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LIGNOCELLULOSIC BIOMASS AFTER EXPLOSIVE
AUTOHYDROLYSIS AS SUBSTRATE
FOR BUTANOL OBTAINING
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The aim of the investigation of the effect of the explosive autohydrolysis on lignocellulosic biomass
(saving, switchgrass biomass) for consequent use as a substrate to produce biofuels such as butanol.
Butanol-producing strains, switchgrass Panicum virgatum L. biomass and its components after
autohydrolysis were used in the study. The thermobaric pressure pretreatment of lignocellulosic
biomass was carried out using specially designed equipment. The effect of explosive autohydrolysis on
lignocellulosic biomass for further use in producing biofuels using microbial conversion was studied.
Components of lignocellulosic biomass were fractionated after undergoing thermobaric treatment. The
possibility of using different raw material components after using explosive autohydrolysis processing
to produce biobutanol was found. Products of switchgrass biomass autohydrolysis were shown to need
further before fermentation purification from furfural formed by thermobaric pretreatment and
inhibiting the growth of microorganisms. The ability of strains of the genus Clostridium to use cellulose
as a substrate for fermentation was proved. It was found that using explosive autohydrolysis

pretreatment to savings allowed to boost the butanol accumulation by 2 times.
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Lignocellulose is one of the virtually
unlimited sources by the number of
substrates for microbial conversion. A
lot of lignocellulosic waste is produced in
forestry and agriculture, pulp and paper
and wood industries, which poses a serious
environmental problem, the increasing
pollution. Unfortunately, most of the waste
is not recycled although it can be used, for
example as biofuels. An effective biological
conversion requires pretreatment of
lignocellulosic biomass [1]. One of the methods
of its complex pretreatment is explosive
autohydrolysis. This method provides almost
total destruction of the biomass and allows to
separate components of lignocellulosic material
[2]. Later lignocellulosic biomass components
can serve as a substrate for microbial
conversion, including microorganisms of
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the genus Clostridium, and as a source for
obtaining biofuels such as butanol [3].

The aim of the study was to explore
the effect of explosive autohydrolysis on
lignocellulosic biomass (saving, switchgrass
biomass) for consequent use as a substrate to
produce biofuels such as butanol.

Materials and Methods

For the study we used butanol producing
strains Clostridium acetobutylicum IMB
B-7407 (IFBG C6H), 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; biomass of switchgrass Panicum
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virgatum L., and components of switchgrass
after autohydrolysis (cellulose, lignin and
arabinogalactan); savings of Obukhiv pulp and
paper mill.

Moisture mass fraction in initial samples
and in products of reaction was determined
according to [4], crude ash mass fraction
according to [5], lignin’s by [6], soluble
carbohydrates’ by [7], resins’ and fats’ by [8].
Mass fraction of cellulose was conducted by
nitrogen-alcoholic method [9].

Thermobaric preprocessing of
lignocellulosic materials was performed by
[2] on specially constructed equipment at a
temperature of 200 °C for 10 min. Mush-like
mixture was received and directly used as
substrate or fractionated (Fig. 1).

The process of fractionation can be
described by following stages. Mixture of
products (620 g) after autohydrolysis was
transferred to a Buchner funnel and filtered
out liquid fraction (310 g). Air-dry residue
was placed in a conical flask of volume
500 ml, and hot water was added (300 ml),
liquor ration 50 (solid phase to liquid ratio).
Extraction of soluble carbohydrates was
done for three hours on water bath at 100 °C,
then the second filtration in a Buchner
funnel. The resulting solid residue was dried.
To prevent the destruction of soluble sugars,
the filtrate was steamed at water bath at
50 = 5 °C, with simultaneous extraction
of furfural with water. Arabinogalactan
was precipitated by ethanol with liquor
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ration 5. The residue was filtrated, washed
with ethanol and dried. The ethanol was
removed from the filtrate solution on rotary
evaporator (Rotadest, Hungary). The result
was a concentrated solution of soluble
sugars.

The presence of furfural after explosive
autohydrolysis (almost non-waste technology
to separate plant material into three
main components: lignin, cellulose and
hemicellulose by applying high temperature
(100—-200 °C) water vapor to wooden complex;
reaction time is 1-10 min) was determined
by gas chromatography. We used gas
chromatograph Agilent-7890A (USA) with
flame ionization detector; silica intermediate
polar capillary column HP-5 (length 30 m,
inner diameter 0.320 mm, film thickness
0.25 pm); carrier gas: helium (300 mL/min);
programmed temperature from 40 °C to
280 °C in increments of 5 °C / min; temperature
of evaporator 250 = 5 °C; temperature of
detector 280 = 5 °C. The volume of the sample
was 1.0 pul.

