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The aim of the work was to investigate the accumulation of butanol by Clostridium strain
producers using meshed green rape biomass as substrate. The accumulation of butanol by producer
strains was studied using rape as substrate in the doses of 5—30 g/1. The cells were precipitated in
an ultracentrifuge, the supernatant was distilled, and fermentation products were determined.
The presence of solvents in the culture fluid was determined by gas chromatography. The biggest
accumulation of butanol was produced by the strain Clostridium sp. IMB B-7570 on 2.3 g/1 mashed
rape biomass. The optimal inoculum concentration for maximum accumulation of butanol using
rape biomass was 10% of the volume of fermentation liquid. The greatest accumulation of butanol
(2.9 g/l) was obtained in optimal culture conditions and at 10 g/l dry rape biomass in the
fermentation medium. Thus, the present study showed that mashed rape biomass was assimilated
by Clostridium sp. strains. The accumulation of butanol depended on Clostridium strain, the

amount of inoculum, the concentration and degree of grinding of the substrate.
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Lately, producing liquid organic
compounds from the renewable raw materials
such as plant biomass became a hotter topic
once again. Butanol (butyl alcohol) and
ethanol are among such compounds [1, 2]. A
significant amount of biomass is produced
in agriculture [3], which can be used as raw
materials for the bioconversion processes
[4]. Various microorganisms are capable of
growing on a substrate containing lignin and
cellulose, producing substances like butanol,
ethanol, acetone, etc. [5]. In a classic acetone-
butanol-ethanol (ABE) fermentation process,
the solvents are generated in a ratio of 3:6:1.
Butanol is accumulated in the culture fluid
if the concentration of sugar-containing
substrate is at least 2 % volumetric. That is
caused by the inhibiting influence of butanol
on the culture growth and development. The
solvent ratio changes if the culture substrates

contain lignin and cellulose. The butanol
concentration also changes, it depends on the
amount of available carbohydrate medium
(cellulose and hemicellulose) [6]. The aim
of present work was to study the butanol
accumulation by the producer strains of the
genus Clostridium on a substrate of rape raw
biomass.

Materials and Methods

The study objects were the strains
Clostridium acetobutylicum IMB B-7407
(IFBG C6H), C. tyrobutylicum IFBG C4B and
Clostridium sp. IMB B-7570 of the “Collection of
strains of microorganisms and lines of plants for
food and agricultural biotechnology” of the State
institution “Institute of food biotechnology and
genomics” of the National Academy of Sciences
of Ukraine (henceforth, Collection); green
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biomass of rape Brassica napus (National
Scientific centre “Institute of mechanization
and electrification of agriculture”, Ukrainian
Academy of Agricultural sciences). Samples
were cultured in flasks with liquid medium
or in Petri dishes. The chosen inoculum
medium was glycerol medium as follows
(g/1): glycerol (analytical reagent grade) —
20; yeast extract — 1.0; (NH,),SO, — 0.6;
(NH,),HPO, — 1.6; pH 6.5. The medium was
sterilized for 30 minutes at 1 atm and used for
accumulation and introducing standardized
doses of active bacteria to the fermentation
medium. The inoculum was cultured during
24 hours, the accumulation of bacteria was
evaluated by feculence of culture. After
fermentation, the remaining glycerol and
alcohol concentration were determined in
inoculum [7].

