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Introduction. Possibility  of  the  microbial
exopolysaccharide (EPS) ethapolan (the producer —
Acinetobacter sp. IMB B-7005) synthesis intensification on
the mixture of waste oils of various types and quality, as
well as the emulsifying properties of that EPS, synthesized
in such conditions, were studied.

Materials and methods. Cultivation of Acinetobacter
sp. IMV B-7005 strain was performed in liquid medium,
containing as a carbon source waste oils (sunflower, corn,
olive) at concentration 5%, v/v. EPS concentration was
determined gravimetrically after precipitation with
isopropanol, EPS-synthesizing ability — as a ratio of EPS
concentration to biomass concentration, wich was expressed
as g EPS / g biomass.

Results and discussions. Regardless of the oil type in
the inoculum obtaining medium (olive or sunflower), the
ethapolan synthesis indexes on the mixture of waste
sunflower and olive oils (in the ratio of 1:4; 4:1; 1:1) were
slightly lower than in conditions of the producer growth on
refined sunflower oil, but at the same time increasing of the
EPS-synthesizing ability on 14—41% was observed. Using
mixed after frying meat, potatoes, onions and cheese
sunflower oil as a substrate for the ethapolan production
accompanied by the synthesis of the same polysaccharide
concentration, as well as on refined oil. Reduction of the
initial quantity of mixed sunflower oil to 1.25-2% with
followed fractional adding in portions of 1.25—1.5% in the
cultivation process to the final amount of 5% was
accompanied by increase of ethapolan concentration on
15-20% compared to a one-time addition of 5% substrate.
Solutions of the synthesized under such conditions
polysaccharide at concentration of 0.05% emulsified
hexadecane, gasoline, diesel fuel (emulsification index
48-52%), and the formed emulsion was stable for 20 days.

Conclusion. The results demonstrate the possibility of
universal technology creating for microbial
exopolysaccharide ethapolan production on mixed waste
sunflower oil, regardless of the substrate type and supplier.
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Introduction

Microbial exopolysaccharides (EPS) are important class of natural polymers with
different properties: the ability to change the rheological properties of aqueous systems.
These biopolymers have several advantages over synthetic and plant polysaccharides: they
are non-toxic and biodegradable, resistant to mechanical and oxidative degradation,
temperature and low pH values. They are widely used in various spheres of human activity,
including agriculture, textile, chemical (household chemicals) and in the food industries. As
mainly EPS are characterized by low toxicity, they are also used in the pharmaceutical
industry: as bases for ointments, liniments or as thickeners for syrups [1, 2].

The analyzed foreign and domestic literature shows that despite the long study of
microbial EPS (more than 50 years) and widespread use in various fields — expensive
carbohydrates (glucose, sucrose, starch) remain the main substrate for their production [3],
and there are only some reports about EPS synthesis on industrial waste.

In 2017, in accessible literature, the work about xanthan synthesis (6.46 g/1) by the
strain Xanthomonas campestris LRELP-1 on a medium containing 50 ml of food residues
hydrolyzate (500 g of waste was mixed with 1 liter of 1.5% H,SO, and filtered out) from
the Shanghai University dining room appeared [4]. In the work [5], using of rice straw
hydrolyzate, previously treated with NaOH at 100 °C, as an alternative source of carbon for
the xanthan synthesis by X. campestris PTCC 1473 was studied. Under using such
substrate, the yield of the product was 8.6-9.36 g EPS / 100 g substrate, and its properties
were practically the same compared with the xanthan of Sigma-Aldrich firm, the USA.
Drakou et al investigated the synthesis of EPS by the Pseudomonas aeruginosa LVD-10
and Enterobacter sp. SW strains on non-carbohydrate substrates [6]. Under Pseudomonas
aeruginosa LVD-10 and Enterobacter sp. SW cultivation on technical glycerin (4.5%, v/v),
the amount of synthesized polysaccharide was 3.2 and 2.5 g/l, respectively, under undiluted
sewage using in quantity of 100 ml, LVD-10 strain synthesized 1.3 g/l, where as SW only —
0.7 g/l [6].

