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Investigation of lyophilization effect on the productivity of butanol-producing strains was
the aim of our research. For this purpose we used butanol-producing strains; technical glycerol;
biomass of switchgrass Panicum virgatum L. Lyophilization was performed using a
lyophilization-drying. The effect of the protective medium on residual moisture of freeze-
drying cultures suspensions depending on the concentration of glucose and sucrose was studed.
It was shown that the lowest residual moisture was attained by using glucose and sucrose in
amount of 10% and if the samples of freeze-drying bacteria had been saved for one month at
4 °C the productivity did not decrease. As temperature preservation was increased the
productivity of the cultures was gradually decreased and it was greatly reduced at 30 °C. So the
protective medium composition was optimized for lyophilization of butanol-producing strains
as follows: sucrose 10.0% ; gelatin 10.0% ; agar 0.02% . It was shown that the preservation of
samples of freeze-drying bacteria for six months at a temperature of 4 °C did not affect the
productivity of strains. It was found that cultures could use glycerol as a carbon source for

butanol accumulation before lyophilization.

Key words: butanol, producing bacteria, lyophilization.

The main problem of preservation of
microorganisms in collections (museums) is
the variability of biological material. During
storage microorganisms on artificial media,
there is a danger of a significant reduction
or even loss of their physiological and
enzymatic properties. For the “conservation”
materials of biological origin the method of
lyophilization has received prevalence. In
the process of lyophilization of biological
materials free water contained therein is
removed by sublimation — evaporation
directly from the solid state (ice). The
temperature of the material that undergoes
dehydration during the whole period of free
water removal remains below freezing point
resulting proteins do not denature at elevated
concentrations of electrolytes [1-3].

The structure of the material after
lyophilization drying is equally important. It
should be dry, porous, without free water mass
that almost kept the volume and structure of
the original substance. Freezing followed by
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drying does not guarantee the full preservation
of all properties of biological material but this
method significantly increases time of storage
of cultures of microorganisms, live vaccine,
serum and plasma [4—6].

When freezing any material that contains
water and dissolved salts, there is an
eutectic separation of solution and elevated
concentrations of salt which can cause
denaturation of proteins or cell destruction.
The degree of damage depends primarily on
the nature of dissolved salts, cooling rate
and initial concentration of the suspension
material. If the cooling is quicker the effect
of concentrated salt solutions is lower.
Through the selection and use of so-called
“protective” medium of different composition
during freezing and lyophilization drying
it can prevent negative effects of eutectic
concentration on microorganisms [7—11].

The aim of this work was to study the effect
of lyophilization drying on productivity of
butanol-producing microorganisms’ strains.
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Materials and Methods

For the study their were used butanol-
producing strains Clostridium acetobutylicum
IMB B-7407 (IFBG C6H) and its mutant
Clostridium sp. IMB B-7570 (IFBG C6H 5M) from
“Collection microorganism’s stains and plants
line for food and agriculture biotechnology”
of the Institute of Food Biotechnology and
Genomics of the National Academy of Sciences
of Ukraine; technical glycerol; biomass of
switchgrass Panicum virgatum L. (Gryshko
National Botanic Garden).

To prepare mashes of switchgrass, samples
of 50.0 g of the substance were taken per 11
of water, and sterilized for 2 h at a pressure
0.2 MPa. Biomass of switchgrass was dried at
30 =1 °C during 168 h. The dried biomass was
ground using mill Cyclone MSh 1 (Ukraine) to
particles sized 200 mesh. The moisture was
determined by moisture analyzer RADWAG
MA 50/C/1 (Poland).

To determine the optimal concentration of
glycerol medium of the following composition
we used (g/1): glycerol (from 30.0 to 180.0),
yeast extract — 1.0; (NH,),SO, — 0.6;
(NH,),HPO, — 1.6; pH 6.5. It was sterilized
during 30 min at 0.1 MPa.

Culture of microorganisms at solid medium
was performed following [12] in anaerobic
culture apparatus AE 01 (RF) under a nitrogen
atmosphere. The apparatus was kept in
thermostat at 35 = 1 °C. In five days, the
fermentation was stopped and the cells were
precipitated using ultracentrifuge Labofuge
400R (Germany), then the supernatant was
distilled and fermentation products defined.

