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Aim. The purpose of the study was to investigate the effect of ultrasonic disintegration on the
lignocellulosic raw materials (biomass of the non-cereal part of rape) with its subsequent use as a substrate
for the production of biobutanol.

Methods. Butanol-producing strains and the biomass of the non-cereal part of rape Brassica napus
were used in the present study. Ultrasonic disintegration of lignocellulosic raw materials was performed
on the specially designed equipment.

Results. The effect of ultrasonic disintegration on lignocellulosic raw materials was investigated for
further application in biofuel production based on microbiological conversion. The possibility of using
the obtained components after the pre-treatment of lignocellulose by ultrasonic disintegration as a
substrate for the microbiological synthesis of butanol was shown. The highest accumulation of butanol
(2.4 g/1) was obtained with the use of 5% dry matter content in the medium, 5 min treatment and the
specific power of ultrasonic disintegration of 0.72 W /ml.

Conclusions. The possibility of producer strains of the genus Clostridium to use cellulose in the
fermentation process has been shown. When using ultrasonic disintegration for pretreatment of the non-
cereal part of the biomass of rape, the accumulation of butanol increased by 3 folds.
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Modern biotechnology offers great
opportunities for the use of lignocellulosic

materials such as straw and crop residues
account for about 14% [2].

plant biomass, such as agricultural and
woodworking plant waste. In Ukraine, more
than 50 million tons of grain are harvested
annually. The main grain crops in Ukraine
in terms of production are corn (38.50%),
wheat (28.34% ), sunflower (16.43% ), barley
(6.74%), soybeans (4.19%) and rape (4.08%).
Other crops in total make up 1.72% of the gross
harvest (peas 0.78%, rye 0.23%, sorghum
0.21%, oats 0.17% , panicgrass 0.16%, rice
0.07%, triticale 0.05% , buckwheat 0.04%,
etc.) [1]. Renewable energy sources of raw

Lignocellulose is the main building material
of plant cell walls. The main macrocomponents
of lignocellulose are cellulose, hemicellulose
and lignin. The production of biofuels from
biomass generally requires three successive
processes, namely destruction and hydrolysis,
cultivation and isolation of the final product.
Numerous studies on the use of biomass have
shown that the rate of hydrolysis is limited
by the rigidity of cell walls, which inhibits or
delays the further process of biodegradation.
There are many methods of destroying cell
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walls. The most common are grinding, various
types of hydrolysis, ultrasonic and microwave
(at 100 °C) disintegration, osmotic shock and
autoclaving (at 121 °C), which have their
advantages and disadvantages and, thus,
different end results [3, 4].

Ultrasonic disintegration (USD) of the cell
wall occurs at a relatively low temperature,
compared with microwave processing and
autoclaving. It does not require the pretreatment
with chemical destructors, which reduces the
cost of the preparation process. USD is commonly
used for cell lysis and homogenization; however,
it can also be an effective method of breaking
hard cell membranes [5].

Biobutanol production is the next
important stage in the development of various
types of biofuels. The use of biobutanol should
meet the growing need for environmentally
friendly motor fuel. Production of second-
generation biobutanol from renewable
non-food sources of raw materials such as
cellulose-containing waste should solve the
problem of using agricultural waste [6].
One of the methods of complex preliminary
preparation of lignocellulosic raw materials
is USD. This method provides significant
destruction of biomass and makes it possible to
identify the components of lignocellulosic raw
materials [7]. Subsequently, the components
of lignocellulosic biomass can serve as a
substrate for microbiological conversion by
microorganisms of the genus Clostridium and
the production of biobutanol [8].

The aim of the work was to study the
ultrasound disintegration of lignocellulosic
raw material (the biomass of non-cereal part
of rape) to subsequentially use it as a substrate
for biobutanol production.

