
1 Jmo(MIIN3auy ONOJIOTHIECKNX MaTepuaoB (KpuBas 2).

Fig. 3. Typical pressure T, vs time t dependencies in subli-
mation chamber P, during ice sublimation (curve 1) and
freeze-drying of biological materials (curve 2).
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HAaCOCOB MaplHaTbHOE IaBICHUE MOJEKYT BOJIBI
yMeHbIaeTcs 1o 3Hadenuid P.<P, (cMm. puc. 2). Eciu
MOCJIe 3TOT0 00EeCNedYnTh PaBHOMEPHBIH MOABOJ K
00BEKTy PHEpPruM AN KOMIIEHCALHUHU yAEJIbHOU
TEIJIOTHl CyOIMMaIuy, To 3a BpeMs t. MpU HEus-
MeHHBIX 3HaueHMsIX T u P coneprkamuiics B o0bekTe
Jien mepeineT B razoo0pa3Hoe COCTOSHHE.

Jinst 00BbEKTOB, MPEACTABISIOMINX COOOH YHCTYIO
BOIY, 3Ta CXeMa MOATBEPKAAECTCA IKCIIEPUMEHTATb-
HO (cM. puc. 1, 3, kpussie 1). [ToaTomy npencraBnenHas
Ha pHUC. 2 AuarpaMMa 4acTO HCIOJb3yeTCsd s
pacuetoB napameTpoB T u P, B IPOMBIIIJIEHHBIX
CcyOmuManuOHHBIX KoMIuiekcax. [Ipu aTom yum-
TBIBAETCSI JINIIb TOT (DAKT, YTO KPUCTAIITH3AIINS BOJIBI
B peasbHBIX OMOJIOTHYECKUX CHCTEMaX 3aBEpILACTCS
npu Oonee HU3kuX temmeparypax T <T.<T, B
pe3yabpTaTe MPOBOAUTCS TOJBKO KOPPEKTHUPOBKA
TpaekTopuu o0xoma TPOWHOH TOYKH, T. €. 3aMEeHa
TpaeKkTopuu a — b — ¢ Ha a — b'- ¢'IIpu COOTBETCTBYIO-
et 3amMene napametpos T u P. na T). u P, (puc. 2),

OcHoBHas ommOKa TaKOTO MOAX0Aa COCTOUT B
COBMEIEHUU MOHATHI MapUHalibHOTO IABICHHS
MOJIEKYJT BOZIBI HaJT 3aMOPOKEHHBIM OMO00BEKTOM ITPH
temriepatype T'. M JaBieHUsT HACHIIIEHHOTO IMapa
4uCTOro Jbja (cMm. puc. 2, kpusas O-0,). [Ipu stom
HE YYHUTHIBAETCS TOT (DAKT, YTO MAPIHATBHOE JTaBICHHE
3aBHCUT OT COCTaBa 3aMOPOKEHHOTO OMOOOBEKTa M
COOTBETCTBYIOIICH €My AUarpaMMsbl (ha30BbIX COCTOSI-
HUH.

[TosTomMy KMHeTHKa CyOIMMalMOHHON CYLIKH
peabHBIX OMOOOBEKTOB 3HAYUTENIFHO OTINYACTCS OT
npoiecca BO3TOHKHM 4HcTOro japaa. CyTb 3TOTO
OTJINYHS MOXKHO H300pa3UTh CXeMaTH4ECKHU, YCIOBHO
pa3IeNuB COAEPIKAITYIOCS B OMO0OBEKTE KUIKOCTh Ha
¢pakuun: 1, 2, 3...N. Kaxnoit n3 »tux ¢paxmuit
COOTBETCTBYET TE€MIIepaTypa 3aBepIlIeHus Imporecca
kpuctammusanun: T,,T,,T5... Ty (cMm. puc. 2), onpene-
JsieMasi He TOJIbKO XapaKTepOM U CHIION CBA3EH
MOJIEKYJI BOABI ¢ OMOMOJIEKylTaMH B 00BEKTe, HO U
pacTBOpuMBIMH B Hell BemectBamu. CienyeT oTMe-
TUTh, YTO TEMIEpaTypa 3aBepLICHHUs Mpolecca
KPHCTAJUIN3ALMHU BOJIBI B KOHKPETHOU (DpaKi MOXKET
HE COBMNAjaTh C TeMIepaTypoil mepexona 3TOM
(pakunu B TBEpAOE COCTOSIHUE. DTO XapaKTEPHO IS
YAaCTUYHO CTEKIYIOLUXCS KPUOOHMOIOTHYECKUX
pacTBOpPOB THIA “Boga — KPHUOMPOTEKTOP”: MpHU
nropuIM3auu OMO0OBEKTOB OIpeAesieHHas 4acTh
BOJIBI TIEPEXOUT B TIAp HE U3 KPHUCTAJUIOB JIbJA, a U3
CBSI3aHHBIX COCTOSTHUN. ECTeCTBEHHO, UTO KaXKIOH U3
BBIICJICHHBIX TaKUM 0o0Opa3oMm Qpakmuii OymeT
COOTBETCTBOBATH CBOSI 3aBUCHMOCTD MapIHATHHOTO
JaBJICHHS COCTABISIONIMX €r0 MOJIEKYJ] OT TeMIle-
parypbl. YCIOBHO 9TH 3aBUCHMOCTH IPEICTABICHBI HA
puc. 2 xpueimu F,—F,, F,—F,, F—F;, koTopsie
MOATBEPKIAIOT TOT (PAKT, YTO IPH 3aJaHHOM TemMIepa-
TYPE CHIIBHO CBSI3aHHBIM COCTOSIHUSIM COOTBETCTBYIOT
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partial pressure of water molecules is diminished by
vacuum pump down to P.<P, (see Fig. 2). When
providing the following uniform energy supply to
object to compensate the specific sublimation heat,
the ice from the object will transform into to gas state
within time t. at constant values of T and P...

