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Optimization of Lyophilization Modes for Culture Medium
Used in Mycobacterial Cultivation

Pedrepat: Y poboti HaBegoeHo pesynsraTti onTuMi3auii yMOB npouecy nioginisauii sie4HOro XMBUMbHOMO cepenoBullia Ans
KynbTUBYBaHHsSI MikobakTepii. BcTaHOBMNEHO, L0 3aMOpOXYBaHHS! XXMBUINbHOMO cepenosuila o6’emom 200 cm® 3a Temnepatypu —30°C
3abe3nevye Binbl onTMManbHi YMOBUW ANsi NpoBefeHHs niodiniadii, Hix iHWI 3anponoHoBaHi B poboti BapiaHTh (200 cm® 3a —20°C
Ta 300 cm® 3a —20 i —=30°C). Lle no3Bonsie 3MEHLLUTU KiNbKiCTb BUOpaKyBaHUX hriakoHiB Ta 36epertu enekTMBHI BNacTUBOCTI cepeno-
BMLA. |HLWI YMOBM 3aMOpPOXYBaHHS BUSABUNUCH MeHLW edekTUBHUMU. OTpumaHi pesynbratv AOCHiAXeHb TakoX AOBenw, Lo BUKOPUC-
TaHHsi PEKOMEH0BaHWX YMOB Ans NPOBeAEHHsI niodpinizauii Moxe NpuWBUALLMTY NOSIBY NEPLUMX 03HAK POCTY MikobakTepiit Ha 1-2 nobw.

Knro4yoBi cnoBa: mikobakTepii, )XMBunbHe cepefoBuLLe, TeMnepaTypa, 3aMOPOXYBaHHS, Niodinisawis, KynbTuByBaHHS.

Abstract: The paper presents the results of improving the lyophilization mode of egg-based culture medium for mycobacterial
cultivation. The freezing of culture medium of 200 cm? volume at -30°C was established to provide more optimal conditions for lyophi-
lization than other options we suggested here (200 cm?® at —20°C and 300 cm? at —20 and —30°C). This enables to reduce the number
of rejected vials and preserve the elective properties of the medium. Other freezing modes occurred to be less efficient. Our findings
also showed the use of recommended modes for lyophilization as capable to accelerate the appearance of first signs of mycobacterial

growth by 1-2 days.

Key words: mycobacteria, culture medium, temperature, freezing, lyophilization, cultivation.

BakTepionoridyauii METOZ] € OCHOBHHUM JI BCTa-
HOBJICHHSI OCTAaTOYHOTO [iarHO3y Ha TyOepKyIh0o3
[4, 9]. ¥V mpoMy acriekTi HaA3BHYAWHO BaXKIHMBOTO
3HaueHHs1 HaOyBa€ SKICTh JKUBWIBHUX CEPEIOBHIII,
SIKI BUKOPHUCTOBYIOTH JIJIS 130JIAIII1 KYJIBTYp MiKOOaK-
Tepid 13 OlomoriyHOro marepiany, BiliOpaHOTO Bix
XBOpHUX a00 MiJO3piNMX Ha 3aXBOPIOBAHHS TBApUH
[2, 5]. s inaukaniii MikoOakTepiid HAOLIBII YacTO
3aCTOCOBYIOTh JKMBHIIbHI CEpPENOBHUINA 3 JIOJaBaH-
HSM sieyHOTO KOBTKA [1, 7]. [lopsa 3 UM moBiIOM-
JSUTOCS, IO TaKi CepeIoBUINA € Maloe(EeKTHBHUMU
JUTSL TOCITI/DKEHHST O10JIOTTYHOr0 Marepiaay 3 HH3b-
KOIO KIJTBKICTIO MikoOakTepiit [6]. Kpim Toro, Baxkiu-
BHMH yMOBaMH €(EKTHBHOTO 3aCTOCYBAHHS € PETy-
nsattist pH Ta BU3HAUCHHS OCMOJIIPHOCTI JKHBHIJIBHOTO
cepenoBumia tomo [3]. Jmsa miodinizamii KUBUIb-
HOTO CEpeloBHINA HOTO CIOYAaTKy 3aMOPOXKYIOTh,
a TCIsi B yMOBaX BaKyyMy 3 HBOTO IUISXOM CyO-
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Bacteriological testing is the main method to
make a final diagnosis of tuberculosis [3, 9]. In this
aspect, the quality of culture media used to isolate
mycobacterial cultures from biological material
collected from either sick or suspected animals is
of utmost importance [1, 4]. For mycobacterial
indication, the egg yolk-supplemented culture media
are the most commonly used [5, 7]. Herewith, these
media were reported to be slightly efficient for stu-
dying biological material with a low number of
mycobacteria [6]. In addition, important conditions
for efficient use are pH regulation, osmolarity
determination in culture medium, and so on [2]. To
lyophilize a culture medium, it should first be frozen,
and then moisture is removed from it by vacuum
sublimation. Lyophilized products have a longer
shelf life because they are stored without moisture,
which may promote the microorganism growth, and
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mimManii BugaynsoTh Bojory. JliodinizoBaHi mpomyk-
TH MaloTh AOBIIMH TEPMiH MPUIAATHOCTI, OCKIJIBKH
30epiratoTbcst 0€3 BOJOTH, KA MOXE CHPHUSITH PO3-
MHOXCHHIO MIKPOOPTaHi3MiB, IO 3HIKYE SKICTh
npoaykty. JJaHuit croci® m03BoJIste 30€perTu CTPyK-
Typy 1 KOPHCHI BJIAaCTUBOCTI mponykry [8]. Bim mpa-
BWIBHO TMiAiOpaHux yMOB Jiodimi3arii 3aiexarb
€JICKTUBHI Ta CEJICKTHBHI BIIACTUBOCTI CEPEIOBHIIA,
MPOTE HE 3aBXKIN BIAETHCA JOCATTH BiAIOBITHOT
SKOCTI KIiHIEBOTO MPOAYKTY. Tak, BHACHiZOK HeIO-
CKOHAJIOCTI caMoro pexumy Jiodimizarii abo mopy-
LIEHHS YMOB 11 MPOBEIEHHS YacTO 30BHINIHINA BUIIISA
BMICTy JKMBHJIBHOTO CEpEIOBHIIA Yy BHIOTOBIIE-
HuX cepisx ¢makoniB (10% i Oinbiue Bif 3aranbHOL
KUTBKOCTI) HE BiANOBia€ BHMOraM YHWHHHX HOp-
MaTUBHUX JIOKYMEHTIB.

