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IMmoOini3oBani MpoOiOTHKH Bce OimbIIe 3acTo-
COBYIOTh Y BHPOOHHMIITBI MPOOIOTHYHUX Mpernaparis,
JIKYyBaJIbHO-TTPOGUTAKTUYHUX TPOIYKTIB XapuyBaHHS,
KOPMOBHX JOMIIIOK [6]. TexHomorii JOBrocTpoKOBOTO
30epiraHHss KOMEPIIHHUX TpenapariB 1 MpOIYyKTiB Ha
OCHOBI 1IMMOOUTI30BaHUX TPOOIOTHKIB 3HAXOISATHCS B
ctamii po3poOku. HailOinpm epeKTHBHIMHU 1 IIMPOKO
BKHBAHUMH METOAMH KOHCEPBYBAHHS BITbHUX KIIITHH
Pi3HUX MiKpOOpraHi3miB € siodinizais i 30epiranss 3a
HU3BKHX TeMIeparyp [4].

Meta poOOTH — BUBUEHHS 30€peKeHOCTI BUPOOHH-
YUX XapaKTepUCTUK npodiotnuyHoro mramy Esherichia
coli M-17 (E. coli M-17) micns iMMOOLTI3aIIT B TeIEBHUX
HOCISIX 1 30epiraHHs 3a pi3HUX HU3bKUX TEMITEparyp.

OO0’€exTOM JTOCII/PKEHHSI OYB TPOMHUCIIOBHI IITaM
E. coli M-17, sixuit orpumanu 3 «/lepx.H/[Irenetnkay
(Pocist). bakrepii BupoIIyBain Ha CKOIIEHOMY arapy-
30BaHOMY cepenoBun «Nutrient Agar» («Biolifey,
ITanist) mpotarom no6u mpu 37°C, micnis 4oro 3mMuBa-
JIM 3 TIOBEPXHI CepeloBUINA (i3i0IOTTYHUM PO3UHHOM,
iMMOOiTi3yBasin OakTepiaabHi KIITHHU B Te€JIEBUX Ipa-
HyJlaX METOJOM I1OHOTPOIHOIO TreleyTBOpeHHs [7].
Cra0inizyBanu rpanynu B 0,2 M posuuni CaCl, mpo-
aroM 20 xB. [lng mpuroTyBaHHsS ajbIiHATHOTO TeEJI0
BHKOpPUCTOBYBaiM Harpiro ajiprinar E 401 (Kwuraii).
Bynn BumpoOysani 5 BapiantiB remo: 1 — 1%-i anb-
KiB, YkpaiHa
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Immobilized probiotics are increasingly used for the
production of probiotics, therapeutic and prophylactic
foods, feed additives [4]. Techniques for long-term
storage of commercial drugs and products based
on immobilized probiotics are under development.
The most effective and widely exploited methods of
preserving free cells of various microorganisms are
lyophilization and storage at low temperatures [5].

The research aim was to study the maintenance of
manufacturing characteristics of probiotic Esherichia
coli strain M-17 (E. coli M-17) after immobilization
in gel carriers and its storage at different low tempera-
tures.

The research object was an industrial E. coli strain
M-17, which was obtained from the Federal Institution
‘State Research Institute of Genetics and Selection of
Industrial Microorganisms of the National Research
Center’ Kurchatov Institute (Russia). Bacteria were
grown with ‘Nutrient Agar’ slant (Biolife, Italy) for
24 hours at 37°C, then washed from the surface with
saline, immobilized bacterial cells in gel granules by
ionotropic gelation [7]. The granules were stabilized
in 0.2 M CaCl, solution for 20 minutes. Sodium al-
ginate E 401 (China) was used to prepare the alginate
gel. There were tested 5 gel variants: 1 — 1% alginate
gel without impurities; 2 — 1% alginate gel + 10% lactose;
3 — 1% alginate gel + 10% sucrose; 4 — 1% alginate
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rinatHuii renb 0e3 gomimiok; 2 — 1% aneriHatHui
renb + 10% nakro3u; 3 — 1% anbrinatauii reas + 10%
caxaposu; 4 — 1% anpriHatHuil Tenp + 3aXHUCHE caxa-
PO3HO-MOJIOUHO-JTAKTO3HE CepeloBHINe (KIHIIEBI KOH-
neHTpalii y remi nakrosu — 1%, caxapo3u — 5% , Mo-
JoKa 3HEeKupeHoro — 5% v/v); 5 — 1%-i1 anprinaTHul
reb + 5% v/v MoJloKa 3HEKUPEHOTO.