For the case of pure water this scheme is supported
experimentally (see Fig. 1, 3, curve 1). Hence the
diagram shown in Fig. 2 is often used for calculation
of T and P, parameters in commercial sublimation
devices. One takes into account just the fact that water
crystallisation in live biological systems terminates
at lower temperatures T.<T.<T,. As the result the
correction of triple point by-path is carried-out only,
i.e. substitution of pathway a~b-c fora-b'-c" at
corresponding substitution of T, and P, parameters
for T¢. and Pt (Fig. 2).

The main inaccuracy of such an approach is in
overlapping of definitions for partial pressure of water
molecules above frozen object at temperature of T
and pressure of saturated vapour of pure ice (see Fig.
2, curve O-0,). Herewith it is not taken into conside-
ration that, the partial pressure depends on frozen
object composition and corresponding phase diagram.

Therefore kinetics of sublimation drying of live
biological objects considerably differs from the
process of a sublimation of pure ice. The essence of
this difference can be shown schematically, when the
biological object’s fluid is tentatively divided into
fractions 1, 2, 3 ... N. Each of these fractions has a
definite crystallisation termination temperature:
T,,T,,T,..Ty (see Fig. 2), which is determined not
merely by nature and strength of water and biological
molecule bonds, but also depends on origin of
dissolved substances. It is worth to note that
termination temperature of water crystallisation in
particular fraction could generally not coincide with
the temperature of transition of this fraction into solid
state. It is characteristic for partially vitrified solutions
of “water-cryoprotectant” type: during freeze-thawing
of biological objects the definite part of water transits
into a vapour state not from ice crystals, but from
bound states. Each of these isolated fractions would
naturally have their own dependences of partial
pressure vs temperature for the constituent molecules.
These dependencies are shown tentatively in Fig. 2
by the curves F—F, F,—F,, F;—F;, confirming the fact,
that at given temperature the lower values of partial
pressure correspond to the stronger bound states.
Therefore the intensive removal of these fractions from
biological object during cryosublimation at given
external pressure P.=P'.is possible under increase of
object temperature by the pathway (C' - C, - C, - C,).
We can assume due to the data of Fig. 2 that it is
possible to perform the cryosublimation drying of
biological objects with combining the variations of
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MEHbIINE 3HAYCHUS TTapIHaTIbHBIX
naBiaeHuii. COOTBETCTBEHHO HWH-
TEHCHBHOE yJaJICHHE 3THUX (pak-
uuii 13 0M00OBEKTa B pEKHUME
CyONMMMaLUK TP 3aJaHHOM BHEIII-
HeM naBieHuu P-=P'. BO3MOXHO
[P MOBBILICHUU TEMIIEPATypPBHI
o0bekra o Tpaekropuu (C' - C, -
C,-C,). U3 puc. 2 caexyer, 41O
KpHOCYOIMMAIHOHHYIO CYIIKY
00BEKTOB MOXKHO TIPOBOJIUTH, KOM-
OMHUPYS N3MEHEHUSI TeMIIepaTyphl
W JIaBleHUs, T. €. BECTH JTHOPU-
nu3anuio 1o Tpaekropusm C' - Cr,
C'-C"% u 1. a. llpeanourenue
CIIEyeT OTHAABaTh TPAEKTOPHSIM C

PC1_____

[asneHve P, mm pT. CT.
Pressure P, mm Hg

Atg,

-90
75
-60
45
- 30

Temnepatypa T, °C
Temperature T, °C

-15
-0

--------------- T,

SR U S

N -

JE ZA QS

OJHOBPEMEHHBIM YMEHBIICHUEM
JaBJICHHUS U TIOBBILICHUEM TeMIIe-
paryphbl, Tak Kak OHU MO3BOJISIOT
YCKOPUTH CYIIKY M 3aBEpIIUTH €€
mpu OoJiee HU3KUX TeMIIeparypax
(T"3<T'3<T;). ONTUMANBHOCTH
TAKOTr'0 MOJXO0Ja TOATBEPKIACTCS

materials.

9KCMEPUMEHTAJIBHO MPH JTHOPUIN3ANNN KaK PaCTH-
TEJIBHOTO CBHIPhsA, TaK U OMOJIOTHYECKUX TKaHEH.
DkcnepumenTanbHble 3aBucumoct T =f(t) u P=¢(t),
rae t — Bpemsl CYIIKH, IS IEeJIOTO psifa 0O0BEeKTOB
MIpeCTaBIeHbl KpUBBIME 2 Ha puc. 2 u 3. Onpenernsie-
MBbI€ STUMH 3aBUCUMOCTSIMU UHTEPBAJIbI TEMIIEPATYP
U JaBJIEHHUH, OTpa)kalollhe peaJbHYIO KapTHUHY
nporecca cyOnMMaMOHHON CYIIKH OHOIOTHYECKUX
CUCTEM, MOTYT SIBJISITHCSI OCHOBOM Ul pacyera TeX-
HUYECKHX TapaMETPOB COOTBETCTBYIOIINX YCTaHOBOK.