Y 3B’S3Ky 3 IHM aKTyaJIbHICTh JaHOi poOOTH
o0yMoBIIeHa HEOOXIMHICTIO YAOCKOHAJICHHS YMOB
giodimizamii  A€YHOTO KMBHIBHOTO CEpEIOBHIIA
JUTSI 3a1t00iraHHs OTPUMAaHHS Y cepii BHOpaKyBaHUX
3a 30BHINTHIM BUTIBIIOM (bIakoHIB BHACTIIOK He-
PIBHOMIpHOTO 3aMOpPOKYBaHHsS BCHOTO 00’eMy ce-
penosuia. KpiM Toro, 3a yMoB 0116111 sIKiCHOT TTiodi-
mizanii 301IbIIy€EThCS TEPMiH 30epiraHHs cepeqoBu-
ma.

Mertoro pobotu Oyno BU3HAYEHHS ONTUMAaIbHHX
TEeMIEepaTypHUX YMOB Jiodimizanii Ta 00’eMy sie€d-
HOTO JKUBWJIBHOTO CEPEAOBUILA, sSKE MIJUIArae 3aMo-
POXKYyBaHHIO y (hIaKoHi, IO TO3BONIIIO O OTPUMY-
BaTH CTaOUIBHUU Iperapar s e(peKTUBHOIO KYJlb-
THBYBaHHS MIKOOAKTEPIH.

Marepiaju Ta MeTOIH

JKuBuibHE cepefoBHUINE U KYIBTUBYBAaHHS Mi-
KoOakTepii Mae Takuil ckian: Kaiii gochopHOKuUC-
i ogHo3amimenuit (1,54), Marsiii cipuaHokuciuit
(0,15), Harpiii ntumoHHO-KUCcTHH Tpr3amireHuit (0,38),
raikokon (5,0), manaxitoBuii 3eneHuit 2% (15,0),
rainepuH ximiuHo wuctuii (6,0), seuna maca (Cl1)
(670,0), Boma muctunpoBana (mo 1000,0), pH (7,0 =
+ 0,2) (Peectpartiiine mocsiguenas BB-00588-06-13
Bix 29.07.2013 «Cyxe >KHBWIBHE CEPEIOBHINEC IS
KYJIETUBYBAaHHSI MiKOOAKTEpiii»).

