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Abstract. Glycerol is a natural polyol formed as a major by-product during biodiesel production. The
use of glycerol, which is uniquely utilised by Clostridium pasteurianum, for butanol production is highly
promising but requires a thorough understanding and optimisation of the process. This study aimed
to determine the composition of crude glycerol and evaluate its suitability as a substrate for butanol
accumulation by Clostridium sp. UCM B-7570. During the research, a chromatographic method was
used to determine the composition of crude glycerol and the solvent content in the culture liquid. An
experimental approach was employed according to a developed scheme, incorporating microbiological
methods (microorganism cultivation), biotechnological methods (strain cultivation under conditions
resembling industrial settings, investigation of the solvent accumulation), and statistical methods for
the mathematical processing of research results. A detailed study of the composition of different crude
glycerol fractions showed that the initial glycerol layer contained a relatively low proportion of glycerol
itself. The identified components accounted for more than half of the mass of the glycerol layer (51.6%).
It was shown that the glycerol layer was found to contain only up to 20% glycerol and approximately
17% methanol, which is an inhibitor of microbial growth and development. It was determined that the
highest butanol accumulation (9 g/L) occurred at a crude glycerol concentration of 35 g/L, while culture
development was inhibited at 45 g/L. During the initial phase of fedbatch cultivation of Clostridium sp.
UCM B-7570, butanol accumulation remained unchanged. However, the subsequent fermentation of
crude glycerol led to a twofold reduction in solvent by accumulation, ultimately resulting in complete
inhibition of production by the eighth period, possibly due to the presence of methyl esters in the
medium. To enhance butanol production technology, the use of sorbents such as activated carbon
during fermentation is recommended. This study provides practical insights for biotechnologists and
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Suitability of crude glycerol as a substrate for biobutanol production

the demonstrated ability of Clostridium sp.UCM B-7570 to ferment crude glycerol for butanol production
presents numerous research opportunities. These findings contribute to improving the feasibility of
biobutanol production and advancing biomass-based industrial processes as viable alternatives to

petroleum-derived products
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Introduction

In the modern context of increasing demand for
alternative energy sources, special attention is
paid to bioresources as a promising foundation
for renewable fuel production. The development
of biological, ecological, and biotechnological
approaches to the extraction and rational use of
bioresources is becoming crucial, given the need
to preserve ecosystems and support sustainable
natural resource use. The utilisation of industri-
al by-products, such as crude glycerol, for biofuel
synthesis, exemplifies an innovative technology
that combines biotechnology, ecology, and eco-
nomic efficiency, addressing pollution reduction
while generating additional resources.

Biobutanol, produced through the fermenta-
tion of glycerol, is an environmentally friendly bi-
ofuel capable of competing with traditional fuels.
The use of Clostridium sp. cultures in biobutanol
production not only enables efficient recycling
of industrial by-products but also results in an
energy-efficient product with minimal environ-
mental impact. Evaluating the suitability of crude
glycerol as a substrate for biobutanol synthesis is
highly relevant, as it reveals the potential of this
by-product from biodiesel production as a viable
biofuel feedstock, as noted in the study by T. At-
tarbachietal. (2023).Research in this area expands
knowledge of bioresource processing and con-
tributes to improving their utilisation efficiency.

In the process of biodiesel production from
renewable biomass, glycerol is generated in sig-
nificant amounts as a by-product of the transes-
terification of vegetable oils, as highlighted by
Z. Pirzadi & F. Meshkani (2022). T. Attarbachi et
al. (2024) observed that with the expansion of
biodiesel production, the cost and availability of

glycerol have noticeably changed due to varia-
tions in output across typical biodiesel and eth-
anol production processes. According to Y. Ban-
sod et al. (2024), this crude glycerol is generally
regarded as waste. A key challenge in using crude
glycerol for industrial fermentation is the in-
hibitory effect caused by impurities, as noted by
S. Mehariya et al. (2023). After transesterification,
glycerol typically contains varying concentrations
of methanol (a residue from the methylation pro-
cess in biodiesel production), sulphate or chloride
salts, residual free fatty acids, fatty acid methyl
esters, and soap - by-products of the hydroxide
catalyst used in transesterification, as described
by M. Tomatis et al. (2024). One approach to mit-
igating this inhibitory effect, as demonstrated by
Y. Wang et al. (2024), is the purification of crude
glycerol, though this significantly increases sub-
strate cost.