Microorganisms were cultured on solid
substrate in an anaerostat “AE 01” (Russian
Federation) under nitrogen atmosphere. The
anaerostat was placed in a thermostat at 35+10
°C. The rape biomass was dried at 30=10 °C
for 48 hr. The dried biomass was mashed in a
laboratory mill “Cyclone MSH 1” (Ukraine).
The fractions were measured (20, 60, 100, 150,
and 200 mesh) with “Millipore RETSCH sieve
shakers” meshes (U.S.A.). Moisture of the raw
material was evaluated with a RADWAG MA
50/C/1 (Poland) moisture analyzer. The major
components of rape biomass were identified
using the following normative protocols:
lignin [8], cellulose [9], moisture [10], protein
[11], hemicellulose [12]. To produce rape
biomass mash, 20.0 g of dry biomass were
added to 11 of water and sterilized at 2 atm for
2 hr. To determine the optimal concentration
of substrate, rape biomass mash was prepared
in concentrations ranging from 5 to 30 g/1 with
a pitch of 5 g/1. The inoculum was cultured in
500 ml flasks in 250 ml culture medium. The
flasks were stopped with concentrated sulfuric
acid plugs, weighted and kept in thermostats
at 35+10 °C. After fermentation (72 hr of
culturing) cells were precipitated using the
ultracentrifuge “Labofuge 400R” (Germany)
at 13000 rpm for 10 min. After culturing the
fermentation products were extracted from
the culture fluid. The presence of ethanol,
acetone and butanol in the culture fluid was
determined using gas chromatograph with
flame ionization detector. The 3 m column was
packed with carbowax 1500 on N-A-W-DMCS
Chromatone (0.20-0.25 mm), the column
temperature was 60+2 0C, the temperature of
oven 160+5 0C. The flow ratio of Nitrogen to
Hydrogen to air was 1:1:10.
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All experiments were performed in
triplicate. Statistical data analysis was
conducted using Microsoft Excel software.
Difference between two average values was
considered significant at P < 0.05.

Results and Discussion

The major components of rape biomass were
studied to find the potential Carbon sources
in it (Fig. 1). The major components of rape
biomass include: 31% protein, 27% cellulose,
and 3% hemicellulose. Other components
include 13% lignin, which was not assimilated
by microorganisms. The obtained results reveal
which share of rape biomass can be assimilated
by bacteria of the genus Clostridium.

Butanol accumulation was studied by the
producer strains IMB B-7570, IFBG C4B and
IFBG C6H cultured on a substrate of rape
biomass (Fig. 2). After the fermentation by
producer strains, three main ABE products
were identified in the culture fluid (acetone,
butanol and ethanol). It is shown that
butanol accumulation was the strongest (2.3
g/1) at rape biomass mash as substrate and
Clostridium sp. IMB B-7570 as the producer
strain. In that case, acetone was present in
low amounts (0.5 g/1), similarly to ethanol
(0.1 g/1). The IMB B-7570 strain was used in
further research due to its superior ability to
produce butanol on rape biomass substrate.

The effect of grinding the substrate to
various mesh sizes on butanol accumulation
was analyzed using rape biomass as substrate
and IMB B-7570 strain as butanol producer
(Fig. 3). It can be seen in Fig. 3 that butanol
accumulated in concentrations up to 0.1 g/1
if the rape biomass was ground minimally.
Butanol concentration in the culture fluid
increased with the level of grinding of the rape
biomass. The highest butanol accumulation

Fig. 1. Macrocomponent composition of rape biomass
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was observed at substrate ground to 200 mesh
(0.076 mm).

The obtained data reveal that the
accessibility of raw material increased with
substrate milling. That effect can be caused by
grinding decreasing crystal zones of cellulose
and increasing the amorphic zones which are
easily destroyed by enzymes. In bacteria of
the genus Clostridium the enzymes capable of
cleaving cellulose are part of the extracellular
multi-enzyme complex, cellulosome [6, 13].

The amount of cellulosomes is proportional
to the number of bacteria in the fermentation
medium. The number of bacteria in the
beginning of fermentation depends on the
quality and quantity of the inoculum. That is
why, for the standardization of the amount of
bacteria introduced into the inoculum, liquid
nutrient medium with water-soluble carbon
sources is used.

Thus, the effect of the concentration of
IMB B-7570 strain inoculum was studied on the
accumulation of butanol using rape biomass as
a substrate (Fig. 4). As a result, it was shown
that the concentration of inoculum introduced
into the fermentation medium significantly
influences the accumulation of butanol. It was
shown that the amount of produced butanol
increases proportionally with an increase in the
concentration of inoculum material from 5 to
10% of the volume of fermentation mixture.