3aMOpOXKyBaHHS KUBWJIBHOTO CEpeOBHINA Y
CKIITHUX (UTaKoHAX MpoBOaWIM B amapari HZ-12:50
(Frigera, Yexis) 3 eTWJIIOBUM CHHPTOM-pEKTUdiKa-
ToM. Pinke cepenoBuiie po3nuBanu nopiiismu mo 200
1300 cM® y cxiisHI uiakoHM 3 TYMOBHMH HPOOKaMU
emHicTio o 500 cm®. dmakoHW MOMIMIATH Y MOPO-
3WIbHY KaMepy Yy TOPH30HTAIbHOMY IIOJIOKEHHI.
3aMOpOoXyBaJIM IPOAYKT MpH Oe3nepepBHOMY 00ep-
TaHHI ()JIaKOHIB HABKOJIO T'OPHU30HTAIBHOI OCi JIBO-
Ma crocobamu: 1 — g0 temneparypu —20°C; 2 —
no temmeparypu —30°C. Ilpu upoMy ¢uiakoHH
3 200 cM> KHBHIIBHOTO CEPENOBHUINA 3aMOPOKYBAJIH
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thus degrade product quality. This method enables
to preserve the structure and useful properties of
the product [8]. Properly selected lyophilization
conditions affect the elective and selective properties
of the medium, but it is not always possible to
achieve the appropriate quality of the final product.
For example, the appearance of contents of culture
medium in the manufactured vial batches (10%
or more of the total) does not often meet the
requirements of applicable regulations due to either
imperfect lyophilization mode or broken condi-
tions of its implementation.

In this regard, the relevance of this research
proceeds from a need to improve the lyophilization
modes for egg-based culture medium to prevent the
manufacture of vials rejected by appearance in a
batch due to uneven freezing of the entire medium
volume. In addition, with improved lyophilization,
the shelf life of the medium increases as well.

The research aim herein was to determine the
optimal temperature conditions for lyophilization
and the volume of egg-based culture medium to
be frozen in a vial, which would allow obtaining
a stable product for efficient micorbacterial
cultivation.

Materials and methods

The culture medium for mycobacterial cultivation
is as follows: monopotassium phosphate (1.54),
magnesium sulfate (0.15), trisodium citrate (0.38),
glycine (5.0), malachite green 2% (15.0), chemically
pure glycerin (6.0), egg mass (C1) (670.0), distil-
led water (up to 1000.0), pH (7.0 = 0.2) (Registra-
tion Certificate BB—00588-06—13 of July 29, 2013
‘Dry culture medium for mycobacterial cultivation’).

The culture medium was frozen in glass vials
using HZ-12:50 device (Frigera, Czech Republic)
with rectified alcohol. The liquid medium was poured
in portions of 200 and 300 cm’ into 500 cm® glass
vials with rubber stoppers. The vials were placed
into freezer in a horizontal position. The product
was frozen with continuous rotation of vials around
the horizontal axis in two ways: 1 — down to —20°C;
2 — down to —30°C. Herewith, the vials with
200 cm® of culture medium were frozen for 20 min,
and those with 300 cm? of culture medium were done
for 30 min. To control the freezing temperature, a
thermometer was placed into one of the vials. The
vials with hardening medium were then kept for
12 hrs in an HC 77:50 refrigerator (Frigera) at
—50°C. Then the vial content was dried in a freeze-
drying unit LZ-45.27 (Frigera) for 24 hrs under the
following parameters: first 8 hrs at 35°C (vacuum
6.7 Pa); next 16 hrs at 56°C (vacuum 0.3-0.5 Pa).
The residual humidity of lyophilized medium was
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BrpoaoBxk 20 xB, a ¢uakonu 3 300 cM® KUBHIBLHOTO
cepenosuia — 30 xB. [l KOHTpOIIO 32 TeMIepa-
TYpOIO 3aMOpPOKYBaHHSI B OJHH i3 (pIakoHIB MOMi-
manu TepMoMetp. IToTiM (rakoHH 3 >KUBWIEHUM
CepeNoBUIIEeM ISl 3arapTyBaHHS BUTPHMYBAJIN BIPO-
noBx 12 romwH y xomomwibHiN kamepi HC 77:50
(Frigera) 3a temneparypu —50°C. [ami Bmict ¢uia-
KOHIB BHUCYIIyBaJIM Ha YCTAHOBII I CyOJiMa-
miitaol cymku LZ-45.27 (Frigera) BupomoBx 24 T0-
IWH 32 TaKUMH NapaMeTpamMH: MHepili 8§ TOguH —
3a Temmeparypu 35°C (Bakyym 6,7 Ila), mactymHi
16 romun — 3a temmneparypu 56°C (Bakyym 0,3—
0,5 Ia). 3anMIKOBY BOJIOTICTB JMi0(1II30BAHOIO Ce-
penosuia Bu3Havanu 3rigHo 3 TY YV 24.6-00497087-
006-2004. Ileit moxazHuk He mnepeBuiryBaB 3,0%,
[0 BiAMOBia€ BUMOTaM HOPMAaTHBHHUX JOKYMCH-
TiB.

