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Po3pobOka meTomiB OTpuMaHHS O10JOTIYHO aK-
THBHUX pedoBHH (BAP) mpupomHOTO TOXOMKEHHS
3 POCITUHHOI CHPOBHHH € OJHUM 3 HEePCHEKTUBHUX
HaIpsIMKIB Cy4acHOI OioJorii, 6ioTexHoorii Ta dap-
Makosorii [2, 3, 6]. Ha xanp, mig 9ac BUTOTOBIICH-
HSl TaKuX MpenapariB y Mpoueci AeUemonsapu3anii
MOYAaTKOBOi CHPOBHMHH, ii eKCTpakuili Ta CTepHIIi-
3aIlii 3aJeKHO BiJf 0OpaHUX METOMIB MOXE CYTTEBO
PI3HUTHUCS KIHIIEBUH CKJaa MPOAYKTY, IO MPHU3BO-
JUTh JI0 PI3HOI KOHIICHTpAIlil MIFOYMX PECUOBHH.
Tak, mijg yac eKcTparyBaHHS B yMOBaX KiMHATHOI
ab0 BHCOKOi TemImeparyp MOPYIIYEThCS CTPYKTypa
Oararbox BAP i, sk HacimoK, BigOyBaeThCS 3HAUHE
3HIKCHHs a00 TOBHA BTpara ix 010JIOriyHOi aKTHB-
HOCTI. YHWKHYTH BIUIMBY HarpiBaHHS, pyHHIBHOTO
Juisl 06araTbOX MOJICKYJ, MOXKHA 33 JOTIOMOTOI0 Me-
TONmiB BHUAUICHHS BAP 3 BUKOpHCTaHHSM KpiOTEX-
Hojorii [4, 5]. Huspki Temmeparypu mpu nepenoo-
poOmi 0i0MIOTiYHOT CHPOBHHHU CIPHUAIOTH MOBHIIIO-
My pYHHYBAaHHIO KIITHHHUX CTPYKTyp 1 BHUXOAY
BAP B exctparyroumii pozumH [4]. Ha cworomni
y HayKOBIi JliTepaTypi Ayke Mallo eKCIepUMEH-
TaIbHUX JaHUX MO0 BIUIMBY Pi3HUX HU3BKOTEMIIC-
paTypHHUX PEKUMIB Ha SAKICHHM Ta KUTBKICHHUH CKIIaT
KIHIIEBUX MPOAyKTiB. DyHIaMeHTaNBHI TOCTiKEH-
HS B IbOMY HaNpsMKy Maibke BiICyTHI.

Mera JOCHiIDKEHHS — TIOPIBHSHHS BINTUBY
PI3HHX PEKUMIB HH3BKOTEMIIEPATyPHOI OECTPYK-
mii # excTpakilii Ha BHUBUIGHCHHS BOJOPO3YHH-
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The development of techniques to procure the
biologically active substances (BAS) of natural
origin from plant-based raw material is among the
promising trends in current biology, biotechnology,
and pharmacology [1, 2, 6]. Unfortunately, during
the manufacture of these drugs, the final product
composition may significantly vary depending
on the methods used for decellularization, extrac-
tion and sterilization of starting raw material,
which may lead to different concentrations of
active substances. For example, during extraction
at room or high temperatures, the structure
of many BAS is disrupted and, as a result, a sig-
nificant reduction or complete loss of their bio-
logical activity may occur. A destructive effect of
heating on many molecules may be avoided by
means of the methods for BAS isolation using
cryotechnology [3, 4]. During pretreatment of
biological raw materials, low temperatures promote
a more complete destruction of cell structures and
BAS yield in the extraction solution [3]. To date,
experimental data on the effect of various low
temperature regimens on qualitative and quan-
titative composition of final products are poorly
reported in scientific literature. Fundamental studies
in this area are almost absent.

The research aim was to compare the impact
of different modes of low temperature destruc-
tion and extraction on the yield of water-soluble
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HUX BiTaMiHIB Ha TPHUKIAZl acKOPOiHOBOI KHCIOTH
3 JUCTs KpomuBW aAopomHoi Urtica dioica L.,
a TaKoX BHU3HAYCHHS 3aJIC)KHOCTI €(EeKTUBHOCTI
eKCTpakKIlii Bi CONBOBOTO CKiamy Ta pH ekcrpa-
I'YIOUOr0 CEpPEIOBHIIIA.