Results of the analysis were processed
using the method of absolute calibration by
chromatographic peak areas.

The savings and switchgrass biomass
were dried at 30 = 1 °C for 168 hours.
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).

Filtration

—

The filtrate (hemicellulose)

The solid residue

Fig. 1. Scheme of fractionation of lignocellulosic biomass after explosive autohydrolysis
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Winogradsky medium and slices of
potatoes smeared with chalk were used as
activation medium for butanol producing
strains. To ascertain the purity of culture,
MAYV medium was used [10]. To prepare
mash's leavens (out of switchgrass, savings),
samples of 50.0 g of the substance were
taken per 1 1 of water, and sterilized for
2 hr at a pressure of 0.2 MPa. To confirm
the properties of cellulolytic strains, solid
medium of the following composition was
used: (NH,),S0, — 0.6 g/dm?; (NH,),HPO, —
1.6 g/dm?; agar — 30 g/dm?; pH 6.2. It was
sterilized during 30 min at 0.1 MPa. Discs of
filter paper (1.0 g), previously sterilized for
30 min at 0.2 MPa, were inserted in medium.
On the discs, relevant strains were put in
droplets of liquid medium.

Culture of microorganisms at solid
medium was performed following [11] 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 (3 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.

Statistical data analysis was performed
using Microsoft Excel program. All
experiments were done in triplicate. The
difference between the two averages was
considered probable by P <0.05 (significant
results marked with *).

Results and Discussion

One of the promising renewable raw
materials are lignocellulosic materials,
including switchgrass Panicum virgatum
L. biomass. The possibility of conversion
of switchgrass biomass to produce butanol
was shown previously [11]. To enhance
butanol production by strains IFBG
C6H and IFBG C6H 5M, switchgrass was
pretreated by explosive autohydrolysis.
The components of switchgrasss biomass
before and after autohydrolysis are given
in Table 1.
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As follows from the data, after the
explosive autohydrolysis, the content
of basic components changed, due to the
restructuring of biomass components [12,
13]. The growing portion of water-soluble
substances was primarily due to destruction
of hemicelluloses [12]. A slightly increased
lignin content, according to [13], was due to
the lowered pH of the reaction medium. At
the same time, during fractionation after
autohydrolysis (delignification of cellulose)
there was a chemical effect on lignin, which
induced its polymerization, and therefore the
amount of insoluble in acid lignin decreased.
Therefore, for the fermentation of substrate
after autohydrolysis it was necessary to use
active producers of cellulases. Bacteria of
the genus Clostridium can serve as such [1].
Chosen strains IFBG C6H and IFBG C6H 5M
were precipitated to filter paper to confirm
the possibility of cellulose fermentation
(Fig. 2).

After 72 hours of culturing on filter paper,
clear areas appeared, and after 120 hours
destruction of paper around the colonies was
observed. Results of the study demonstrated
the presence of cellulases in both cultures and
the ability of these strains to use cellulose as a
carbon source. To test whether lignocellulose
was used as a substrate, culturing of
microorganisms on individual components of
switchgrass after explosive autohydrolysis was
performed (Fig. 3).

As a result of studies it was found that the
content of furfural increased in plant biomass
after autohydrolysis, inhibiting the bacterial
growth. To avoid the inhibitory effect,
furfural was removed and biomass components
were separated. In this study it was found
that cultured strains-producers using the
biomass components produced butanol with
different levels of accumulation. The highest
concentration of butanol (2.8 g/dm?®) was in
the case of the strain IFBG C6H 5M cultured on
switchgrass biomass after autohydrolysis and
extraction of furfural. These data suggest that
the explosive autohydrolysis is a promising
way of preparing lignocellulosic biomass
before fermentation.

Another possible substrate are savings,
paper industry waste product. To establish
the impact of autohydrolysis on savings, its
component composition was studied before and
after autohydrolysis (Table 2).