Presence of ethanol, acetone and butanol
in culture liquid was determined using gas
chromatograph “Kristall-5000 lux” (RF)
with flame-ionization detector and packed
column (83 m in length), phase Carbowax 1500
on chromaton NAW-DMSC (0.20-0.25 mm).
The column temperature was 60 = 2 °C, the
evaporator’s 160 = 5 °C, nitrogen: hydrogen:
air ratio was 1:1:10.

To confirm the effect of protection medium
on cell viability after lyophilization drying,
medium of the following composition was
used (% ): glucose or sucrose at appropriate
concentrations — 1.0; 10.0; 30.0; gelatin —
10.0; agar — 0.2.

Winogradsky medium at first was used
for the accumulation of cultures of butanol
producing stains [12]. Bacteria carried
in a protective medium at the rate of cell
concentration 4-10° cell/ml, then in the amount
of 5 ml contributed carry in to penicillin
bottles.

Samples were frozen in low-temperature
refrigerator LAB 11/EL19LT (Elcold,
Denmark) at =80 °C. Frozen samples were
transferred into special cassettes in the pre-
cooled camera (temperature condenser —50 °C)
freeze drying CRUODOS-50 (TELSTAR,
Spain). Lyophilization was performed
at constant temperature —-50 °C (drying
temperature is not regulated) to stable residual
pressure in the chamber 0.0018 Pa. Drying
time was 72 h. The residual moisture was
determined by moisture analyzer.

Preparing freeze-drying material for the
study of productivity was necessary to fulfill
two conditions: as accurately as possible
restore first (to dry) volume of material and
to derive living cells from a state of anabiosis.
To fulfill these conditions freeze-drying
material was adjusted with distilled water to a
volume of 5 ml and kept at room temperature
for 30 min.

Statistical data analysis was performed
using Microsoft Excel program. All experiments
were done in triplicate. The difference between
two averages was considered o, probable at P <
0.05 (significant results marked with *) [13].
Aseptic environment was taken as control.

Results and Discussion

For the preparation of Clostridium
acetobutylicum IMV B-7407 (IFBG C6H)
and Clostridium sp. IMB B-7570 (IFBG C6H
5M) befor lyophilization the dependence on
residual moisture of freeze-drying cultures
was first investigated, after lyophilization,
on the concentration of glucose or sucrose in a
protective medium (Table 1).

As follows from the data, under the same
conditions of lyophilization the residual
moisture of freeze-drying cultures after
lyophilization depends on the type and
concentration of carbohydrates. Lowest
rates of residual moisture were obtained
using glucose or sucrose at a concentration
of 10%. The protective medium according
to the research composition was optimized
for lyophilization butanol-producing strains
(10.0% sucrose; 10.0% gelatin; 0.02% agar).

Temperature conditions were particular
important in the process of storage
microorganisms after lyophilization drying.
With increasing of the temperature of storage
the number of viable cells of microorganisms
and their productivity were decreased. Strains
were cultivated on mashes of switchgrass
to determine their productivity. The
productivity (accumulation butanol) of freeze-
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Table 1. Residual moisture of freeze-drying cultures dependence

on the concentration of glucose or sucrose

Residual moisture of suspension, %
Carbohydrate Concentration, %

IFBG C6H IFBG C6H 5M

1 18.60 = 0.01 18.00 = 0.01

Glucose 10 3.00=0.01 2.63=0.01
30 45.40 = 0.01 43.22 =£0.01

1 18.11 = 0.01 17.99 £ 0.01

Sucrose 10 2.00+=0.01 1.68 =0.01
30 48.33 = 0.01 50.44 = 0.01

drying microorganisms dependence by storage
temperature after one month are shown in Fig. 1.

Productivity of the cultures did not
decreased if the samples of freeze-drying
bacteria preserve for one month at 4 °C.
With increasing temperature of preservation
the productivity of bacteria was gradually
decreased, and at a temperature of 30 °C it was
greatly reduced.

