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The aim of this work was to enlarge accumulation of butanol from switchgrass Panicum virgatum L.
biomass using strains-producers obtained from grounds and silts of Kyiv lakes. The objects of the study
were strains of C. acetobutylicum IMB B-7407 (IFBG C6H), Clostridium acetobutylicum IFBG C6H 5M and
Clostridium tyrobutyricum IFBG C4B from the “Collections of microbial strains and lines of plants for food
and agricultural biotechnology” of the Public Institution “Institute of Food Biotechnology and Genomics”
of the National Academy of Sciences of Ukraine. Gas chromatography was used to determine the alcohol
concentration at the stage of solvent synthesis. To determine the effect of butanol precursors during
cultivation, butyric, lactic and acetic acids were used. Optimization of processing parameters, which was
based on the needs of cultures, allowed us to increase the yield by 20 and 50% for the initial and mutant
strain respectively. Using synthetic precursors (such as lactic, butyric and acetic acid) during cultivation
increased total concentration of butanol by 1.7 times. To optimize the process, a study was carried out using
acetone- butyl grains. Using of acetone-butyl grains in concentrations up to 60% does not affect the
synthesis of butanol by C. acetobutylicum IFBG C6H 5M. Increasing the concentration of grains led to
decrease in accumulation of butanol. Almost double increase in accumulation of the target product (butanol)
was achieved using two-stage fermentation and/or precursors of synthesis. It was shown the possibility of

using acetone-butyl grains in fermentation. As a result the mass fraction of the waste was reduced.
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Nowadays the world market of butanol
exceeds 9.6 billion liters and is assessed at
more than 6.0 billion US dollars [1]. There
is a stable trend towards yearly increase (by
3.2%) of demand for butanol. Butanol is
used as a solvent for industrial production, in
production of melamine-formaldehyde resins
and plasticizers, butyl acetate, butyl acrylate
and in organic synthesis. Besides, it has begun
to be actively used as fuel. Only 0.1 % of total
butanol production goes to microbiological
synthesis, and compared to other biofuel types
its share is only 2%. Experts forecast that in
the next 5-10 years this value will reach 30%
[2]. Unfortunately, today the microbiological
method of butanol production is not efficient
due to formation of by-products such as ethanol
and acetone during the cultivation, relatively
high cost of feedstock, low strain productivity,
and the problem of waste disposal — acetone-
butyl spent grains. To optimize the process
of metabolite production it is necessary to
perform the following: carry out the primary
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selection of producer strains, make changes in
genetic structure of strain-producer to increase
the product accumulation, define the optimal
technological parameters (pH, temperature,
nutrient requirement) and conditions for
nutrition and biomass accumulation and chose
the way for cell-producer immobilization [3—10].

In case of wusing the reducing and
considerably cheap plant biomass, it is
necessary to create profitable technology of
acetone-butyl fermentation and production of
solventogenic strains.

The aim of this study was the increase
of butanol accumulation from the biomass
of switchgrass Panicum virgatum L. using
purified producer strains.

Materials and Methods

We investigated strains of C. aceto-
butylicum IMB B-7407 (IFBG C6H), IFBG C4B
and IFBG C6H 5M from the “Collections of
microbial strains and lines of plants for food
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and agricultural biotechnology” of the Public
Institution “Institute of Food Biotechnology
and Genomics“ of the National Academy of
Science of Ukraine; switchgrass Panicum
virgatum L. biomass (it is the main model
system of lignocellulose raw material; its
genome is completely decoded) obtained from
the Gryshko National Botanical Garden.
Switchgrass is widely used in production
of bioethanol. The microorganisms were
cultivated and the solvents were extracted as it
wasshownbefore[5, 6]. Todetermine precursor
effect on butanol formation process, butyric,
lactic and acetic acids were used (all from
“Setuza”, China). As a source of lactic acid,
lactic serum was added to the fermentation
mixture (“Zarechye”, Ukraine, TU46.39.11 —
93). The serum, butyric and acetic acids were
added in relevant ratios (1:1:1, 1:2:1, 1:1:2,
1:3:1, 1:4:1, relatively) to the switchgrass
mash, total acid concentration was 5 g/1. The
plant mass was dried and ground into leaves
of Panicum virgatum L. To determine the
components of the of the wire-like millet i.e.
lignin biomass we used The Ukrainian Standard
ISO 13906:2013, cellulose — The Ukrainian
Standard ISO 2470:2005, humidity —
The Ukrainian Standard EN 13041:2005,
protein — The Ukrainian Standard 4595:2006,
hemicellulose — The Ukrainian Standard
3500-97.