Materials and Methods

The objects of the study were the strain
Clostridium sp. IMB B-7570 from the
“Collection of strains of microorganisms
and plant lines for food and agricultural
biotechnology” of the Institute of Food
Biotechnology and Genomics of the National
Academy of Sciences of Ukraine (hereinafter
the Collection); green biomass of Brassica napus
of the “Chempion Ukrayiny” variety harvested
in 2021 at the Olenivske Experimental Farm
of the National Research Center “Institute
of Mechanization and Electrification of
Agriculture” of the National Academy of
Agrarian Sciences of Ukraine.

The stages of research included the
preparation of plant raw materials with the
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preparation of a suspension based on crushed
raw materials, treatment of the resulting
suspension with ultrasound and its subsequent
cultivation to obtain biobutanol. Preliminary
preparation of plant raw materials consisted of
two-stage grinding of raw materials to a given
weighted average size of crushed particles (200
mesh), mixing the entire mass of crushed raw
materials, preparation of suspensions with
a given dry matter content and subsequent
sonication of the suspension. The crusher
“Elikor-5” (PJSC “Electromotor”, Ukraine)
was used for preliminary grinding, and the
laboratory mill “LZM-1” (LLC “LIS”, Ukraine)
was applied for the final grinding. The
weighted average size of the crushed particles
of raw materials was determined by laboratory
sift “RLU-3” (LLC “Status”, Ukraine) with a
set of laboratory sieves. Plant raw materials
were ground to a weighted average particle size
of 0.78 mm (passing the laboratory sieve No. 64
and retained on the sieve No. 67). The crushed
raw materials were mixed for 5 minutes using
a laboratory batch drum mixer [9]. For the
preparation of the suspension, purified tap
water was used with the corresponding mass
fraction of crushed plant raw materials, taking
into account its humidity. Laboratory scales
TVE-1 (LLC “NVP “Technovagy””, Ukraine)
were used for weighing of raw materials.

The USD of the suspension was performed
with a laboratory ultrasonic bath, consisting
of a stainless-steel gastronomic container
of standard size “GN “4” (“TorhOborud”,
Ukraine) with a depth of 65 mm, at the
bottom of which were attached piezoceramic
Langevin ultrasonic transducers (Fig. 1)
with an operating frequency of 28 kHz and
an ultrasonic power of 60 W (PE “Voron”,
Ukraine). The laboratory unit was powered by
a 1.5 kW ultrasonic generator UCE-NT 1500
(“UCE Ultrasonic”, China), which provided
the set operating time and automatic tuning
of the resonant frequency of the ultrasonic
transducers in the range of 20-40 kHz.
After ultrasound, the raw materials were
immediately sent for cultivation.

The yield of butanol per unit volume of
suspension and weight of dry matter (g/1)
was investigated depending on the duration
of ultrasonic treatment of the suspension
(t, min.), the dry matter content in the
suspension (s, %) and the specific power of
ultrasound (u, W/1). The specific power of the
ultrasound (1) was changed by changing the
volume of the suspension at a constant power
of the transducers. The duration of ultrasonic
treatment of the suspension was 5 and 25 min,
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the dry matter content was 50 and 100 g/1,
the specific power of ultrasound was 0.18 and
0.72 W/1.

As a control, mash of rape mass of 50 and
100 g per liter of water was used and sterilized
for 2 h and a pressure of 2 atm. The moisture
content of the raw material was determined
using a weighing moisture analyzer
“RADWAG MA 50/C/1” (Poland).

Cultivation of microorganisms was
performed on solid media in Petri dishes in
anaerostat “AE 01” (RF) with a nitrogen
atmosphere to obtain single colonies. To obtain
the inoculum, single colonies were selected and
placed in a liquid medium. Glycerol medium
was used as the inoculum medium with the
following composition (g/1): glycerol p. a. —
20, yeast extract — 1.0; (NH,),SO, — 0.6;
(NH,),HPO, — 1.6; pH 6.5. The medium was
sterilized for 30 min at a pressure of 1 atm.
and was used to accumulate and add to the
fermentation medium the same concentration
of bacteria in the active phase. The inoculum
was fermented for 24 h and the accumulation
of bacteria was evaluated according to the
turbidity standard [9]. The anaerostat was
placed in a thermostat at a temperature of
35 = 1 °C. Cultivation was performed in
500 ml flasks using 250 ml of medium, the
flasks were covered with hydroacid seals with
concentrated sulfuric acid. The flasks were
weighed and thermostated at 35 = 1 °C. After
72 h of culture, the cells were pelleted using
a “Labofuge 400R” ultracentrifuge (Germany)
at 13,000 rpm for 10 min. After cultivation,
fermentation products were distilled off
from the culture fluid. The presence of
ethanol and butanol in the culture fluid was
determined using a gas chromatograph with a
flame ionization detector. A 3 m long packed
column was used with Carbowax 1500 on