Butanol production from glycerol derived
from biodiesel aims not only to utilise it as waste
but also to enable large-scale chemical produc-
tion for use in the chemical industry. J. Kazimi-
erowicz et al. (2024) reviewed the biosynthesis
of liquid fuels and other value-added products
from waste glycerol, emphasising its potential
as a feedstock for biobutanol and other biofuels.
They highlighted technological advancements
and identified future research needs to enhance
glycerol conversion efficiency, contributing to a
more sustainable circular economy. M.H. Mok-
lis et al. (2022) investigated methods for upgrad-
ing crude glycerol into high-value products. Their
study explored approaches to improve the eco-
nomic feasibility of glycerol conversion, including
fermentation and catalytic upgrading techniques.
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They suggested that process optimisation could
enhance biobutanol yields and other bio-based
chemicals, positioning glycerol as a viable alter-
native to petrochemical products while lowering
production costs and promoting sustainability in
the chemical industry.

Studies such as P. Arbter et al. (2021) have
demonstrated the potential of using crude glycer-
ol as a substrate for fermentative butanol produc-
tion by Clostridium pasteurianum. However, the ex-
tremely slow growth of the culture and the high
toxicity of unrefined glycerol have limited its di-
rect industrial application. Although experiments
conducted by Y. Liu et al. (2022) showed promising
results for butanol production from crude glycer-
ol, impurities - including methanol, ash, free fat-
ty acids, and triglycerides - likely interfered with
solvent production. This was particularly evident
with residual methanol and sodium or potassium
salts, which are known to inhibit cell growth, as
highlighted by S. Silva et al. (2023). M. Elsayed et
al. (2024) emphasised that high yield and pro-
ductivity are essential requirements for develop-
ing an industrial process for butanol production
based on crude glycerol obtained from biodiesel.

The aim of this study was to evaluate the
composition of crude glycerol from industrial
biodiesel production to determine possible nutri-
ent limitations and the influence of crude glyc-
erol concentration on butanol accumulation by
Clostridium sp. UCM B-7570.

Materials and Methods
The butanol-producing strain Clostridium sp. UCM
B-7570, from the “Collection of Strains of Micro-
organisms and Plant Lines for Agricultural and In-
dustrial Biotechnology” (Tigunova et al., 2023) at
the Institute of Food Biotechnology and Genomics
of the National Academy of Sciences of Ukraine
(IFBG), was used for this study. Determination
of residual methanol in crude glycerol (Pharma,
Belgium) was performed by gas chromatography
using an Agilent 7890A gas chromatograph (USA)
with a flame ionisation detector, following the
international standard ASTM D7716-11a (2020).
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Free glycerol content was determined accord-
ing to the international standard SN/T 3344-
2012 (2013), while the overall composition of
crude glycerol was analysed using the interna-
tional standard SN/T 2995-2011 (2011).

To determine butanol accumulation using
glycerol, the following medium composition
(g/L) was used: crude glycerol (10.0-20.0), yeast
extract - 1.0, (NH,),SO, - 0.6, (NH,),HPO, - 1.6;
pH 6.5. The medium was sterilised for 30 min-
utes under a pressure of 1 atm. Cultivation of
the butanol-producing strain Clostridium sp. UCM
B-7570 was carried out in flasks containing liquid
medium or on Petri dishes in a Crystal anaero-
stat (Germany) at a temperature of 35°Cin a ni-
trogen atmosphere. After 120 hours of fermen-
tation, the cells were pelleted using a Labofuge
400R ultracentrifuge (Germany) for 30 minutes
at 13,000 rpm. Fermentation was conducted in
100 mL flasks containing 60 mL of medium. The
flasks were weighed and incubated at 35°C.

Ethanol, butanol, and acetone were deter-
mined in the culture liquid using a gas chroma-
tograph with a flame ionisation detector and a
2.4 mx3 mm column packed with Chromsorb Car-
bovax 6000 (Merck, Germany). The column tem-
perature was 80 5°C, while the evaporator tem-
perature was 140 = 10°C. The ratio of nitrogen,
hydrogen, and air flows was 1:1:10. To determine
the concentration of butanol in the culture liquid,
a calibration curve was constructed using known
butanol concentrations in distilled water. ALl ex-
periments were performed in triplicate. Statistical
analysis of the experimental data was conduct-
ed using Microsoft Excel 12.0, applying Student’s
t-test. A difference between the two mean values
was considered significant at P<0.05.

Results
The use of crude glycerol plays a key role in the
efficient use of bioresources by promoting the re-
cycling and valorisation of a by-product from bio-
diesel production. Crude glycerol, which accounts
for 10% of the total volume of biodiesel produced,
has traditionally been considered an unwanted
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byproduct. However, with the growing focus on
sustainability and resource optimisation, its con-
version into valuable biofuels and chemicals has
emerged as a practical solution for improving the
overall efficiency of bioresource utilisation.