The data show that nearly half of savings
consists of inorganic components that
cannot serve as a culturing medium for
microorganisms. As savings are waste of
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Table 1. Switchgrass biomass content after autohydrolysis

Components The initial biomass, % Biomass after hydrolysis, %

Cellulose 46.7+0.5 53.9=+0.5
Hemicellulose 23.0+1.0 10.6+1.0
Water soluble substances 7.7+0.5 11.5+0.5
Lignin 13.8+0.2 14.7+0.2

Resins and fats 2.0%+10 2.0=10

Ash 5.4+0.5 5.4+0.5

Other 1.4+0.2 1.9+0.2

Total 100.0 100.0

Fig. 2. Colonies of IFBG C6H 5M (1) and IFBG C6H (2) on filter paper

pulp and paper industry, 756% of organic
components consist of cellulose, the amount
of which after thermobaric treatment slightly
increases similarly to switchgrass (Table 1).
But savings are depleted in sugars and soluble
substances and are preferably used in processes
that need cheap raw material containing
cellulose.

To study the ability of microorganisms for
bioconversion of savings as a substrate, IFBG
C6H and IFBG C6H 5M strains were cultured
in an environment with different pretreatment
(Fig. 4.)

According to the data, strains IFBG C6H
5M and IFBG C6H converted to butanol
even raw savings, but the accumulation
of the desired product was low, 0.3 and

0.1 g/dm? respectively. Grinding of raw
materials led to increased production of
butanol to 0.6 to 0.8 g/dm?® respectively,
but the preferred method of pretreatment
of raw materials was autohydrolysis.
In the case of savings processed by
explosive autohydrolysis, accumulation of
butanol in the culture liquid was 1.6 and
1.1 g/dm3. It should be noted that in
explosive autohydrolysis, furfural formed
in small amounts and did not affect the
activity of microorganisms.

The results showed the possibility of
using lignocellulosic materials as substrate
for the production of biofuels and converting
cellulose into butanol by microorganism
strains IFBG C6H and IFBG C6H 5M. The
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Fig. 3. Culturing of producer strains on biomass and separate components of lignocellulosic raw materials
Here and later * signifies the significant difference between strains

Table 2. Composition of savings after autohydrolysis

Components The initial biomass, % The composition after hydrolysis, %

Cellulose 34.0+0.5 37.0+0.5
Hemicellulose 3.7+1.0 1.5+1.0
Water soluble substances 3.2+0.5 6.9+0.5
Lignin 8.5%=0.2 3.5+0.2

Resins and fats 2.3+10 2.3+10
Ash 47.8+0.5 48.0+0.5

Other 0.5%+0.2 0.8+0.2

Total 100.0 100.0

increase in accumulation of butanol is 2 times
in the case of explosive autohydrolysis as a
method of pretreatment of raw materials.
It is established that under autohydrolysis
only the hemicellulose is partially destroyed
to form a large number of water-soluble
substances. After autohydrolysis, cellulose
and lignin are separate components which
can be compared quantitatively with their
content in the original raw material. A direct
dependence between formation of furfural in
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the products of explosive autohydrolysis on
the amount of hemicellulose in the original
biomass is observed. This is because under the
hydrolyzing agent at elevated temperatures,
sugars can hydrolyze to form furfural and
oxymethylfurfural. Withdrawal of furfural
and oxymethylfurfural from products of
explosive autohydrolysis of switchgrass millet
made it possible to achieve an increase in the
accumulation of butanol in the fermentation
process.
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Fig. 4. Strains cultured on medium with differing pretreatment of savings

REFERENCES

.Shulga S. M., Tigunova O. O., Blume Y. B.
Lignocellulose as an alternative source for
obtaining of butanol. Biotechnol. acta. 2013,
6 (2), 9-21. (In Ukrainian).

.Kamenskykh D. S., Tkachenko T. V.,
Yevdokymenko V. O., Kashkovskyi V. I.
Explosive autohydrolysis of pentosan-
containing raw material. Catalysis and
Petrochemicals. 2015, 24, 90-95. (In
Ukrainian).

. Tigunova O. O., Shulga S. M. Using by mutant
strains C. acetobutylicum ligno-cellulosic
material as a substrate. Microbiol. and
biotechnol. 2015, 3, 35—44.

.GOST 13496-92. Mixed feeds, mixed fodder
raw materials. Methods for determination of
moisture. 1.1.93. (In Russian).

. GOST 26226-95. Feed, mixed feeds, feed raw
materials. Methods for the determination of
crude ash. 10.12.95. (In Russian).

.GOST 26177-84. Feed, mixed feeds. Method
for the determination of lignin. 12.1.99. (In
Russian).

. GOST 26176-91. Feed, mixed feeds. Methods
for determination of readily soluble and
carbohydrates. 1.1.93. (In Russian).

10

11.

12.

13.