In our previous studies [7] the possibility of the microbial polysaccharide ehtapolan
synthesis under its producer Acinetobacter sp. IMV B-7005 cultivation on medium with 5%
of waste after frying meat or potatoes sunflower oil was shown. Later, in order to expand
the raw material base for this EPS synthesis, as a substrate, waste corn, olive and rapeseed
oils were used [8]. However, on factories that process plant raw materials or in catering
establishments, oils of different types and after frying various products are mixed together
without separation.

Proceeding from the foregoing, the purpose of this work is to investigate the ability of
Acinetobacter sp. IMV B-7005 to synthesize ethapolan on a mixture of different types of
waste oils.

Materials and methods

Object of research

The EPS-synthesized strain of bacteria Acinetobacter sp. 12S, which is deposited in the
Depository of Institute of Microbiology and Virology, National Academy of Sciences of
Ukraine by the number of IMV B-7005 was used as the object of research.
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Cultivation conditions

Cultivation of Acinetobacter sp. IMV B-7005 was carried out in a liquid mineral
medium of such composition (g/l): KH,PO, — 6.8; KOH — 0.9; MgSO,x7H,0 — 0.4;
CaCl,x2H,0 — 0.1; NH4NO; — 0.6; FeSO,x7H,0 — 0.001.

The following types of oils were used as a source of carbon and energy, in the quantity
of 5% (v/v):

— Refined: sunflower (TM "Oleina", Ukraine), olive of cold press (TM «Salvadori»,
Italy), corn (LLC «Kamay Ukraine);

— Waste: sunflower after frying meat (from the McDonald's network, Kyiv, Ukraine),
corn after frying meat, olive after frying potatoes or meat (obtained at home after three-
times frying for 20 minutes), mixed sunflower oil after frying meat, potatoes, onions,
cheese (obtained from fast-food restaurants "RockerPub" Kyiv, Ukraine).

The content of poly- and monounsaturated fatty acids in used oils is presented in Table
1 [9].

Table 1
Characteristics of vegetable oils used as a substrate
Oils Content of fatty acids (% of the total mass)
Polyunsaturated Monounsaturated
Sunflower 60 33
Corn 54 27
Olive 12 87

In some variants, sunflower and olive oil were added into the medium in a ratio of 4:1;
1:4 and 1:1. In one research, the initial concentration of mixed oil was reduced to 1.25—2%,
and further it was brought to a final concentration 5% in portions 1.25—1.5% in the process
of cultivation.

In additionally yeast autolysate (0.5%, v/v) and multivitamin complex "Complevit"
(0.00095%) were added to the medium as growth promoter and source of pantothenate,
respectively.

Culture from the exponential phase, grown in the medium with 0.5% (v/v) of refined
(sunflower, olive or corn oil) or waste oil (sunflower after frying meat, olive or corn after
frying potatoes) was used as the inoculum. Quantity of inoculum was
10% from the volume of the medium. Cultivation of Acinetobacter sp. IMV B-7005 was
carried out in flasks (750 ml) with 100 ml of medium in shacker (320 rpm) at
30 °C for 120 hours.

Indicators of growth and of the target product synthesis

Biomass concentration was determined by optical density of the cell suspension with
the following recalculation on the absolutely dry biomass according to the calibration
curve. Quantity of synthesized ethapolan was determined gravimetrically. For this, 1.5-2
volumes of isopropanol were added to a certain amount of culture liquid (usually 10—15
ml), the precipitate of EPS was washed by clean isopropyl alcohol and dried at room

98 —— Ukrainian Food Journal. 2018. Volume 7. Issue 1



Biotechnology, Microbiology

temperature for 24 h. EPS-synthesizing ability was determined as the ratio of the EPS
concentration to the concentration of biomass and was expressed in g EPS/g biomass.