Kpim TOTO, BHM3HAYANM ONTHUMAaIBHUN 00’€M ce-
pemoBuina y ¢iaxoHi (3aranbHa eMHICTH — 500 cm?)
repen 3aMOpOKyBaHHAM 1 Jriodimizariero. s mpo-
ro JoCipKyBain (akoHH 3 00’€MOM CepelOBHINA
2001300 cm?. /111 KOHTPOIIO BUKOPUCTOBYBAJIN aHa-
JIOT1YHE KUBWIBHE CEpEHOBUILE, SKe HE MiAgaBaiiu
miogimizamii.

s perigparauii cepenoBuina A0 (iakoHy 3 cy-
XOI0 MAacolo B JIBa €TaIld J0AaBajikl CTCPUIIbHY ANC-
THIBOBaHy Boay. Criouarky BHocuiu 100 cm® i mowmi-
ITyBaHHIM ITOBHICTIO 3MHUBAJIM CyXy Macy 31 CTIHOK
(makona. IloriM momaBamy BOmy MO CTiHIN (rakoHA
10 00’ emy 200 a6o 300 cm® cepenoBuIla i BUTPUMY-
Banu y tepmocrari mipu (37,5 + 0,5)°C, nepioguaHo
MIEPEMITITYIOYH TIPOTITOM 3-X TOAWH JO yTBOPEH-
HA omHOpimHOI cycmensii. Ilicis mporo cycrneH3siro
po3NHMBaIM y OakTepioNoriuHi MPOOIPKH EMHICTIO
5,0 cm®, 3akpuBalM CTEpWIBHHMH BaTHO-Mapie-
BUMH TpPOOKaMH Ta KOAryliOBald Y CKOIICHOMY
nojokeHHi 3a Temmeparypu 90°C  BOponoBx
60 xB.

Jns mocmimkeHHS 3pa3KiB CepefoBHINA TOTY-
BaJIM 3aBHCh KYyIbTYpH pedepeHTHOro mramy Myco-
bacterium bovis (Vallee) i3 po3paxysky 1,0 cm® cTe-
puiIbHOTO (iziogoriuHoro po3unHy Ha 1,0 mr Oak-
TepiaabHOI Macu KyJIbTypH. I3 TOMOTEeHHOI 3aBHCI
JKUBO1 KyJIBTYPH MIKOOAKTEPii rOTyBaHM PO3BEACHHS
Ha CTEPUIbHOMY (hi310JIOTTYHOMY PO3YMHI y TUTPax
Bix 10! mo 107°. 3aBuchk MmikobakTepiit i3 mpwuro-
TOBaHMX PpO3BEJCHb OKpPEMO 3aciBaid B 5 mpo-
0ipok 13 cepemoBurieM 1o 0,1 cm®, 3akpuBaIM
MPOMOYEHUMH B napadiHi CTEPUILHUMHU BaTHO-Map-
JIEBUMU TPOOKaMH 1 BUTPHUMYBAaId y TEPMOCTaTi
3a temmeparypu (37,5 £ 0,5)°C npotsrom 30 ni0.
Om1s pocTy BUCISIHOI KYJIBTYPH JO TIOSIBH TIEPITUX
TTOMITHUX KOJIOHIH TPOBOAMIN IMIO000BO, a IOTIM
KOKHI 3—5 1ni6. IHTEHCHBHICTH POCTY TECT-KYib-
Typu M. bovis (Vallee) Bu3Hauaam y BIICOTKaX
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measured according to the Technical Specifica-
tions of Ukraine 24.6-00497087-006-2004. This
index did not exceed 3.0%, which met the legal
requirements.

In addition, the optimal volume of medium in a
vial (500 cm® total capacity) prior to freezing and
lyophilization was determined. For this purpose, the
vials with a medium volume of 200 and 300 cm?
were tested. To control, a similar culture medium,
not subjected to lyophilization was used.

To rehydrate the medium, a sterile distilled water
was supplemented to a vial with dry mass in two
stages. First, 100 cm® were introduced and the dry
mass was completely washed off the walls of the
vial by stirring. Then water was added along the vial
wall to a volume of 200 or 300 cm® of medium
and kept in a thermostat at (37.5 £ 0.5)°C, stirring
occasionally within 3 hrs until a homogeneous
suspension was formed. After that, the suspension
was poured into 5.0 cm?® bacteriological tubes,
sealed with sterile cotton gauze plugs, and coagu-
lated in a beveled position at 90°C for 60 min.