.GOST 6841-77. Cellulose.

Method for
determination of tar and fats. 01.07.98. (In
Russian).

. Obolenskaia A. V., Elnytskaia Z. P., Leono-

vych A. A. Laboratory work on the chemistry of
wood and cellulose. Moskwa: Chemistry, 1977,
232 p. (In Russian).

. Tigunova O. O., Shulga S. M. New producer
strains of biobutanol. I. Isolation and
identification. Biotechnol. acta. 2013,
6 (1), 97-104. (In Ukrainian).

Tigunova O. O., Shulga S. M. New producer
strains of biobutanol. III. Methods increased
accumulation of butanol from switchgrass
Panicum virgatum l. biomass Biotechnol.
acta. 2015, 8 (4), 65—68. (In Ukrainian).
Trofymova N.N., BabkynV.A.,Chemerys M. M.
Kataliziruemyj parovzryvnoj gidroliz
celloligninovogo ostatka drevesiny
listvennicy. Himija rastitel’nogo syr’ja.
2002, 2, 53-56. (In Russian).

KumarY. S., Negi J. S. Upadhyaya Studies
on characterization of corn cob based
nanoparticles. Adv. Mat. Lett. 2010, 1 (3),
246-253.

33



BIOTECHNOLOGIA ACTA, V.9, No 4, 2016

JIT'HOIEJIOJIO3HA CHPOBHHA
ITICJISI BUBYXOBOI'O ABTOTIAPOJIISY
AR CYBCTPAT OJ1d OTPUMAHHA
BYTAHOJY

0. 0. Tieynoeal, H. €. Beiiko',
I1.C. Kamencorxux?, T. B. Tkauenko?,
B. 0. €sdorumenko®, B. I. Kawkoscvicuii®,
C. M. IITynveat

I,I[y «IHCTUTYT XapuoBOi 6GioTexHOIOTIT
Ta reaoMiku HAH Vxpaiuu», Kuis
IucTuryT 6ioopramiunoi ximii Ta HadgTOXiMii
HAH Vkpaiuu, Kuis

E-mail: Shulga5@i.ua

MeTo10 poboTu OyJi0 BU3HAUEHHS BIJINBY BU-
OyXOBOT0 aBTOTiAPOJIi3y Ha JirHOIEJI0JI03HY CH-
poBuHy (cKoI, 6iomaca ApoTomoAiOHOTO Ipoca)
3 MONAJBININM BUKOPUCTAHHAM Ii 9K cybcTpaTty
IJisT oTpuMaHHA OiomamuBa — OyraHoay. Iaa
IOCJi’KeHb BUKOPUCTOBYBAJU INITAMU-IIPOIY-
meHTH OyTaHOJIy, 6ioMacy APOTOIOAIOHOTO IIpoca
Panicum virgatum L., KOMIIOHEHTH SPOTOHOIi0-
HOT'0 IIpoca Iricjsa aBTorigposisy. Ilapobapuuny
momepeaHi0 0OOPOOKY JirHOIEJII0JI03HOI CUPO-
BUHU BUKOHYBAJIU Ha CIEIiaJbHO CTBOPEHOMY
obamaguanui. [ocaigKeHo BOJIMB BUOYXOBOTO
aBTOTiAPOJi3y Ha JirHOIEJI0J03HY CUPOBUHY 3
BUKOPHUCTAHHAM HajJaJi AJISd ofepKaHHA Oioma-
JWBa 3a JOIOMOTOI0 MiKp0o06iosoriuHOI KOHBEP-
cii. ITpoBeseHo pakIioHyBaHHA JIITHOIEJIIO-
JI0O3HOI 0ioMacH Ha CKJIALOBI KOMIIOHEHTH IIiCJIs
TepMobapuuHOi 06poOKu. [lokasaHO MOMKJIU-
BicTh 3acTOCyBaHHA OTPUMAaHUX KOMIIOHEHTIiB
micis 0o0po6JeHHA JIrHOIEII0J031 BUOYXOBUM
aBTOTiApoJIi3oM AK cyOcTpaTy AJasa MiKpobioso-
riuHoro cuHTe3dy O6yTraHosy. BcTaHOBIEHO, IO
nepen (pepMeHTAIi€I0 IPOAYKTIB aBTOTiAPOIizy
IPOTOMOAIOHOTO IIpoca iX HeoOXiHO SJOZATKOBO
ounmiaT Big pypdPypoay, SKHUN YTBOPIOETH-
cd mig yac TrepmobapuuHOl 00poOKM i € iHribi-
TOPOM PO3BUTKY Mikpoopraniamin. IligTeep-
I:KEeHO 3MaTHICTh INTaMiB-IPOAYIIEHTIB poay
Clostridium BUKOPUCTOBYBATH IIEeJIOJ03Y SIK
cybcrpar y nporeci ¢pepmenrTaiiii. 3’scoBaHo,
10 B pasi BUKOpPUCTAaHHSA BUOYXOBOT'O aBTOTiJ-
poJisy masa momepeaHBOI 0OPOOKHU CKOIIYy HAKO-
nuYeHHA OyTaHOJY 30ibIINIIOCH Y 2 pa3u.

