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Abstract. In this study, the ability of commercial lipolytic enzyme Lipoprime 50T to catalyze the biotechnologically and
environmentally important processes of rapeseed oil hydrolysis and transesterification were investigated and the optimal
process conditions were determined using simple and accurate thin layer chromatographic, titrimetric and computer analy-

sis (Micro image 4.0) methods.

Lipoprime 50T lipase-catalyzed transesterification of rapeseed oil with several alcohols for fatty acid alkyl esters (bio-
diesel) production in n-hexane — a common solvent for lipolytic reactions — and in #-butanol — a novel promising solvent
for biodiesel production — was investigated. The effects of molar ratio of substrates, reaction temperature and time on the
constitution of the methanolysis reaction mixture were analyzed. Lipoprime 50T lipase-catalyzed rapeseed oil methanoly-
sis in n-hexane was determined to be undesirably slow and inefficient process, whereas the lipolytic potential of the stud-
ied enzyme was determined to be very high in 7-butanol (no rapeseed oil left after 1.5 h from the beginning of the reaction

under determined optimal reaction conditions).

Keywords: transesterification, methanolysis, biodiesel, lipase, rapeseed oil, #-butanol, thin layer chromatography.

1. Introduction

In recent years, attention of the use of alternative forms of
energy has increased significantly. Various forms of
energy sources are investigated including biodiesel, bio-
lubricants, biogas and efc. As one of the biggest environ-
mental problems in Lithuania is large amounts of
generated wastes, biogas production from fatty and other
organic wastes is widely discussed in literature (Baltrénas
et al. 2004; Baltrénas, Kvasauskas 2008a, b). Other ex-
perimental investigations of the use of organic wastes are
described in literature as well (Baltrénas et al. 2005; Bal-
trénas, Kvasauskas 2009). Biodiesel production from
waste cooking oils and other feedstock has become more
attractive due to some environmental benefits such as
non-toxicity, environmental acceptability, safety to han-
dle and low emission profiles as compared to petroleum-
based diesel (Al-Zuhair 2007; Ganesan et a/. 2009). Since
the amount of CO, produced during its combustion is the
same as absorbed by the vegetable species during their
growth, the global balance of CO, emission is null, and
consequently, a decrease in the greenhouse effect is
achieved. Due to its favourable environmental features,
biodiesel promises to be the fuel of tomorrow (Al-Zuhair
2007). Different processes are currently available to
achieve transesterification of various oils with different
alcohols for biodiesel production, which include chemical
and enzymatic catalysis (Meka et al. 2007). Although
biodiesel can be successfully produced by chemical
methods in the presence of an acid or an alkaline catalyst,

there are several environmental problems associated with
this kind of production, such as an excessive energy re-
quirements, difficulties in glycerol recovery, removal of
catalyst and undesirable side reactions. Moreover, it is
estimated that the amount of wastewater from a tradi-
tional biodiesel plant is around 0.2 ton per ton biodiesel
produced (Suehara ef al. 2005). It is a severe problem
both from an energy consumption and environmental
points of view (Fjerbaek et al. 2009). Enzymatic methods
involving lipases can be an excellent environmentally
friendly alternative to produce biodiesel. Enzymatic proc-
esses offer milder reaction conditions as they do not pro-
mote secondary reactions, thereby reducing the number
of purification steps, and the presence of the enzyme in
the glycerol phase can even increase its value as an ani-
mal feed (Agarwal, Das 2001; Srivastava, Prasad 2000;
Vincente et al. 1998). However, this approach has not
been used in industrial production due to the high price of
lipases, short operational life and low stability of enzyme
in the presence of the excess short chain alcohols (Salis ef
al. 2008). One solution of these problems is the selection
of a suitable reaction medium, which can preserve both
the catalytic activity and the stability of the enzyme dur-
ing the synthetic process (Al-Zuhair 2007).

It has been reported that the organic solvents can in-
duce significant changes in enzyme activity and specifici-
ty by simply changing the physicochemical properties of
the reaction medium such as the polarity and hydrophobi-
city (Lu et al 2008; Tirkan, Kalay 2008). fert-Butyl
alcohol (z-butanol, 2-methyl-2-propanol) has been repor-
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ted to be a good solvent for biodiesel production due to
its ability to eliminate negative effects of excess short
chain alcohols on lipases. #-Butanol can keep a high cata-
lytic activity of lipase because of its steric hindrance ef-
fect. Moreover, both short chain alcohol and glycerol can
be dissolved in this organic solvent (Li et al. 2006; Royn
et al. 2007; Wang et al. 2006). Thus, it was expected that
with #-butanol as reaction medium, the negative effect
caused by insoluble short chain alcohol and glycerol
could be eliminated and enzyme could keep both high
catalytic activity and stability.

