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The aim of the research was to investigate the accumulation of biobutanol by strains Clostridium
acetobutylicum using alternative substrates (Jerusalem artichoke juice, technical glycerol, crude
glycerol, shredded biomass of soy, rape, wheat and switchgrass). In order to increase the accumulation
of butanol in the process of cultivation, the cells of C. acetobutylicum were statically immobilized on
carriers (belting strips, ferrite rings and Raschig rings) by the method of adsorption immobilization.
The cells were precipitated by centrifugation, the supernatant was distilled and then fermentation
products were determined. Gas chromatography was used to determine the presence of solvents in the
culture fluid. The biggest accumulation of butanol (2 g/dm3) was at concentration of crude glycerol
16 g/dm3 in the medium, and complete inhibition of culture development — at glycerol concentration
25 g/dm3. The accumulation of butanol by the strain C. acetobutylicum IMB B-7407 using fill and
draw method depended on the amount of sequestered and infused medium. Immobilization of the
culture using the Raschig rings allowed increasing the bioconversion to butanol twice. So it is shown
the possibility to use non-traditional substrates for the production of biobutanol. The most
accumulation of butanol was achieved using glycerol (11 g/dm3) as water-soluble substrate, and
using switchgrass as lignocelluloses substrate (2,6 g/dm3). Immobilization of C. acetobutylicum
culture cells on carriers increased the accumulation of butanol. The use of Raschig rings, as carriers

for immobilization, allowed increasing the accumulation of butanol twice.
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Immobilization of the producer cells is
one of the ways to increase the accumulation
of the target product in the process of
cultivation [1]. Both organic and nonorganic
carriers [2] are used to produce immobilized
cells. The materials used as carriers should
have the following properties: chemical and
biological stability, mechanical integrity
(primarily resistance to rubbing), ensure the
interaction of enzymes of microorganisms
with the substrate; significant specific
surface, capacity and porosity; the possibility
of obtaining technologically convenient forms
(granules, membranes, pipes, sheets, etc.);
easy transfer to the reaction form (activation);
high hydrophilicity, which ensures the
possibility of carrying out cytoadherence
reactions with carrier in aqueous medium; low
cost. The lack of carriers that meet all these
requirements at once and the diversity of tasks
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stimulate the search of suitable materials for
the immobilization of specific producer cells
[2, 3].

The objective of this work was to
investigate the accumulation of biobutanol by
immobilized cells of strains C. acetobutylicum
using alternative substrates.

Materials and Methods

For the research we used: butanol producer
strains Clostridium acetobutylicum IMB
B-7407 (IFBG C6H), Clostridium sp. IMB
B-7570 (IFBG C6H 5M) from the “Collection
of microorganisms’ strains and plant lines for
agricultural and industrial biotechnology”,
Government Entity “Institute of Food
Biotechnology and Genomics of the National
Academy of Sciences of Ukraine”; Jerusalem
artichoke juice Helianthus tuberosus (Florium,
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Ukraine), technical glycerol and crude glycerol
(Pharma, Belgium), shredded green biomass of
soy Glycine max, rape Brdssica napus, wheat
Triticum sp. (all from National Research Center
“Institute of Mechanization and Electrification
of Agriculture” of the National Academy of
Sciences of Ukraine) and switchgrass Panicum
virgatum L. (Kyiv National Botanical Garden
named after M.M. Hryshko). The following
medium composition (g/dm?®) was used to
determine the accumulation of butanol while
using glycerol: crude glycerol (from 10.0 to
20.0), yeast extract — 1.0; (NH,),SO, — 0.6;
(NH,),HPO, — 1.6; pH 6.5. The medium was
sterilized for 30 min and at pressure of 1 atm.
To determine the accumulation of butanol
while Jerusalem artichoke juice (Helianthus
tuberosus) the root tubers were cleaned, peeled,
grinded and juiced. The juice was diluted to
19.6% of dry matter and added to (g/dm?)
(NH,),SO, — 0.6; (NH,),HPO, — 1.6; the pH
was adjusted to 6.68.

Vynohradski medium and slices of chalk
rubbed potatoes [4] were used as activation
medium. The cultivation of Clostridia was
carried out according to the procedure [4] in
the anaerobic jar “AE 01” (RF) in nitrogen
atmosphere. Anaerobic jar was placed in the
thermostat at the temperature of 35 =1 °C.

Biomass of switchgrass, soy, rape, wheat
was dried at the temperature of 30=1 °C during
48 h. The dried biomass (7% humidity) was
shredded up to 200 mesh with the help of mill
“Tsyklon MSH 1” (Ukraine). The moisture was
determined by moisture analyzer RADWAG
MA 50/C/1 (Poland). Lignin content was
determined according to the procedure [4].