By using crude glycerol as a substrate for
microbial fermentation, it can be converted into
highvalue products,such as butanol - a renewable
alternative to petroleum-derived fuels and chem-
icals. This not only reduces dependence on finite
non-renewable resources but also contributes to
the development of a more sustainable chemical
industry. The process of converting crude glycer-
ol into biofuels and other value-added products
helps address environmental concerns by reduc-
ing glycerol waste, which, if left untreated, can
contribute to pollution and environmental deg-
radation. Moreover, crude glycerol serves as an
ideal feedstock for various biotechnological pro-
cesses due to its high organic content, which can
be metabolised by microorganisms to produce
biofuels, bioplastics, and other bio-based chem-
icals. By integrating crude glycerol into industrial
applications, biodiesel producers can generate
additional income streams, making the overall
biodiesel production process more economically
viable. This also allows for a circular production
approach, where waste by-products are reinte-
grated into the value chain, reducing waste and
optimising resource use.

The use of crude glycerol as a renewable re-
source also aligns with the broader goal of de-
veloping a circular economy, where waste from
one process is used as an input for another. In this
context, the efficient utilisation of crude glycerol
reduces the environmental burden of waste dis-
posal, lowers the carbon footprint associated with
fossil fuel consumption, and encourages the use

of renewable bioresources. Furthermore, it sup-
ports innovation in green technologies that foster
sustainable industrial practices, promoting the re-
sponsible use of natural resources and enhancing
the overall sustainability of the bioenergy sector.

Overall, the transformation of crude glycerol
into valuable products not only enhances the eco-
nomic sustainability of biodiesel production but
also supports a broader environmental strategy by
reducing waste, lowering emissions, and promot-
ing the use of renewable bioresources in various
industrial applications. By maximising the poten-
tial of crude glycerol, a more sustainable future
can be achieved, where the efficient use of biore-
sources serves as a cornerstone of both econom-
ic development and environmental stewardship.

The composition of different crude glycerol
fractions was studied in detail using chromato-
graphic analysis. The initial glycerol layer con-
tained a relatively low amount of glycerol itself
(Table 1). In total, the identified components com-
prised more than half of the mass of the glycerol
layer (51.6%). The remaining 48.4% may include
products of incomplete transformation of triglyc-
erides - mono- and diglycerides, alkali metal salts
of fatty acids (soap), alkaline transesterification
catalysts that migrated to the glycerol layer, wa-
ter, or non-Llipid components of the original oil. If
the original oil contained a significant amount of
phosphatides, then the products of their incom-
plete transesterification with methanol-diacylated
phosphatides (esters of phosphoric acid with glyc-
erol and choline/ethanolamine/inositol, etc.) -
could also be present in the glycerol composition.
It was determined that the glycerol layer from
methanol transesterification contained a signifi-
cant amount of an alkaline catalyst; however, the
specific type of catalyst used remains unknown.

Table 1. Component content of the initial glycerol layer

Component Content, %
Glycerol 21.9
Methanol 171
Fatty acid methyl esters 12.6

Source: developed by the author
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Sodium or potassium hydroxides, as well as
sodium or potassium methylates, are most com-
monly used (Meng et al., 2023). Titration with
hydrochloric acid indicated that 100 g of the
glycerol layer contained 0.072 mol of monova-
lent alkali metal. The alkali metal may be present
in its original catalyst form, partially converted
into soaps, or bound in alkali metal glycerate.
This amount corresponds to: 2.81 g K/4.04 g
KOH /5.19 g CH,0K /707 CH,OK or 1.66 g
Na/2.88 g NaOH/4.04 g CH,0Na/5.92 g C;H,0ONa.
If the alkaline catalyst is calculated as soap, its
amount in the glycerol layer is equivalent to
23.1% potassium oleate or 21.9% sodium oleate.
Additionally, during the distillation of methanol,
several unidentified light impurities, likely hydro-
carbons, were removed, producing several small
peaks on the chromatograms of the obtained
methanol-water mixture. In total, 1.2-1.5% of the
glycerol layer mass consisted of unidentified im-
purities that passed into the distillate.

Distillation of methanol from the glycerol
layer of methanol transesterification was compli-
cated by the presence of an alkaline catalyst and
all the components required for the progression
of individual stages in the three-stage equilibri-
um process of triglyceride transesterification. In
addition, the presence of alkali and water in the
system facilitated the saponification of both glyc-
erides and esters, while heating significantly ac-
celerated the process. The chemical equilibrium
of each stage in the transesterification process of
triglycerides can be represented by the following
reaction schemes:

Stage I

TG+ MeOH % DG + FAME
Stage II:

DG+ MeOH *% MG + FAME
Stage lll:

