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Abstract. Nowadays, the majority of microbial EPS are not produced on an industrial scale
because of high cost and low yield of the target product. In this study, the cultivation conditions of
Acinetobacter sp. IMV B—7005 for the efficient process of exopolysaccharide ethapolan synthesis
on refined or cheaper waste oil and oil-containing mixed substrates were established. The
production efficiency on the selected substrates was evaluated by the amount of synthesized
ethapolan (g/l) and EPS-synthesizing ability (g EPS/g biomass). Regardless of the quality
(sunflower, corn, olive, rapeseed) and type (after frying meat or potatoes) of waste oil in the
biosynthesis medium, it was found that the polysaccharide synthesis and its rheological properties
were at the level obtained using the refined substrate. Use of waste oil, especially mixed one, in
mixture with molasses or acetate allows increasing the amount of synthesized EPS to 14-16 g/l.
The obtained results show the possibility of developing a universal technology of ethapolan
production on the oil-containing substrates and their mixtures, which is independent of the type
and quality of the waste oil, as well as its supplier.
Keyword: Acinetobacter sp. IMV B-7005, waste cooking oil, mixed substrates, microbial

exopolysaccharide ethapolan.

Introduction

Many microbial exopolysaccharides
(EPS) with various physicochemical
(gelling and emulsifying abilities, ability to
retain a large amount of water and alter
rheological properties of water systems,
etc.) [BARCELOS et al, 2020] gnd functional
properties (anticancer, antioxidant,
antimicrobial, antiviral, anti—inflammatory,

and immunomodulatory activities, etc.)
[YILDIZ and KARATAS, 2018; MOSCOVICI, 2015; SAADAT et

al., 2019; CHAISUWAN 2020] has been
discovered and deeply studied up to date
[MOSCOVICI, 2015; RUHMANN et al., 2015]_
Nevertheless, only some of these
exogenous high—-molecular products of
microbial metabolism became
commercially successful and are being
used in cosmetic, agricultural, food,
pharmaceutical, petroleum industries, and

wastewater treatment, etc. [< - 2018; YILDIZ
and KARATAS, 2018; SAADAT et al., 2019; BARCELOS et al.,

et al,

20201 Thus, for decades xanthan has been
the most famous example of these
biopolymers. Nowadays, it takes
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approximately 6% of the polysaccharide
market [BARCELOS etal., 2020] ‘Meanwhile, other
EPS, such as dextran, gelan, alginate,
levan, pululuan, welan, scleroglucan,
emulsan, hyaluronic acid, and some other
less—known polymers, are also widely
Used nowadays [YILDIZ and KARATAS, 2018;
BARCELOS etal., 2020].

Despite the fact, that new
polymers can have unigue properties
[ROCA et al, 20201 thejr  industrial
implementation is impracticable due to
high cost and low vyield. The main
approaches to solve these problems are
using cheap substrates, increasing the
efficiency of their conversion into the
target product and carrying out the
general optimization of the cultivation

conditions  (optimization of process
parameterS) [FREITAS et al., 2017, SENGUPTA et al.,

2018; BARCELOS et al., 2020]

In case of replacing classical
expensive carbohydrate substrates
(glucose, sucrose, sugar syrups, starch),
which may constitute a significant part of
the final product cost, with cheaper
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analogues — the particular attention is
paid to the use of agro—industrial waste
(molasses, whey, etc.) [SINGH et al. 2019,
SIDDEEG et al, 2020] - Among them the most
attractive is using harmful and toxic
compounds (technical glycerol
[RAGHUNANDAN et al., 2018; RONCEVIC et al., 2020],

industrial wastewater [BAJIC et al., 2017; KAZEMI et
al., 2019; RONCEVIC et al., 2019; SIDDEEG et al., 2020],
etc.), which cannot be further used in the
food (production of dietary supplements)
or agricultural (animal feed) industries.
Our review [PIROG et al. 2016 provides
recent data on the synthesis of microbial
EPS on various industrial waste. It is
worth noting that after the publication of
this review, only a few new works have
been reported about waste using to obtain

polysaccharides [ANTUNES et al., 2017; BAJIC et al.,
2017; PEDROSO et al, 2019; RONCEVIC et al, 2019;

SENGUPTA et al., 2019; SINGH et al., 2019; ASGHER et al.,
2020; RISHI et al., 2020; SIDDEEG et al., 2020
I, but so far

there is no information on their synthesis
on waste oil (WO), also known as used
oil.

Note that such oil-containing
waste is very toxic because during frying
at high temperatures (180 °C or over) it
may undergo diverse chemical reactions
(thermal alterations, hydrolysis, oxidation,
polymerization, and cyclization) [POBARGANE
and MARQUEZ-RUIZ 2015; PANADARE and RATHOD, 2015],
resulting in increased content of polar
compounds and formation of toxic (cyclic
fatty acid monomers, oxysterols,
monoaromatic hydrocarbons, aldehyde

compounds, 2—thiobarbituric, etc.),
carcinogenic  substances (acrylamide,
heterocyclic amines), and other

degradation products (trans fatty acids,
free radicaIS) [HOSSEINI et al., 2016; LI et al., 2019]_
Due to the fact that more than 15-
16.5 million tons of these waste vegetable
oils generate annually in the world, from

which 1-1.6 million tons accumulate in
Europe [MANNU €t al,, 2019; LOIZIDES et al., 2019; MANNU

et al,

20201 and their emissions to the
environment are strictly regulated only in
highly developed countries (USA, Japan,
European countries etc.), the effective
disposal and processing of waste oil is an
urgent problem.