In the enzymatic process employed for the produc-
tion of biodiesel from oils, not only the reaction solvent
utilized but some other parameters were shown to influ-
ence both yield and the rate of the reaction. These pa-
rameters include the reaction temperature, the type and
concentration of the alcohol, the quantity of the enzyme
in the reaction mixture, the water content and mixing rate.

In this study, Lipoprime 50T lipase-catalyzed rape-
seed oil hydrolysis and transesterification with different
alcohols reactions in n-hexane — a common solvent for
lipolytic reactions — and in #-butanol — a novel promising
solvent for biodiesel production — were investigated. The
efficacy of a transesterification process was evaluated
using simple and accurate thin layer chromatographic
method as the main technology, which allowed a cheap
and rapid product analysis during the reaction.

2. Investigation methods

Lipoprime 50T was kindly provided by JSC Biopolis,
representative company of Novo Nordisk in Lithuania.
All chemicals used in the study were products of guaran-
teed grade. Silica gel G-25 plates for thin layer chroma-
tography (TLC) were purchased from Merck.

The standard spectrophotometric assay of hydrolytic
activity

Hydrolytic activity of lipase upon p-nitrophenyl bu-
tyrate solution in 2-propanol (Hernaiz et al. 1997; Ryu et
al. 2006) was investigated measuring the change of optical
density at 400410 nm during 3—6 min at 30 °C and pH
7.0-10.0, 100 mM universal buffer (Britton—Robinson
buffer; composed of acetic, ortho-boric and ortho-phos-
phoric acids at a ratio of 1:1:1 providing buffering capacity
over a wide range of pH) (Bendikiené et al. 2004; Suriné-
naité et al. 2002). One unit of lipase hydrolytic activity
corresponds to the amount of the enzyme releasing 1 pmol
of p-nitrophenol per minute under standard conditions.

Reaction system

The transesterification reactions between RO and al-
cohol were conducted in closed 20 ml batch reactors,
with constant stirring, coupled to condensers in order to
avoid alcohol loss by volatilization. The water circulating
in the condenser was cooled by a thermostatic bath. Reac-
tion progress was monitored by taking duplicate samples
of reaction mixture at definite time intervals. For the
analysis by TLC method samples were diluted with di-
ethyl ether (v/v ratio 1:1), mixed vigorously and kept at
—20 °C until the chromatographic analysis was carried out
(Bendikiené et al. 2005).

Transesterification reaction

The reaction medium consisted of a mixture of RO,
alcohol and enzyme. The alkyl esters synthesis was
evaluated as function of type of solvents used (n-hexane
or t-butanol), type of alcohol used (methanol, 1-butanol,
1-hexanol, 1-octanol or ethane-1,2-diol (ethylene glycol),
temperature (30, 40 and 50 °C), alcohol/RO molar ratio
(1:4, unless specified otherwise) and in respect to step-
wise addition of alcohol (single addition or two or three
consecutive additions at different times), (Bernardes et al.
2007; Jeong, Park 2008).

Titrimetric assay

The determination of liberated free fatty acids (FFA)
in the reaction mixture were carried out by taking samples
at definite time intervals and titrating them with sodium
hydroxide solution in methanol (50 mM) to the phenol-
phthalein end point (Hoppe, Theimer 1996; Lim et al. 2001).