MG+ MeOH %5 G + FAME

In the given scheme, TG, DG, and MG are tri-
glyceride, diglyceride, and monoglyceride, respec-
tively; G is the glycerol, MeOH is the methanol,
and FAME is the fatty acid methyl ester.
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During storage of the glycerol layer, the re-
action equilibrium stabilised at a certain level,
corresponding to a constant concentration of in-
dividual components. The removal of methanol
from the system shifted the equilibrium towards
the formation of the starting substances - meth-
anol and glycerides — due to the reverse trans-
esterification of methyl esters with free glycerol.
Consequently, these esters were converted into
glycerides, leading to the additional formation
of methanol. Since the transesterification reac-
tion exhibits a weak exothermic effect at each
stage, heating the mixture during methanol
distillation further shifted the chemical equi-
Llibrium towards the formation of glycerides and
methanol. Reverse transesterification of 100 g of
methyl oleate required 31.1 g of glycerol, yield-
ing 120.3 g of monoolein (monoglyceride) and
10.8 g of methanol. Additionally, saponification
resulted in the formation of free glycerol, pro-
ducing 25.8 g of glycerol and 90 g of potassium
oleate from 100 g of monooleate. Methyl esters
also underwent saponification, leading to the
release of additional methanol - from 100 g of
monooleate, 108.1 g of potassium oleate and
10.8 g of methanol were generated.

Initially, an attempt was made to extract
methanol from the glycerol layer by distillation
under atmospheric pressure without neutralising
the catalyst. However, the complete extraction of
methanol was hindered by intense foaming of the
mixture, caused by the simultaneous presence of
a significant amount of glycerides and soaps. The
distillation process was halted when excessive
foam formation made it impossible to continue.
As a result, a fraction was collected with a distil-
lation temperature range of 70-78°C, which ex-
ceeds the boiling point of pure methanol (65°C).
During condensation, the methanol-rich distillate
exhibited a tendency to separate into two distinct
layers: a transparent upper layer and a cloudy
white lower layer. After settling, the distillate be-
came uniformly transparent and homogeneous.
The overall material balance for distillation is
presented in Table 2.
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Table 2. Material balance of methanol distillation from a glycerol layer without neutralisation

Loaded, % wt.

Obtained, % wt.

Initial glycerol layer 100

Distillation (70-78'C) 20.24

Cubic residue 79.76

Source: developed by the author

It was not possible to provide a fully detailed
material balance for individual components due
to the absence of comprehensive quantitative
data on the mixture’s composition, the potential
for complex transformations during distillation,
and the semi-quantitative nature of glycerol con-
tent determination. The composition of the iden-
tifled components in the original glycerol layers
was provided earlier. The distillate contained
63.4% methanol, 5.9% unidentified organic com-
pounds - which appeared on chromatograms
as numerous peaks of unidentified components,
possibly of hydrocarbon origin = and 30% water.
The cubic residue contained 15.9% glycerol, 3.6%
methanol, 4% fatty acid methyl esters, and the re-
mainder consisted of glycerides and soaps.

During distillation, the concentration of
methanol in the cubic residue decreased signifi-
cantly, but complete extraction was not achieved.
The concentration of free glycerol also declined,
with its absolute amount decreasing even more
noticeably, while the concentration of fatty acid
esters dropped even sharply. This suggests the
occurrence of reverse transesterification of esters
with glycerol. Saponification of esters and glyc-
erides likely also took place, which should have
resulted in the additional formation of methanol
and glycerol. The total mass of methanol in both
the cubic residue and the distillate was found

to be slightly lower than in the original glycerol
layer. This discrepancy suggests that the concen-
tration of methanol in the distillate may be some-
what underestimated. To prevent foaming during
the distillation of transesterification products
containing significant amounts of glycerides and
soaps, these compounds should be decomposed
using a strong acid. Therefore, prior to the next dis-
tillation, the initial glycerol layer was neutralised
with phosphoric acid (as an aqueous solution with
(H,PO,)=85% by mass). The acid was added in the
amount required to bind the alkali metal present
in the glycerol layer, either through neutralisation
of alkali/alcohol or breakdown of soaps, forming
dihydrogen phosphate. Potassium and sodium di-
hydrogen phosphates are insoluble in transester-
ification products. After the addition of acid, the
consistency of the glycerol layer became hetero-
geneous, with the formation of a solid phase. No
foaming occurred during distillation, and meth-
anol was extracted quantitatively. The boiling
range of the volatile fraction was 72.5-100.3°C.

The cubic residue, after settling, separated
into two distinct layers: a lower “salt” layer, where
most of the phosphates accumulated, and an up-
per “salt-free” layer (though a small quantity of
salts remained in the upper layer). The overall
material balance for distillation with neutralisa-
tion is provided in Table 3.

Table 3. Material balance of methanol distillation from a glycerol layer with neutralisation

Loaded, % wt.

Obtained, % wt.