Despite the fact that waste oils are
collected and processed into biodiesel
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[GOH etal, 2020] the most of it, especially oils
used in households, are uncontrollably
drained to the sewerage or disposed in
landfill, resulting in a number of economic
(drastically increase the purification cost
of  oil-contaminated water, cause
blockage in the sinks and drains, and
rapid wear of pipelines) and
environmental (1 litre of oil may pollute up
to 500 thousand litres of water) problems
[PANADARE and RATHOD, 2015; LOIZIDES et al., 2019].

At the same time, this waste after
proper purification can be used for the
livestock feeding (banned in some
countries) or production of plasticizers,
hydrogen—rich synthesis gas (syngas),
biogas, binders, epoxides, surfactants,

lubricants, soaps, greases, etc. [PANADARE
and RATHOD, 2015; MANNU et al., 2019; MAOTSELA et al.,

2019; MARCHETTI et al., 2020; ORJUELA and CLARK, 2020]

Another promising method of waste oll
processing is its biotreatment [GAC et &, 2019]
or use in biotechnology as a substrate for
the microbial synthesis of practically

valuable products (surfactants,
polyhydroxyalkanoates, organic acids,
enzymes, vitamins, etc.) [PANADARE and

RATHOD, 2015: XIAOYAN et al., 2017; NIU et al, 2019;
ORJUELA and CLARK, 2020; CRUZ et al., 2019; ADLIN et al.,
2020]

In our previous work [PIPHORSKYY etal.,
the possibility of synthesis of
microbial polysaccharide ethapolan
(produced by Acinetobacter sp. IMV B—
7005) on a wide variety of different Co—
Ce—substrates (carbohydrates, hydrolyzed
molasses, ethanol, acetate, organic acids)
and their mixtures has been established.

We suggested that due to the
emulsifying properties and structural
features of the polysaccharide (containing
palmitic, oleic, palmitoleic, lauric and
stearic acids residues) [P/PHORSKYY etal, 2010]
it is possible to further expand the raw
material base for its synthesis through the
use of oil-containing materials.

Taking into account the above
information, the purpose of this work was
to establish the cultivation conditions of
Acinetobacter sp. IMV B-7005 for the
maximum indicators of the
exopolysaccharide ethapolan synthesis
on sunflower oil and oil-containing mixed
substrates, as well as to study the

2010]
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possibility of replacing the refined oil on a
waste one.

Material and methods

Microorganism. The study object is
EPS—synthesizing strain Acinetobacter
sp. 12S, deposited in the Depository of
the Institute of Microbiology and Virology
of the National Academy of Sciences of
Ukraine under the number IMV B—7005.

Medium composition and
cultivation conditions. The IMV B—7005
strain was grown in semi—defined medium
of the following composition (g/l); medium
1: KHPO,~~ 6.8 KOH - 0.9
MgSQO4x7 H,O — 0.4; CaCl,x2 H,O — 0.1;
NHi:NOs; — 0.6; FeSO4x7 H,O — 0.001;
medium 2 is similar to medium 1, but the
concentration of NHisNOs; is 0.2 g/l
medium 3 is similar to medium 1, but
NH4NO3 is absent; medium 4 is similar to
medium 1 the concentration of KH2PO; is
halved, KOH is absent and NHsNO3 is
replaced with 0.8 g/l NH4CI.

An additional 0.5% (v/v) of yeast
autolysate was added to the medium, as
well as the multivitamin complex
“Complevit” at a concentration of 0.00085
(in medium 2-4) and 0.00095% (in
medium 1) (w/w by pantothenate).

The following types of substrates
were used as a carbon and energy
source: monosubstrates—refined
sunflower, olive, corn, or rapeseed oil at
concentration 5% (v/v); mixed substrates
—the mixture of refined sunflower oll
(0.25-1.5%, v/v) with molasses (1.5%,
w/w by carbohydrates) or sodium acetate
(0.5-3.0%, wi/w).

In some variants refined oil was
replaced with the waste ones: sunflower
oil after frying meat or potatoes (from
McDonald’s restaurant network, Kyiv),
after frying vegetables (obtained at home
after three times frying of vegetables for
20 minutes), mixed (after frying meat,
potatoes, onions, cheese, from
“‘RockerPub”, Kyiv), or after idle frying
(obtained at home after three times frying
of oil for 20 minutes); olive, corn, or
rapeseed after frying meat or potatoes
(obtained at home after three times frying
of corresponding products for 20
minutes).
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Since the producer of ethapolan
does not assimilate sucrose, the
molasses was pre—hydrolyzed: 100 g of
molasses was diluted to a final volume of
200 mL, and afterwards, the solution was
acidified to pH 4.0 with 1IN H»SO4. The
obtained solution was autoclaved at 112
°C for 30 min.

In one variant, the initial
concentration of acetate in the medium
was 0.5-1.5 and oil 0.25-0.75%, and
during the cultivation process these
substrates were fractionally applied (fed—
batch) in portions of 0.5-1.5% (acetate)
and 0.25-0.75% (oil). If before
supplementation the pH of the culture
fluid exceeded 8.0-8.5, acetic acid was
added into the equimolar (by carbon)
concentration (0.35%, v/v) instead of
acetate.