Chromatographic analysis

The products of RO hydrolysis and transesterifica-
tion were analyzed by TLC method (Yadav et al. 1998)
on TLC plates (5x10 cm and 10x10 cm) pre-coated with
0.25 mm Silica Gel 60 (Merck).The samples were applied
to the marked start edge of the TLC plate (1.0 cm height
from lower edge of the plate) using the specified TLC—
Hamilton syringe. The sample volumes for all experi-
ments were 2 pl. The plate was then allowed to be air-
dried for 10—15 min before transferring to the TLC tank
for development. Chromatograms developments were
conducted with solvent system (mobile system) of light
petroleum (b.p. 40-60 °C): diethyl ether: acetic acid
(85:15:2, v/v) for transesterification reaction and
(80:20:2, v/v) for hydrolysis reaction products analysis
(Bendikiené et al. 2005). The tank with the poured mo-
bile system was covered with a lid and pre-saturated with
mobile system vapour for at least 2030 min at room
temperature before use. The sample — loaded TLC plate —
was transferred to the TLC tank and then developed for
no less than a 4 cm (for 5x5 cm TLC plate) and 8 cm (for
5x10 cm TLC plate) migration distance of the solvent
from the start line. The developed TLC plates were air-
dried for about 10-15 min. Visualization of spots was
developed by using a saturated iodine chamber and spots
were identified with reference to standards. Pure methyl
oleate, free fatty acid, triacylglycerols (TAG), diacylglyc-
erols (DAG), monoacylglycerols (MAG) and RO solu-
tions in diethyl ether were used as standards.

Quantitative analysis (%) of reaction products sepa-
rated by TLC (average of 3 assays) was performed using
the Micro image 4.0 programme considering the spot area
and colour intensity (Bendikiené ef al. 2008a, b).

3. Investigation results

The effect of the type of alcohol used on the course of
RO transesterification reaction in n-hexane was investi-
gated. Five different chain length alcohols were used:
methanol, 1-butanol, 1-hexanol, 1-octanol and ethylene
glycol (Fig. 1).

The highest yield of FFA was determined for the
hexanolysis and octanolysis reactions. However, more
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esters were determined for the reactions with methanol
and 1-butanol and no synthetic potential was observed in
the case of ethylene glycol (Fig. 1). In contrast, Abigor et
al. (2000) reported PS30 lipase-catalyzed transesterifica-
tion reaction of some Nigerian lauric oils with methanol
as the least effective process in comparison to all their
studied alcohols. Since the desirable product was alkyl
ester, methanol and 1-butanol were chosen for further
experiments.

60
50 1
40

@ FFA
30 1 m Alkyl esters

20 4

Products, %

Methanol 1-Butanol 1-Hexanol 1-Octanol 1-Ethylene
glycol

Fig. 1. The effect of type of alcohol used on alkyl esters yield
(quantitative analysis, %) and free fatty acids amount (titrimet-
ric results, %) released after 96 h during Lipoprime 50T-
catalyzed transesterification of rapeseed oil. Reaction was per-
formed in n-hexane at 30 °C at rapeseed oil and alcohol molar
ratio 1:4

In the process of biodiesel production, reaction time

is found to be a significant operating parameter, which is
closely associated with energy cost from the economic
perspective. As it was shown in Fig. 1, the transesterifica-
tion reaction in n-hexane is undesirably slow and clearly
an inefficient process, presumably because of the short
chain alcohol inhibitory effect on lipase (Shimada et al.
1999; Watanabe et al. 2000). It was shown that this prob-
lem could be removed by using #-butanol as a reaction
solvent. Tiirkan and Kalay (2008) demonstrated that
t-butanol caused the changes of lipase-catalyzed sun-
flower oil methanolysis mechanism probably by causing
conformational changes of the enzyme structure, that
eliminated inhibitory effect of excess methanol. Thus,
further experiments were carried out in #-butanol instead
of n-hexane as a reaction medium (Fig. 2).
Several studies of the minimization of alcohol inactiva-
tion have been reported and one of the solutions was a
stepwise addition of alcohols, which was introduced and
successively performed by Shimada et al. (1999). In our
study, only a negligible decrease of diacylglycerols yield
was observed after the addition of extra portions of alco-
hols to the reaction mixture (columns 2—4 and 6-8 in
Fig. 2). It was determined that the reaction under studied
conditions was more effective in the case of methanol
(less rapeseed oil left after 1 h from the beginning of the
reaction) in comparison to 1-butanol. Furthermore, alco-
hol used for enzymatic biodiesel production must be
cheap and available in large quantities as is methanol
(Fjerbaek et al. 2009). Due to these results more detailed
analysis of RO methanolysis in different solvents were
carried out.
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Fig. 2. The effect of reaction time and type of alcohol used
(methanol, columns 1-4, 1-butanol, columns 5-8) on Lipoprime
50T-catalyzed rapeseed oil transesterification effectiveness.
Control — RO. Quantitative analysis (%) was performed using
the Micro image 4.0 programme. Reaction was performed in
t-butanol at 37 °C after: 1 h — column 1; 15 h — column 2; 1 h
after addition of extra amount of methanol — column 3; 11 h
after addition of extra amount of methanol — column 4; 1 h —
column 5; 15 h — column 6; 1 h after addition of extra amount of
1-butanol — column 7; 11 h after addition of extra amount of
1-butanol —column 8.