KpioekcTpaktn 31 CBDKOTO JIUCTS OTPUMYBa-
T 3 BHKOpHCTaHHSIM 150 MM BOIHHX pO3YMHIB
NaCl ta KCI 3 pH 5,0 Ta 7,4. Y nuuniHApUYIHAN TI0-
JNpomineHoBUH KoHTeHHep niamerpoM 50 MM
BHOCWIH TmofpiOHeHe ymcts (50 1) 1 momaBanu
eKCTparyrounii po3unH 10 06’ emy 500 mut. Byno Bu-
KOPHCTaHO J[Ba CIIOCOOM KpiOJAEeCTPYKLii/eKCTpak-
1ii — IIBHIKE 3aMOPOXKYBaHHS — IIBUIKE PO3MO-
POXKyBaHHS 1 TOBUIbHE 3aMOPOXYBaHHS — IOBiJIb-
He po3MmopoxyBaHHS. llIBuake 3amMOpoXyBaHHS —
IIBUIKE PO3MOPOXKYBAaHHS 3pasKiB IPOBOIMIOCH
MUISIXOM 3aHYPEHHS YV PiOKWAN a30T (CepemHs IIBHII-
KicTb oxonmomkeHHss 30°C/xB, KiHIIEBa TeMIiepa-
typa —196°C) 1 TOmAIBIIOrO MEPEHECEHHS B TEp-
mocrar «U 15C» (MLW, Himedunna) 3 temrmepa-
Typoto Bogu 37°C. lloBinbHe 3aMOpOXXyBaHHS —
MOBUIEHE PO3MOPOKYBAHHS 3/[IHCHIOBAIN IIIISIXOM
PO3MIIIIEHHS JIMCTSI KPOIMBHU HA 24 TOIWHU B Mapax
azoty (cepemHs MIBUAKICTH oxonopkeHHs 1°C/xB)
1 MONMAJBIIOT0 PO3MOPOXKYBaHHS 32 KIMHATHOI TEM-
neparypu (19-21°C). [Inga mopiBHSHHA NPOBOAMIH
EKCTPAKIlI0 TPAJAHUIIIHHAM CIIOCOOOM: BHCYIIICHE
mucts (=15 1), orpumane 3 50 T CBIXKOTO, TOKJIAIN
B €MaJbOBaHUI TOCYH, 3aJMBAJH AWUCTHIHOBAHOIO
BOJIOI0 KIMHATHOI TeMmIieparypu 10 00’emy 500 m,
3aKpUBAIM KPHUIIKOI0 Ta HATpiBaIM Ha KHIDIAUiN
BOIsAHIA Oani 15 XB, MmiCiAs YOro OXOJOMKYBa-
U 3a KIMHaTHOI Temrmeparypu mnpoTsrom 45 XB.
[Ticns 3aBeprueHHs ekcTpakuii (y BHMAAKy Kpio-
SKCTpaKIlii — IicIsl TOBHOTO BiATaBaHHS 3pa3ka)
3aBHCHh MPOIPKYBAIA 4Yepe3 YOTHPU INApPH Map-
ni. CUpOBHHY, [0 3aJUIIAIACH, BiDKUMAIU J0
MPOLIKEHOTO eKCTpakTy. [loTiM eKCTpakTH mpo-
IMyCKaJau dYepe3 MamepoBHid (DUIBTp i3 CcepeaHBOIO
mBUAKICTIO  ¢inerpamii. O6’eM HACTO JOBO-
WA eKCTParylouyuMH PO3YMHAMHU IO TTOYaTKOBOTO
06’ emy 500 mi1.

Jlns  BHU3HAYEHHS BMICTY acKOpPOIHOBOI KHC-
JIOTH B EKCTPAKTaX BHUKOPHCTOBYBAIN THUTPOMET-
puunnii meron [1]. Hdns 1poro BigOupamu 5 wmu
EKCTPaKTy, TOMIIAJId B KONOy IUIsl THUTPYyBaHHS
Mmictkictio 100 mu, gomaBamu 5 mut 2%-ro po3du-
HY COJAHOI KHCIOTH, 50 MI IUCTUIBOBaHOI BOIH
Ta TUTPYBaJH 3 MIKpOOIOPETKH CBIKOIPHUTOTO-
BaHuM 1 MM pozunHOM 2,6-auXIIOpEHOIIH-
TOoQEHONATY HATPYy OO TIOSBH CTIMHKOTO IPOTS-
rom 60 ¢ 3abapsneHHs. Buxiag ackopOiHOBOI KHC-
JOTH 3 BHUXIOHOI CcHpOBUHH (%o0) oOUMCIIOBANH
3a GopMyIIotO:
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vitamins by using ascorbic acid from nettle
(Urtica dioica L.) leaves as an example, as well
as to determine the dependence of extraction
efficiency on salt composition and pH of extraction
medium.