Increasing the concentration of inoculum
to 15-20% caused the accumulation of

butanol to drop. Further increasing the
inoculum concentration in the fermentation
mixture, in general, inhibited the synthesis
of butanol in the medium. Inhibition of
the butanol synthesis under increasing the
inoculum concentration can be due to increased
accumulation of primary metabolites of
ABE fermentation (butyric, lactic and acetic
acids). The optimum concentration of the
inoculum added to the fermentation medium
was 10% . Then the largest amount of butanol
was accumulated, 2.5 g/1. Subsequent studies
were conducted at precisely that inoculum
concentration.

However, the concentration of inoculum
was not the only key factor in the accumulation
of butanol. Another important factor that
influenced the growth and development of
microorganisms and the ABE process was the
concentration of available carbon source. The
biomass of dried rape without seeds was used
as a carbon source.

We studied the effects of wvarious
concentrations of rape biomass in a
fermentation medium on the accumulation of
butanol (Fig. 5). The obtained data indicate
that the accumulation of butanol in the
fermentation medium increased proportionally
to in the concentration of rape biomass
(substrate) from 5 to 10 g/1. When the amount
of dried milled rape biomass increased from
15.0 to 30.0 g/1, the accumulation of butanol
decreased.

Fig. 2. Accumulation of solvents by strains producing butanol while using rape as substrate
*Hereinafter: P < 0.05 compared to control, native medium used as control
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Fig. 3. The effect of different grinding size on butanol accumulation

Fig. 4. The effect of various concentraations of inoculum on butanol accumulation

Fig. 5. The effect of biomass concentration on butanol accumulation
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Our results indicate that increasing the
concentration of carbon substrate reduces
the bioavailability of the substrate. The
largest accumulation of butanol (2.9 g/1) in
the fermentation medium was obtained at a
concentration of dry milled rape biomass of
10.0 g/1.

Thus according to the obtained
results, pre-treated rape biomass was
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Mertoto po6oTu O0yJI0 AOCHIAUTY HAKOIUUEH-
HA OyTaHOJYy IIITaMaMU-IIPOAYIEHTAMU POIY
Clostridium 3 BUKOPHCTaHHAM MOAPiOHEeHOI 3e1e-
HOI OioMacu pinaky Ak cyoctpary. {15 BUBUeHHA
HAKOIMYEHHs OyTaHOJIY IIITaMaMU-IIPOAYIIeHTaMU
HaBajKKy 6ioMacu BimOupaau BaroBUM METOZOM Y
miamasoui 5—30 r/x. Kaituuum ocag:KyBaam 3a 10-
TIOMOTOIO YIbTPAIeHTPU(PYTYyBaHHA, CYIIePHATAHT
meperaHsijid Ta BUSHAYAIU IPOAYKTH OPOMiHHS.
HasaBHicTh pOBUMHHUKIB Yy KYJAbTYPaJbHIN piguHIL
BUBHAYAJIU 34 JOIIOMOT0I0 Ira30Boi xpomarorpadii.
Haii6inbiie HaKoIMUeHHA OYTAHOJY CIOCTepira-
Ju 3a Bukopucrtauud mramy Clostridium sp. IMB
B-7570 ta moxapi6bHenoi 6iomacu pimary (2,3 /)
AK cyocTpary. ITokasamo, 1110 onTuMaJjJbHa KOH-
IeHTPAallis HOCiBHOTO MaTepiaay A1 MaKCUMAaJIb-
HOTO HAKOIMNUYEHHA OYyTAaHOJIY 3 BUKOPUCTAHHAM
6iomacu pimaky cramoBuyaa 10% Bix 06’emy dep-
MeHTalliiHol pifuuu. BuaBieHo, 1Mo HalbiabITe
HaKomuueHHA OyTanoay (2,9 r/ma) 6yao 3a onTu-
Mizarmii yMOB KyJbTHUBYBaHHS Ta KOHIlEHTpAaIlil
10 r/x cyxoi 6iomacu pinaky y dhepMeHTaIiiiHO-
My cepemoBuili. TakuM YynHOM, ITPOBEIEHI TOCJTi-
MoKeHHs IToKasaju, 1Mo moApioHeHa 6iomaca pi-
nmaky acumigroBasnach mramamu Clostridium sp.,
HaKONHWUYEeHHA OYTAHOJY 3ajie)KaJyio Big miramy,
KiJIbKOCTI mociBHOTO MaTepianay, KOHIIeHTpAaIlil Ta
CTYIIeH:A MoAPiOHeHHA cybeTpary.