To immobilize cells the following carriers
were used: belting strips (Promfiltr, Ukraine)
with a surface area of 35.4 cm?, ferrite rings
(Epcos, FRG) — 2.1 cm?, and Rushig rings
(Antey, RF) — 0.5 cm? (Fig. 1).

Fig. 1. Carriers for immobilization
(from up to down):
belting strips, ferrite rings, Rushig rings

Immobilization of cells on carriers was
carried out for 12 h by static method of
adsorption immobilization. Cultivation of
immobilized culture cells on carriers was
carried out according to the procedure [4].
After 5 days cultivation was stopped, the cells
were precipitated using an ultracentrifuge
“Labofuge 400R” (Germany), the supernatant
was distilled at 100 °C with a refrigerator until
there is no output volume (100 cm?) in the
receiving flask and the fermentation products
were determined.

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 3 m in length, phase Carbowax 1500 on
chromaton N-A-W-DMSC (0.20-0.25 mm).
The column temperature was 60 = 2 °C, the
evaporator’ temperature was 160 = 5 °C,
nitrogen-hydrogen-air ratio was 1:1:10 [5].

Statistical data analysis was performed
using Microsoft Excel program. All
experiments were done in three replicates. The
difference between two averages was
considered probable at P < 0.05 (these results
are marked with *). In addition to Fig. 1-5,
7, the enzymatic medium without seed was as
control (zero value), and in Fig. 6 for control
was inimmobilized cells, so the control and
rendered on the drawing.

Results and Discussions

In the process of biodiesel producing from
renewable biomass, glycerol is produced in
large quantities as a by-product of vegetable
oils during esterification. Purification of
glycerol is quite expensive energy-consuming
process, although refined glycerol is widely
used in pharmacology, cosmetology, food and
other industries. To reduce the cost of microbial
synthesis and increase the profitability of bio-
butanol technology, the crude glycerol was
used as a substrate — an unpurified waste of
biodiesel production. Investigation of butanol
accumulation by the strain C. acetobutylicum
IMB-7407 was carried out at different
concentrations of crude glycerol (Fig. 2).

From the results shown in Fig. 2 it is
evident, that bioconversion to butanol takes
place when crude glycerol concentration
is in range from 10 to 20 g/dm?®. The most
accumulation of butanol (2 g/dm?) took place
when crude glycerol concentration in medium
was equal to 16 g/dm?, and complete inhibition
of culture development at a concentration of
25 g/dm?®.
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Fig. 2. Butanol accumulation on different concentration of crude glycerol
Note: in addition to Figure 6, the fermentation (enzymatic) medium without seed was as control, and in
Figure No. 6 for control (zero value) was inimmobilized cells, so the control and rendered on the drawing.
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Fig. 3. Accumulation of butanol in strain C. acetobutylicum IMB B-7407 using over-fill method

In order to increase the accumulation of
butanol at the minimum concentration of
crude glycerol in the medium, we cultivated
C. acetobutylicum IMB B-7407 by fill and
draw method. Each period of sequestered and
infused occurred after 96 h. The results are
shown in (Fig. 3).

Accumulation of butanol in the culture
liquid by strain C. acetobutylicum IMB B-7407
did not change in the process of cultivating
during the first period of medium sequestering
and infusing and from the second up to the
fourth period the accumulation of butanol
was reduced by half. The subsequent use of fill
and draw method lead to decrease of butanol
accumulation by 8 times and final stop in the
sixth period [6—8].

To increase the accumulation of butanol
by stain C. acetobutylicum IMB B-7407 using
crude glycerol as a substrate, we carried out
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immobilization of cell cultures on different
carriers, which had high adhesion activity
relative to the culture. After immobilization,
biomass of cells was attached to all carriers,
however, according to cytological studies
the morphology of the culture has changed
(Fig. 4).

Figure 4 shows that cells of immobilized
culture were attached to the carriers and
formed long chains of about 20 cells. The
initial non-immobilized culture did not form
such chains [4]. To determine the number of
cells on the carrier, we carried out washing
of the carriers and drying the resulting
microbial biomass to a completely dry weight
(CDW). The obtained results are presented in
Fig. 5.

Figure 5 shows that the largest number
of cells was absorbed on the fibers of the
belting strips. With the use of fabrics, the
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CDW of strain C. atsotobutylicum IMB-
7407 exceeded other carriers by almost
five times. The previous studies [4] showed
that technical glycerol was the best source
of carbohydrate for the culture, therefore
cultivation of immobilized cells was carried
out using technical glycerol as a substrate and
accumulation of butanol was determined. The
results obtained are shown in Fig. 6.

Figure 6 shows that the accumulation
of butanol has increased due to the use of
immobilized cultures on Raschig rings and
belting strips. Therefore, culture immobilized
on ferrite rings lost its properties to the
synthesis of solvents and accumulated only
acids. According to the results of the study, we
can conclude that the immobilization of stain
C. acetobutylicum IMB B-7407 on the Raschig
rings has allowed to double the accumulation
of butanol.