Fig. 1. Laboratory ultrasonic bath
with transducers (bottom view)

chromaton N-A-W-DMSC (0.20-0.25 mm). The
temperature of the column was 60 = 2 °C, that
of the evaporator was 160 = 5 °C. The ratio of
nitrogen-hydrogen-air flows was 1: 1: 10.

All experiments were performed
in triplicates. Statistical processing of
experimental data was done using Microsoft
Excel. The difference between the two means
was considered significant at P < 0.05.

Research of ultrasound decomposition
of plant raw materials to obtain biobutanol
was conducted at the Department of Labor
Protection and Biotechnical Systems in Animal
Husbandry in the National University of Life
and Environmental Sciences of Ukraine,
and the State Institution “Institute of Food
Biotechnology and Genomics of the National
Academy of Sciences of Ukraine” (laboratory
of industrial and food biotechnology).

Results and Discussion

The main idea of the research was to
establish the parameters of pre-treatment of
plant raw materials, in particular, grinding
and USD, at which the accumulation of
biobutanol in the cultivation process would
be maximal. The results of the study showed
the possibility of using USD of rape biomass
and its use as a substrate for biobutanol
(Table). The technological parameters of
USD and solvent accumulation are given in
Table. Experiments 1-8 were performed with
biomass after USD, and experiments 9 and 10
were conducted without USD and served as a
control. The accumulation of biobutanol after
USD of rapeseed biomass was greater than that
of untreated rapeseed biomass and untreated
rape biomass of other plants [10]. The duration
of ultrasonic treatment of the suspension t did
not have a significant effect on the final result,
which indicates the need to adjust the limits
of change of this parameter and set the upper
limit at 5 minutes.

The USD parameters indirectly affected the
accumulation of the target product. In some
samples there was an increased accumulation
of ethanol instead of butanol. In our opinion,
this change is due to the change in the carbon-
nitrogen ratio of the medium after USD.
The largest accumulation of biobutanol
(2.44 g/1) was for the following values of
parameters: s = 50 g/1, n = 0.72 W/ml, which
corresponds to the upper limit of variation of
these parameters. The lowest accumulation
of biobutanol (1.16 g/1) was observed in the
case of s =100 g/1 and 1 = 0.18 W/ml, which
corresponds to the lower limit of variation.
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Technological parameters of USD and solvent accumulation

Experi- ¢ min . g/l W/ Solvent accumulation, g/1 Plan.t biomass
ment ethanol acetone butanol residue, g/1
1 25 100 0.72 0.34+=0.07 0.09 =0.01 1.57+0.09 73.55 +=0.02

2 25 100 0.18 0.30 =0.07 0.03+0.01 1.16 =0.07 34.26 = 0.07

3 25 50 0.72 0.32 +0.07 0.20 £ 0.03 2.44+0.09 18.46 += 0.06

4 25 50 0.18 0.31+0.07 0.07+0.01 1.63 =0.06 34.55+0.03

5 5 100 0.72 0.33+0.07 0.06 =0.01 1.22+0.04 85.56 = 0.04

6 5 100 0.18 0.24 = 0.04 0.06 +0.01 1.24+0.03 83.29+0.05

7 5 50 0.72 0.33 £0.07 0.20 = 0.04 2.37+0.09 18.55 £ 0.01

8 5 50 0.18 0.52 = 0.07 0.10 £ 0.02 2.16 = 0.09 19.76 £ 0.02

9 - 50 - 0.13+0.04 0.02+0.01 0.24 =0.02 42.55+0.03
10 - 100 - 0.05+0.01 0.02+0.01 0.73 +0.04 96.14 = 0.07

Note: the largest accumulation of butanol is highlighted in fat.
Hereinafter: P < 0.05 compared to control, native medium used as control.