The data were statistically processed using
Microsoft Excel software. All the experiments
were run in three repetitions. The difference
between two average values was considered
adequate at P<0.05 (the adequate results are
marked with asterisk¥).

Results and Discussion

When the plant raw material is planned to
be chosen with its further use, the first step is
the analysis of substrate content. It gives the
possibility to measure and consider all the macro
components with proper accuracy. It was done
the chemical analysis of switchgrass Panicum
virgatum L. to determine the component
composition of the plant feedstock [11]. The
results of the analysis are shown at Fig. 1.

The main components of the switchgrass
biomass were: cellulose (35%), hemicellulose
(29%), and lignin (26% ). The study [6] showed
how cellulose and hemicellulose sugars may
be converted by C. acetobutylicum IFBG C6H
strain. To compare productivity of C. aceto-
butylicum IFBG C6H (stock strain) and IFBG
C6H 5M (mutant strain) fermentation was
performed taking into consideration previous

results of parameter optimization [12]. The
obtained data are given in Fig. 2.
Optimization of the process parameters
basing on the obtained data of the culture
requirement, allowed us to increase the target
product accumulation by 20% for the stock
strain and by 50% for the mutant strain.
Under these conditions, acetone concentration
was insignificantly increased (less thanl1%),
while that of ethanole was not changed. On the
basis of the obtained data, the IFBG C6H 5M
mutant strain was selected as the prospective
one for investigations of butanol accumulation
intensification. At the first stage of acetone-
butanol-ethanol (ABE) fermentation, C. aceto-
butylicum bacteria produce butyric, propionic,
acetic and lactic acids (the stage of acid
formation). Then pH is decreased and the stage
of solvent synthesis takes place such as butanol,
acetone, ethanol and isopropanol. This stage is
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Fig. 1. Component composition of the switchgrass
Panicum virgatum L. biomass
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Fig. 2. Solvent synthesis in the mash
of the switchgrass biomass
Note: here and after * — P < 0.05 as compared
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characterized with increased concentration of
butyric acid and pH < 5. Generation of butanol
is limited due to blocking of microorganism
growth at 1 to 2% Dbutanol concentration.
Since the acetone-butyl fermentation is one
of the types of butyric-acidic fermentation, to
intensify the butanol accumulation the study
was carried out using synthesis of precursors
such as lactic, acetic and butyric acids. The
correspondent acids were introduced into the
enzymatic medium at the start of cultivation,
first separately, then as the mixture. The
fermentation was made for each case. The
results of the investigation are presented in
Fig. 3.

The obtained data proved that using
the synthesis precursor such as lactic,
butyric and acetic acid led to the increase of
butanol accumulation. Insignificant butanol
accumulation was observed when acetic acid
(up to 3.7 g/1) and serum (up to 3.9 g/1) were
introduced compared to the control value
(3.5 g/1). Significant increase (in 1.7 times)
of butanol concentration was noted in case
of using all three precursors. The conversion
of saccharides under these conditions was
increased almost in two times, from 0.32 to
0.58 (Table). Addition of the precursors to
the fermentation environment provided the
growth of economic fermentation factors but

L= e = B - |

Butanol concentration, g/l

had not influence on the biomass accumulation
and specific growth rate of the culture. It
should be noted that in case of precursor using,
the ratio of butanol concentration to biomass
grew from 1.2 to 2.0. The ratio of the biomass
to the consumed substrate changed from 0.38
to 0.29 respectively. Such change of kinetic
parameters shows the increase of butanol
accumulation due to substrate conversion.

To determine the optimal concentration of
precursors, fermentation was carried out with
various ratios of precursor concentrations.
The results are given in Fig 4.