Initial glycerol layer 92.12 Distillation (70-78°C) 28.97

. o Cubic residue 70.76

Phosphate ?C'd (85% by 7.88 Upper layer 41.81
weight Lower layer 28.25

Losses 0.97

Source: developed by the author
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The distillate contained 52.8% methanol,
4.6% unidentified organic compounds (which
appeared on chromatograms as numerous
peaks of unidentified components, possibly of
hydrocarbon origin), and 40% water. The upper
“salt-free” layer of the cubic residue contained
28.7% fatty acid methyl esters, trace amounts of
glycerol (no more than 0.2%), and excess meth-
anol (only in trace amounts). Chromatograms
also displayed additional peaks of unidentified
components, the concentration of which did
not exceed 2-3%. The remaining composition
included glycerides, phosphoric acid esters, and
a smaller fraction of potassium/sodium acid
phosphates. The lower “salt” layer of the cubic
residue contained 44.7% glycerol, 1.9% fatty
acid methyl esters, and no detectable methanol
(only trace amounts, likely in dispersed parti-
cles). The remaining composition consisted of
glycerides, phosphate esters, and the bulk of
potassium/sodium acid salts.

During distillation, methanol was com-
pletely removed. The total mass of methanol in
both the cubic residue and the distillate was
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approximately equal to that in the original glyc-
erol layer, although it was slightly lower. This
discrepancy suggests that the concentration of
methanol in the distillate may be somewhat un-
derestimated. The mass of glycerol after distilla-
tion decreased significantly, likely due to reverse
transesterification via an acid-catalysed mecha-
nism involving acid phosphates. All free glycerol
migrated to the lower “salt” layer, while the me-
thyl esters remained in the upper “salt-free” lay-
er. It can be inferred that the majority of bound
glycerol (in the form of mono- or possibly triglyc-
erides) was concentrated in the upper “salt-free”
layer. The study demonstrated that the glycerol
layer contained a relatively low amount of glyc-
erol up to 20%, and approximately 17% metha-
nol. Distillation without neutralising the glycerol
layer with phosphoric acid enabled the complete
extraction of methanol. However, this process
also led to the formation of acid phosphates of
potassium or sodium. To investigate butanol ac-
cumulation by Clostridium sp. UCM B-7570, ex-
periments were conducted using crude glycerol
at various concentrations (Table 4).

Table 4. Accumulation of solvents at different crude glycerol concentrations

Concentration crude-glycerol, g/L Butanol, g/L Ethanol, g/L
10 6.23+0.39 0.18+0.01
15 6.72+0.07 0.34+0.01
20 7.92+0.22 0.36+0.01
25 8.28+0.39 0.59+0.05
30 8.87+0.4 0.68+0.05
35 9.0+0.08 1.2+0.04
40 8.5+0.03 0.7+0.05
45 7.9+0.22 0.3+0.05

Source: developed by the author

Using crude glycerol at concentrations rang-
ing from 10 to 45 g/L, as shown in the results
presented in Table 4, bioconversion to butanol oc-
curred. The highest butanol accumulation (9 g/L)
was observed at a crude glycerol concentration

of 35 g/L, while culture inhibition occurred at
45 g/L.To increase butanol accumulation at low-
er crude glycerol concentrations, Clostridium sp.
UCM B7570 was cultivated using a fed-batch sys-
tem. The results are presented in Table 5.
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Table 5. Accumulation of solvents using fed-batch culture

Fed-batch period Butanol, g/L Ethanol, g/L
0 9+0.01 0.36+0.01
1 8.8+0.05 0.22+0.05
2 4.5+0.39 0.23+0.03
3 4.3+0.05 0.05+0.01
4 4.2+0.04 0.02+0.01
5 1.2+0.04 0.01+0.01
6 0.5+0.05 -

Source: developed by the author

During cultivation, butanol accumulation in
the culture liquid remained unchanged during the
initial period of extraction and medium replen-
ishment. However, from the second to the fourth
period, butanol accumulation decreased twofold.
With continued use of the negative replenishment
method, butanol accumulation decreased eight-
fold and eventually ceased by the sixth period.

Discussion

Glycerol purification has been identified as an
expensive and energy-intensive process, as con-
cluded by T. Arofai et al. (2024). In their study, they
investigated methods for separating residual
salts from glycerol pitch, a by-product of refined
glycerol production. This process was found to
be crucial for reducing both the cost and energy
consumption associated with glycerol purifica-
tion, which has been a major obstacle to its wide-
spread industrial application.

Similarly, M. Oliveira et al. (2022) highlighted
potential advancements in crude glycerol purifi-
cation through computational modelling. Their
research focused on optimising purification steps
to make glycerol purification more economically
viable. By enhancing process efficiency, their study
indicated that the cost of producing high-quality
glycerol could be significantly reduced, address-
ing the challenges posed by traditional, ener-
gy-intensive methods.

N. Armylisas et al. (2023) demonstrated that
crude glycerol, a by-product of biodiesel produc-
tion, could be effectively utilised in microbial

synthesis. Their research showed that crude glyc-
erol could serve as a substrate for biobutanol pro-
duction, thereby reducing production costs and
increasing the profitability of biofuel manufac-
turing. This approach emphasised the potential
of repurposing glycerol waste into a valuable re-
source for industrial applications, thus enhancing
economic sustainability.