The culture in exponential growth
phase, grown in a medium with 0.5% of
refined or waste oil, glucose, or molasses
was used as inoculum. Concentration of
inoculum was 10%.

Cultivation of IMV B-7005 strain
was carried out in the flasks (750 mL) with
100 mL of medium in shaker (320 rpm) at
30 °C for 120 hours.

Biomass and ethapolan
estimation. Biomass concentration was
determined by optical density of cell
suspension with subsequent recalculation
to dry biomass in accordance with the
calibration curve.

The amount of EPS was determined
gravimetrically. For this purpose, 1.5-2
volumes of isopropanol were added to a
certain volume of the culture fluid (usually
10-15 mL). The EPS precipitate was
washed with pure isopropanol and dried
at room temperature for 24 hours.

EPS—synthesizing ability  was
calculated as the ratio of the EPS
concentration to the biomass and
expressed in g EPS/g biomass.

Rheological characterization of

EPS. Rheological properties of 0,05%
solution of culture fluid or dried EPS were
performed by the changes of the viscosity
degree in the presence of 0,1 M KCI and
in the Cu?—glycine system, what is the

individual property of ethapolan [F1PHORSKYY
etal., 2010]
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When determining the viscosity of
ethapolan solutions in the presence of 0.1
M KCI in 0.05% EPS solution dry
potassium chloride was added to a final
concentration of 0.1 M. The solution was
stirred until the salt was completely
dissolved and held for one hour.

To study the behavior of ethapolan
solutions in the Cu?—glycine system
0.003 M CuSO4x5 HO, then 0.015 M
glycine were added while stirring to the
0.05% EPS solution. The obtained
solution was heated to 80 °C and held at
this temperature for 5 minutes, cooled in
air to 20 °C, and the viscosity of the
resulting solution was measured.

The kinematic viscosity of ethapolan
solutions was measured using an Oswald
glass viscometer at 20 °C.

Statistical data processing. All
experiments were conducted in three
repetitions; the number of parallel
definitions in the experiments was from
three to five. Statistical processing of
experimental data was carried out as
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[PIDHORSKYY et al., 2010]

described earlier
Differences in average indicators were
considered reliable at the level of
significance p < 0.05.

Results and discussion

In the first stage of the study, the
possibility of using  oil-containing
substrates for ethapolan production was
studied. Experiments showed that under
cultivation of Acinetobacter sp. IMV B-
7005 in the medium with 1% of sunflower
oil approximately 6.5 g/l of EPS was
obtained. Further increase in the oil
content in the cultivation medium up to
5% with a simultaneous raising the
concentration of ammonium nitrate (to 0.6
g/l) and pantothenate (0.00095%) was
accompanied by an increasing EPS
synthesis in 1.92 times (up to 12.5 g/l).

In subsequent experiments refined
sunflower oil was replaced with various
types of waste one (after frying meat or
potatoes) (Table 1).

Table 1.

Ethapolan production on sunflower oil of different quality depending on the method of
inoculum preparation

Quality of sunflower oil Substrate for inoculum

EPS concentration, EPS-synthesizing ability,

for EPS biosynthesis preparation g/l g EPS/g biomass
Refined oil 13.1+0.66 7.5+0.38
Refined Glucose 9.0+0.45 7.2+0.36
Molasses 7.9+0.39 8.6+0.43
Waste oil after frying meat 9.7+0.49 5.9+0.29
Waste oil after frying Refined oil 14.4+0.72 6.3+0.32
meat Glucose 7.1+0.36 5.7+0.28
Molasses 8.4+0.42 6.0£0.29
Waste oil after frying potatoes 8.1+0.41 4.31£0.22
Waste oil after frying Refined oil 4.2+0.21 3.3£0.17
potatoes Glucose 2.5+0.13 1.6+0.08
Molasses 5.7+0.29 4.1+0.21
Idle frying Waste oil after idle frying 3.0+0.15 6.5+0.33

Notes: Oil concentration in the medium for biosynthesis was 5%. Cultivation was carried out in the medium 1.

It was found that under using oll
after frying meat (5%), the concentration
of EPS reached 14.4g/l and EPS-
synthesizing ability was 6.3 g EPS/g
biomass. Meanwhile, the cultivation on
the oil after frying potatoes, on the
contrary, resulted in a significant inhibition
of  polysaccharide synthesis (EPS
concentration was 4.2 g/l). We consider
that it may be caused by the formation of
toxic compounds, such as acrylamide,
during frying of potatoes [HOSSEINI et al., 2016]
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At the same time, the growth of inoculum
on this substrate may promoted the
adaptation of the producer, which led to
an increase of the EPS synthesis almost
in 2 times. It should be noted that under
producer cultivation on sunflower oil after
idle frying the concentration of ethapolan
was 3.0 g/l. For a more thorough
understanding of the cultivation features
of the strain IMV B-7005 on oil-
containing substrates, in subsequent
experiments ethapolan biosynthesis was
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investigated on waste oils, characterized
by different concentration of
polyunsaturated (sunflower, corn) and
monounsaturated (olive, rapeseed) fatty
acids (Table 2).