Emulsifying properties of ethapolan

The emulsifying properties were determined for 0.05% (for polysaccharide) culture
fluid solutions and 0.05% ethapolan solutions. Ethopolan was isolated from the culture
liquid by isopropanol deposition followed by washing of the EPS precipitate in a pure
organic solvent and drying at room temperature for 24 hours.

Determination of the emulsifying properties (emulsification index, E,4,%) was carried
out as follows: 2 ml of 0.05% culture liquid solution or ethapolan solution were added with
2 ml of emulsifying substrate (hexadecane, gasoline, diesel fuel) and shaken for 2 minutes.
Measurement of the emulsification index was carried out in 24 hours as the ratio of the
emulsion layer height to the total fluid height in the test tube and expressed as a percentage.

The formed emulsions were stored for 20 days at room temperature to check its
stability.

Statistical analysis

Statistical analysis of experimental data were performed according to Lakin [10]. The
results of the experiment in accordance with the Student t-test were statistically significant
at the 5% significance level.

Results and discussions

In previous studies [7] for the synthesis of polysaccharide ethapolan on the waste oils
(sunflower, corn, olive, rapeseed), inoculum was grown on the corresponding refined
substrate. However, using of waste oils for inoculum obtaining is more appropriate both
from an environmental and technological points of view. Therefore, at the first stage of the
study, the synthesis of ethapolan was investigated with using waste oil as a carbon source
for both inoculum preparation and EPS biosynthesis. In these experiments different types of
waste oils for inoculum production and EPS biosynthesis (Table 2) were used in order to
develop a universal technology of ethapolan synthesis independent of the oil quality and
supplier.

Experiments have shown that the replacement of sunflower, olive, corn oils with the
appropriate waste one in medium for inoculum obtaining was accompanied by decrease on
7—17% of ethapolan concentration synthesized on the olive after frying potato and meat and
corn after frying meat oils (see Table 2).

Considering the obtained results, the refined oil was used for inoculum preparation in
the following studies.

As arule, in catering establishments and enterprises of plant raw materials processing,
oil-containing wastes are mixed before utilization. Consequently, it was advisable to
investigate the synthesis of polysaccharide ethapolan on mixed oils of different types after
frying certain products.

Since sunflower oil is traditionally used for frying in Ukraine and also olive oil has
become more and more popular in recent years, on the next stage the synthesis of strain
IMV B-7005 EPS on a mixture of these substrates was investigated (Table 3).
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Table 2
Ethapolan synthesis depending on the inoculum preparation

Oilin the me‘i“";' for 1 EPS,% from | EPS-synthesizing ability,%
EPS biosynthesis olll)(t);ililililrg control from control
Sunflower after
Olive after potatoes meat frying 81,3 66,7
frying Sunflower refined 93,8 112,8
Olive after 79.6 69.4
Com;ﬁer meat potatoes frying
ying Olive refined 65.6 63,9
. Corn after potatoes 80.9 725
Olive after meat frvi ’ >
fvi ymg
ying Corn refined 97,1 60,0

Note: 1. Control (100%) — indexes of the ethapolan synthesis under inoculum obtaining on the
corresponding refined oil.
2. In the synthesis rates determining, the error did not exceed 5%.