Ucnonbiys puc. 2, MOXHO cHOPMYITUPOBATH
MPUHIUITEI KPHOCYOIMMaIMOHHOTO (DPaKIIMOHUPO-
BaHUs OMojormdeckux cucteM. CortacHO dKCIEpH-
MEHTAIbHBIM JaHHBIM B PEXHME KPHOCYOINMU-
pOBaHUS MOXXHO TMOCJEIOBATEIbHO BBIACIATH U3
oOpasia pa3InyHbIe 110 KOJUYECTBEHHOMY COCTaBY
BonHbIe (hpaknmu (puc. 4). CyTh 3TOTO mporecca
COCTOUT B NEPUOJUUECKOM M3MEHEHUU OCHOBHBIX
TEXHOJIOTHYECKHUX MapaMeTpoB KPHOCYOIMMaIoH-
Holt cymku T. u P, BOoonp 3apanee BBHIOpaHHOM
tpaekropuu tuna C'- C) (cm. puc. 2).

[Ipn 3amaHHBIX W BBIAEP)KMBAEMBIX B TEUECHHUE
npomexxyTka Bpemenn At mapamerpax T=T¢, u
P=P, cybnumupyercs ¢ppakuus F , mpu mapamerpax
Te, u Pey3a Bpems Ate, — dpaxius Fou T.10. 3HaueHus
napameTpoB T, n P, 3HaueHMs] BPEMEHHBIX MHTEP-
BasioB At 17151 K&KI0TO BUAA OMO00BEKTa M XUMHUYEC-
KOTO COCTaBa BBIJENIAEMbIX (Qpakumii F onpenensior
9KCIIEPUMEHTAIBHO.

Jist mpakTU4YecKoro pa3aesaceHus cyOoIuMHpOBaH-
HBIX BOAHBIX (pakuuii F HeoOxoamma ycTaHOBKaA C
HECKOJNBKMMU JeCcyOnuMaTopamMu, NpUHUUIHATIbHAS
cxeMa KOTOpoM moka3zaHa Ha puc. 5. B mpouecce
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Puc. 4. TexHonmorudueckue mapameTphl mpoiecca KpuocyoauMammoHHOTO
(paKIMOHUPOBAHHS OHOIIOTHICCKUX MaTEPHUAJIOB.

Fig. 4. Technological parameters of sublimation fractionating of biological

temperature and pressure, i. €. to perform freeze-drying
by C' - C%, C's C"; pathways, etc. The preference
should be given to the pathways with a simultaneous
decrease of pressure and rise of temperature, as these
allow to accelerate the drying and to complete it at
lower temperatures (T";<T;<T;). This approach is
experimentally confirmed as optimal during freeze-
drying of both plant raw material, and animal tissues.
Experimental dependencies T'-=f(t) and P'.=¢(t),
where t is drying duration are shown with curves 2 in
Fig. 2 and 3. The ranges of temperatures and pressures,
determined by these dependencies, reflect the present
pattern of sublimation drying process of biological
systems, and can be a basis for calculating technical
parameters for appropriate device.

Fig. 2 is helpful in formulating the principles of
cryosublimation fractionating of biological systems.
According to experimental data it is possible to select
stepwise the aqueous fractions having different
quantitative composition from the sample during
cryosublimation (Fig. 4). The essence of this process
consists in periodic changes of basic technological
parameters of cryosublimation drying, T and P, along
pre-selected pathway of C'- C’; type (see Fig. 2).

Within given and fixed time limit, At , parameters
T=T., and P=P, the fraction F, is sublimated, at
T, and P, during At., — the fraction F,, etc. Values
of parameters T and P. as well as time limits At for
each type of biological objects and chemical composi-
tion of obtained fractions F are found experimentally.

For practical separation of the sublimated aqueous
fractions F the device with several desublimators is
needed, its schematic diagram is shown in Fig. 5.
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paboThl ycTaHOBKHU 3a Bpemst At MOJEKyIsApHbIE
MTOTOKH 13 cyonumannoHHoi kamepbl CK ocaxxaarot-
cs Ha kpronanensx aecyomumaropa JIC , B To Bpems,
KaK OCTaJIbHBIE 1€CYOIMMAaTOPhI IEPEKPHITH BEHTUIIS-
mu B. Jlecybnumarop JIC, 3a Bpemst At., mpuHEMaET
Ha ce0s MONEKyIsApHbIe NOTOKH Gpakuuu F, n T.a.
[locne cymku u oTorpeBa AecyOnuMaropoB BOJHBIE
($pakuuu U3 KaKAOTO NecyOIMMaTopa CIMBAIOTCA B
OTJeNbHbIE TPUEMHBIE EMKOCTH.