To analyze the media samples, a culture suspen-
sion of the Mycobacterium bovis (Vallee) reference
strain was prepared assuming 1.0 cm® of sterile
saline per 1.0 mg of bacterial culture mass. From
a homogeneous suspension of live mycobacterial
culture, dilutions in sterile saline were prepared in
titers from 107! to 105, A mycobacterial suspension
from the prepared dilutions was separately inocu-
lated into five 0.1 cm?® tubes with the medium,
closed with sterile cotton gauze plugs soaked in
paraffin and kept in a thermostat at (37.5 £ 0.5)°C for
30 days. The growth of inoculated culture until
the first visible colonies appeared was monitored
daily, and then every 3—-5 days. The growth intensity
of M. bovis (Vallee) test culture was determined
as a percentage by the number of colonies, growing
on culture medium surface. The intensity of test
culture growth in the studied medium samples was
compared with that in the control (non lyophilized)
medium, where the growth intensity, ensuring a
complete coverage of medium surface at a dilution
of 10! was assumed as 100%. In this case, the
number of culture colonies that partially merged
with each other to form a continuous growth was
more than 50. The area of the culture relative to that
of the medium surface (in percent) was calculated
in a bacteriological test tube by applying a contrast
grid to the image and outlining the boundaries
of mycobacterial culture growth (Fig. 1). This
enables to calculate a share of the culture growth area
in relation to the total surface area of the medium.
In total, five repeats of cultural testing were per-
formed.
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3a KUIBKICTIO KOJIOHIM, IIO BHPOCTANH
Ha MOBEPXHi XKMBUJILHOTO CEPEIOBHUINIA.
[HTCHCUBHICTh POCTY TECT-KYJIBTYpPH Ha
JIOCTITHUX 3pa3Kax CepeioBUINA MOpPiB-
HIOBAJM 3 POCTOM HAa KOHTPOJILHOMY
(HemodiTI30BaHOMY) CEPEIOBHIIII, B KO-
My IHTEHCHBHICTh POCTY, IO 3a0e3redye
TIOBHE TIOKPHUTTS TIOBEPXHI CEpeIOBUINA
y possenenHi 107, npuitmamm 3a 100%.
[Ipn upOMy KUIBKICTH KOJIOHIHM KYJBTYpH,
SIKi YaCTKOBO 3JIUBAITUCS MK COOOIO 3 yT-
BOPCHHSIM CYIIUIBHOTO POCTY, CTaHOBHUIIA
oinpiue 50. [ligpaxyHOK MJomI KynsTypr
BIZTHOCHO IUJIOII TIOBEPXHI CEepeIOBHIIA
(y BimcoTkax) B OaKTepioNOTidHiM mpo-
Oipii 3miCHIOBAM HAHECEHHSIM Ha
300pakeHHs] KOHTPACTHOI CITKH Ta OK-
pPECIEHHSIM MEX pOCTY  KYyJIBTypH
MikoOakrepid (puc. 1). Ile mo3Bonse
MipaxyBaTH 4YacTKy 30HH POCTY Kyllb-
TYypH BIOBIHO JIO 3arajbHOi IUIOIII
MoBepxHi cepemoBuma. Bcworo Oyno
NPOBEICHO II'ATh TIOBTOPIB  KYJBTY-
palbHUX JOCIIKEHb.

Kpim Toro, sxicte miodimizauii ce-
pEIOBHINA OLIHIOBAIN OpPTraHOJEITHY-
HUM MetofoM. [licnmst miodimizamii XUBHIIbHE Ce-
pEIOBHIIEC MOBUHHO MaTH BHUIIAL CyXol JIpiOHO-
MOPUCTOT MacH CBITIO-3€JICHOTO KOJIBOPY.

CraructTnyHy 0OpOOKYy OTPHUMAaHUX pPEe3yJbTaTiB
JIOCTI/IKEHb TPOBOJMIIHN 13 3aCTOCYBaHHSM IpOTpa-
Mmu «Statistica 10.0» g Windows (StatSoft, CIIIA).
YucnoBi JaHi oOpoONsUIM  METOJOM BapialiiftHol
CTaTHCTHKM 3a JOIOMOTOI0 IapaMETPUYHHUX KpH-
tepiiB Cteionenta i @imepa. PizHuio Mix JBOMA
BCJIMYMHAMH BBaXKaJM CTAaTUCTUYHO 3HAYYIIOK Ha
piBHi p < 0,05.