Esters — alkyl esters of FA; RO — rapeseed oil; FFA — free fatty
acids; DAG — diacylglycerols; MAG —monoacylglycerols. (The
contents of MAG and DAG are expressed as the sum of their
regioisomers)

It was well known that enzyme activity has a rela-
tionship with the log P value of the organic solvent used
as the reaction medium and that much higher enzymatic
activity could be obtained in hydrophobic organic solvent
that has a high log P value (Du et al. 2007). Lu et al.
(2008) tested twelve different solvents for transesterifica-
tion of TO with methanol using immobilized lipase Can-
dida sp. 99-125. The general trend is that there is no
correlation between yield or conversion with solvents
hydrophobicity (log P), dielectric constant (g) and
Hildebrant solubility parameter (8). The catalytic activity
of this immobilized lipase and the product yield are de-
pendent on the different solvents. It was shown that addi-
tional water causes the decrease of both, overall
conversion and the favourable product yield in the case of
the reactions in polar solvents, and the opposite effect
was noticed for the processes in non-polar solvents. It
should be noted that Lu e al. (2008) determined #-butanol
as an exception as it could keep high conversion of
around 96%. These results support wide application of #-
butanol as a very useful solvent, since it is only moder-
ately polar and is able to stabilize the enzyme, if any; it
seems not to be influenced by the polarity of other sol-
vents such as water or some polar components of the
reaction mixture like methanol or glycerol.

To optimize reaction conditions for enzymatic
methanolysis of RO, two solvents with different log P
value (0.79 for t-butanol and 3.5 for n-hexane) were
compared (Figs 3, 4).

As expected, the highest methyl esters (ME) yield
45% was obtained in n-hexane although the lipase ex-
pressed the poor stability (formed agglomerates, which
caused the decrease of reaction rate) in this organic me-
dium. Although after 120 h the yield of ME was lower in
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t-butanol in comparison to n-hexane, but the hydrolysis
of RO process was very fast in this case (no rapeseed oil
left after 24 h from the beginning of the reaction).
Another important variable affecting the yield of
biodiesel is the molar ratio of oil to alcohol. In order to
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Fig. 3. Effect of reaction time on Lipoprime 50T-catalyzed
rapeseed oil methanolysis with 1:4 rapeseed oil to methanol
molar ratio at 30 °C in n- hexane. Control — RO. Symbols are
the same as in Fig. 2
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Fig. 4. The effect of reaction time on Lipoprime 50T-catalyzed
rapeseed oil methanolysis with 1:4 rapeseed oil to methanol
molar ratio at 30 °C in #-butanol. Control — RO. Symbols are the
same as in Fig. 2
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shift the methanolysis reaction in toward direction, it is
necessary to use an excess amount of methanol as metha-
nolysis is a reversible reaction. Using more than 3—4
moles alcohol per mole triglyceride added in one step
favours more alcohol tolerant enzymes as in many studies
lipases-catalyzed biodiesel production increases with
increasing methanol-to-oil ratio of 3:1 and then decreases
because of the lipase inactivation by insoluble excess
short chain alcohol, which exist as droplets in the reaction
mixture (Ganesan et al. 2009). One of the solutions to
avoid this inactivation is to use a suitable organic solvent
as a reaction medium.

The molar ratios of oil-to-methanol ranged from 1:2
to 1:8 were studied to evaluate the effect of methanol on
lipase activity in #-butanol. The effect of temperature (30,
40 and 50 °C) on the ME yield was also investigated
(Fig. 6). The chromatographic view of control samples is
shown in Fig. 5.