In control samples that did not undergo
USD, the accumulation of biobutanol was
0.24 and 0.73 g/1, depending on the biomass
concentration of 50 and 100 g/1, respectively.

The dependences of biobutanol
accumulation on the parameters s and p are
obtained in the form of power functions for
the specific accumulation per unit volume of
suspension Bv, g/1 (1)

Bv = 7.84563‘8_0'721369'}10'142132, (1)

where s is the content of dry matter in the
suspension, %; p is the specific power of
ultrasound, W/ml;

and for the specific accumulation per unit mass
of dry matter Bm, g/kg (2)

Bm = 784.563'5_1'72137'}]_0'142132. (2)

For dependence (1), which is adequate
for 95% confidence interval, the coefficient
of multiple determination D = 0.882368,
the coefficient of multiple correlation R =
0.939344. For Fisher’s test, F = 18.7527; the
probability F of the criterion P = 0.996669.
All model coefficients are significant at a
confidence interval of at least 94%. For
dependence (2), which is also adequate at
95% confidence interval, the coefficient
of multiple determination D = 0.974346,
the coefficient of multiple correlation R =
0.98709. Fisher’s test F = 94.9496; the
probability F of the criterion P = 0.999808.
All model coefficients are significant at a
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confidence interval of at least 94% . Graphical
view of dependences (1) and (2) is shown in
Fig. 2 and Fig. 3, respectively.

As can be seen from Fig. 2 and Fig. 3,
the increase in dry matter content in
the suspension leads to a decrease in the
accumulation of biobutanol. This can
be explained by the increase in acoustic
resistance of the treated suspension and
the corresponding decrease in the effective
action of ultrasound. The effect of the specific
power of ultrasound on the accumulation
of biobutanol within the experiment is less
intense, but leads to an increase in the yield
of butanol. The effectiveness of this factor
increases in the case of reducing the dry matter
content in the suspension.

The accumulation of butanol increased
due to the higher bioavailability of raw
materials. The increase in the bioavailability
of the substrate may be due to the fact that
during USD, the number of crystalline
zones of cellulose decreases and the number
of amorphous zones, which are easily
broken down by enzymes, rises. Ultrasonic
pretreatment of the substrate can change
the surface morphology of lignocellulosic
materials, partially disrupt the cell wall, which
leads to increased availability of cellulose
fibers to enzymes (cellulase) and enhances the
yield of sugars during hydrolysis [11-13].
In bacteria of the genus Clostridium, such
enzymes that break down cellulose are part of
the extracellular multiprotein complex, the
cellulosome.
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Fig. 2. The dependence of the specific accumulation of biobutanol per unit volume (Bv) of the suspension on
the dry matter content of the suspension (s) and the specific power of ultrasound (n)

Fig. 3. The dependence of the specific accumulation of biobutanol per unit mass of dry matter (Bm)
on the dry matter content of the suspension (s) and the specific power of ultrasound (1)

The increase in the content of available
carbohydrates in suspensions depends on the
degree of destruction of lignocellulose, so it is
important to find the optimal percentage of its
destruction in suspension, for further use in
biotechnology of liquid biofuels.

Ultrasound treatment of wheat straw [12]
and sugar cane stalks [13] with ultrasound
frequency of 20 and 24 kHz for 35 and 47
minutes in media of potassium hydroxide and
sodium hydroxide, respectively, led to the
destruction of 50 to 75 % of lignocellulose.
This duration of USD, obviously, is beyond
the economic feasibility of use in biofuel
technologies.