Cryoextracts from fresh leaves were procured
by using 150 mM of NaCl and KCIl aqueous so-
lutions with pH 5.0 and 7.4, respectively. The
crushed leaves (50 g) were placed into a cylindrical
polypropylene container with 50 mm diameter
and supplemented with extracting solution up to
a volume of 500 ml. Two ways of cryodestruction/
extraction were used: rapid freezing — rapid thawing
and slow freezing-slow thawing. The procedure of
rapid freezing-rapid thawing was performed via
sample’s immersion into liquid nitrogen (30°C/
min mean cooling rate, 196°C final temperature)
and further transfer into U 15C thermostat (MLW,
Germany) with 37°C water temperature. The slow
freezing-slow thawing procedure was carried
out by placing nettle leaves in nitrogen vapor for
24 hrs (1°C/min mean cooling rate) and further
thawing at room temperature (19-21°C). To compare,
the extraction was performed using the standard
technique: dried leaves (=15 g), obtained from
50 g of fresh leaves were placed in an enamel
bowl, poured with distilled water of room tempe-
rature up to a volume of 500 ml, covered with
a lid and heated in a boiling water bath for 15 min,
then cooled at room temperature for 45 min. When
the extraction was done (after complete thawing
of sample in case of cryoextraction), the supernatant
was filtered through four layers of gauze. The
remaining raw material was squeezed to a filtered
extract. The extracts were then passed through
a paper filter with mean filtration rate. The infusion
volume was made up to initial volume of 500 mL
using the extraction solutions.

The titrometric method was used to determine
the content of ascorbic acid in the extracts [5].
For this purpose, 5 ml of extract were taken, placed
into a 100 ml titration flask, then supplemented
with 5 ml of a 2% hydrochloric acid solution,
50 ml of distilled water, and titrated from a
microburette with a freshly prepared 1 mM solution
of 2,6-dichlorophenolindophenolate sodium until
a color stable for 60 seconds appeared. The yield
of ascorbic acid from the starting raw material (in
ppm) was calculated by the formula:

(V, - V,)x0.088x120x1000
50000 ’

where 0.088 is the amount of ascorbic acid (mg) for
titration of which 1 ml of 1 mM sodium 2,6-dichlo-

X,%O =

55
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(V, —V,)x0,088x120x1000
50000 ’

ne 0,088 — KiIBKICTh acKOPOIHOBOI KHUCIOTH (MT),
JUIL TUTPYBaHHS sKO1 HeoOXximHo 1 miu 1 MM po3uu-
Hy 2,6-nuxnopdeHominnodperonsty Harpy, 120 —
xoedimieHT pospeneHus; V. — o6’em 1 MM pos-
quHy 2,6-1uxJI0pQeHOMHA0(EHOIATY HATPY, KM
BUKOPHCTAHO JJIsl TUTPYBAaHHS JOCIITHOT TIPOOH, MIL;
V,— o6’em 1 MM posuuny 2,6-muxsopdenomninmo-
(beHOMATY HATpy, KU BUKOPUCTAHO JJISI TUTPYBaHHS
KOHTpOJbHOI mpobu, mur; 50000 — mouarkoBa
Maca CHUPOBUHU (70 3aMOPOXKYBaHHsS Ta BHCYIITY-
BaHHS), M.

Craructnyny 0OpOOKy OTpHUMaHUX pPE3yJbTaTiB
MPOBOAMIIM 3 BHKOPUCTAHHSIM ITaKeTa IPOrpamMu
«Excel» (Microsoft, CIIIA). 3uHauyIiictb BiAMiH-
HOCTEH po3paxoByBaim 3a t-kpurepieM CThIOIEHTA
3 ypaxyBaHHSM TIEPEBIPKH ITOKAa3HHWKIB Ha HOpP-
MaJeHICTh po3noniny (7 = 30). BiaMiHHOCTI BBaXkan
3HauymuMu npu p < 0,05. Jlani HaBeneH1 y BHIIIAII
CepeHbOi apu(PMETUYHOI BEIMYMHU + CTaHIAPTHE
BIIXUIEHHS.

X,%O =

Pesynpraru ananizy BmmBy pH ekctparyrouoro
cepeIoBHIIA Ha BUXi Y KPIOEKCTPAaKTH aCKOpOIHOBOI
KHCIIOTH (TaONuIs) CBiYaTh, M0 JAaHUN MOKA3HUK
OyB BHIIMM ITi]T 9ac 3aCTOCYBaHHS po3uuHiB 3 pH 5,0,
HE3aJIeXKHO BiJl COJITHOTO CKIIaJy Ta TeMIIeparypHOro
PEXUMY eKCTPaKIIii.