IIpodyxmul kpuocybaumayuonno2o Gpaxyuo-
HUPOBAHUAL MAMEPUATO8 HCUBOMHO20 U PACMU-
menbHo20 Npoucxodcoerus. B ocHOBE TEXHOJIOTHUU
KpHOCYOIMMAIMOHHOTO (paKIIHOHUPOBAHUS OHO-
MaTepHanoB JIEKHUT MPEANOI0KEHHE O TOM, YTO
razoBas (asza HajJ 3aMOpPOXEHHBIM OUOO0OBEKTOM
SIBTISIETCS CIIOKHON KOMITO3UIIMEN U3 MOJIEKYIT Pa3HOM
MPUPOABI: BOJBI, AMUHOKHUCIIOT, 3()UPOB, BUTAMHHOB,
MHHEpaJbHBIX BEUIECTB, PPAarMEeHTOB CIOXHBIX
MOJIEKYJISIPHBIX KOMIUIEKCOB H T.Jl. MOJIEKYIIbI BOZIBI B
CIIO)KHOM MO COCTaBy ra3oBOil Cpelie COCTaBIISIIOT
~98%, omHaKO KX MpeodiaiaHke CBA3aHO U € TeM (ak-
TOM, YTO KWHETHKAa U3MEHEHHUs KaK TeMIIepaTyphl
00BEeKTa, TaK U IABJICHUS B CyOITMMAITHOHHON KaMepe
3aBHCHUT OT CIIEKTPa COCTOSHHIA, U3 KOTOPBIX IPOKC-
XOJIHT BO3TOHKA MOJIEKYJ BOIBI (cM. puc. 2). B cBoro
odepenpb 3Ta KMHETHKA NPH 3aJaHHOM BUAE OHOIO-
THYECKOro 00BbEKTa ONpeessieT COCTaB U KOJTMYECTBO
OCTalbHBIX (pakuuii B ra30Boi (aze, COCTOSLINX, KaK
NpaBUI0, U3 YAaCTHI C MOJIEKYJISIPHON Maccoi
10-300 a. e. M. Cienyet yUuThIBaTh, YTO OCOOEHHOCTH
paszaenieHust oOpa3ylouieics HaJ 3aMOPOXEHHBIM
01M000BeKTOM Ta30BOH (ha3bl Ha QpPaKUUHU TECHO
CBSI3aHBI C COCTOSIHUEM COJIEpIKAIleiicss B HEM BOJIBL,
T. €. KaK ¢ MPUPOJIOH ee CBs3el ¢ OMOMOJICKYIaMH,
TaK U COCTaBOM PAacTBOPEHHBIX B HEW BEIIECTB.

B peanbHBIX mpolieccax yKka3zaHHbIE 0COOCHHOCTH
Oy/IyT IPOSIBIISATHCS TEM CHIIBHEE, YEM CIIOJKHEE COCTaB
CyOIIMMUPYEMBIX U3 OMO00BEKTa MOJEKYISIPHBIX
y4koB. B mpoTrBomooxkHOM ciydae, koraa cyOnu-
MUPYIOT TOJILKO MOJIEKYJIBI BOJIbI, TEPMHH “‘ppaxiuo-
HUpOBaHHE” O3HAYAET JIMIIb IPOLECC pa3leIeHUs
HCXOAHOTO 3aMOPOKEHHOTO0 OMO0OBEKTa Ha BOLY H
cyxoii octatok. Ciieqyer OTMETUTb, YTO TEXHUIECKHE
npoOiemMbl U3ydyeHUs CyONMMalMOHHBIX (paKkuuii
CBSI3aHBI HE TOJBKO CO CIOXHOCTHIO Bapualui
TEPMOIMHAMUYECKUX MapaMeTpoB (CM. puc. 2), HO U
C pa3paboOTKOW PEXKHMOB MX OXJIAXKICHHSI Ha
KPUOTEHHBIX MaHEeJsIX JiecyonruMaTopoB. Onrumals-
HBIC YCJIOBHSI DKCIIEPUMEHTA 3aKJIIOYAIOTCSl B TOM,
4TOOBl BCE CyOIMMHpPyEMbIe U3 HCCIEAYEeMOTO
01000BEKTa MOJICKYIIBI CKOHJICHCHPOBATh U 3aKPHC-
TAJUIM30BaTh Ha MaHensIx necybiammaropa. Ha
MPAaKTUKE ITU YCJIOBHUS PEaTU30BATh MOITHOCTHIO
HEBO3MOXKHO, HO MAaKCUMAIIbHBIE PE3YIbTaThl MOXKHO
[IOJTyYHUTh MPH CYII[ECTBEHHOM IIOHWKEHUU TeMITepa-
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Puc. 5. IIpunnunuaneHas cxeMa KOMILIEKca JUIsl KPHO-
CyOIMMAaIIOHHOTO (ppaKIInOHUPOBAHUSI OOOOHEKTOB.
Fig. 5. Schematic diagram of device for cryosublimation
fractionating of biological objects.

During device operation the molecular flows from
sublimation chamber SC are sedimented on cryoplates
of desublimator DS, during time limit At. while
remaining desublimators are closed by faucets F.
Desublimator DS, takes up the molecular flows of the
fraction F2 during time limit At_, etc. After drying
and warming of desublimators the aqueous fractions
from each desublimator are drained in separate intake
containers.

Products of cryosublimation fractionating of
animal and plant tissues.In the basis of biomaterial
cryosublimation fractionating technology there is the
assuming that the gas phase above the frozen biological
object is a complex composition of molecules of a
different origin: water, amino acids, ethers, vitamins,
mineral substances, fragments of molecular complexes
etc. Water molecules comprise ~98% in composite gas
medium, however their dominance is associated also
with the fact, that the kinetics of variation both
temperature of object and pressure in sublimation
chamber depends on variety of states, from which the
water molecules sublimate (see Fig. 2). In its turn, the
kinetics for a certain biological object determines the
composition and amount of remaining fractions in a
gas phase consisted, as a rule, of fragments with
molecular weight of 10-300 AMU. It is necessary to
consider, that the features of gas phase separation to
the fractions over frozen biological object are closely
associated to its water state, i.e. both to origin of
aqueous bonds with biomolecules and solutes’
composition.