Jerusalem artichoke juice [9] may be one
of the promising substrates for obtaining
biofuels. A study was conducted with the use
of Jerusalem artichoke juice as a substrate
for cultivating strains C. acetobutylicum IMB
B-7407 and Clostridium sp. IMV B-7570. The
results obtained are shown in Fig. 7.

Fig. 7 shows that the accumulation of
butanol in the culture liquid of stain C. ace-
tobutylicum IMB-7407 was 3.5 g/dm?, ethanol
was 0.2 g/dm3, acetone was not produced.
Alternatively, the strain Clostridium sp. IMB
B-7570 almost did not convert the Jerusalem
artichoke juice into alcohol.

We performed cultivation of strain
Clostridium sp. IMB B-7570 using different
lignocellulosic substrates — biomass of soy,
rape, switchgrass and wheat, and determined
accumulation of butanol. The results are
presented in Fig. 8.

Fig. 4. Microphoto (increase 900) of immobilized culture (colored brawn) on belting strips
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Fig. 5. Concentration of biomass of C. atsotobutylicum IMB-7407 strain on different carriers
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Fig. 6. Accumulation of butanol by immobilized C. acetobutylicum IMB B-7407 stain on different carriers
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Fig. 7. Accumulation of butanol using Jerusalem artichoke juice as substrate

| 1 |_ T
Rape  Switchgrass Wheat
Substrate

p—
Lh

Butanol concentration, g/dm?
o
o i

Macetone Mbutanol ™ ethanol

Fig. 8. Accumulation of butanol on different substrates
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Fig. 8 shows that the biggest accumulation
of butanol (2.6 g/dm?®) was when using
switchgrass biomass as a substrate and the
smallest when using wheat (0.2 g/dm?).

Studies have shown that non-traditional
substrates (shredded biomass of soy,
rapeseed, switchgrass, wheat; Jerusalem
artichoke juice, technical glycerol, crude
glycerol) are converted into biobutanol.
While using the fill and draw method the
accumulation of butanol by the culture
C. acetobutylicum IMB B-7407 on crude
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MeToo pob6oTu OyJI0 MOCHiAMTH HaAKOMIH-
yeHHA O0ioOyramony mramamu Clostridium
acetobutylicum 3 BUKOPUCTAHHAM aJIbT€PHATUB-
HHuX cyOcTpaTiB (COKY TOImiHaMOypy, TeXHIUHOTrO
rainmeposy, riIilepoJy CUpIlio, moapioHeHol 3e-
JeHoi 6iomacu coi, pimaky, ApoTOHIOAi6HOTO IIPO-
ca, mirenuIti). Iad migBuineHHS HaKOIUYEHHA
OyTaHOJIY B IIPOIEeCi KyJIbTUBYBAHHS ITPOBOIUIN
immob6imisamniro kaitun C. acetobutylicum uHa HO-
cigx (cMmysKKax 6eJIbTUHTY, (DEPUTOBUX KiJIBIIIX
Ta Kigapuax Pammura) craTuyHEM CIIoco6omM —
MEeTOAOM aacopoOItitinoi iMmmobiaisanii. Kaitunu
ocaJsKyBaJId 3a HJOIOMOTOI0 MeHTPu(yryBaHHI,
CcyIlepHaTAHT IIeperaHsajay Ta BU3HAYAJIN IPOAYK-
Tu OpominuA. HasgBHiCTh POBUMHHUKIB Y KYJAbTY-
paabHiM piguHiI BU3HAUYAJIN 3a JOIOMOTOIO ra3o-
Boi xpomatorpadii. MakcumaabHe HAKOIIUYEHHS
oyranoxy (2 I‘/I[M3) cIiocTepiraiu 3a KOHIIEHTpA-
mii y cepemoBuili riimeposy-cupiio 16 I‘/,I[M3,
a TToBHe iHTi6yBaHHS PO3BUTKY KYJbBTYpPU — 3a
25 I‘/,I[M3. Hakonuuennsa OyTaHOJy IIITaMOM
C. acetobutylicum IMB B-7407 3a KyIbTUBYBaH-
HA Bif’€MHO-IOJMBHUM METOLOM 3aJIeXKaJIOo Bif
KiJBbKOCTi BUJIyUeHb Ta JOJUBAHBb CEpPeJOBUIIA.
IMmMmo6inizanisa KyabTypu 3 BUKOPUCTAHHAM Ki-
Jetnb Pamura gajsa 3Mory migBUITUTH Oi0KOHBED-
cito 1o 6yranosy B 2 pasu. Takum YuHOM, OYJIO
TOKAa3aH0 MOKJIMBiCTh BUKOPUCTAHHA HETPAAHU-
mifinux cyberparTiB aasa oTpuMaHHsS 6io6yTaHo-
ay. Hai6iapImoro HaKonuueHHA 0yJI0 JOCATHEHO
3a BUKopucrauHsa riinepoay (11 r/am®) sk Bo-
JOPO3UYMHHOTO CyOCTPATy Ta JIITHOIEJIOJI03HO-
ro — apoTtomnoai6buoro npoca(2,6 r/,uM3). IMmmO06i-
aizania kaitus kyasTypu C. acetobutylicum Ha
HOCifAX MigBUINyBaJia HAKOIMUYEHHS OyTaHOJY.
Bukopucranua kinemns Pammra s HociiB gis
iMmmo6inisarii gamo saMory migBUIMUTH HAKOIIHU-
yeHHA OyTaHOJy B 2 pasu.