Table 3
Indexes of the ethapolan synthesis on the mixture of waste oils

i (:11 in the medium for EPS,% from EPS-synthesizing ability,%
inoculum EPS biosynthesis control from control
obtaining
Olive + sunflower
(1 80,8 136,1
Olive + sunflower
Sunflower (4:1) 3 —
refined Olive + sunflower 76.9 141,7
(1:1)
Mixed sgnﬂower 107.7 130,6
oil
Olive + sunflower
) 85,1 1343
Olive + sunflower 68,7 1143
) (4:1)
Olive refined Olive + sunfl
ive + sunflower 62.7 128,6
(1:1)
Mixed Zlillnﬂower 95,5 91,4

Note: 1. Control (100%) — indexes of the ethapolan synthesis under strain Acinetobacter sp. IMV B-
7005 cultivation on refined oil.
2. In the synthesis rates determining, the error did not exceed 5%.
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Experiments have shown that under Acinetobacter sp. IMV B-7005 cultivation on a
mixture of sunflower and olive oils in any ratio, reduction of ethapolan concentration was
observed, but at the same time, the EPS-synthesizing ability increased in 14-41% compared
with those on refined sunflower oil. Data about using mixed sunflower oil as a substrate for
the EPS biosynthesis are noteworthy: regardless of the oil type used for the inoculum
preparation (refined sunflower or olive), the concentration of the synthesized ethapolan was
practically the same as under producer cultivation on refined oil, which makes use of such
substrate promising in the development of highly efficient EPS technology.

The waste oil contains a large amount of toxic substances (acrolein, acrylamide, lipid
peroxides) [11] and addes into the Acinetobacter sp. IMV B-7005 cultivation medium in
high concentration (5%), which may be the reason of low rates of ethapolan synthesis.
Therefore, in order to reduce the content of these toxic substances, the initial concentration
of oil in the cultivation medium of the IMV B-7005 strain was reduced, with following
fractional substrate application during cultivation to a final concentration of 5%. This
approach is used in biotechnology to reduce the duration of the lag phase, as well as the
intensification of microbial technologies [12].

For example, the initial concentration of glucose in the cultivation medium of
Agrobacterium sp. ATCC 31749 (producer of EPS curdlan) was 30 g/l and NH,C1 — 0.5 g/1.
During the first 14 hours of cultivation, the sources of carbon and nitrogen were added into
the medium to the final concentration 119 and 3.6 g/, respectively. Under such conditions,
the concentration of polysaccharide was 72 g/l, which in 2 times more than under one time
substrate adding [13]. Hyun Mi Kim et al [14] investigated the effect of fed-batch
fermentation on the synthesis of Ganoderma resinaceum DG-6556 EPS. The initial
concentration of glucose in the medium was 10 g/1, at 6 days of cultivation 50 g/l of glucose
were added additionally, which made it possible to increase the amount of synthesized
polysaccharide to 4.6 g/l. In cultivation medium of Tremella mesenterica NRRL Y- 6158
20 g/l of glucose were added fractionally at interval of 50 h. durring 7 days. Under such
conditions, the producer synthesized 9.9 g/l of polysaccharide, which in 2.2 times more
than under one-time adding of the substrate [15]. The fractional adding of milk whey into
the cultivation medium of Lactobacillus kefiranofaciens JCM 6985, producer of EPS
kefiran, was accompanied by increase of the synthesized polysaccharide concentration
almost in 2 times (to 2514 = 93 mg/l), compared to the one-time substrate addition [16].
Concentration of EPS, synthesized by marine bacteria Zunongwangia profunda SM-A87 on
milk whey with a fractional adding of this substrate into 5 L fermenter reached 17.2 g/l
[17].

Our experiments have shown that reducing of initial concentration of oil in the
Acinetobacter sp. IMV B-7005 cultivation medium to 1.25-2%, with following substrate
fractional addition to the final concentration of 5%, contributed to increase of synthesized
ethapolan amount to 15-20% compared to a one-time addition of 5% of the substrate.

The practical value of microbial exopolysaccharides is determined primarily by their
ability in small concentrations to change the rheological properties of water systems — to
increase viscosity, to form gels, to exhibit emulsifying and suspending properties in water
systems. Thanks to these properties, EPS can be used as emulsifiers in the food and
pharmaceutical industries, cosmetology. Increasingly, exopolysaccharides are found in
solving the problems of secondary oil production due to its high viscosity, pseudoplasty,
resistance to high pressure and temperature [12].