In live processes the indicated features will be
stronger manifested, when the composition of
molecular beam, sublimated from biological object is
more complicated. And in contrast, if only water
molecules sublimate, the term “fractionating” means
only a process of separation of an initial frozen
biological object into water and dry remainder. It is
necessary to note, that the technological problems in
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Puc. 6. 3aBucumocts 3(hUpHOTO YKCIIa KPHOCYONMMAIIOH-
HOW BOAHOW (ppakuMU pPOMAIIKH JIEKAPCTBEHHOH OT
HayaJbHOM TEMIIEPAaTypbl KPUOTE€HHBIX IAHEIEH OCHOBHOI'O
JeCyOoImMaTopa.

Fig. 6. Dependence of ether index of Matricaria chamomilla
flowers cryosublimation aqueous fraction vs. initial tem-
perature of main desublimator cryogenic plates.

Typbl KPUOTEHHBIX NaHeJed necybammaropa. ITo
CBSI3aHO C TEM, YTO yIEp>KaTb OCaKJaeMble Ha XOJIOA-
HOM MOBEPXHOCTH JIeCYOIMMAaTOpa MOJIEKYJIbI MOKHO
TOJIBKO B TOM CJy4ae, €ClId OHH JOCTaTOYHO OBICTPO
MIepeXoAsT B TBepaoQazHoe coctostane. Ecim murpu-
pyIOIIHe Mo OXJIaKICHHON MOBEPXHOCTH JeCcyOnmuma-
TOpa MOJIEKYIBI OObETUHSIIOTCS B )KHIKHE MUKpoda-
3bl, TO BEPOATHOCTh UX YAEP)KAHUS PE3KO CHUKACTCSL.
Ecnu xumuueckuii coctaB u (azoBas nuarpamma
ITOIBEPTarOIIeT0Cs CyOIMMAaIIOHHOM CyIIIKe 00pasiia
TaKOBBI, 4TO OH 710 Temreparyp —50+—80°C comepkut
KHUJIKAE MUKPOQa3bl, TO aHAIOTUYHBIE IT0 XUMHYEC-
KOMY COCTaBY JKHAKHE MUKPO(a3bl OyAyT BOSHUKATh
¥ Ha MOBEPXHOCTIX JecyOomuMaropa. ITo O3HAYaeT,
YTO AJIS yIep>KaHUS COAEPIKAIIUXCSA B HUX MOJIEKYII
Ha MOBEPXHOCTAX AecyOnmmaTopa TeMmIeparypy
MOCIEOHUX CIIeNYyeT MOHMXaTh N0 TeMIEepaTyphbl
CTEKJIOBaHMS XUIAKUX MUKpodas. MccnegoBanus
XHUMHYECKOTO COCTaBa OCAXKAAEMBIX Ha KPHOTEHHBIX
MaHesIX 1ecyOnuMaTopoB BOAHBIX (pakuuid cyOnu-
MHPYEMOT0 PacCTUTEIBHOIO CBHIPbs (IIBETOB PO3BI
3(hUPOMACITUIHOMN, POMAIITKH JIEKAPCTBEHHOH, TIajigest
MYCKaTHOTO M JIaBaHJIbI) TIOKA3aJH, YTO UX XUMHUIEC-
KHH COCTaB OCTaeTCsl CTAOMIBHBIM TOJBKO ITOCIIE
MIOHIDKEHUST TeMIIepaTyphl TaHenel aecyomumaropa
ke —100°C (puc. 6). OxnaxaeHue naHeynen
necyOnuMaTopoB 10 3THX TEMIIEPATyp C IIOMOIIBI0
XKHJIKOTO a30Ta HE MPEACTaBIsieT TpyaAHoCcTH. OqHAKO
UCIIOJIb3yEMBIE B HACTOALIEE BpeMs CyOIIMMallMOHHbIE
YyCTaHOBKH, paboTaromiye Ha MacisHbIX (hopBakyym-
HBIX HAaCOCAax, HE TO3BOJIAIOT MOJNyYUTh XUMHUYECKH
YHUCTYI0 CyOImMHUpyeMyto BonHyto ¢pakuumio [2, 3].

NMPOBJIEMbI
KPUMOBMOJIOIrUM
T. 16, 2006, N22

237

analysis of sublimation fractions are associated not
only with difficult variations of thermodynamic
parameters (see Fig. 2), but also with elaborating the
regimens of their cooling on desublimator cryogenic
plates. The optimal experimental conditions consist
in the condensation and crystallisation on desublimator
plates of entire molecules, sublimated from the studied
biological object. These conditions are practically
impossible to realise, but the maximal outcome could
be achieved after a significant temperature drop on
desublimator cryogenic plates. That is molecules’
holding is possible on a cold surface only in the case
of their rapid transition into solid state. If migrating
along desublimator cooled surface molecules are
aggregated in liquid microphases, the possibility of
their holding sharply diminishes. If chemical
composition, i.e. phase diagram of the object under
sublimation drying exposure result into appearance
of liquid microphases in the object at temperatures
down to —50+-80°C, the ones with similar chemical
composition will arise on desublimator surfaces. It
means, that desublimator surfaces temperature should
be decreased down to glass transition temperature of
liquid microphases to hold the molecules. Studying
chemical composition of aqueous fractions from plant
raw material (flowers of Rosa gallica, Matricaria
chamomilla, Salvia sclarea and Lavandula gen.) been
sedimented on cryogenic plates showed their stability
only after decrease of desublimator plate’s temperature
down to —100°C (Fig. 6). The cooling of desublimation
plates down to these temperatures using liquid nitrogen
does not create any difficulties. However the
sublimation devices, being applied nowadays, are
based on oil forevacuum pumps and do not allow to
obtain a “chemically pure” sublimated aqueous
fraction [2, 3]. It is caused by intensive sorption of
forevacuum pump oil molecules from vacuum contour
by desublimator cryopanels at temperatures below
—60+—80°C. To prevent this process the installation
for cryosublimation fractionating of biological
materials with additional desublimator (Fig. 7) was
designed. Operation principle of the installation is the
following. The frozen raw material 1 on special trays
is placed in sublimation chamber 2, where the process
of fractionating is started at the temperature of —20°C
and pressure of 100 Pa (0.8 mm hg), made with
forevacuum pumps 3. Energy is supplied to trays with
raw material by infrared heaters 4 to compensate the
specific heat of sublimation. Molecules of water and
highly fugitive molecular fragments, evaporating from
frozen raw material, are sedimented on exterior
surfaces of cryogenic plates 5, arranged in main
desublimator 6. Cryoplates are cooled down to —196°C
by filling up liquid nitrogen from the reservoir 7. To
prevent the pollution of aqueous fractions sedimented
on panels 5 by oil molecules of forevacuum pumps 3,
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OTO CBA3aHO C TEM, YTO NP MOHMKE-
HUH TeMIepaTypsl KpuomaHeiael
necybonumaropa Hmke —60+—-80°C
OHH HaYMHAIOT HUHTEHCUBHO COPOMPO-
BaTh HAXOMAIINECS B BAKYYMHOM KOH-