Pe3yabTaTn T2 00rOBOpEHHS

[Micns  miodimizamii ¢nakoHM 3 KUBWIBHUM
CepeloBUINEM, SKi HE BIAMOBIAAIM BUMOTaM
JI0 30BHINTHBOTO BUMISAY, Oyau BUOpaKyBaHi
(Tabm. 1).

BubOpakyBani (iakoHM MICTHIM XKHBHJIbHE Ce-
permoBuiie 3  HEJAPIOHOMOPUCTHMHU  HEOIHOPIJI-
HUMH JUISHKAMH y BHUIJISIII TSDKiB. BcTaHOBIEHO,
mo Ttemneparypa —20°C He 3a0e3medyBaiia piB-
HOMipHE NPHUCTIHHE 3aMOPOKYBaHHS CepelOBHIIA
y 06’emax 200 i 300 cM?, mpo 10 CBITYUTH Kilb-
KicTh BUOpaKyBaHMX (UIaKOHIB 13 CepeloBHIIEM
(Tabm. 1). Cmig 3a3Ha4MTH, IO TEMIIEparypa 3amo-
poxyBarns —30°C npu 00’ emi cepemosuiia 300 cm®
He 3a0e3redyBana sSKICHY 3aMOpPO3KY CepelOBHIIA,
Ha BiaMiHy Bin (uakoniB 3 200 cM® KHBHIBHOTO
CepeIoBHIIA.
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Puc. 1. Pict TecT-kynbtypu M. bovis y po3seaeHHi 10° Ha noBepxHi
XuBunbHoro cepegosuwia (200 cm®, TemnepaTypa 3amMOpOXYyBaHHS
—30°C) (A) Ta npuknag po3paxyHKy YacTKu 30HU POCTY KynbTypu MiKo-
GakTepiii BigHOCHO noBepxHi cepeposuLLa (B).

Fig. 1. Growth of M. bovis test culture at a dilution of 1075 on culture
medium surface (200 cm?, —-30°C freezing temperature) (A) and
an example of calculating a share of growth area of mycobacterial
culture relative to the medium surface (B).

In addition, the quality of medium lyophiliza-
tion was assessed by organoleptic method. After
lyophilization, the culture medium should look
like a dry, fine—porous mass of light green color.

The results obtained were statistically proces-
sed using the ‘Statistica 10.0° software for Windows
(StatSoft, USA). Numerical data were analyzed
by variability method using the Student’s t-test
and F—test. The difference between two values
was considered statistically significant at p < 0.05.

Results and discussion

After lyophilization, the vials with culture me-
dium not meeting the appearance requirements
were rejected (Table 1).

Rejected vials contained the culture medium
with not fine porous heterogeneous areas in the
form of strands. The temperature of —20°C was
found not to ensure the uniform near—wall freezing
of medium in volumes of 200 and 300 cm?’, as
evidenced by the number of rejected vials with
the medium (Table 1). It should be noted that
freezing temperature of —30°C at a volume of
300 cm® ensured no high-quality freezing of the
medium, unlike the vials with 200 cm? of medium.

The Table 2. shows the results of study of the
impact of freezing modes for semi-finished me-
dium on lyophilization quality assessed by test
culture growth intensity in the culture medium.
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Tabnuusa 1. Bnnme pexumy nioginisauii Ha KinbkicTb BUOpakoBku ¢hriakoHiB
Table 1. Impact of lyophilization mode on rejected vial number

06’em cepeposuia, cm® TemnepaTtypa 3amMopoxyBaHHA, °C KinbkicTb BUbpakyBaHux cnakoHis, %
Medium volume, cm? Freezing temperature, °C Number of rejected vials, %

-20 20

200
-30 —
-20 30

300
-30 20

Pesynbratu gocnmipkeHHS BIUTUBY YMOB 3aMOpO-
KyBaHHA HamiBpaOpuKaTy cepeloBHINA Ha SKICTH
miodimizamii 3a IHTEHCHBHICTIO POCTY TECT-KYJb-
Typu Ha O KUBWIBHOMY CEPEIOBUIIl HAaBEJECHO
y Taom. 2.