The ratios of the butanol synthesis
precursors, which were placed into the
fermentation environment, raised the final
concentrationof thetarget productdifferently.
The ratio 1:1:3 was optimal for serum, acetic
and butyric acid respectively. Acid addition
to the mash just in this ratio raised the
concentration of the target product by 17%.
Using engineering solutions, the authors [13]
proposed methods of butanol obtaining with
ABE process optimization. Double bioreactors
with immobilized microorganisms were used
in the process of fermentation, and the butanol
synthesis process had two stages. At the first
stage the butyric acid was synthesized, and
then butanol. Such process led to faster butanol
accumulation. Compared to the common ABE

L
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butyric  butyric acid acetic and
acids butyric

acids

Precursors

Fig. 3. Synthesis of butanol with IFBG C6H 5M
in the mash of the switchgrass using precursors

Influence of precursors on the kinetic parameters of fermentation

Parameters Reference ‘When precursors are used
Biomass, g/1 3.05+0.33 2.98 =0.32
Y p/s* 0.32 0.58
Y p/x 1.2 2
Y x/s 0.38 0.29
n, year ! 0.13 0.12

* Note. Y — economic factors of cultivation; p — butanol concentration; x — biomass;
s — spent substrate; 1 — specific growth rate
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process, such technology gave butyric acid,
butanol, carbon dioxide, hydrogen, and excluded
the formation of undesirable products (propionic
acid, acetone, isopropanol and ethanol). Such
process minimizes the alcohol inhibition of
microorganisms, increases reactor production,
and reduces energy expense for concentration
and extraction of the target product. We used
this two-stage scheme with the biomass of wire-
like millet as the substrate (Fig. 5).

As it was shown in [6], cellulose or
lignocellulose feedstock may be wused for
cultivation with the following production of
acids and their subsequent using. When the
acids are used with two bioreactors coupled in
series (two-step fermentation, Fig. 5), unlike in
the case of the classical fermentation, the strain
productivity and butanol accumulation go up.

Following this scheme, the ground wire-
like millet biomass enters as a substrate
(lignocellulose raw material) to the first
bioreacror. It is fermented by IFBG C4B
strain, which is a butyric acid producer. The
process runs under the following engineering
parameters: inoculum — 20% , temperature —
35 °C, pH 6, duration — three days. Then,
the fermentation mixture goes to the second
bioreacror with non-hydrolyzed biomass of
wire-like millet and it is fermented by IFBG
C6H 5M strain with the production of butanol

]

o Oh =l

and other alcohols (engineering parameters:
inoculum — 20%, temperature — 35 °C, pH 5,
duration — from three to four days). Butanol
was extracted from the cultural liquid by one of
the methods described in [3]. This technology
doubles the final butanol concentration.

Animportant problem of butanol production
process is waste. Utilization (evaporation) of
acetone butyl spent grains is rather expensive.
To optimize the butanol production process
it was suggested that the acetone butyl spent
grains obtained in the course of fermentation
should be returned to the fermentation process,
it is the so-called recycled spent grains.

Using the recycled spent grains in
concentration of 60% from the volume of the
fermentation mixturedid not affectsignificantly
the butanol synthesis by C. acetobutylicum IFBG
C6H 5M strain. With the increase of the spent
grains concentration in the environment, it was
observed the decrease of butanol accumulation
(Fig. 6). It gives the possibility to return up
to 60% of the spent grains to the enzymatic
environment. The remaining part of the spent
grains was divided into decantation liquid and
slurry. The decantation liquid was used in the
new fermentation instead of water (“recycled”
water), and the slurry may be used for feeding
farm animals or as a fertilizer enriched with
riboflavin and B,, vitamin [14, 15].

Butanol concentration, g/l
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Fig. 4. Butanol synthesis with IFBG C6H 5M strain in the mash of switchgrass using various precursor ratios
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Fig. 5. Schematic diagram of two-step butanol production using precursors
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Butanol concentration, g/l
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Control 10% 20%
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Concentration acetone hut_\l spent grains, v %
Fig. 6. Butanol synthesis by IFBG C6H 5M strain in the mash of the switchgrass using acetone butyl spent

grains

It was demonstrated that the increase in
accumulation of the target product (butanol)
nearly by two times (from 3.8 to 7 g/1) was
achieved by using two-step fermentation and/

or synthesis precursors. Using acetone butyl
(recycled) spent grains in the cultivation
process resulted in the decrease of mass
fraction of waste.
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HOBI IITAMHU-ITPOAYIEHTH
BIOBYTAHOJIY.
II1. CIIOCOBH IIIABUIIIEHHA
HARKOITMYEHHA BYTAHOJIY
3 BIOMACH JPOTOIIOAIBHOTI'O ITPOCA
Panicum virgatum L.