Brume Ha mOCHiKyBaHWH TOKA3HUK COJISTHOTO
CKJIay CEPEIOBUIIA EKCTparyBaHHs (TaOIHIIsT) TTOKa-
3aB, o po3uuHu 150 MM KCI Oynu 3nauyme edex-
TuBHIIKME TopiBHAHO 3 150 MM NaCl, He3anexHO
BiJ pH Ta BUKOPHUCTAHOTO TEMIIEPATyPHOTO PEIKHMY.

Hlogo 3ameXHOCTI BMICTY B KpPiIOGKCTPaKTax
acKOpOIHOBOI KHCIIOTH BiJi TEMIIEPAaTypPHOTO PEXKH-
My EKCTpakiii, TO Pi3HHULSA MiX MOBUIBHHM 3aMO-
POXXKYBaHHSIM — TOBUIBHHUM DPO3MOPOXKYBaHHIM Ta
MIBUJIKAM 3aMOPOXXYBaHHSM — IIBUJIKHM pPO3MO-
pOXKyBaHHSAM Oylia 3HAYYIIOI JIMIIE MPH BUKOPHC-
tauHi 150 MM KCl 3 pH 5,0 sk ekcrparyrodoro
cepemoBuIa. 3a WX YMOB JaHI TOKa3HUKH Oyiu
HAWBUIIMMY 1 HE IOCTYAINCS TTOKa3HUKAM EKCTpaK-
TiB, OTPUMYBaHHUX 3 TPAIUIIIHHIM METOJIOM €KCTpaK-
1ii — HarpiBaHHA (TaOMHIIS).

TakuMm YWHOM, €(EKTHBHICTh EKCTparyBaHHS
acKOpOIHOBOI KHUCJIOTH 3 JIUCTS KPOIHMBH JIBOIOMHOT
3aJIe)KUTh BiJl TEMIIEPATypHOTO PEKUMY EKCTpaK-
1ii, compoBoro ckmaay Ta pH excrtparyrodoro ce-
penoBuina. 3 yCiX IOCHIIKYBaHHX CIOCOOIB Kpio-
eKCTPaKIlii JWIIe BUKOPHUCTAHHS TIOBUILHOTO 3a-
MOpPOKYBaHHST — TIOBUIBHOTO PO3MOPOXKYBaHHSI
ta 150 MM KCI 3 pH 5,0 sk excTparyrwodoro cepe-

rophenolindophenolate solution is reguired; 120
is the dilution factor; V is the volume of 1 mM
sodium 2,6-dichlorophenolindophenolate solution
used to titrate the test sample, ml; ¥ is the
volume of 1 mM sodium 2,6-dichloropheno-
lindophenolate solution used for titration of
the control sample, ml; 50000 is the initial
weight of the raw material (before freezing and
drying), mg.

The results were statistically processed using
the Excel software package (Microsoft, USA).
The significance of the differences was calculated
by Student’s t-test, taking into account the
check of the parameters for normal distribution
(n = 30). Differences were considered significant
at p < 0.05. Data were presented as arithmetic
mean + standard deviation.

Results of the analysis of the extraction me-
dium pH impact on ascorbic acid yield in cryo-
extracts (Table) show this index to be higher
when using solutions with pH 5.0, regardless of
the salt composition and temperature regimen of
extraction.

The effect of the extraction medium salt
composition on the studied index (Table) showed
that solutions of 150 mM KCI were signifi-
cantly more efficient than those of 150 mM
NaCl, regardless of pH and temperature regimen
used.

As for the dependence of the ascorbic acid
content in cryoextracts on the extraction tempe-
rature, the difference between slow freezing-
slow thawing and rapid freezing — rapid thawing
was significant only when 150 mM KCl with pH
5.0 was used as an extraction medium. Under
these conditions, the parameters were the highest
and not inferior to those of the extracts obtained
using the standard method of extraction: heating
(Table).

Thus, the efficiency of ascorbic acid extraction
from nettle leaves depends on temperature re-
gimen of extraction, salt composition and pH of
the extraction medium. Among all the studied
cryoextraction methods, only the use of slow
freezing-slow thawing and 150 mM KCl with
pH 5.0 as an extraction medium enables obtai-
ning the nettle (Urtica dioica L) leaf extracts, which
are not inferior in ascorbic acid content to that
procured by applying high temperature. Since the
heating process destroys thermolabile molecular
complexes, which significantly reduces their
biological value [3, 4], the extraction of water-
soluble vitamins using slow freezing-slow tha-

npobnemu Kpiobiosnorii i KpiomeanUMHMU

problems of cryobiology and cryomedicine
Tom/volume 34, Ne/issue 1, 2024



Buxig ackopbiHOBOI KUCNOTK 3 MUCTS KpONuMBKM ABOAOMHOI Urtica dioica L. B eKCTpaKTn, OTPUMaHi 3 BUKOPUCTaHHAM
pi3HMX TEMNepaTypHUX peXnMIB Ta cepeaoBULL, ekCcTparyBaHHs pisHoro cknagy Ta pH (%o Big macu nucta, n = 30)