As shown in Fig. 6, when the molar ratio of oil-to-
methanol was in range of 1:6—1:8, high conversions were
achieved and no significant differences were detected
with different oil-to-methanol molar ratios within this

Esters TAG FFA

¢

DAG MAG

Fig. 5. Thin layer chromatographic view of control samples
(TAG — triacylglycerols, FFA — free fatty acids, DAG — diacyl-
glycerols, MAG — monoacylglycerols)

ME
RO

FFA
DAG
MAG

Fig. 6. Thin layer chromatogram of effect of molar ratio of substrates, reaction temperature and time on reaction products of Lipoprime
50T-catalyzed rapeseed oil methanolysis in #-butanol. Visualization was by iodine vapour. Identification was by comparison with stan-
dards (lane 1 — methyl oleate, lane 2 — rapeseed oil, lane 3 — oleic acid). Solvent system: 85:15:2. The chromatographic view of reaction
products after: 15 min — lane 4; 30 min — lane 5; 45 min — lane 6; 1 h—lane 7; 1.5 h—lane 8; 2 h—lane 9; 3 h—lane 10; 4 h—lane 11
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range, indicating that under studied conditions, Lipo-
prime 50T lipase was tolerant to methanol presence
within this range and maintained its activity and opera-
tional stability. Such high optimal molar ratio of sub-
strates has been reported in other studies. Royon et al.
(2007) found that the addition of 7-butanol to the trans-
esterification reaction mixture with the 1:6 oil-to-
methanol molar ratio, which normally irreversibly inhib-
its lipase, resulted in a 90% yield of the product after 10 h
from the beginning of the reaction. Noureddini et al.
(2005) reported the optimal molar ratio of soybean oil to
methanol to be 1:8.2 for P. cepacia lipase-catalyzed
transesterification reaction.

40 °C temperature was determined to be an optimal
patrameter for Lipoprime 50T-catalyzed RO methanoly-
sis reaction. Above 40 °C temperature, the process effec-
tiveness decreased, possibly owing to some enzymatic
deactivation.

Considering these results, the reaction temperature
of 40 °C, the molar ratio of RO to methanol 1:6—1:8 and
the reaction duration of 1.5 h were selected as the optimal
reaction conditions for the process in 7-butanol.
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Fig. 7. Lipoprime 50T-catalyzed hydrolysis (columns 1 and 3)
and methanolysis (columns 2 and 4) of rapeseed oil in n-hexane
(columns 1 and 2) and in #-butanol (columns 3 and 4). Reactions
were performed at 40 °C with oil-to-methanol molar ratio of
1:6, reaction time 120 h. Quantitative analysis (%) was per-
formed using the Micro image 4.0 programme. Control — RO.
Symbols are the same as in Fig. 2

Determined optimal reaction conditions for RO
methanolysis in z-butanol were used in order to compare
the effectiveness of RO hydrolysis and methanolysis in
both studied organic solvents (Fig. 7).

As shown in Fig. 7, it is clear that under studied
conditions, both the RO hydrolysis and transesterification
reactions are more effective in z-butanol in comparison to
n-hexane. Furthermore, in contrast to results discussed
earlier, the ME yields obtained remain higher in #-butanol
in comparison to n-hexane even after a longer period of
time (120 h).

4. Conclusions

1. Thin layer chromatography method was shown
to be a promising technology for rapid and cheap optimi-
zation of environmentally acceptable biodiesel produc-
tion.

2. The higher lipolytic activity was determined for
transesterification with longer chain alcohols, whereas the
higher synthetic potential of Lipoprime 50T lipase was
observed for the shorter chain alcohols. The overall proc-
ess was determined to be the most effective in the case of
methanol.

3. Lipoprime 50 T lipase-catalyzed methanolysis in
n-hexane was determined to be undesirably slow and
inefficient process whereas the lipolytic potential of the
studied enzyme was determined to be very high in
t-butanol. Under determined optimal reaction conditions
in ¢-butanol all rapeseed oil was converted to the products
after about 1.5 h.
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NEZALINGO APLINKAI BIODYZELINO GAMYBOS FERMENTINIO ALIEJAUS PERESTERINIMO BUDU
OPTIMIZAVIMO TYRIMAS