0. 0. Tieynosa
C. M. Illynvea

OV «IucTutyT Xxap4uoBoi 6ioTexHOJIOTII Ta
renmomiku HAH Vkpainu», Kuis

E-mail: Shulga5@i.ua

Metoro po6oTu 0yJio 30iIBIIUTA HAKOIMUYEH-
Ha OyTaHoay 3 6Giomacu ApOTOIOAIGHOrO IIpoca
Panicum virgatum L. 3 BUKOPUCTaHHAM IIITa-
MiB-IIDOAYIIEHTIB, BUAiJIEHUX i3 I'PYHTIB i MyaiB
osep Kuesa. O0’eKTaMu JOCTiIKeHHS CIyryBaan
mramu Clostridium acetobutylicum IMB B-7407
(IFBG C6H), C. acetobutylicum IFBG C6H 5M Ta
C. tyrobutyricum IFBG C4B i3 «Kousekii mrramis
MiKkpoopraHisamiB Ta JiHi¥I pOCJIUH Iy Xapyo-
BOi i cimbchKorOCTOgapchKoi OioTexHoOrii» Y
«IHCTUTYT XapuoBOi 6iOTEeXHOJIOTII Ta TEHOMIKY »
HAH Vkpainu. KoHlnenTpaiiiro ciupTiB Ha cramii
CUHTEe3y PO3UMHHUKIB BUSHAUAJIN, 3aCTOCOBYIOUN
rasoBy xpomatorpadito. I BusHaUeHHA BIJIUBY
TMoTlepeJHUKIB Ha HAKOIMMUYEHHA OYTaHOJY B IIPO-
meci KyJIbTUBYBaHHSA BUKOPUCTOBYBAJIU MACIAHY,
MOJIOUHY Ta OITOBY Kuciyotu. Ourumisaiia Tex-
HOJIOTIUHHUX IIapaMeTpiB 3 ypaxyBaHHAM IIOTPeO
KYJIBTYP Jaja 3MOTY HiABUIITUTH BUXi[ IIiJIbOBOTO
mpoaykTy Ha 20 i 50% y BuximHOrO TA MyTaHTHO-
ro IITaMiB, BifmoBigHo. Bukopucranusa B mpoIieci
KYJBTUBYBAaHHS IIONEPETHUKIB (B0KpeMa, MOJIOU-
HO1, MaCJISTHOI Ta OITOBOI KMCJIOT) ITiABUIITYBAJIO
KiHIleBYy KOHIeHTpaIliro Oyramoay B 1,7 pasa.
3 MeTo0 oIITUMi3aIlii mpoiiecy 0yJi0 IIPoBeaeHO J10-
CJIIIKeHHsA 3 BUKOPUCTAHHAM alleTOHO-0yTHJIOBOT
O6apau. 3acToCyBaHHSA alleTOHO-O0YTMIIOBOI Oapau
B KOHIleHTpariil 1o 60% He BILIMBaJIO HA CUHTE3
oyranousry mramom C. acetobutylicum IFBG C6H
5M. 3i 3pocTaHHAM KOHIlEHTpAIlii Oapau HaAKO-
OUYeHHA OyTAaHOJYy B3MEHIIYyBaJoCh. 30iJIbIIeH-
Hs HaAKOMWYEHHS IiLJILOBOTO IPOAYKTY (OyTaHo-
Jy) MaliKe BABiUi JocArasii, BUKOPUCTOBYIOUU
IBOCTAAiliHy (pepMeHTAaIliio Ta/abo momepeTHuKNT
cuHTeldy. IloKazaHO MOYKJIMWBICTH BUKOPUCTAHHSA
B IpoIleci KyJbTHBYBAaHHS AalleTOHO-OYTUJIOBOI
Gapau. Y pesysbTaTi 0yJI0 JOCATHEHO 3MEHIIIeHH S
MAacoBOl YaCTKH BigXO0IiB.

Knarmuosi cnosa: 6yTaHoJ, APOTOMOLIOHE IIPOCO
Panicum virgatum L., mraMu-IpoayIieHTH
Clostridium.

HOBBIE HITAMMBI ITPOJYIEHTDI
BHUOBYTAHOJIA.

II1. CIIOCOBBI ITOBBIINEHU A
HAKOIIJIEHUSA BYTAHOJIA U3
BHUOMACCBHI CTEBJIEBHJHOI'O ITPOCA
Panicum virgatum L.