Furthermore, M. Boro et al. (2022) and
M. Zhao et al. (2023) explored the broader use
of crude glycerol in biotechnological processes,
focusing on its role as a cost-effective substrate
for biofuel synthesis. Their studies revealed that
crude glycerol not only reduced the cost of mi-
crobial synthesis but also contributed to the
economic sustainability of biofuel production. By
repurposing glycerol waste from biodiesel pro-
duction, these studies demonstrated how glycerol
could support the development of more environ-
mentally friendly energy sources.

Crude glycerol poses a significant financial
and environmental challenge in terms of glob-
al disposal. E. Almeida et al. (2023) emphasised
that for the sustainable use of this resource, bi-
otechnology must be prioritised. A. Al-Haimi et
al.(2024) noted that glycerol,or propyne-1,2,3-tri-
ol, is a by-product in the production of fatty acid
methyl esters (biodiesel). It is also traditionally
formed as a by-product of oleochemical and
soap production. Depending on the intended ap-
plication, glycerol obtained during the transes-
terification of oils is purified to varying degrees:
crude (30-80% pure), technical-grade distilled
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(50-86%),and glycerol for use as a chemical rea-
gent or in cosmetics and pharmaceuticals (99.0-
99.9%). After transesterification and methanol
removal, the crude glycerol contains various im-
purities, is heavily coloured, and has low com-
mercial value as a commodity. In small-scale
production, it is often discarded, contributing
to environmental pollution. Given these chal-
lenges, industrial biotechnology plays a crucial
role in identifying microbial strains capable of
metabolising waste, including crude glycerol, as
highlighted by Y. Wang et al. (2024). Modern bi-
otechnology presents significant opportunities
for utilising glycerol, traditionally regarded as a
by-product of numerous production processes.
The authors M.U. Faruk et al. (2023) determined
that to facilitate bioconversion, it is first nec-
essary to analyse the composition of residues
from biodiesel production, as they may contain
substances that inhibit microbial growth and
development. The use of waste substrates in-
troduces stress factors due to the accumulation
of toxic agents in the fermentation medium, in
addition to the issue of variable substrate qual-
ity even within the production process. One ap-
proach to mitigating this inhibitory effect is the
purification of crude glycerol, which negatively
impacts the cost of the substrate, as described
in the research by V. Boas & F. Mendes (2022).
A more promising strategy involves the muta-
tion or adaptation of wild-type strains to crude
glycerol, as reported for Clostridium pasteuria-
num, by |. Kushkevych (2023). R.J. Humphreys et
al. (2023) noted that instability and culture
degeneration, leading to the loss of solvent
production capability, has been a significant
challenge in the study of solvent production
through glucose fermentation. On the other
hand, D. Karayannis et al. (2024) investigated
the adaptation of strains to a specific type of
crude glycerol, noting that even well-adapted
strains may still experience toxicity from differ-
ent substrate batches. Similar site-directed mu-
tagenesis techniques could be applied to gener-
ate mutants with improved stability or tolerance
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to impurities such as methanol. However, until a
stable culture is developed, it will be difficult to
determine the extent to which parameters such
as pH, substrate concentration, and impurities
influence solvent production.