V. Bendikieng, V. Kiriliauskaité, B. Juodka
Santrauka

Tirta komercinio preparato Lipoprime 507, kuriam buidingas lipolizinis aktyvumas, geba katalizuoti biotechnologiniu ir
aplinkos apsaugos pozitriu svarbias rapsy aliejaus peresterinimo bei hidrolizés reakcijas. Optimalios vykdytu procesy sa-
lygos nustatytos tiksliu bei paprastu plonasluoksnés chromatografijos, titrimetrijos ir kompiuterinés analizes (Micro image
4.0) metodais. Optimizuotas biodyzelino — riebaly riig§¢iy esteriy — gavimo procesas bei jvertinta skirtingy alkoholiy jtaka
Lipoprime 50T lipazés katalizuojamo rapsy aliejaus peresterinimo efektyvumui dviejuose skirtinguose tirpikliuose —
n-heksane (jprastinis lipolizés reakcijy tirpiklis) bei tret-butanolyje (naujas perspektyvus tirpiklis biodyzelino sintezés
reakcijoms vykdyti). IStirta molinio substraty santykio, reakcijos temperatiiros bei trukmeés itaka rapsy aliejaus metano-
lizés veiksmingumui tret-butanolyje. Nustatyta, kad Lipoprime 50T lipazés katalizuojama rapsy aliecjaus metanolizé n-
heksane yra létas ir ilgai trunkantis procesas, o tret-butanolyje tirti procesai yra ypac spartis ir efektyvis (visas rapsy alie-
jus nustatytomis optimaliomis salygomis sureaguoja per apytikriai 1,5 val.).

ReikSminiai Zodziai: peresterinimas, metanolizeé, biodyzelinas, lipaz¢, rapsy aliejus, tret-butanolis, plonasluoksné chro-
matografija.

HOJYYEHUE 3KOJOTr'MYHOI O BUOAU3EJS IYTEM ®EPMEHTATUBHOM MEPESTEPU®UKALIUU
MACIJIA

B. Bengukene, B. Kupnasiyckaiire, b. FOoaka
Pesome

bruta uccnenoBana cnocoOHOCTH KOMMEpUECKoTo npemnapata Lipoprime 507, oO6nagaoomero JTUNOIUTAYECKONH aKTUBHO-
CTBIO, KaTaJIN3UPOBATh OMOTEXHOJIOTUYECKU M IKOJIOTHIECKH BaKHBIE TIPOLIECCH THIPOIN3a U TIEpedTepU(HKAIIIK Parico-
BOTO Macjla C ONpeNeNeHHEM ONTUMAIBHBIX JUIi HUX YCJIOBHH JOCTYNHBIM W TOYHBIM METOJOM TOHKOCIOWHOMN
XpoMmarorpadguu, TUTPOBAaHWEM CBOOOHBIX KHUPHBIX KHCIOT U METOJIOM KOMITBIOTEPHOTO aHAN3a JaHHBIX C IOMOIIBIO
nporpammel Micro image 4.0. [lonydenue 6noanzens — 3pUpoB KUPHBIX KUCIIOT — MyTEM MepedTepuprKalu parncoBoro
Maci1a HEKOTOPBIMU CTIUPTAMH OBLTO UCCIIEN0BAHO B OOBIYHOM JUIS JTUTOJUTUYECKUX PEaKIUii pacCTBOPUTEINE H-TeKCaHE U
B 0oJiee IpUEMIIEMOM JIJIsl CUHTE3a OMOIU3eNs pacTBOpuUTeNe TpeT-0yTuiioBoM cnupte (T-0ytaHose). Taxke ObUio ucce-
JIOBAHO BJIMSIHUE MOJISIPHOTO COOTHOIIEHUS CyOCTPaTOB, TEMIIEPATyphl M BPEMEHH Ha COCTaB MPOAYKTOB B PEAKIIMOHHON
cmecu. [lporiece MeraHosM3a parcoBoro mMacia, Karalu3upyemblit nunazoit Lipoprime 50T, okazancst MEIJIEHHBIM U Ma-
103 (peKTUBHBIM B H-TeKCaHe, TOr/a Kak B T-OyTaHOJIE MOTEHIIMAI JIUTTOIUTIHYECKON aKTUBHOCTH ()epMEHTHOTO TIpernapa-
Ta OBUI BBICOK (B ONTHMAJBHBIX YCIOBHSX CIYCTs TOJITOpa 4Yaca OT Hayala Tpolecca B pPEaklIHOHHOW CMEcH He
0CTaBaJIOCh UCXOIHOTO PAriCOBOTO Macia).

KuaroueBble cioBa: mnepesrepudukanysi, MeTaHOIN3, OHOMU3ENb, JIMIa3a, parcoBOe Macio, T-OyTaHoJ, TOHKOCIOHHAs
Xpomarorpadus.
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