Ha puc. 1, A HaBeneHO MpUKIAA POCTY TECT-
KyJabTypu MikoOakTepiit Buay M. bovis y GakTepio-
joriudiit mpobipmi (po3senenns 107°) ma 30 moby
KyJIBTHUBYBaHHS, 110 3aiimMae 47% Bij 3aranbHOI 1jI0-
Il TOBEpXHI >KUBWIIBHOTO CEPEAOBHILNA, 3aMOpPO-
xkeHoro y 06’emi 200 cm® 3a temmeparypu —30°C.
[lix Wac BWBUEHHA IHTEHCHBHOCTI POCTy pi3HHX
JOCHITHUX 3pa3KiB CEpeJOBHUII 3BEpPTaH yBary
Ha TOSBY IEpLIOi BUAMMOI KOJIOHIi TECT-KyJIBTYpH
y 3paskax. Y moQiTi30BaHOMY XHBHIBHOMY Ce-

Fig. 1. A shows an example of growth of
M. bovis mycobacteria test culture in a bacterio-
logical test tube (10-5 dilution) on day 30 of
culture, which covers 47% of the total surface area
of the medium frozen in 200 cm® volume at —30°C.
When studying the growth intensity of different
experimental media samples, the attention was paid
to appearance of first visible colony of test culture
in the samples. In the lyophilized culture medium
frozen at —30°C in a volume of 200 cm?, the growth
of M. bovis tuberculosis pathogen test culture
was observed even to day 21 after inoculation, while
in other culture media it was revealed not earlier
than on day 24, and in the control medium — on day
22 (Fig. 2).

Tabnuusa 2. AkicHi xapakTepuUcTUKM OOCNIAHUX 3pa3kiB CYXOro XXUBUIbHOTO CEPENOBULLA A1 KYNBTUBYBaHHS
mikobakTepint (M £ m)

Table 2. Qualitative characteristics of experimental samples of dry culture medium for micobacterial cultivation (M £ m)

IHTEHCMBHICTb POCTY TECT-KynbTypyn Ha cepenosui (%) y po3sefeHHAX
i Tewmneparypa Growth intensity of test culture in medium (%) in dilutions
06’em cepenosuwa, cm® | 3amopoxyBsaHHA, °C
Medium volume, cm? Freezing
temperature,°C 10~ 102 103 104 105
-20 75+8,0* 78+7,6* 63+6,0* 56+5,3* 45+3,2*
200
-30 95+8,4 83+7,2 67+6,0 62+5,5 51+5,0
-20 79+8,2* 82+7,5 60+6,0* 53+5,6% 39+4,0*%
300
-30 84 +8,0* 73+7,4% 58+6,0* 51+5,1* 41+5,2*
KoTpon (Heniociniaosare cepenouiue) 97+9,1 87+8,3 70+5,9 61+5,6 53+4,7
Control (non-lyophilized medium)

MpumiTkn: *— pesynsraTy 3Ha4YYLLi BiAHOCHO KOHTponto, p < 0,05; iHTeHcuBHICTb pocTy 100% — CyuinbHWI piCT KynbTypw,

KU NOKPMBAE BCHO NOBEPXHIO XUBUMBHOIO cepeaosuLLa.

Notes: *— results are significant relative to the control, p < 0.05; 100% growth intensity is the confluent culture growth,

covering the entire surface of medium.
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pPEOOBHUII, 3aMOpPOXXEHOMY 3a TeMIle-
parypu —30°C y 06’emi 200 cm?, Bxe Ha
21 noOy micnst BHUCIBY crocTepiraiu pict
TECT-KYJABTYpH 30yIHUKA TYOEpKyIbO3y
BuUny M. bovis Ha IHIIMX >KUBWJIBHHUX
cepemoBuIiax — He pamime 24 n00w,
a Ha KOHTPOJIBFHOMY CEpeloBHINI — Ha
22 no0y (puc. 2).