This study aimed to determine the maximum
concentrations of pure and crude glycerol that
support the growth and efficient metabolism of
Clostridium sp. UCM B-7570. Since glycerol is an
osmotically active substance that significantly
affects the osmotic potential of the fermenta-
tion medium, it can restrict the production ca-
pacity of microorganisms, as demonstrated by
D.T. Jones (2024). Clostridium sp. UCM B-7570
has been shown to grow on crude glycerol and
produce butanol. This is the first report on cell
growth and solvent production by the domesti-
cally isolated strain Clostridium sp. UCM B-7570
using crude glycerol as the sole carbon source,
in comparison with global studies by other re-
searchers. These findings align with the study
of P. Ponsetto ef al. (2024) and indicate that bu-
tanol production via glycerol fermentation is a
promising alternative for biobutanol production
that warrants further investigation. Several ar-
ticles (Koh et al., 2024; Sim et al.,, 2024) have
reported the growth and product formation of
other Clostridium species using crude glycerol
as the sole substrate. The results of this study
demonstrate that Clostridium sp. UCM B-7570
can grow on crude glycerol derived from bio-
diesel at concentrations up to 35 g/L, with the
highest butanol production reaching 9 g/L. Al-
though these experiments yielded promising
results for butanol production from crude glyc-
erol, impurities such as methanol and salts may
interfere with solvent production, as emphasised
by M.U. Faruk et al. (2023). Y. Gan et al. (2023)
noted that while several Clostridium species
can metabolise methanol (producing acetate),
C. pasteurianum has not been identified as one
of the species capable of converting this com-
pound. Although the potential for producing
butanol from crude glycerol derived from bio-
diesel is promising, further research is required
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to fully understand and optimise the process.
As D.T. Jones (2024) previously highlighted, cul-
ture stability is crucial and may be improved
by developing mutant strains. Additionally, it is
important to identify and quantify key parame-
ters of the nutrient medium, such as pH, nutri-
ent concentration and trace metal levels, which
significantly influence solvent formation and
product distribution. Additional research efforts
should evaluate growth and solvent production
using purified glycerol with added methanol to
determine whether the presence of methanol
(or other impurities) affects cell growth, sol-
vent production, and long-term culture stability,
as recommended by Y. Gan et al. (2023). At the
very least, further studies should be conducted
to confirm whether these initial butanol yield
figures can be maintained over extended pe-
riods and with higher concentrations of crude
glycerol (and, consequently, higher impurity lev-
els). Considering that the use of crude glycerol
would eliminate the need for pretreatment, the
associated cost savings may compensate for the
slightly lower yield. Additionally, C. pasteurianum
does not produce acetone, which should simplify
the separation and purification of butanol. Un-
like C. acetobutylicum and C. beijerinckii, C. pas-
teurianum also produces significant amounts of
ethanol, as demonstrated by D.T. Jones (2024).
Although ethanol is far from an ideal fuel, it
can be used alongside butanol for blending
with petroleum fuels. Finally, A. Tyszak & L. Reh-
mann (2024) demonstrated that carbon recovery
during glycerol fermentation by C. pasteurianum
ranges from 75% to 90%, compared with less
than 60% during sugar fermentation. As a result,
less carbon is lost through CO, production. In-
dustrial-scale utilisation of crude glycerol could
open new prospects in the biofuel industry and
reduce production waste, thereby having a pos-
itive impact on the environment and promoting
the rational use of bioresources. Integrating mi-
crobiological butanol production into biodies-
el production could lead to lower raw material
costs.D.T.Jones (2024) noted that in sugar-based

fermentation processes, raw material costs typ-
ically account for 60%-80% of total production
costs and are one of the most significant factors
influencing the cost of butanol production.

The use of crude glycerol enhances the ra-
tional use of bioresources by transforming a
byproduct of biodiesel production into valuable
bio-based products. Biodiesel production gener-
ates large quantities of crude glycerol as a waste
product, which often remains underutilised. How-
ever, by repurposing this by-product for the pro-
duction of high-value chemicals, biofuels, and
other value-added products, both the environ-
mental impact and overall inefficiencies in bio-
diesel production can be mitigated.

Conclusions
These results demonstrate that crude glycerol
derived from biodiesel is a promising, low-cost,
renewable feedstock for butanol production.
Since crude glycerol contains impurities, in-
cluding salts and methanol, the methanol con-
centration in these samples varied significant-
ly. The average methanol concentration in the
fermentation broth samples was 1.78 £2.98 g/L.
No direct correlation was observed between
methanol concentration and glycerol concentra-
tion (i.e., samples with the highest crude glyc-
erol concentrations did not necessarily contain
the highest methanol levels). The fermentation
of glycerol by the related organism Clostridium
pasteurianum can facilitate the reoxidation of
excess NADH produced during glycerol catabo-
lism. The results indicate that Clostridium sp. is
capable of growing and maintaining viability
on crude glycerol obtained from biodiesel at a
rate comparable to that observed during growth
on purified glycerol. Furthermore, Clostridium
sp. can utilise crude glycerol for solvent pro-
duction, primarily yielding significant amounts
of butanol. Different concentrations of crude
glycerol (an unrefined by-product of biodiesel
production) were used to investigate butanol
accumulation. It was shown that at low crude
glycerol concentrations, conversion to butanol
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is feasible. However, as crude glycerol concen-
trations increased, culture growth and develop-
ment were inhibited, possibly due to the pres-
ence of methyl esters in the medium. Given that
the use of crude glycerol eliminates the need for
pretreatment, the associated cost savings could
offset the slightly lower yield. This study clearly
demonstrated that crude glycerol obtained from
biodiesel production can be fermented at high
concentrations and with rates relevant to indus-
trial applications. The findings offer significant
potential for biofuel production technology us-
ing crude glycerol, which supports the rational
use of bioresources, reduces production waste,
and contributes to environmental improvement.
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MpuaaTHicTb rniLepuHy-cuputo, IK cy6cTpaty ans 6io6ytaHony

OneHa TiryHoBa

KaHaunpat 6ionoriyHmx Hayk, CTapLUMii HAYKOBUIA CMiBPOBITHUK
lepxaBHa ycTaHOBa «IHCTUTYT Xap4yoBOi 6ioTEXHONOTiT | reHOMiKM»
HauioHanbHoi akapgeMii Hayk YkpaiHu

04123, Byn. barigu-BuiuHmeeubkoro, 2A, M. Kuis, YkpaiHa
https://orcid.org/0000-0002-1041-5723