It was found that replacing
sunflower oil with corn one,
accompanied by decrease in

polysaccharide synthesis (up to 24%),
but EPS—synthesizing ability remained
unchanged and was 6.3 to 7.6 g EPS/g
biomass. Thus, the patterns of the
ethapolan synthesis under strain IMV B—
7005 cultivation on the waste oils with
the high content of polyunsaturated fatty
acids were very similar. In the next
stage, the possibility of ethapolan
production on waste oil with a high
content of monounsaturated fatty acids
(olive, rapeseed) was studied.
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Experiments showed that patterns
of the EPS synthesis on olive and
rapeseed oils, characterized by a high
content of monounsaturated fatty acids,
were practically the same.

Thus, regardless of the quality of oil
(refined or waste) in the medium for
inoculum preparation and the type of oil
(olive or rapeseed) in the medium for
biosynthesis, the maximum concentration
of ethapolan (8-9.5 g/l) was slightly lower
than that obtained on sunflower or corn olil
(10-14.5 g/l). At the same time, EPS-
synthesizing ability (10-15 g of EPS/g
biomass) was in 1.6-2.4 times higher
than on sunflower and corn oils. One
approach to the intensification of microbial

synthesis is the use of a mixture of growth
substrates [PIPHORSKYY etal, 2010]

Table 2.

Synthesis of EPS on oils with different content of poly— and monounsaturated fatty acids

Quality of oil in the medium for

Type of oil Tnoculum EPS EPS—-synthesizing
preparation EPS biosynthesis concentration, g/l  ability, g EPS/g biomass
Refined oil Refined _oiI _ 10.0+0.50 7.6+0.38
Corn _ Waste oil after frying meat 11.2+0.56 6.3+0.32
Waste oil after frying meat 8.5+0.43 7.4+£0.37
Waste oil after frying potatoes 8.1+0.41 7.8+0.39
Refined oil 7.7+0.39 14.0+0.70
Refined oil Waste oil after frying meat 9.6+0.48 14.8+0.74
Olive Waste oil after frying potatoes 9.0+0.45 13.8+0.69
Waste oil after frying meat 8.3+0.42 10.2+0.51
Waste oil after frying potatoes 8.0+£0.40 8.4+0.42
Refined oil 8.1+0.41 9.3+0.47
Refined oil Waste oil after frying meat 8.9+0.45 10.2+0.51
Rapeseed Waste ol after frying potatoes 8.6+£0.43 10.3+0.52
Waste oil after frying meat 7.8+0.39 9.6+0.48
Waste oil after frying potatoes 6.1+0.31 6.8+0.34

Notes: Oil concentration in the medium for biosynthesis was 5%. Cultivation was carried out in the medium 1.

In this case, it becomes possible not
only to utlize simultaneously several
substrates WY et al. 2016]  hyt also to
increase overall the cultivation efficiency
[PIDHORSKYY et al., 2010; LIU et al., 2020]. TO date,
there is practically no information in the
literature about the wuse of mixed
substrates for the biosynthesis of
microbial EPS, although this technique
has been successfully used to obtain
primary (microbial oils [HASSANPOUR et al., 2019]’
a, w—dicarboxylic acids [©A© et & 2017
fumaric acid [KOWALCZYK etal, 2018]  sacondary
metabolites (polyhydroxyalkanoates [RAY ©
al., 2018], natamycin [ZENG et al., 2019]’ and
fermentation products (n—butanol, 1,3—
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propanediol [SABRA et al. 2016] - |actic acid
(HASSAN etal, 2019] a5 well as other practically
valuable microbial metabolites. In our
previous work this approach was used to
increase ethapolan production on the
mixture of glucose (molasses) with
ethanol, fumarate, or acetate [PPHORSKYY et
al, 20191 In that regard, the next stage of
the research was devoted to study the
possibility of EPS synthesis on the
mixture of molasses and oil. Experiments
showed that the highest synthesis rates of
the target product (concentration of
ethapolan was 10.0 g/l, EPS—synthesizing
ability was 3.6 g EPS/g biomass) were
observed at the monosubstrate
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concentrations of 1.5% and under using
inoculum grown on refined oil (Table 3).
Further increasing the concentrations of
molasses and oil resulted in a reduction of
ethapolan production.

It should be noted that under
replacing refined oil with various types of
waste one (after frying potatoes, meat or
vegetables) in the mixture with molasses,
regardless of the carbon source nature
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concentration of ethapolan (10-13.5 g/l)
was the same as that obtained with the
use of the refined substrate (10-12.5 g/l).

Meanwhile, the results of EPS
biosynthesis on mixed waste oil, which is
now the most common, were of particular
interest. Thus, when it was used for
inoculum preparation and biosynthesis,
EPS concentration reached 14 g/l and
EPS-synthesizing ability was 3.5 g EPS/g

biomass, which was higher compared to
the use of other types of waste oils.
Table 3.
Influence of inoculum preparation method on ethapolan synthesis on the mixture of
molasses and sunflower oil

(molasses, various types of waste ail) in
the medium for inoculum preparation, the

Quality of oil in the mixture EPS concentration, EPS-synthesizing ability,

Substrate for inoculum preparation

with molasses g/l g EPS/g biomass
Refined oil Refined oil 10.09+0.50 3.60+0.18
Molasses 12.25+0.61 3.35+0.17
. . Waste oil after frying potatoes 11.06+0.55 2.61+0.13
Waste ol after frying potatoes 1jacses 13.52+0.68 3.210.16
. . Waste oil after frying meat 12.41+0.62 3.42+0.17
Waste ol after frying meat Molasses 11.33+0.57 2.87+0.14
Waste oil after frying Waste oil after frying vegetables 9.94+0.50 2.95+0.15
vegetables Molasses 10.71+0.54 3.15+0.16
Mixed waste oil Mixed waste oil 13.92+0.70 3.49+0.17
Molasses 12.90+0.65 3.28+0.16

Notes: Molasses and oil concentrations in the medium for biosynthesis were 1.5%. Inoculum preparation and biosynthesis were carried
out in the medium 2 and 3 respectively.