Today the following microbial EPS are the most promising in the world for using in oil
extraction: xanthan (producer Xanthomonas campestris) and scleroglucan (producer
Sclerotium glucanicum). It should be noted that ethapolan solutions are characterized by
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unique emulsifying properties that are not inherent to most known microbial
polysaccharides, including xanthan, due to its acylated polysaccharide which containes
fatty acids (C1o—Cig) [12]. The lipophilic part in the ethapolan molecule provides formation
of a stable emulsion of water with oil and other hydrocarbons. Nowadays, only one such
polysaccharide as emulsant (producer Acinetobacter calcoaceticus RAG-1) in which fatty
acids are attached to the carbohydrate chain via of ethereal bonds has been studied in
sufficient quantity [18]. Due to the presence of fatty acids in its composition emulsan is a
great emulsifier.

Taking into account the above, the emulsifying properties with hydrophobic substrates
such as hexadecane, gasoline and diesel fuel of the ethapolan, synthesized on mixed waste
oils, were investigated at the next stage of the work. Precipitated and dried polysaccharide
was used in the studies, since such product form is the most popular on the polymer market.

However, the unique feature of the domestic polysaccharide is practically confirmed
possibility of its using in the form of post-fermentation culture fluid in the technology of oil
production [12]. Excluding the stages of target product precipitation and drying in industrial
production of EPS ensures a significant reduction in the cost of the product, as well as the
preservation of the polysaccharide properties. Using such form of ethapolan has an
additional advantage, since polysaccharides are stabilized with ingredients that are the part
of the culture fluid. Therefore, the emulsifying properties were investigated also for the
strain IMV B-7005 culture fluid containing ethapolan.

Studies have shown that, regardless of the marketable type of the ethapolan solutions,
the emulsification indexes for all substrates were practically the same (48-52%, Fig. 1).
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Figure 1. Emulsification index of the ethapolan solutions
obtained on the mixed waste oil:
Substrate for emulsification: a — hexadecane, b — diesel fuel, ¢ — gasoline.
Emulsifier: 1 —0,05% solution of ethapolan, 2 — 0,05% (for polysaccharide) solution of
strain IMB B-7005 culture fluid.

An important feature of polysaccharides is not only the ability to form gels,
suspensions or emulsions with different substrates, but also to ensure the stability
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(preservation of initial properties) of these two-phase systems for a long time of storage.
The formed emulsiones of ethapolan with hexadecane, gasoline and diesel fuel were stored
for 20 days, the emulsification index decrease didn’t exceede 5%.

It is known from the literature, that the formed emulsion of hexadecane with emulsan
(at a concentration of 1 mg/ml) was kept for 4 days within the pH range of 4-8 [19]. The
EPS synthesized by Enterobacter cloaceae at concentration of 1 mg/ml is capable to form
an emulsion with a wide range of hydrophobic substrates, with a shelf life of emulsions not
more than 10 days [19]. According to the authors, the emulsifying properties of this
polysaccharide are provided by the proteins included in its composition, but their low
thermostability makes it impossible to use this EPS under elevated temperatures. Though,
liposan produced by Candida lipolytica did not exhibit significant surface-active properties,
it emulsified various hydrocarbons and oils at 8 mg/ml of hydrocarbon. These emulsions
were stable only for 50 min. Thus, ethapolan has a great advantages over other EPS used as
emulsifiers, that makes the strain IMV B-7005 polysaccharide promising for use in various
technologies [19].

Conclusions

Thus, as a result of this work, the possibility of different types of waste oils using,
including mixed, for the synthesis of the microbial polysaccharide ethapolan was shown for
the first time. The obtained results testify the possibility of a "flexible" and versatile
technology developing for obtaining this EPS with stable emulsifying and rheological
properties, that does not depend on the quality of the oil (its nature and the product that was
heated), the region and the supplier of raw materials.
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