Knarouwosi cnosa: BubOyxoBuii aBTOriAposia, oyra-
HOJI, JIiITHOIIEJ/II0JIO3HA CUPOBMHA, 0i0oIaaInBo.
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ITenbio paboTHI OBIJIO OIIPeIeieHNe BIAUAHUA
B3PBIBHOTO aBTOTHUAPOJIM3a HA JUTHOIEJJIIO-
JI03HOE chIpbe (CcKom, 6momacca cTebJIeBUIHO-
ro mpoca) ¢ JaJlbHeHIIINM UCIO0Jb30BaHUEeM ero
Kak cybcTpara AJid MOoJyYeHUsS OMOTOIJINBA —
O6yraHosa. [isa wcciaeqoBaHUNM MCIOJb30BaU
MITaMMBI-IPOAYIIEHTRI OyTaHOJIa, OMOMAaccy cTe-
6aeBupHOro npoca Panicum virgatum L., Kom-
MMOHEHTHI CcTe0JeBUIHOTO IIPOCa IIOCJIe aBTOTH-
nposusa. [TapobapruuecKyio IpeaBapuTeIbHYIO
00paboOTKY JUTHOILEJJIIOJO03HOTO CHIPhA IIPOBO-
IUJIU Ha CIIeIUaJIbHO CO3JaHHOM 000PyJOBAaHUU.
WccnemoBano BIUAHNE B3PBIBHOTO aBTOTUIPOJIH-
3a HA JUTHOIEJIJII0JO3HOE ChIPhe C JaJbHEeUIITUM
WCIIOJb30BAHUEM [AJIA IMOJYyUYeHUs OMOTOIINBA
C MOMOIIBI0 MUKPOOMOJIOTNUECKON KOHBEPCUH.
IIpoBeneHO (hpaKIUMOHUPOBAHNE JUTHOIEJJIIO-
JIOBHOY 6MOMACChI Ha COCTABJAIOINVEe KOMIIOHEH-
ThI IIOCJIe TepMoOapuuecKoii oopadoTku. IToka-
3aHA BOBMOKHOCTD MCIIOJb30BAHUS ITOJYUYEHHBIX
KOMIIOHEHTOB II0cJje 00paboTKU JUTHOILEJIJII0JIO-
351 C IOMOIIBIO B3PHIBHOTO ABTOTUAPOJIN3A KAaK
cybcTpaTa AJid MUKPOOMOJIOTUUECKOTO CUHTE3a
OyTraHoJIa. ¥CTAaHOBJIEHO, UTO Iepes epMeHTa-
muei IPOAYKTOB aBTOTUAPOJIM3a CTEOJIEeBUHO-
ro mpoca X HeoOXOAMMO JOHOJHUTEJIbHO OUH-
maTh oT Gypdypoaa, KOTOPLIHA oOpasyeTcs Opu
TepMobapuuecKoii 00paboTKe U SABJIAETCA WH-
rubuUTOPOM pasBUTUA MUKPoopranuamos. Ilof-
TBEP/KIEHO CBOMCTBO IITAMMOB-IPOAYIEHTOB
poxa Clostridium M“CIOJIb30BATh IEJJTI0JI03Y KaK
cyOcTpar B IIpoiiecce (pepMeHTaI[uu. ¥ CTAHOBJIe-
HO, UTO IIPU MCII0JIb30BAHUY B3PBIBHOT'O aBTOTHU/I-
poJinsa IJid IpeJBapuUTebHOM 00paboTKU CKoIla
HaKoOIlJIeHUe OyTaHOoJIa YBEJIUYUJIOCH B 2 pasa.

Knwuesvie cnoéa: B3PBIBHON aBTOTUIPOJIUS,
OyTaHOJI, JTUTHOIIEJII0JI03HOE ChIPhe, OMOTOIINBO.