E.A. Tueynosa
C.M. IITynvea

TV «IHCTUTYT OUIEBOM OMOTEXHOJIOT N
u renomuku HAH Ykpawnnubl», Kues

E-mail: Shulga5@i.ua

IMesnpio paboThl OBLIO YBEJIWUYUTH HAKOILIE-
Hue OyTaHoJIa U3 GroMacchl CTe0JIEBUHOTO IIPoca
Panicum virgatum L. ¢ nUCIIOJIb30BaHMEM IIITaAM-
MOB-IIPOAYIIEHTOB, BBLIJEJICHHBIX W3 TI'PYHTOB H
uoB o3ep KueBa. O0beKTaMu UCCIETOBAHUSA CITY-
sxuu mrammel Clostridium acetobutylicum IMB
B-7407 (IFBG C6H), C. acetobutylicum IFBG C6H
5M u C. tyrobutylicum IFBG C4B us «Kouaek-
WY IITAMMOB MUKPOOPTaHM3MOB W JUHHUKN pac-
TeHUU OJA THUINEBOH U CeJbCKOXO03IHUCTBEHHON
ouorexHoysorun» I'Y «MHCTHUTYT muUIEBON OmO-
TexHoJaoruu u reHomuku» HAH Vikpawnwi. Jiaa
orpeeeHrus KOHI[EHTPAIlUY CIIUPTOB HA CTaqUuU
CHHTEe3a PacTBOPUTEJIell MCI0Jbh30BAJN T'a30BYIO
xpomarorpaduio. s ompenesieHUs BIUAHUSA
IIPEeJIIIeCTBEHHUKOB Ha HAKOILJIEHVe OyTaHoJa B
IIpoIecce KyJbTUBUPOBAHUA KUCIIOJIb30BATIN Mac-
JIAHYI0, MOJIOUHYIO ¥ YKCYCHYIO KHUCIOThI. OnTH-
MHUBAIUs TEeXHOJOTMYEeCKUX I1apaMeTpoB C yue-
TOM IIOTPEOHOCTEl KYJIbTYP II03BOJINJIA IIOBBICUTH
BBIXOJ 1eseBoro nmpoaykra Ha 20 u 50% y ucxon-
HOTO M MYTAHTHOT'O IIITaAMMOB, COOTBETCTBEHHO.
Hcnonp3oBaHme B mpoliecce KYJIbTUBUPOBAHUA
MIPeAINeCTBEHHUKOB (B YACTHOCTH, MOJOYHOM,
MaCJIAHOU ¥ YKCYCHOM KMCJIOT) ITOBBIIIAJIO KO-
HEUHYIO0 KOHIleHTpamuio Oyranosa B 1,7 pasa. C
IeJIBI0 ONTUMM3AIINY IPoIlecca OBLIO TPOBELEHO
UCCJIeOBAaHNE C WCIOJB30BAaHUEM AaIeTOHO-0Y-
TUJIOBOM Gapabl. IIpuMeHeHMEe aleToHO-0yTUJIO-
BOI OapAbl B KoHIeHTpamuu 10 60% He BIMAIO
Ha cuHTe3 Oyramosma C. acetobutylicum IFBG
C6H5M. C yBenuueHreM KOHIIEHTPAIMU Oap/bl
HaKOILJIeHre OyTaHoJia YMEHBIIAJ0Ch. Y Beauye-
HUe HaKOILJIEeHU IIeJIeBOTO MPoAyKTa (6yTamoJia)
IIOYTH B [[BA pas3a ObLJIO JOCTUTHYTO C MCIIOJIHE30Ba-
HUEM IBYXCTaAUNHON (DepMEeHTAIUY U/ UJTU TTPeI-
IIIECTBEHHUKOB cuHTe3a. [IoKkazaHa BOBMOYKHOCTD
UCIIOJIb30BAHUA B IIpollecce KYJbTUBUPOBAHUS
aIeToOHO-0yTUJIOBOI Gapabl. B pesysbraTe OBLIO
JOCTUTHYTO YMEHBIIIEHNE MAaCCOBOI JOJHU OTXO-
JIOB.

Kntouesvie cnosa: 6yrTanos, crebJIeBUIHOE IPOCO

Panicum virgatum L., mTaMMbI-IPOAYIIEHTHI
Clostridium.
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