Karmuwosi cnosa: 6iooyranoi, Clostridium aceto-
butylicum IMB B-7407, immobisisarmis.
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ITesnbro paboThl OBIIO WCCJHAEAOBATH HAKOII-
nteHue O6mobOyranosa mrammamu Clostridium
acetobutylicum c mcmosb30BaHMEM aJbTepHA-
TUBHBIX cy0OcTpaToB (COKa TommHaMOypa, Tex-
HUYECKOTO IJInIlepoja, IJINIepoJia-chipiia, u3-
MeJbUYeHHOII 3ejIiéHOM OmomMachl cou, paIlica,
MIPYTEBUIHOTO IIPOCa, HITeHUIIbI). JIJIs IOBBIIIe-
HUA HaKOILIEHUA OyTaHOJA B IIPoOIlecce KYJIbTHU-
BUPOBAHUA IPOBOAUIN UMMOOUIN3AIINIO KJIETOK
C. acetobutylicum Ha HOCHUTEIAX (IIOJIOCKAX GesIb-
TUHTa, (ePPUTOBBIX KOJbIIaX, KoJbIlaxX Parrura)
CTATUYECKUM CIIOCOOOM — METOZOM aAcopOIu-
OHHOM mMMoOuamsanuu. KieTku ocakgaiam c
MIOMOIIbI0 MEeHTPUPYTrUPOBaHUA, CYyHepHATAHT
TMePeroHANN U ONMpemeAaan MPOAYKTHI OposKe-
Hus. Hanuuue pacTBopuTeseii B KyJbTypab-
HOU *KUAKOCTH OIIPEJIeJISIJIN C IOMOIIIbIO Ta30BOit
xpomarorpapuu. MakcumMaabHOe HAKOIJeHUE
6yranoia (2 r/gm°) HaGIIOZANM IPU KOHIEHT-
panum B cpejqe rauilepoJa-chipma 16 I‘//I[M3, a
TMOJIHOE MHTUOUPOBaHNE PA3BUTUSA KYJIbTYPHI —
apu 25 I‘/I[M3. Haxomrenune 6yranosia mTraMMOM
C. acetobutylicum IMB B-7407 npu KyJabTuUBU-
POBaHUU OTHEMHO-IOJUBHLEIM METOJOM 3aBUCUT
OT KOJIMUEeCTBa OT'heMa U A0JIuBa cpeabl. MMmMmo-
OuIM3anua KyJIbTYPhI C UCIOJIb30BAHUEM KOJeI]
Pamura majia BoO3MOMKHOCTEL IIOBBICUTH OMOKOH-
Bepcuio 10 6yraHosa B 2 pasa. Takum oopasom,
IJIA IMOJydYeHusA OyTaHoja Obljaa IoKasaHa BO3-
MOJKHOCTh MCIIOJb30BAHUS HETPaAUIIMOHHBIX
cyoctparoB. Haubosbiliee HaKOILJIeHMe OyTaHoIa
OBLIIO JOCTUTHYTO P UCIIOJb30BAHUY TJIUIIEPO-
aa (11 I‘/,/IM3) KaK BOJOPACTBOPUMOTO cyOcTpa-
Ta U KaK JIUTHOIEJLII0JO3HOT0 — IPYTEeBUIHO-
ro mpoca (2,6 I‘/,ZIM3). NMMmobunrnsamusa KJIETOK
KyabTypsl C. acetobutylicum Ha HOCUTENSAX IIO-
BBIIIIAJIa HAKOIIJIeHue OyTaHoJsia. Mcmoab3oBanue
KoJier Pamiura B KauecTBe HOCUTEJIA AJIA UMMO-
OMIM3aluy MO3BOJIUJIO IMTOBBHICUTL HAKOIIJIEHUE
OyTamoja B 2 pasa.

Knwuesvie cnosa: oO6mobyranosn, Clostridium
acetobutylicum IMB B-7407, nmmobuinsanus.