Hiamerp reneBux rpanyn cranosus (1,8 = 0,2) M.
BuximHa koHIEHTpaIlisl OakTepiadbHUX KIITHH Y 3pa3-
Kax rexmo craHoBuia 8,0-8,7 lg ki / mu renro. 13 1,8 mu
remo orpumyBanu ~100 rpanyi.

leneBi TpaHynmu 3 iMMOOUTI30BaHUMH KIIITHHAMH
BHOCWIM B KpionpoOipku («Thermo Scientificy, CILIA)
00’emom 1,8 mul. 3aMOpOXKyBajM 3pa3Kd Ha TIOJIHIIIX
XOJIOAMNBHUX Kamep i3 TemImeparypamu 30epiraHHs
(=20 £ 3,0); (40 £ 2); (=75 £ 1,5)°C. [ns 30epiran-
Hs 1ipu —196°C 3pa3ku OXONOKYBAIH 31 IIBUAKICTIO
1°C/xB 1o —40°C 1 3aHyproBaJId y piAKHii a30T. 3pa3ku
30epirajiu 3a BKa3aHUX TEMIIEpaTyp MPOTIroM 2-X poKiB
(TepMmin cnocrepeskennst). Ilicims 30epiraHHs 3pa3ku
BiJirpiBaiiK Ha BoAsHIN Oani 3a 30°C 1 po3uMHSIIM rpa-
Hyma y 4%-my pozunHi EJJTA («BASF», Himeuun-
Ha). YacTHHY KIIITHH BUCIBAJIW JUISI BU3HAUCHHS KHT-
TE€3IATHOCTI, PEITY TPUKpaTHO BimMuBamu Bim EJITA
y dizionoriunoMy po3uuHi. JlocmimKyBamy HacTyIHI
BHPOOHUUI XapakTepuCTUKH E. coli M-17: xxutre3nar-
HIiCTh [2, 5], ¢izionoriyai Ta Gi0XiMiuHI BIACTHBOCTI,
6e3neky [1, 5], cnenudiuny aktuBHicTh [3]. s Bu3Ha-
YeHHs crenudiqHoi akTUBHOCTI E. coli M-17 Bukopu-
CTOBYBaJIM IITaMH YMOBHO-TIATOT€HHHUX 1 MATOTEHHUX
Oakrepiil, oTpumaHi 3 Konekuii Mikpoopranizmis Jep-
YKaBHOI YCTaHOBH «|HCTHTYT MiKp00ioJIoTii i iMyHOIIOTIT
iMm. 1. I. MeunukoBa HAMH VYkpaium» (Ykpaina), Ta
mram rpudiB Candidaalbicans ATCC 10231, orpumanuii
13 konekii JIY «IHcTUTYT nepmaroriorii i BeHepoJoril
HAMH Vkpaian» (Ykpaina). Tectu Ha 6e3neky E. coli
M-17 BUBYANIHM 3 BUKOPUCTAHHAM 7—8-MiCSIYHHX J1a00-
paropHux muiei macor 12—-14 r. Mikpobionoridyauii
CTaTyC TBAPUH — MOJIIIICHO KOHBEHIIOHANBHNH. CHcTe-
Ma yTPUMAHHSI TBAPUH — BiIKPUTA 3 KOPMOBHUM PAIliOHOM
THITy KopMoBoi cymimi. [linnocniani rpymu ¢opmysamu
3 TBapUH OJHOTO BHUBOJAKY METOJOM BHIIAJIKOBOI BUOIp-
KH. YCi MaHImyJsiiii 3 TBApUHAMH TIPOBOAWIIM BIJIMOBI-
HO 10 3akoHy Ykpainu «lIpo 3aXHCT TBapuH Bim yKOpc-
TOKOro MmoBopKeHHs» (Ne3447-1V Bix 21.02.2006 p.)
Ta «EBPOIEHCHKOT KOHBEHIIIT MPO 3aXUCT XPeOETHHX
TBapHH, SKi BUKOPUCTOBYIOTHCS IUIS €KCTIEPUMECHTAIb-
HUX Ta IHIMMX HayKoBUX Iiiei» (CrpacOypr; 1986). Cra-
THCTUYHY 0OpPOOKY OTPHMAaHUX JAQHUX MPOBOIMIIN 32 J0-
nomororo nporpamu «Excel» («Microsofty, CILIA).

Bcranosneno, 1o micis 36epiranss npoTsirom 24 mi-
cauiB mpu —20°C y Bapiantax remto 1-5 Oynam KuT-
te3gataumu  11,2; 26,7; 28,9; 36,9; 20,5% Oaxre-
planbHUX KITHH BiamoBigHo. Ilicnsa 30epiraHHs mpu

gel + protective sucrose-milk-lactose medium (final
concentrations in lactose gel was 1%, 5% in sucrose,
5% v/v in skimmed milk); 5 — 1% alginate gel + 5% v/v
skimmed milk.