AHoTauif. [NiLepyH — NPUPOLHUIA NONiON, AKMIA YTBOPHOETLCS SIK OCHOBHMI NMOBGIYHMI NPOAYKT Nif Yac
BMPO6HMLUTBA Bioam3ens. BukopuctaHHs rninepuHy, ake nputamarHe nuwe ans Clostridium pasteurianum,
NS OTpMMaHHS ByTaHony € 6aratoobiusuMM Ta Mae BUCOKMI NOTeHLian, 04HaK NoTpebye po3yMiHHS
Ta onTMMi3auii npouecy. MeTol AOCHIIKEHHS OYNO BU3HAUMTU CKNAL MNiLEPUHY-CUPLIO Ta OLHUTK
MOro npuAaTHICTb 9K cybcTpaTty Ana HakonuueHHs 6yTtaHony kynbtypoto Clostridium sp. UCM B-7570.
Mg yac npoBefeHHs AoCNiAXeHb ByN0 3aCTOCOBAHO HM3KY METOAIB: XpoMaTorpadiuHui — ons aHanisy
CKnagy CUpOro rnilepuHy Ta BMICTY PO3YMHHUKIB Y KyNbTypasbHii piguHi; Mikpobionoriynun - ans
KYNbTUBYBAHHSI MiKpOOPraHi3MiB; 6iOTEXHONOrIYHI MEeToAM — AN BMPOLLYBAaHHSA LWTAaMy B YMOBAX,
HabnMXeHUX 0O MPOMWUCIOBMX, Ta [AOCNIOXKEHHS HAKOMUYEHHS PO3YMHHMKIB; CTAaTUCTUUHWMIA - Ang
MaTeMaTnyHoi 06pobku pesynbTaTiB. [leTanbHe BMBYEHHS CKNady Pi3HWMX Gpakuii riilepuHy-cupLio
NoKasano, Lo BUXiAHMM MiLEepHOBUI Wap MiCTUB AOCUTb Mano BlacHe raiuepuHy. [poaeMoHCTpoBaHo,
Wo ineHTMdIKOBaHI KOMMOHEHTW CKNafanu y CyMi Binblwe NoNOBMHM MAcu NiLEPOBMHOBOrO LWapy
(51,6 %). MokasaHo, Lo rNiLepUHOBUIA LWAP MICTUB AOCUTb HE3HAYHY KiNbKiCTb BNACHE FiLMpUHY 00
20 % Ta 6nu3bko 17 % MeTaHONy, IKMI € iHTBITOPOM pOCTy Ta PO3BMUTKY MiKpOOpraHi3mis. BusHaueHo,
WO HanbinbLwe HakonuyeHHs ByTaHony (9 r/n) 6yno Npu KOHLEHTpaLii CMpOro rilepuHy B CepefoBuLLi
35 r/n, a NpUrHiYEHHS PO3BUTKY KYNbTypu — NpU KOHUeHTpauii 45 r/n. 3aiiMCHEHO KynbTUBYBAHHS
Clostridium sp. UCM B-7570 Bif’eMHO-A0NMBHUM METOAOM Ta BM3HAYeHO, WO HaKonuyeHHs GyTaHony
NpoTArOM MepLIoro nepioay He 3MiHBaNoCh. MNocnigyya depMeHTauia rniLepuHy-CcUMpLy 3HMXKYyBana
AKOMY/IIOBAHHA PO34YMHHMKA Y ABa pa3u A0 MOBHOrO iHribyBaHHA MPOAYKLiO y BOCbMOMY nepiogi,
L0 MOX/IMBO MOB’S3aHO 3 BMICTOM MeTMNOBKMX edipiB y cepenoBuLli. [Ins yaOCKOHANEHHS TeXHONOTrii
HakoMunyeHHs OyTaHony noTpibHO BMKOPWUCTOBYBATM COPOEHTM nig Yac QepMeHTauito, Hanpuknag
aKTMBOBaHe Byrinng. MaTtepianu CTaTTi CTAaHOBAATb MPAKTUYHY LiHHICTb Ang daxiBuiB-6ioTexHonoris, a
nokasaHa enactusictb Clostridium sp. UCM B-7570 no BupobneHHs ByTaHony Wwnsxom 6pofiHHS crporo
rniuepuHy BiLKpuBaE 6e3/i4 NOTeHUIMHMUX AOCAIAHWULBKMX MOXIIMBOCTEM, AKi MOXYTb MiABULLUTK
XWUTTE3AATHICTb BMPOOHMLUTBA BiobyTaHONY Ta CAPUATM PO3BMUTKY MPOMMCNOBMX MPOLLECiB HA OCHOBI
6iomacu, K anbTepHATUBKU HAPTOMNPOAYKTaM

KniouoBi cnoea: 6ionanveo; Bioxoau; WtamMu-npoayueHTH; depmenTauis; Clostridium
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