Hactymanm ertamom y Bu3HaueHHI
€(heKTUBHOCTI BHTOTOBJICHHUX >KUBUIBHHUX
cepeoBHII OysI Oi0JIOTIYHI JOCIIKEHHS
mono i3osanii 30ymIHUKa TyOepKyabo3y i3
MaToJIOrYHOTO MaTepiaiy, OTPUMAHOTO Bij
3apaKeHUX J1IabopaTOpHUX TBapuH (MOp-
CBKHX CBHHOK) TECT-KYJIBTypOIO 30yIHH-
Ka TyOepKynbo3y Buxy M. bovis (Vallee).
BceranoBieHo, mo 3a MIBHAKICTIO TIPO-
SIBY POCTY TEpIINX BUANMHUX KOJIOHIH
Ta X KUIBKICTIO TIpH 1307 KYIBTY-
pu M. bovis i3 OGiomoridHOTO Marepiamy
HaWKpami TOKAa3HUKH CIIOCTEpiraaucs
Ha  HemiodimizoBaHOMY  (KOHTPOJIHHO-
My) JKUBHJIBHOMY CEPEIOBHIII Ta Ha CEPEHOBHIII,
sike Oyno 3amopoxkeHe 3a Temmeparypu —30°C y
06’emi 200 cm®. 3a immmx ymoB (—20°C y 00’e-
Max 200 i 300 cm® ta —30°C y o6’emi 300 cm?)
piBHOMIpHE 3aMOpOXXYBaHHS CEpeJoBHINAa HE 3a-
Oe3rnedyBanoch, Y BUOpaKyBaHUX (JakOHaX CHOCTe-
piranu HeApiOHOMOPUCTI HEOJHOPIAHI  AUISHKH
y BUIAAI TSDKiB. [lOMITHHI picT meprinx KoJOHiH
Ha IIMX CEpENOBUINAX BHABILM Ha 23-25 moOy.
Bapro 3asHaumTH, 1O 3TiZHO 3 pe3yabTaTaMu
B.A. Brown-Elliott Ta cmiBaBr. [5S] 11 BimOyBamo-
cs Ha 5-7 mi0 pamime, HOK y 3pa3kax JOCIHITHUX
KUBWJIBHUX CEPEIOBHIN, BHUIOTOBJICHHX 13 BH-
KOPUCTaHHAM IHINUX yMOB Jiodimzamii. IIBua-
KICTh, IHTEHCUBHICTh POCTY KOJIOHIA TE€CT-KYJIBTYpPH
M. bovis Ta iX KiTBKICTh Ha >XUBWIBHOMY cCepe-
noBunyi  o6’emom 200 cm®, 3amopokeHOMYy 3a
temneparypu —30°C, OynH iIEHTUYHUMHU MOKa3HH-
KaM KOHTPOJILHOTO HET10(iTi30BaHOTO CEpea0BHILA.

YmoBu nioginizadii
Lyophilization mode

Tepin.

BucHoBKH

1. Pe3ymbraTél TpOBENCHHUX MOCTIIKEHb IIO-
Kazaiw, 1mo 3a temmeparypu —30°C Brpogosxk 20 xB
3a0e3meuyeThcsl  HAWOUIBII — PIBHOMIpHE — 3aMo-
POKYBaHHS CEpelOBHINA Yy 3pa3kax 00’eMoM
200 cm?.

2. JXuBunpHe cepemoOBHINE, BUTOTOBICHE 32
BH3HAYCHUM CcrocoOoMm 3amopoxysaHHs (—30°C;
200 cm?), 3abe3reuye MOSIBY MEPIIUX O3HAK POCTY
KyJIBTYp MikoOakTepiii Ha 1-2 moOu panime y mo-
PIBHSHHI 3 KOHTPOJBHHM CepeloBHIIEM 1 Ha 3—
4 nobu paHille HiX B 1HIIMX AOCHIJHHUX 3pa3Kax ce-
penoBuIIa.
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-30°C, 300 cm®

-20°C, 300 cm® | |

Kontpone Control T T

|
19 20 21 22 23 24 25

MosiBa NepLUKX 03HaK POCTY KyNbLTYpU nicnsi BUCIBY, 406K

First signs of culture growth after sowing (days)

Puc. 2. lMepuwi o3Hakn pocTy TecT-kynetypu M. bovis Ha niodi-
Ni30BaHNX XUBWIbHUX CEpPedoBULLAX ANS KynbTUBYBaHHA Mikobak-

Fig. 2. First signs of M. bovis test culture growth in lyophilized
culture media for mycobacterial cultivation.

The next step in determining the efficiency
of prepared culture media included biological
studies to isolate tuberculosis pathogen from
pathological material obtained from laboratory
animals (guinea pigs) infected with test culture
of tuberculosis pathogen M. bovis (Vallee). It was
found that in terms of growth rate of first visible
colonies and their number during M. bovis culture
isolation from biological material, the highest
indices were observed in non-lyopholized (control)
culture medium and in that frozen at -30°C
in a volume of 200 cm?®. Under other conditions
(-20°C in 200 and 300 cm?® volumes and —30°C
in 300 cm?® volume), no uniform freezing of the me-
dium was ensured, and not fine-porous porous
heterogeneous areas in the form of strands were
observed in rejected vials. A noticeable growth
of first colonies in these media was detected on
day 23-25. It should be noted that as reported
by B.A. Brown-Elliott et al. [4], this occurred
5-7 days earlier than in the samples of experi-
mental culture media prepared using other
lyophilization modes. The rate, growth intensity
of M. bovis test culture colonies and their number
in a 200 cm? culture medium frozen at —30°C were
identical to those of the control unlyophilized
medium.

Conclusions

1. Our findings have shown a temperature of
—30°C and 20 min duration to ensure the most uni-
form freezing of medium in samples of 200 cm?®
volume.
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