The diameter of the gel granules was (1.8 £ 0.2)
mm. The initial concentration of bacterial cells in the
gel samples was 8.0-8.7 lg cells/ml of gel. Hundred
granules were obtained from 1.8 ml of gel.

Gel granules with immobilized cells were added to
1.8 ml cryotubes (Thermo Scientific, USA). Samples
were frozen on the shelves of refrigerated chambers
with storage temperatures of (20 + 3.0)°C; (—40 £ 2)°C;
(=75 £ 1.5)°C. For storage at —196°C, the samples were
cooled at a rate of 1°C/min to —40°C and immersed
into liquid nitrogen. The samples were stored at these
temperatures for 2 years (observation period). After
storage, the samples were warmed in a water bath at
30°C and the granules were dissolved in a 4% solution
of EDTA (BASF, Germany). Some cells were plated to
determine viability, the rest were washed three times
with EDTA in saline. The following manufacturing
characteristics of E. coli M-17 were investigated: viabi-
lity [1, 3], physiological and biochemical properties,
safety [3, 6], specific activity [2]. To determine the spe-
cific activity of E. coli M-17 there were used the strains
of opportunistic and pathogenic bacteria obtained from
the collection of microorganisms of the State Institution
‘L.I. Mechnikov Institute of Microbiology and Immu-
nology of the National Academy of Medical Sciences
of Ukraine’ (Ukraine), and a strain of Candida albicans
fungi ATCC 10231, obtained from the collection of
the State Institution ‘Institute of Dermatology and
Venereology of the National Academy of Medical
Sciences of Ukraine (Ukraine)’. Safety tests of E. coli
M-17 were studied using 7-8 month old laboratory mice
weighing 12—14g. The microbiological status of the
animals was improved conventional ones. The system
of keeping animals was open with a feed ration such
as a feed mixture. Experimental groups were formed
from the animals of one brood by random sampling.

All manipulations with animals were carried out in
accordance with the Law of Ukraine ‘On Protection of
Animals Against Cruelty’ (Ne3447-IV of 21.02.2006)
and the ‘European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other
Scientific Purposes’ (Strasbourg, 1986). The obtained
data were statistically processed with the ‘Excel’
software (‘Microsoft’, USA).

It was found that after storage for 24 months at
—20°C in gel variants 1-5 were viable 11.2; 26.7; 28.9;
36.9; 20.5% of bacterial cells, respectively. After storage
at —40°C, 28.6 remained viable; 35.4; 38.6; 45.2;
37.0% of cells, and after storage at —75°C survived 60.2;
66.1; 64.8; 80.5; 70.1% of cells, respectively. After
storage at —196°C, the immobilized cells did not die.
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—40°C nmummnucs xkuTTe3matHumu 28,6; 35.4; 38,6;
45,2; 37,0% xmituH, a micis 30epiranas npu —75°C —
60,2; 66,1; 64,8; 80,5; 70,1% ximitun BignosigHo. ITic-
1151 30epiranus 3a Temneparypu —196°C iMmmoOinizoBaHi
KIITUHH He 3aruHy’au. IMMoOimizalis B ycix BapiaHTax
rero Ta 30epiraHHs 3a BKa3aHUX HU3bKHUX TEMIIEPaTyp
HE BUKJIMKAJIM 3MiH IHIIAX BUPOOHUIHUX XaPaAKTECPUCTUK
E. coli M-17. Mopdornoriuna OynoBa KJIITHH Ta 0CO0-
JUBOCTI iX POCTYy Ha M’SICOIENTOHHOMY arapi, cepeio-
Buili Exyio, B M’siconenToHHOMY OYJTbHOHI BIAMOBI AN
BHMOTaM 3arajbHOl (apmakoneiHoi crarti [2]. bak-
TepiabHI KIITHHA (EpMEHTYBalld copOiT, apabiHO3y,
JII3MH, CaXapo3y, 3 yTBOPEHHSIM KHCJIOTH Ta Tazy (heMeH-
TYBaJIU IIIFOKO3Y, JaKTO3y, MaJbTO3y, MaHIT, yTBOPIOBA-
JIM 1HAOJI, HE TiAPONi3yBaliil CEUOBHHY, HE (PepMCHTYBa-
JIM 1HO3WT, HE YTBOPIOBAJIN CIPKOBOJICHb, HE BUKJIMKAIH
TeMOJIi3 epUTPOLUTIB JTIOAUHU Ta CHEKTP UyTINBOCTI
J0 aHTUOI0TUKIB. 30HU 3aTPUMKH POCTY TECT-LITaMiB
MaTOTeHHUX 1 YMOBHO-NIATOTEHHUX MIKPOOpPraHi3MiB
Ha arapu3oBaHOMY cepenoBuili [ay3e Ne2 nopiBHIO-
Banmn 12-15 mm. BakrepiaibHi KITHHH yciX 3pa3KiB
OyJTd HEHIKIUIMBUMH, HEBIPYJICHTHUMH, HCTOKCHYHU-
MH. Yci JIOCHI/DKEHI XapaKTepHCTUKH TaKOX BiJIIOBI-
JIaTI BUMOTaM 3arajibHoi (papmakorieiiHoi crarti [1, 3, 5].