It is worth
cultivation bacteria

noting that under
in the mixture of

in EPS—synthesizing ability was observed
compared to the use of oil monosubstrate

molasses and oil, a significant decrease (Table 1-2).
Table 4.
Synthesis of ethapolan in the mixture of sodium acetate and oil during fed—batch
cultivation

Monosubstrate EPS EPS-synthesizing
concentrations in  Fed—batch mode, % pH concentration. o/l ability,
the mixture, % 9 g EPS/g biomass
Acetate, 0.5 + . . L
refined oil, 0.25 Without fractional application 7.7 2.30+0.17 2.69+0.13
Ac_etate, .1'0 * Without fractional application 7.8 4.70+0.24 2.00+0.10
refined oil, 0.5
Acetate, 1.5 + w:gzutg:zgtrllcs)nglg%glc;éggte and 8.7 4.02+0.20 1.07+0.05
refined oil, 0.75 PO 70 6.4* 5.67+0.28 2.00+£0.10

0.25% oil

Without fractional application 9.5 2.84+0.14 0.68+0.03

Three portions of 1.0% acetate and
Acetate, 3.0 + 0.5% oil 7.8 13.82+0.69 4.53+0.23
refined oil, 1.5 Two portions of 1.0% acetate and

0.5% oil, the third portion is 0.35% 7.9* 17.27+0.86 6.47+0.32

acetic acid and 0.5% oil

Without fractional application 9.6 2.31+0.12 0.55+0.03
Acetate, 3.0 + Two portions of 1.0% acetate and
waste oil, 1.5 0.5% oil, the third portion is 0.35% 7.7 16.36+0.82 7.34+0.37

acetic acid and 0.5% oil
Notes: Inoculum was grown on the corresponding oil. Cultivation was carried out in the medium 4.

the mixture with oil with another substrate
that does not contain nitrogen, in
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We suggested that this problem can
be solved by replacing the molasses in
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particular acetate. Taking this into
account, in the next stage of the study the
possibility of ethapolan synthesis on the
mixture of sunflower oil and sodium
acetate was investigated. It was found
that when the concentration of acetate in
the mixture exceeded 1.0%, the pH of the
medium was increased to a level not
optimal for the production of ethapolan
(optimum pH 7.0-8.0) (Table 4).

Such an increase in the pH of the
culture fluid is due to the peculiarities of
sodium acetate consumption, namely, its
transportation into cells of the producer by
symport with proton.

One approach to solving this
problem is the fed—batch cultivation. The
following experiments showed that
reduction of the initial substrate
concentrations in the mixture up to 1/3 of

their total content, followed by fractional
addition in portions during process to the
final concentration of sodium acetate 1.5—
3.0% and oil 0.75-1.5% allowed to
stabilize the pH of the medium during
cultivation at the level of 6.4-7.8 and
increase rates of the ethapolan synthesis
compared to a single addition of the
corresponding substrate concentrations
(Table 4). Note that after addition of the
second portion of 1.0% acetate and 0.5%
refined oil the pH of the culture fluid was
increased to 8.0-8.2. In this case, for
further stabilization of the pH, the third
portion of acetate was replaced with an
equimolar quantity (by carbon) of acetic
acid. This allowed not only to maintain the
pH of the medium at the optimal level, but
also led to an increase in the production
of EPS by 1.25 times (to 17.27 g/l).

Table 5.

Rheological properties of ethapolan solutions

Relative increase of kinematic viscosity, % of control

Substrate concentrations for EPS biosynthesis, % —2:05% solution of culture fluid 0.05% solution of ethapolan
0.1 MKCI Cu®*—glycine 0.1 MKCI Cu®*—glycine
system system
Refined sunflower oil, 5.0* 10045.00 10045.00 1004£5.00 100+5.00
Waste sunflower oil after frying meat, 5.0** 10245.10 106+5.30 99+4.95 11045.50
Waste sunflower oil after frying potatoes, 5.0 86+4.30 11345.65 92+4.60 105+5.25
Refined olive oil, 5.0* 100+£5.00 99+4.95 100+5.00 102+5.10
Waste olive oil after frying meat, 5.0** 99+4.95 10545.25 95+4.75 100+5.00
Waste olive oil after frying potatoes, 5.0** 10445.20 10845.40 10145.05 112+5.60
Molasses, 1.5 +mixed waste sunflower oil, 1.5 107+45.35 119+5.95 98+4.90 11545.75
Acetate, 3.0 +mixed waste sunflower oil, 1.5*** 110+5.50 122+6.10 103+5.15 107+5.35

Notes: Inoculum was grown on the corresponding oil. * Control. ** Inoculum was grown on refined oil. *** Fed-batch

cultivation.