Type CyOJIMMAamMOHHON YCTaHOBKHU
MOJIEKYJIbI Maciia u3 (HOPBAKYyMHBIX
HacocoB. C IeNbIo MpeaoTBPAIEHIUS
3TOTO Ipolecca ObLI CO3/aH KOMII-
JIEKC IS KPUOCYOIMMAIMOHHOTO
(hpakIMOHUPOBaHUS OUOTOTUIECKUX
MaTepUalioB C JAOMOJHUTEIbHBIM
necyomumaropom (puc. 7). [puaiun
paboTH KOMILIEKCA CIEMYIONIMN:

B aTmocdepy
9 into the atmosphere

[ =

3aMOpOXEHHOE ChIphe | B crienuaib-
HBIX MOJAOHAX MOMELIAIOT B CyOIu-
MAaIMOHHYIO KaMepy 2, TJie MPH TeM-
neparype —20°C u gaBnennu 100 I1a
(0,8 MM pT. CT.), KOTOpOE CO3AACTCS C
MOMOTIBIO (POPBAKy YMHBIX HACOCOB 3,
HaIYMHACTCS TPOIECC €ro GpaKIHo-
HUPOBAHUS. DHEPTHUs JJIsl KOMIICHCa-
WU YACTBbHON TEIUIOTH CYOIMMaIiK
MOJBOIUTCS K IMOAOHAM C CBHIPHEM
npu moMomu HHPpaKpacHBIX Harpemarenei 4.
HUcnapsironpecst 3 3aMOPOKEHHOTO CBIPhST MOJIEKYITbI
BOJIBI M BBICOKOJIETYYHE MOJICKYJISIpHBIE (PparMeHThI
OCaXXJIAFOTCS Ha BHENITHUX ITOBEPXHOCTSIX KPHOTCHHBIX
MaHeNen 5, pacroioKeHHBIX B OCHOBHOM J1eCyOin-
Marope 6. Kpronanenu oxnaxxgarorcs 10 TemIepa-
Typbl —196°C 3a HX cUeT 3aN0IHEHUS KUAKUM a30TOM
u3 pesepByapa 7. s 3ammThl ocaxkaarouieics Ha
MaHenaxXx 5 BOAHOW ¢pakuuu OT MOJIEKYJ Macia,
HCHONB3YIOMIEToCs B BAKYYMHBIX HAacOcax 3, MpuMe-
HEH 3amuTHEINA AecyOaumarop 8. Ilapsl Kuakoro
a30Ta, UCHapSIOIIErocs B IMpolecce Kpuocyonmnma-
MUOHHOTO PaKIOHUPOBAHKS B OCHOBHOM JiecyOIu-
MaTope 6, TPOXOIAT 3MEEBHUK 9 3alTUTHOTO J1eCyOin-
Matopa 8, oxJaxkaas ero 1o remmeparypsl —30+—40°C.
3TOro OXJaXJIEHHUsS JTOCTATOYHO JJISI TOTO, YTOOBI
MOJIEKYJIbI Maciia, IONaJarolIie B BAKY YMHBIH KOHTYD
JecyOIMMaToOpoB U3 Hacoca 3, KOHAEHCHPOBAJIKCH B
3amuTHOM Jecyonumarope 8. Ilociae okoHuaHwus
KpUOCYOIMMalMOHHOTO (PaKIUOHUPOBAHUA H
oTorpeBa maHesed JecyOnuMaTropoB B eMKOCTh 10
CIIMBAETCs YUCTasg KpUOCyOIMMalMOHHas BOJIHAS
(dhpakms U3 OCHOBHOTO necyomumaropa 6 (mo 95%
0T o0miero o0beMa), a B eMKOCTh 11 W3 3amuTHOTO
necybnmumaropa 8§ — HE3HAYUTEIHHOE KOJIMYIECTBO
KpHOCYyOIMMannoOHHOM BogHOU (dpakumu (10 5% oT
o0miero oopemMa), 3arps3HEHHON MOJIEKYJIaMH BaKy yM-
HOTO Maclia U HEMPUTOJHOMN Ui JajbHEUIIero
ucnonb3oBanus. [Ipu 3ToM B cyOiaMManMoHHOM
KaMepe OCTaeTCs CyXOi MOPOLIOK (BIAXKHOCTH HE
oonee 3-5%) nepepabaTbIBAEMOTO CHIPBSI.
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11

10

Puc. 7. CxemMa kpuoCyOIUMaMOHHONH yCTAHOBKH C ABYXKacCKaIHBIM
JecyOomuMaTropoM (TTOSICHEHHUS B TEKCTE).