OTtpuMaHi pe3ysbTaTd CBiI4aTh MPO T, MO0 iMMO-
Olizarlis B HOCISIX 13 albriHATHOTO TEJI0 Ta HACTYITHE
30epiranns 3a temmeparyp —20, —40, =75, —196°C ne
BIUIMBAIOTh HA PEIVIAMEHTHI BUPOOHMYI XapaKTepHc-
TUKU TipobioTuyHoro mwramy E. coli M-17. Y mponeci
30epiranns 3a temmeparyp —20, —40, —75°C uactuna
IMMOO11i30BaHUX KJIITUH T'MHYNA. 31 3HUXKCHHIM TEM-
neparypu 30epiraHHs KiJIbKiCTb 3aru0IuX KJIITHH 3MEH-
nryBanacs. JlomaBaHHS 0 CKJIQAy aJblIHATHOTO TEIT0
IFCaXxapyIiB Ta 3HSKUPEHOTO MOJOKA ITiIBUIIYBAO
Kpi03aXHCHI BIACTHBOCTI T'eJTIO.

TakyM 4YWHOM, BKa3aHI TEMIIEPATYPHI PEKUMHU
Ta JOJABaHHSA JIO CKJaay ajbliHATHOTO TENI0 Kpio-
3aXUCHHUX JIOMIIIOK MOXKHA 3aCTOCOBYBaTW ISl JIOB-
TOCTPOKOBOTO 30epiraHHs KOMEPIIMHUX Ipenaparis,
MPOAYKTIB 1 KOPMOBUX JOMIIIIOK Ha OCHOBI iMMOO1Ji-
30BaHUX MPOOIOTHKIB. BTpaTn 4acTHHU KUTTE3MATHUX
KIIITUH Yy npoueci 30epiraHHs NpoTArOM TEePMiHY pea-
mizanii MOXyTh OyTH KOMIIEHCOBaHI OUIBII BHCOKOIO
BHXIJIHOIO KOHIICHTPAIIEI KIITHH y Teii abo Oiib-
IO KUTBKICTIO TEJIEBHUX TPaHYJ 13 IMMOOLTI30BAHUMHU
KIITHHAMH B KOMEpPUIHHUX (hopMax mpemnapariB i mpo-
JTYKTIB.

Nitepatypa
1. BesonacHocTb NpobuOTMKOB B TecTax in vivo. MuHucTepcTeo
3apaBooxpaHeHnst Poccuiickon depepauun. Obuwas dapma-
konenHas ctatbss. O®C.1.7.2.0001.15. [Internet] 2016 ceH-
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Immobilization in all variants of the gel and storage
at these low temperatures did not cause changes in
other manufacturing characteristics of E. coli M-17.
The morphological structure of cells and features of
their growth on meat peptone agar, Endo’s medium,
in meat peptone broth met the requirements of the
general pharmacopoeial monograph [1]. Bacterial cells
fermented sorbitol, arabinose, lysine, sucrose, and with
the formation of acid and gas fermented glucose, lactose,
maltose, mannitol, formed indole, did not hydrolyze
urea, did not ferment inositol, did not form hydrogen
sulfide, did not cause hemolysis of human erythrocytes
and the sensitivity spectrum to antibiotics. The growth
retardation zones of test strains of pathogenic and
opportunistic microorganisms on Gauze’s medium
Ne2 were equal to 12-15 mm. Bacterial cells of all
samples were harmless, non-virulent, non-toxic. All
studied characteristics also met the requirements
of the general pharmacopoeial monograph [2, 3, 6].

The obtained results indicate that immobiliza-
tion in alginate gel carriers and subsequent storage at
temperatures of -20, —40, —75, —196°C do not affect the
regulatory manufacturing characteristics of the probiotic
E. coli strain M-17. During storage at temperatures of
—20, —40, —75°C, part of the immobilized cells died.
With reducing a storage temperature, the number of
dead cells decreased. The addition of disaccharides
and skimmed milk to the alginate gel enhanced the
cryoprotective properties of the gel.

Thus, these temperature regimens and comple-
menting with cryoprotective additives to the alginate
gel can be used for long-term storage of commercial
drugs, products and feed additives based on immobili-
zed probiotics. The loss of part of the viable cells
at storage during the implementation period can be
compensated by a higher initial concentration of cells
in the gel or more gel granules with immobilized
cells in commercial forms of drugs and products.
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