In further experiments, it was found
that replacement of refined oil in the
mixture with acetate on mixed waste oil
leaded to a slight decrease in the
concentration of EPS compared to the
use of refined substrate (from 17.27 to
16.36 g/l). At the same time, an increase
in EPS—synthesizing ability by 1.13 times
was observed.

The practical value of microbial
exopolysaccharides is determined
primarily by their ability to significantly
change the rheological properties of water
systems at low concentrations. In view of
this, in the next stage of the research, the
influence of the type of used substrate
(refined or waste oil, mixture of oil with
molasses or acetate) on the quality of
ethapolan solutions was investigated.

The study of rheological properties
of ethapolan solutions prepared from EPS
obtained by the cultivation of
Acinetobacter IMV B-7005 on waste oil-
containing monosubstrates and their
mixtures showed that the viscosity
increase in the presence of 0.1 M KCI and
in the Cu?*—glycine system did not exceed
15-30% compared with the use of EPS
obtained on refined substrates.

Conclusions

It was established the possibility of
polysaccharide ethapolan synthesis by
Acinetobacter sp. IMB B-7005 on various
types of refined oils (sunflower, corn,
olive, rapeseed), as well as shown that
under replacing them with waste oil of
different quality (after frying potatoes or

72


http://www.bjbabe.ro/

Available on-line at http://www.bjbabe.ro

Banat’s Journal of Biotechnology

2020, XI(22)
meat), only a slight change in EPS
production occurred.

Further intensification of EPS

production by using oil in the mixture with

molasses or

acetate resulted in an

increase of ethapolan synthesis to 14-16
g/l. It should be noted that under using

waste

oil-containing mono— and mixed

substrates, the obtained EPS retained its
valuable rheological properties.

Conflict of Interest: The authors
declare that they have no conflict of
interest.

References
1. Adlin, W.N.AB.W.; Mian, V.J.Y; Huap, A.C;

Lee, W.C. Characterization of
biosurfactants produced by Bacillus
subtilis using fresh and waste cooking oil
enriched medium. Journal of Asian
Scientific Research, 2020. 10(3), 156-—
164.

2. Antunes, S.; Freitas, F.; Sevrin, C.; Grandfils, C.;

Reis, M.A. Production of FucoPol by
Enterobacter A47 using waste tomato
paste by—product as sole carbon source.
Bioresource technology, 2017. 227, 66—
73.

3. Asgher, M.; Urooj, Y.; Qamar, S.A.; Khalid, N.

4. Baji¢,

5. Barcelos,

6. Bhavani,

Improved exopolysaccharide production
from Bacillus licheniformis MS3:
optimization and  structural/functional
characterization. International Journal of
Biological Macromolecules, 2020. 151,
984-992.

B.Z.; Vulurovi¢, D.G.; Dodi¢, S.N.;
Roncevi¢, Z.Z.; Grahovac, J.A.; Dodic¢,
J.M. The biotechnological production of
xanthan on vegetable oil industry
wastewaters. Part |: modelling and
optimization. = Chemical Industry &
Chemical Engineering Quarterly, 2017.
23(3), 329-339.

M.C.S.; Vespermann, K.A.C.;
Pelissari, F.M.; Molina, G. Current status
of  biotechnological production and
applications of microbial
exopolysaccharides. Critical Reviews in
Food Science and Nutrition, 2020. 60(9),
1475-1495.

A.G.; Sharma, K.V. Production of
biodiesel from waste cooking oil: A review.
Journal of Advanced Chemical Sciences,
2018. 4(1), 549-555.

7. Cao, W.; Liu, B.; Luo, J.; Yin, J.; Wan, Y. a, w—

8. Chaisuwan,

Dodecanedioic  acid production by
Candida viswanathii ipe-1 with co—
utilization of wheat straw hydrolysates and
n—-dodecane. Bioresource Technology,
2017. 243, 179-187.

W.; Jantanasakulwong, K.;

73

9. Cruz,

Wangtueai, S, Phimolsiripol, Y.;
Chaiyaso, T.; Techapun, C.; Phongthai,
S.; You, S, Regenstein, J.;
Seesuriyachan, P. Microbial
exopolysaccharides for immune
enhancement: Fermentation,
modifications and bioactivities. Food

Bioscience, 2020. 35:100564, 1-17.

M.V.; Gouveia, A.R.; Dionisio, M.; Freitas,
F.; Reis, M.A.M. A process engineering
approach to improve production of P(3HB)
by Cupriavidus necator from used cooking
oil. International Journal of Polymer
Science, 2019. 2191650, 1-7.

10. Dobarganes, C.; Marquez—-Ruiz, G. Possible

adverse effects of frying with vegetable
oils. British Journal of Nutrition, 2015.
113(2), S49-S57.

11. Freitas, F.; Torres, C.A.V.; Reis, M.A.M.
Engineering  aspects of  microbial
exopolysaccharide production.

12. Gao,

13. Goh,

Bioresource Technology, 2017. 245(Pt.
B), 1674-1683.

L.; Lu, Y.; Zhang, J.; Li, J. Biotreatment of
restaurant wastewater with an oily high
concentration by newly isolated bacteria
from oily sludge. World Journal of
Microbiology and Biotechnology, 2019.
35(179), 1-11.