Fig. 7. Scheme of cryosublimation device with two step desublimator (ex-
plained in text).

the protective desublimator 8 is applied. The vapours
of liquid nitrogen, evaporating in process of cryosub-
limation fractionating in main desublimator 6, went
through a serpentine 9 of protective desublimator 8,
cooling it down to temperature of —30+—40°C. The
resulted temperature is quite low to condense in
protective desublimator 8 the oil molecules coming
into vacuum circuit from the pump 3. After termination
of cryosublimation fractionating and warming of
desublimator panels the pure aqueous fraction from
main desublimator 6 drain in container 10 (up to 95%
of total amount), and container 11 of protective
desublimator gets the minor amount of cryosubli-
mation aqueous fraction (up to 5% of total amount),
polluted with oil molecules and being unsuitable for
further usage. Simultaneously the dry powder (damp
no more than 3-5%) of processed raw material rests
in sublimation chamber.

This approach allows to purify biologically
valuable cryosublimation aqueous fraction from oil
molecules and to obtain the high-quality products for
food, cosmetic, pharmaceutical production without
expending an extra energy. The chemical composition
of aqueous fractions obtained after sublimation of
Rosa gallica and Matricaria chamomilla flowers, as
well as human placenta fragments are shown in the
Tables 1-3. The indicated data confirm the complex
content of aqueous fractions obtained from biological
objects by cryosublimation, and the possibility for
separation of molecular flows, sublimated from frozen
biological system. As the matter of fact the obtained
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JlaHHBIH TIOAXOJ MO3BOJIsAET 0€3 AO0MOJI-
HUTEIBHBIX YHEPreTHUECKUX 3aTpar OYHIIATh
OMONIOrMYECKH LIEHHYIO KpUOCYOIuMaIoH-
HYIO BOJHYIO (PpaKIHIO OT MOJIEKYJ BaKy yMHO-
ro Macjia U MoJy4yaTh BBICOKOKAu€CTBEHHBIE
OPOAYKTHl JJISI MUIIEBHIX, KOCMETHUECKUX,
(hapManeBTHUECKUX MPOU3BOACTB. XUMHUUEC-
KUl COCTaB CIMBAaEeMbIX B eMKOCTh 10 BOIHBIX
(hpaxIuii, Mory9eHHBIX IPU CyOIMMUPOBAHUH
CBE)Ke3aMOPOKEHHBIX IIBETOB PO3bI 3hrupomac-
JINYHOU M POMALIKHU JIEKAPCTBEHHOM, a TaKKe
(parMeHTOB IUTALIEHTHI YEIOBEKA, IPUBE/ICH B
Tad. 1-3. Yka3zaHHbIE JaHHBIC IOATBEPKIAIOT
CJIOKHOCTh OMOXMMHUYECKOTO COCTaBa BOIHBIX
¢pakumii, BeIACNIEMBIX U3 OMOOOBEKTOB B
pexuMe KpuocyOIHMHUPOBaHUS, U BO3MOX-
HOCTb pa3lesieHus CyOIMMUPYEMbIX U3 3aMO-
POXEHHBIX OMOJIOTUYECKHX CHUCTEM MOJIEKY-
JSIPHBIX MOTOKOB. DaKTHYECKH MOTy4YEeHHBIE
PE3YNBTATHI SBIISIOTCS] OCHOBOH U1l HE UMEIO-
[IMX AJTBTEPHATUBBI TEXHOJOTUH BBIJIEICHUS
dbpakouit ¢ MOJEKyIspHOW Maccod a0
300 a. e. M. U3 HATyPaJIbHOIO OHOJOTHYECKOIO
CBIPBS, a TAKXKe JJIsl HOBOTO HAIPABJICHUS T10
paszieneHuIo 3TUX Qpakiuii Ha YHUKAJIbHBIC
KOMIIOHEHTHI.

BbIiBOABI

B nannoii pabore OBLI MOATBEPKACH
CIIOXHBIM M YHUKAJIbHBIN COCTaB BOJHBIX
(hpakuuii, BEIACISIEMBIX U3 3aMOPOKEHHOTO
OHMOJIOTUYECKOTO CHIPhS B PEKUME KPHOCYOITH-
MupoBaHus. be3yciaoBHO, 3TH ¢pakiuu Tpe-
OyIOT JajbHEHIIEro 3KCIePUMEHTAIBHOIO
M3Y4YEHHUsS C TOYKH 3pEHHs KakK (hapmakoyo-
FHYECKHX CBOMCTB, TaK ¥ (DU3MKH MPOILIECCOB,
MIPOUCXOMASAIIMX Ha BCEX 3Tanax KpuocyOIin-
MalMOHHOIO ()paKIMOHUPOBaHMS. TeXHHKA
KPUOTCHHOIO pa3jeiCHUs OUOJIOTHYCCKUX
MaTepHaOB IMO3BOIHT MOIYYaTh IPOAYKTHI C

Tadmuna 1. AMMHOKHCIIOTHBIN COCTaB KPUOCYOIMMAIMOHHBIX
BOIHBIX (ppakiuit
Table 1. Aminoacid composition of frozen-dried aqueous
fractions