Further storage freeze-drying cultures
was carried out at a temperature of 4 °C for
6 months, exploring their productivity
through every month on mashes of switchgrass
(Table 2).

It is seen from the table 2 that even after
storage at a temperature of 4 °C for 6 months,
the renewed freeze-drying culture (strain IFBG
C6H 5M) was viable and the accumulation of
butanol in cultural liquid after cultivation
was hardly changed compared to accumulation
before lyophilization 2.7 g/1 [14]. Similar
results were obtained for strain IFBG C6H.

One of the main factors that effect
on lyophilization was a stage of culture
development. As a source of energy the
different carbohydrates and carbohydrate
containing compounds for the development
of microorganisms were used. Technical
glycerol could be one of these sources of
energy. To optimize the nutrient medium
before lyophilization we researched
alcohols accumulation by strain IFBG C6N
using technical glycerol as a carbon source
(Fig. 2).

The study results show that the greatest
accumulation of butanol (10.0 g/1) in cultural
liquid was at the glycerol concentration
100.0 g/1. Most bioconversion of substrate
was observed at concentrations of glycerol
50.0 g/1 with the accumulation of butanol
8.0 g/1.

Fig. 3 showes alcohols accumulation
(productivity) strain IFBG C6H 5M at
different concentrations of glycerol.

Fig. 1. Effect of storage temperature on the accumulation of butanol
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Table 2. Butanol production by strain IFBG C6H 5M during storage

Technological parameters
Months of storage

pH Dry matter, % Butanol, g/1
0 6.65 = 0.05 11.0+0.1 2.60 =0.01
1 6.68 = 0.05 11.1+0.1 2.56 =0.01
2 6.63 = 0.05 11.2+0.1 2.54 =0.03
3 6.65 = 0.05 11.3+0.1 2.50 =0.01
4 6.68 =0.05 11.4 0.1 2.49 = 0.02
5 6.64 =0.05 11.3+0.1 2.46 =0.01
6 6.63 =0.05 11.5+0.1 2.40 = 0.01

Fig. 2. Effect of glycerol concentration on the accumulation of alcohols by strain IFBG C6H

Fig. 3. Effect of glycerol concentration on the accumulation of alcohols by strain IFBG C6H 5M
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Mutant strain IFBG C6H 5M had the
changed properties concerning glycerol
fermentation, compared with the original
strain. Like with the original strain the most
accumulation of butanol by strain IFBG
C6H 5M was observed at concentrations
of glycerol 100 g/l and exactly such
concentration of glycerol was optimal
for the development of culture before
lyophilization. However, the accumulation
of butanol by mutant strain IFBG C6H 5M
was decreased to 8 g/l in comparison with
the original strain IFBG C6H 10 g/1. From
the analysis of the data and the results
of [14], we can conclude that the strain
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E®EKT JIIO®PIJII3AIIIT
HA ITPOAYKTHBHICTD
IMTAMIB-IIPOJAYITEHTIB BYTAHOJIY
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MeToo po6oTu OyJO AOCIAIAUTH BIJIUB
aioginmisamnii Ha TPOAYKTUBHICTH IITaMiB-IPO-
nyneHtiB 6yranoay. Hasa mociigKeHb BUKO-
PUCTOBYBAJHU HMITAaMU-IPOAYIIEHTU OyTaHOJIY;
TeXHIiUHUN TIinepos; 6iomMacy ApoTomoai6OHOTO
npoca Panicum virgatum L. Jliodinisaiito npo-
BOAUJN 34 OHOIOMOTOIO JiodhiJbHOI CyIIapKH.
HociigKeHo BIJIUB 3aXMCHOTO cepeOBUIIA HA
3aJIMIITKOBY BOJIOTiCTD JiodinisoBaHUX KYJIbBTYD
3aJIe;KHO BiJl KOHIEHTPAIil IJIIOKO3M i caxaposu.
Haiiuu:kui MOKa3HUKMU 3aJIUIIKOBOI BOJIOTOCTI
cuocrepiranu y pasi sukopucrauus 10% -x riro-
Ko3u Ta mykposu. Ilig uac 36epiranus 3paskis
aiodinizoBanux 6akTepii mporarom 1 mic 3a
4 °C iXHA OPOAYKTUBHICTh HE 3MEHIIyBaJaCh.
I3 migBuIleHHAM TeMIIepaTypu 30epiranusa mpo-
IYKTUBHICTD KYJIBTYP IMOCTYIOBO 3HUKYBAJach
i sa 30 °C smauHO 3MeHIIyBaJsack. Takum ym-
HOM, OIITMMi30BAaHO CKJIAJ 3aXKUCHOTO Cepelo-
Buiga: caxaposa — 10,0% ; xxematua — 10,0% ;
arap — 0,02% nna gdiogimisanii mramiB-mpo-
nymeHTtiB 6yranoay. [lokasano, 1o 30epiranusa
3paskiB sgiodimizoBaHux 0aKTepili yOPOJOBIK
6 mic 3a 4 °C He BIIMBaJIO Ha MPOAYKTUBHICTH
mramMiB. BecTaHoBeHO, IO AJA HAKONUUYEHHS
OyTaHOJy KYJbTYPHU Hepejn Jiodinisaimiero Ak
IsKepesio BYTJIEII0 MOYKHA BUKOPUCTOBYBATH
TJIiTepoJr.