USD of lignocellulosic biomass has both
advantages and disadvantages compared to

other pretreatment methods[14, 15]. It should
be emphasized that it is not always possible
to transfer a certain method of pretreatment
of the substrate from one type of plant
biomass to another. The choice of the method
of pretreatment of lignocellulosic biomass
depends on its composition and by-products
formed as a result of processing. These
factors significantly affect the material and
financial costs in biofuel technology, which are
associated with the method of pretreatment of
lignocellulosic biomass.

Conclusions

Producer strains of the genus Clostridium
can use plant lignocellulosic raw materials as
a substrate in the cultivation process. The use

53



BIOTECHNOLOGIA ACTA, V. 14, No 5, 2021

of ultrasound disintegration for pretreatment
of the non-grain part of rape biomass increases
the accumulation of butanol. The optimal
values of technological parameters of USD as a
pretreatment of plant biomass are established.
These results indicate the effectiveness of
ultrasound as an agent of pretreatment of plant
raw materials in liquid biofuel technologies.
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YJIbTPA3BYROBA JESIHTEI'PAIIA
JITHOIIEJIFOJIO3HOI CHPOBHHUI
AR IIOITEPEAHA IIIATOTOBKA
CYBCTPATY OJd
MIRPOBIOJOI'TYHOT'O OTPUMAHHA
BIOBYTAHOJIY
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Mema. Jocuif:xeHHA BIJIUBY YJILTPAa3BYKO-
BOI JediHTerpallii Ha JIirHOIIE/TIOJIO3HY CUPOBUHY
(6iomacy He3epHOBOI UaCTHHU PillaKy) 3 MOLAJIb-
MIXM BUKOPUCTAHHAM ii AK cyOCcTpaTy AJIs OTPU-
MaHHSA 6i00yTaHOITy.

Memodu. [nsa gociigskeHb BUKOPUCTOBYBA-
JIY TITaMU-TIPOAYIIeHTH 0io0yTamoay; 6iomacy He-
3epHOBOI yacTuHU pinaxky Brassica napus. ¥YJib-
TPa3BYKOBY [Me3iHTerparliro JirHOIEJI0JI0O3HOI
CUPOBWHU BUKOHYBAJIU Ha CIIEI[iaJbHO CTBOPEHO-
My oOJIagHAHHI.

Pesyavmamu. JlociigkeHo BOJIUB yJIbTpa-
3BYKOBOI e3iHTerpailii Ha JirHOIeJII0JIO3HY CH-
POBUHY 3 HOAAJBMIUM ii BUKOPHUCTAHHAM IJII
oTpuMaHHA GiomasuBa 3a TOIIOMOTO0I0 MiKpobio-
Joriunoi KoHBepcii. ITokazaHO MOXKJINBICTL BU-
KOPHUCTAHHA OTPUMAHMUX KOMIOHEHTIB JirHo-
IeJII0JI03U AK CyOCTpaTy Iiciid yIbTPa3dBYKOBOI
mesinrerpartii aasa MiKpo06iosIoriuHOTO CUHTE3Y
6yraHoay. BcramoBJyieHo, 1110 HaiibiabIle Ha-
KonuueHHa Oyranoiay (2,4 r/a) oTpuUMaHO IpHU
5% BMmicTi cyx0l peuoBUHH y cepemoBHUIIi, b XB
00pO0OJIeHHSA Ta MTUTOMIN IIOTYKHOCTI yJIBTPa3By-
KoBoOi mesiuTerpanii 0,72 Bt/mu.

Bucrnosku. IlokasaHo, 110 IIITaMU-ITPOAYIIEH-
T poxay Clostridium MOXKYTh BUKOPUCTOBYBATU
POCJIMHHY JiTHOIEJIIOJ03HY CUPOBUHY AK CYO-
cTpaT y mpolieci KyJabTUBYBaHHSA. BecTaHOBIIEHO,
110 3a BUKOPHUCTAHHA yJbTPa3BYKOBOI mesimTe-
rpaiii A momnepeaHbol 00pPOOKYM He3epHOBOI Ua-
cTuHU GioMacu pimaKy HaKOIMUYEHHS OyTaHOIY
301JIBIINIOCH YTPUUi.