B.H.H.; Chong, C.T.; Ge, Y.; Ong, H.C.;
Ng, J.H.; Tian, B.; Ashokkumar, V.; Lim,
S.; Seljak, T.; Jozsa, V. Progress in

utilisation of waste cooking oil for
sustainable biodiesel and biojet fuel
production. Energy Conversion and

Management, 2020. 223:113296, 1-22.

14.Hassan, S.E.; Abdel-Rahman, M.A.; Roushdy,

M.M.; Azab, M.S.; Gaber, M.A. Effective
biorefinery approach for lactic acid
production based on co—fermentation of
mixed organic wastes by Enterococcus
durans BP130 Biocatalysis and
Agricultural Biotechnology, 20109.
20:101203, 1-9.

15. Hassanpour, M.; Cai, G.; Gebbie, L.K.; Speight,

R.E.; Junior Te'o, V.S.; O'Hara, |.M;
Zhang, Z. Co-utilization of acidified
glycerol pretreated—sugarcane bagasse
for microbial oil production by a novel
Rhodosporidium strain. Engineering in Life

Sciences. 2019. 19(3), 217-228.

16. Hosseini, H.; Ghorbani, M.; Meshginfar, N.;

Mahoonak, A.S. A review on frying:
Procedure, fat, deterioration progress and
health hazards. Journal of the American
Oil Chemists' Society, 2016. 93, 445-466.

17.K, K.R.; Sardar, U.R.; Bhargavi, E.; Devi, |

Bhunia, B.; Tiwari, O.N. Advances in
exopolysaccharides based bioremediation
of heavy metals in soil and water: A critical
review. Carbohydrate Polymers, 2018.
199, 353-364.

18.Kazemi, M.; Khodaiyan, F.; Hosseini, S.S,;

Najari, Z. An integrated valorization of
industrial waste of eggplant: Simultaneous
recovery of pectin, phenolics and


http://www.bjbabe.ro/

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

sequential production of pullulan. Waste
Management, 2019. 100, 101-111.

Kowalczyk, S,; Komon-Janczara, E.;
Glibowska, A.; Kuzdralinski, A.; Czernecki,
T.; Targonski, Z. A co-utilization strategy
to consume glycerol and
monosaccharides by Rhizopus strains for
fumaric acid production. AMB Express,
2018. 8:69. 1-8.

Li, X.; Wu, G.; Yang, F.; Meng, L.; Huang, J.;
Zhang, H.; Jin, Q.; Wang, X. Influence of
fried food and oil type on the distribution of
polar compounds in discarded oil during
restaurant deep frying. Food Chemistry,
2019. 272, 12-17.

Liu, N.; Santala, S.; Stephanopoulos, G. Mixed
carbon substrates: a necessary nuisance
or a missed opportunity?. Current Opinion
in Biotechnology, 2020. 62, 15-21.

Loizides, M.l.; Loizidou, X.l.; Orthodoxou, D.L.;
Petsa, D. Circular bioeconomy in action:
collection and recycling of domestic used
cooking oil through a social, reverse
logistics system. Recycling, 2019. 4(16),
1-10.

Mannu, A.; Ferro, M.; Pietro, M.E.D.; Mele, A.
Innovative applications of waste cooking
oil as raw material. Science Progress,
2019. 102(2), 153-160.

Mannu, A.; Garroni, S.; Ibanez Porras, J.; Mele,
A. Available technologies and materials
for waste cooking oil recycling. Processes,
2020. 8(3):366, 1-13.

Maotsela, T.; Danha, G.; Muzenda, E.
Utilization of waste cooking oil and tallow
for production of toilet “bath” soap.
Procedia Manufacturing, 2019. 35, 541—
545.

Marchetti, R.; Vasmara, C.; Bertin, L.; Fiume, F.
Conversion of waste cooking oil into
biogas: perspectives and limits. Applied
Microbiology and Biotechnology, 2020.
104, 2833-2856.

Moscovici, M. 2015 Present and future medical
applications of microbial
exopolysaccharides. Frontiers in
Microbiology, 2015. 6:1012, 1-11.

Niu, Y.; Wu, J.; Wang, W.; Chen, Q. Production
and characterization of a new glycolipid,
mannosylerythritol  lipid, from waste
cooking oll biotransformation by
Pseudozyma aphidis ZJUDM34. Food
Science & Nutrition, 2019. 7(3), 937-948.

Orjuela, A.; Clark, J. Green chemicals from
used cooking oils: Trends, challenges,
and opportunities. Current Opinion in
Green and Sustainable Chemistry, 2020.
26(100369), 1-12.

Panadare D.C.; Rathod, V.K. Applications of
waste cooking oil other than biodiesel: A
review. lIranian Journal of Chemical
Engineering, 2015. 12(3), 55-76.

Pedroso, G.B.;, Silva, L.O.; Araujo, R.B.;
Saldanha, L.F.; Denardi, L.; Martins, A.F.
An  innovative  approach for the
biotechnological production of

74

Banat’s Journal of Biotechnology

Contact: web: http://www.bjbabe.ro, e-mail: contact@bjbabe.ro

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

succinoglycan from rice husks. Industrial
Crops and Products, 2019. 137, 615-627.

Pidhorskyy V., lutinska G., Pirog T.
Intensification of microbial synthesis
technologies. K.: Nauk. Dumka. 2010, 327
p. (In Ukrainian).