Yield of ascorbic acid from nettle (Urtica dioica L.) leaves in the extracts obtained using different temperature regimens
and extraction media of different composition and pH (%o by weight of leaves, n = 30)

BopaHna 6aHA, 100°C
Water bath, 100°C

LLIBnaKe 3aMOpOKYBaHHA-LLBUAKE PO3MOPOXKYBaHHA
Rapid freezing-rapid thawing

MoBinbHe 3aMOPOKyBaHHA-MOBINIbHE PO3MOPOKYBAHHA
Slow freezing-slow thawing

150 MM NaCl 150 MM KCl 150 MM NaCl 150 MM KCI Auctunsosaka sona
Distilled water
pH 5,0 pH 7,4 pH 5,0 pH 7,4 pH 5,0 pH 7,4 pH 5,0 pH 7,4 ~pH 5,6
747 £ 0,16*" 6,74 £ 0,21* 8,22 + 0,208 7,42 + 0,248 714 £ 017*#* 6,53 + 0,18* 7,84 £ 0,18*#"8 719 + 0,22*§ 8,65 + 0,26

MpumiTkn: BiOMIHHOCTI 3HayyLli BIQHOCHO MNOKAa3HWKIB, OTPUMaHMX Mig Yac ekcTparyBaHHS 3 BUKOPWUCTAHHAM BOAS-
Hoi 6aHi (100°C) Ta gnctunboBaHoi Bogu (=pH 5,6) B AIKOCTi ekcTparyroyoro po3dvHy (*); NOBINbHOrO 3aMOPOXKYBaHHSI-
MOBINBHOTO PO3MOPOXYBaHHSI Ta TOMO X CaMOr0 EKCTparylyoro posvuHy (*); 3 BMKOPWUCTaHHSIM TOrO X CaMoro Tem-
nepaTypHOro pexumy eKkcTparyBaHHA Ta TOrO X CamMoro eKkcTparylodoro posdvHy 3 pH 7,4 (*); 3 BMKOPUCTaHHAM
TOro X CamMoro TemnepaTtypHoro pexumy ekctparyBaHHsa Ta 150 mM NaCl 3 Tvm camum pH B SKOCTi ekcTparyo4oro
po3sunHy (§); p < 0,05.

Notes: differences are significant with respect to the values obtained during extraction using a water bath (100°C)
and distilled water (=pH 5.6) as the extraction solution (*); slow freezing-slow thawing and the same extraction solution

(*); using the same extraction temperature and similar extraction solution with pH 7.4 (*); using the same extraction
temperature and 150 mM NaCl with the same pH as the extraction solution (§); p < 0.05.

JOBHIIA JI03BOJISIE OTPUMATH 3 JIHCTS KPOIIMBH JIBO-
nomHOi Urtica dioica L. eKCTpakTH, SKi 3a BMICTOM
acKOpOIHOBOI KHCIIOTH HE IOCTYHAIOTHCS EKCTpPaK-
Ty, OTPUMAHOMY 3 3aCTOCYBaHHSIM BHCOKOI TEMIIe-
parypu. OCKIIBKA B MPOIIECi HATPiBaHHSA Ma€ MICIe
JIECTPYKINS TEPMOJIAOUTBHIX MOJEKYISIPHUX KOM-
IUIEKCIB, IO CYTTEBO 3HMKYE iXHIO Oi0JIOTiYHY LiH-
HicTb [4, 5], ekcTpakuis BOZOPO3UMHHUX BiTaMiHiB
3 BHUKOPHCTaHHA IOBUIBHOTO 3aMOpPOXYBaHHSI —
noBiIbHOTO po3mMopokyBanHs Ta 150 MM KCI 3 pH
5,0 mae MOXIIUBICTh TOBTOPHOT'O BUKOPHCTAHHS Ti€i
X POCIMHHOI CHPOBHHHU UIS €KCTpParyBaHHS >KHUPO-
PO3YMHHMX BiTaMiHiB Ta iHIMX BAP.
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wing and 150 mM KCI with pH 5.0 makes it pos-
sible to reuse the same plant material for the extrac-
tion of fat-soluble vitamins and other BAS.
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