BermrectBo
Substance

KoanuecTBO, MKMOAB/A

Content, pmol/1

TThanenra
JerOBeKa
Human placenta

Poza
achupomacAruHas
Rosa gallica

Pomarnika
AeKapCTBeHHast
Matricaria
chamomilla

AnaHuH
Alanine

12

Aprunun
Arginine

Acmiaparus
Asparagine

AcniaparuHoBasi
KHCAOTa
Asparaginate

Barmn
Valine

20

T'ucrupnx
Histidine

35

26,7

52,4

T'annun
Glycine

15

T'ryramMuHOBas
KHCAOTa
Glutamate

17

Nzoaeniuna
Isoleycine

19

AednuH
Leycine

15

AU3uH
Lysine

35

25,3

191

TTpoaun
Proline

Cepun
Serine

10,2

Tpeonun
Threonine

Lucrenn
Cysteine

8,2

DenUNANAHUH
Phenylalanine

Chaeppt
Traces

3apaHee IporpaMMHUpPyeMbIMH cBoiicTBaMu. [Tockoms-
Ky B HAcCTOdAIllEEe BPEMsS HE CYILIECTBYET APYTHUX
METOJOB JIJIsl TIONYy4YeHUsT MOMOOHBIX HU3KOMOJIE-
KyJAPHBIX BOAHBIX (ppakmuii, ONUCAHHBIA METON
ABIISIETCSl YHUKAJIHHBIM B COBPEMEHHOM KpHOOMOIIO-
T'HH, & TIOJTy9eHHbIE TIPOAYKTHI MOTYT OBITH OCHOBOM
US| IPOU3BOJICTBA (hapMalleBTHUECKUX 1 KOCMETHIEC-
KHMX IIpenapaTroB HOBOT'O IOKOJICHHUS.
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1. odonbckull A7, Oceukuli A.Y. CoBpeMeHHble kprobuorno-
rmyeckme TexHonornm nepepaboTkm pacTUTENbHOMO Cbipbs:
Cnpag. nocobue.— Xapbkos: HTY “XIMA", 2001.— 311 c.
2. [llodonbckul M.B. BbicylwumBaHue npenapaTtoB KpoOBU U
KpoBe3ameHutenen.— M.: MeanumHa, 1973.— 176 c.
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results create the basis for novel technologies aiming
the obtaining of fractions with molecular weight of
300 AMU from biological raw material, as well as
the separation of these fractions into unique
components.

Conclusions

This investigation confirmed the complex and
unique composition of aqueous fractions obtained
from frozen biological raw material using cryosubli-
mation. These fractions certainly require further
experimental analysis of both their pharmacological
properties, and physics of processes occurred at all
stages of cryosublimation fractionating. The technolo-
gy of cryogenic separation of biological materials will
allow the obtaining of products with pre-programmed
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Taoauua 2. Conepkanue MUHEPAJIbHBIX BELIECTB B KPHOCYOIMMAIIMOHHBIX BOIHBIX (DPaKIUIX
Table 2. Mineral substances composition in frozen-dried aqueous fractions

XUMUYECKUHN SAeMEHT
HcTroyHuk Chemical element
Source
Mg Al Si P Ca Cr Mn Pe Ni Cu Zn Pb
Thanenra ueroexa 30 11 42 120 60 03 02 10 02 03 4058 | 0,005
Human placenta
Posa apupomacammast 8 - - 10 5 - 15 1,4 - 3,0 123 -
Rosa gallica

Pomariika AeKapCTBerHas 4 - - 12 6 - 08 06 - 35 2,38 -

Matricaria chamomilla

Tadmuna 3. buoxuMudeckne XapakTepUCTHKH KpUOCyOIIMMAalMOHHBIX BOAHBIX (hpaKkuuit
Table 3. Biochemical indices of frozen-dried aqueous fractions

Opaknus  Fraction

TTapamerp
Parameter TThatieHTa yeroBeKa Poza aupomacanyHag Powmariika AekapcTBeHHasd
Human placenta Rosa gallica Matricaria chamomilla
CopeprkaHue oOIIUX AUIIMAOB, I'/A _ 18 29
Total lipid content, g/1 ' '
TTpoaaxkTun,ME/A _ —
Prolactine,IU/1 4000
OCT ME/A 50 _ -
FSH,IU/1
CopeprKaHuEe TOPMOHOB
Hormone content
TecToCcTepOH,HMOAB/A 1 _ —
Testosterone,nmol/1
ITporecTepoH,HMOAB/A 64 _ —
Progesterone,nmol/1
AHTUOKUCAUTEABHAs] aKTUBHOCTH He onpeaeasirach
Antioxidant activity N/A 32,5+0,08 73,5+0,16
OdupHOoe yncro _
Ether index 128 225
Kucaornoe uncro, mr/KOH _ 28 23
Acid index, mg/KOH ! '
[MepekrncHOE YUCAO _
Peroxidation index 015 011
MopHOe uncAo — 5,63 5,08
Iodine index ! !
Yucro OMBIACHHST _ 4,08 4,55
Soap index

3. KamosHukoe B.T1., Marnkos J1.C., BockobouHukos B.A. Bakyym-
cybrnMmMaumoHHas cyLuka nuweBbIX NpoaykToB.— M.: Arponpom-

n3gar, 1985.— 288 c.
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properties. As nowadays there are no other methods
for obtaining similar aqueous fractions com-prising
low molecular weight substances the described method
is unique in up-to-date cryobiology, and the obtained
products can be base for production of pharmaceutical
and cosmetic preparations of a new generation.
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