Knwuosi cnosa: 6iodyranon, Clostridium, poc-
JuHHa 6iomaca, pinak.
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ITenpro paboThI OBLIIO MCCIELOBATH HAKOILIE-
Hue OyTaHOJa IIITaMMaMU-IPOAYIIEHTAMHU POJAa
Clostridium ¢ ucmoab30BaHWEM M3MeJbUeHHOU
3eJieHOII OMoMacchl pamca B KauecTBe cyocTpara.
s ucciienoBaHusA HaKOILJIEHUA OyTaHOJIA IIITaM-
MaMU-IIPOAYIleHTAMU C MCIIOJNb30BaHMEM palica
HaBeCKy 0moMacchl OTOMPATIN BECOBBIM METOIOM B
nuanasone 5—30 r/x. KiaeTKu ocakganm ¢ IomMo-
IIBI0 VJIBTPAEHTPU(PYTUPOBAHUSA, CYIIEPHATAHT
MePeroHsIN U ONIPee AN IPOAYKTEI OPOIKeHNs.
IIpucyrcTBUE pacTBOpUTEJiell B KYJAbTypasb-
HOM KUIKOCTU OIIPENEJIAIN C IIOMOIILIO Ta30BO
xpomartorpaduu. Hambosbiiee HaKomIeHUE OY-
TaHoJIa HAOJII0JAI0Ch C UCIIOJIb30BAHMEM IIITAM-
ma Clostridium sp. IMB B-7570 u usmenbueHoit
6uomaccsl parca (2,3 /) B KauecTBe cydcTpara.
IToxasaHo, YTO ONITUMAaJIbHAS KOHIIEHTPAIIUA T10-
CEeBHOTO MaTepuaja IJd MaKCUMaJbHOTO HaKO-
IIeHUA OyTaHOJA C MCIOJIb30BaHUEM OMOMAaCCHI
pamca cocrasiasiua 10% or obbema depMeHTAa-
IIMOHOM KUAKOCTU. BBISBIIEHO, UTO HAMOOJIBIIIOE
HakonJeHue 6yranota (2,9 r/ma) Habamogaaoch
IPU ONTUMUBAIUYN YCIOBUIN KYJIbTUBUPOBAHUS U
KOHIIEHTPAIINU CyXO0it 6moMacchl pamca y hepMeH-
rannouHoi cpene 10 r/n. Takum obpasom, Ipo-
BeJIeHHBIE VCCJIEeIOBAHMUA ITOKABAIN, YTO U3MEJIb-
yeHHass OmoMacca palca acCUMUJIMPOBAJIACD
mramammu Clostridium sp., Ipu 3TOM HaKOILIe-
Hue OyTaHOJIa 3aBUCEJIO OT IIITaMMa, KOJUUeCcTBa
TIOCEeBHOT'0 MaTepuaja, KOHIIEHTPAIUU U CTeIIeH!
n3MeJbUeHuA cyocTpara.

Knawouesvie cnosa: 6umodyranon, Clostridium,
pacTuTresbHasa buomacca, parc.
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