Knwmouwosi cnosa: yibTpasByKoBa Je3iHTerparis,
6iobyTamou, JiTHOIEJNI0J03HAa CUpPOBUWHA,
Giomasauso.

YJIbTPA3BYROBAA JESHUHTEI'PAIINUS
JIUTHOIEJIJIIOJIO3HOI'O ChIPbSA
KAR ITPEABAPUTEJIbHAS
IIOATOTOBKA CYBCTPATA
AJIA MUKPOBHOJOTHYECROT'O
INOJYYEHUA BUOBYTAHOJA
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2HauHOHaJII:HBIfI YHUBEPCUTET OMOPECcCypPCcoB
¥ IPUPOJOII0JIb30BaHusA ¥ Kpannsl, Kues
YMaHCKUI HAIIMOHAJBbHBIN YHUBEPCUTET
caJo0BOJCTBA, ¥ KpanHa
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IJenv. UccnenoBaHue BIUAHUSA YIBTPA3BYKO-
BOIi Me3WHTErpalluy Ha JIUTHOIIEJIIIOJI03HOE ChIPhe
(6buomacca He3epHOBOII UaCTH parica) ¢ IOoCJaeayo-
1M HCIIOJIb30BaHUEM e€ Kak cydcTpara AJs I10-
JyyeHUs 6umobyTaHoIa.

Memoduvt. [1y1a nccaefoBaHUA MCIOJb30BAN
IMTaMMBI-IPOAYIIEHTHI OyTaHoJa; 6momaccy He-
3epHOBOM yacTu parca Brassica napus. ¥YabTpa-
3BYKOBYIO [€3MHTETrPAIIUIO JIUTHOIE/JII0JIO3HOTO
CHIPbS BBIMOJHAJIN HA CIENHaJbHO CO3JaHHOM
000pyIOBaHUU.

Pesyavmamut. ccaenoBaHo BIUAHUE YIbT-
Pa3BYKOBOM Ae3WHTErpanuu Ha JUTHOIEJJIIO-
JIO3HOE ChIPhe C JaJbHENIITUM MCI0JIb30BAHUEM
IJIs MOJIYYeHUsI OMOTOIIJIMBA C IIOMOIILIO MU-
KpoOuoJiornueckKoii KouBepcuu. Ilokasamna Bo3-
MOJKHOCTb MCIOJb30BAHUS MOJYUEHHBIX KOM-
TMMIOHEHTOB JINTHOIEJIJII0JI03bI Tocie 00paboTKU
YABTPa3BYKOBOM Ae3uHTErpaIueii, Kak cybecrpa-
Ta OJA MUKPOOHOJIOTUUYECKOT0 cuHTe3a OyTaHo-
Ja. YCTaHOBJIEHO, UYTO HaMOOJbIIlee HAKOIJIeHIIe
oyranosa (2,4 r/a) noaydesno npu 5% comepika-
HUSA CYXOTO0 BeIl[ecTBa B cpefie, D MUH 00paboTKe
U YAeJIbHOI MOIIHOCTHY YJIbTPa3BYKOBOM Je3WH-
rerpanuu 0,72 Br/mi.

Buvi6o0vt. IlokasaHa BO3MOMKHOCTH IIITaM-
MOB-TIpoayIeHToB poaa Clostridium IpuUMeHATH
1[eJLJII0JI03Y B mporiecce hepMeHTAIUU. ¥ CTAHOB-
JIeHO, UTO IPU UCI0Jb30BAaHNN 3BYKOBOII Te3MH-
Terpaiuu IJsa IpegBapuUTeIbHON 00paboTKy He-
3epHOBOI yacTu 6mMoMacchl palca HaKOIJIeHUe
OyTaHOJa YBEJIUUUJIOCH B 3 pasa.

Kniwouesvte cnosa: yibTpasByKoBas Je3nHTErpa-
nusi, 0MOOYyTAHOJI, JIUTHOIEJII0JI03HOE ChIPhE,
OHOTOILINBO.

2

55