Pirog, T.P.; Ilvakhniuk, M.O.; Voronenko, A A.
Exopolysaccharides synthesis on

industrial waste. Biotechnologia Acta,
2016. 9(2), 7-18.

Raghunandan, K.; Kumar, A.; Kumar, S,;
Permaul, K.; Singh, S. Production of

gellan gum, an exopolysaccharide, from
biodiesel-derived waste glycerol by
Sphingomonas spp. 3 Biotech, 2018.
8(1):71, 1-13.

Ray, S.; Sharma, R; Kalia, V.C. Co-utilization
of crude glycerol and biowastes for
producing polyhydroxyalkanoates. Indian
Journal of Microbiology, 2018. 58(1), 33—
38 (2018).

Rishi, V.; Sandhu, A.K.; Kaurm A.; Kaur, J.;
Sharma, S.; Soni, S.K. Utilization of
kitchen waste for production of pullulan to
develop biodegradable plastic. Applied
Microbiology and Biotechnology, 2020.
104(3), 1307-1317.

Roca, C.; Alves, V.D.; Freitas, F.; Reis, M.A.
Exopolysaccharides enriched in rare
sugars: bacterial sources, production, and
applications. Frontiers in Microbiology,
2015. 6:288. 1-7.

Roncevi¢, Z.; Baji¢, B.; Vlajkov, V.; Dodi¢, S.;
Grahovac, J.; Joki¢, A.; Dodi¢, J.
Optimisation of xanthan production on
glycerol-based medium using response
surface methodology. Brazilian Journal of
Chemical Engineering, 2020. 37(3), 1-11.

Roncevi¢, Z.; Grahovac, J.; Dodi¢, S;
Vudéurovié, D.G.; & Dodi¢, J. Utilisation of
winery wastewater for xanthan production
in stirred tank bioreactor: Bioprocess
modelling and optimisation. Food and
Bioproducts Processing, 2019. 117(1),
113-125.

Rihmann, B.; Schmid, J.; Sieber, V. Methods to
identify the unexplored diversity of
microbial exopolysaccharides. Frontiers in
Microbiology, 2015, 6:565, 1-8.

Saadat, Y.R.; Khosroushahi, A.Y.; Gargari, B.P.
A comprehensive review of anticancer,
immunomodulatory and health beneficial
effects of the lactic acid bacteria
exopolysaccharides. Carbohydrate
Polymers, 2019. 217, 79-89.

Sabra, W.; Wang, W.; Surandram, S.; Groeger,
C.; Zeng, A.P. Fermentation of mixed
substrates by Clostridium pasteurianum
and its physiological, metabolic and
proteomic characterizations. Microbial Cell
Factories, 2016. 15(114), 1-14.

Sengupta, D.; Datta, S.; Biswas, D. Exploring
two contrasting surface—active
exopolysaccharides from a single strain of
Ochrobactrum utilizing different
hydrocarbon substrates. Journal of Basic


http://www.bjbabe.ro/

Microbiology, 2019. 59(8), 820-833.

44, Sengupta, D.; Datta, S.; Biswas, D. Towards a
better production of bacterial
exopolysaccharides by controlling genetic
as well as physico—chemical parameters.
Applied Microbiology and Biotechnology,
2018. 102, 1587-1598.

45, Siddeeg, S.M., Tahoon, M.A., & Rebah, F.B.
Agro—industrial waste materials and
wastewater as growth media for microbial
bioflocculants  production: a review.
Materials Research Express, 2020. 7(1),
1-17.

46.Singh, R.S.; Kaur, N.; Kennedy, J.F. Pullulan
production from agro—industrial waste and
its applications in food industry: A review.
Carbohydrate Polymers, 2019, 217, 46—
57.

47.Tsoutsos T., Tournaki S., Gkouskos Z. Quality
characteristics of biodiesel produced from
used cooking oil in Southern Europe.
ChemEngineering, 2019. 3(19), 1-13.

48.Wu, Y.; Shen, X.; Yuan, Q.; Yan, Y. Metabolic
engineering strategies for co-utilization of
carbon sources in microbes.
Bioengineering, 2016. 3(1):10, 1-10.

49. Xiaoyan, L.; Yu, X.; Lv, J.; Xu, J.; Xia, J.; Wu,
Z.; Zhang, T.; Deng, Y. A cost—effective
process for the coproduction of erythritol

Available on-line at http://www.bjbabe.ro

Banat’s Journal of Biotechnology
2020, XI(22)

75

and lipase with Yarrowia lipolytica M53
from waste cooking oil. Food and
Bioproducts Processing, 2017. 103, 86—
94.

50.Yildiz, H.; Karatas, N. Microbial
exopolysaccharides:  Resources  and
bioactive properties. Process
Biochemistry, 2018. 72, 41-46.

51.Zeng, X.; Miao, W.; Zeng, H.; Zhao, K.; Zhou,
Y.; Zhang, J.; Zhao, Q.; Tursun, D.; Xu,
D.; Li, F. Production of natamycin by
Streptomyces gilvosporeus Z28 through
solid—state fermentation using agro—
industrial residues. Bioresource
Technology, 2019. 273, 377-385.

Received: May 21, 2020

Article in Press: November 30, 2020
Accepted: Last modified on: November 20,2020

- 4
émot


http://www.bjbabe.ro/