Knarouosi cnosa: 6yrarnoy, 6aKkTepii-mpoayIieHTH,
Jiogimizamis.
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ITesnbio paboThl OBLIO MCCIETOBAHNE BAUIHUA
JAroPUANBANUN Ha IPOAYKTUBHOCTH IIITAMMOB-
OpoayIleHTOB OyTaHosa. [asa mccieqoBanusa uc-
MOJb30BAJN IITAMMBI-IPOAYIIEHTHI OyTaHOJIAa;
TeXHUYECKUH TIUIEePOos; 6moMaccy cTebJIeBUIHO-
ro npoca Panicum virgatum L. JIuopuauzamnuio
TIPOBOAUJIU C IIOMOIIbIO JNOPUIbHOMN cyInKu. 13-
YUeHO BJIUSAHNE 3aI[UTHON cpebl Ha OCTATOYHYIO
BJIAYKHOCTD JUO(PUIN3NPOBAHHBIX KYJbBTYP B 3a-
BUCUMOCTHU OT KOHIIEHTPAI[UYU B HUX TJIIOKO3BI U
caxaposbl. CaMbIii HUSKUII TOKA3aTeJb OCTATOY-
HO¥ BJIAYKHOCTHU HAOJIIOZAIU IIPU MCIOJIH30BaHUN
10% -x ryIOKO03bI 1 caxaposbl. IIpu coxpaHeHun
00pasioB JuO(GUIN3NPOBAHHLIX OAKTePUil B TeUe-
Hue 1 mec mpu 4 °C IpoAyKTUBHOCTb He YMEHBIIIa-
Jgachk. C IMOBBINIEHWEM TeMIIePATyPhl COXPaHEHUA
MIPOAYKTHUBHOCTDL KYJIbTYP MOCTEIIEHHO MOHUKA-
gack u npu 30 °C 3HAYUTEJBHO YMEHBIIAIACD.
Taxum o6pasom, OB OONTUMHU3UPOBAH COCTAB 3a-
IITUTHOM cpefbl: caxaposa — 10,0% ; kemaTtur —
10,0%; arap — 0,02% ngns auodpuamsanuu
IITaMMOB-IIPOAYIIEHTOB OyTaHoJsa. IlokasaHo,
YTO coOXpaHeHre 00pasIoB JUOPUINBUPOBAHHBIX
baxTepuil Ha mpoTsKenun 6 mec rmpu 4 °C He BJIK-
seT Ha IPOAYKTUBHOCTD IIITAMMOB. ¥ CTAHOBJIEHO,
YTO JJIS HAKOILJIEHUSA OyTaHoJa KYJbTYDHI IIepes
auohuausaimeil B KauecTBe UCTOUHUKA YTJIepoaa
MOKHO HCIIOJIb30BATh TVIUIIEPOJI.

Knwuesvie cnosa: 6yranoii, 0aKTepUU-IPOLY-
LEeHTBI, JTUODUINBAIIUA.
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