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Abstract

In order to increase the yield of biodiesel and reduce its cost, it is appropriate to apply a process of interesterification of
vegetable oil with carboxylate esters. No glycerol is formed during this process, and the triacylglycerols formed during the
process improve the low-temperature properties of biodiesel. The aim of the study was to investigate the interesterification
process of rapeseed oil with methyl formate using a biotechnological method. The 15 enzyme preparations were tested and
Lipozyme RM IM was found to be more effective. The optimal conditions of enzymatic interesterification were determined.
Molar ratio of methyl formate to rapeseed oil, process duration, and amount of catalyst were optimized. The yield of rape-
seed oil methyl esters increases with increasing duration and excess of methyl formate. Optimal catalyst concentration in the
process of interesterification of rapeseed oil with methyl formate is 15%. A yield of rapeseed oil methyl esters of 67.9% at
a process temperature of 20 °C was obtained with a molar ratio of methyl formate to oil of 32:1 and a process time of 40 h.
As the duration of the process increases, the amount of triformylglycerol in the reaction mixture increases, and 4.86% of the

desired reaction product, triformylglycerol, is formed within 40 h.

Keywords Biodiesel fuel - Interesterification - Rapeseed oil - Methyl formate - Formylglycerides

1 Introduction

With rising energy costs and declining fossil fuel resources,
the use of renewable energy sources, including biofuels from
biomass, is increasing in various sectors of industry. Diesel
engines use biodiesel, which is produced by transesterifica-
tion of vegetable oil with methanol. The use of biodiesel
is important from an environmental point of view: it does
not contain sulfur compounds, and the emissions of harm-
ful components such as carbon monoxide, unburnt hydro-
carbons, polycyclic aromatic hydrocarbons, and particulate
matter are significantly reduced compared to usage of min-
eral diesel. In addition, biodiesel is characterized by rapid
biodegradability.

The process of transesterification of triglycerides is
catalytic; the most commonly used alkaline catalysts in
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the industry are potassium or sodium hydroxide. Fatty acid
methyl esters are obtained as the main product, together with
the by-product technical glycerol, which accounts for about
10% of the biodiesel amount. Technical glycerol contains
about 80-90% pure glycerol, the rest consists of fatty acid
esters, soap residues, water, and methanol.

With the increase in biodiesel production, the amount of
technical glycerol on the market is increasing, which is caus-
ing problems in its sale and use. Technical glycerol cannot
be used in common applications such as the food, cosmetics,
pharmaceutical, and paper industries where pure glycerol is
used. Refining of technical glycerol requires high material
and energy costs, so new efficient ways for the application
of technical glycerol are being sought. In order to solve the
problems of glycerol utilization, the research of biodiesel
synthesis technologies, during which glycerol is not formed,
has been started. This is achieved in place of the transesteri-
fication of triglycerides with methanol performing the pro-
cess of interesterification of triglycerides with carboxylate
esters. The glycerol is not formed in this process; instead,
glycerol derivatives are obtained—esters of glycerol and
organic acids, which are highly soluble in biodiesel [1]. Tri-
acylglycerol (TAG) has been found effective for improving
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the low-temperature properties of biodiesel and has been
proposed for use as a depressant for biodiesel [2-4].
Researchers have used TAG as an additive to biodiesel, but
it is possible to apply such a process when this compound is
co-produced with biodiesel, avoiding the formation of free
glycerol [5—-7]. The interesterification process of triglycer-
ides results in a mixture of fatty acid alkyl esters (biodiesel)
and esters of glycerol and organic acids of low molecular
weight with good low-temperature properties, avoiding the
separation of the glycerol phase from biodiesel. In this way,
biodiesel yield is increased by nearly 10%. Depending on the
efficiency of the process, mono-, di-, or triacylglycerides are
formed. The interesterification process, like the transesteri-
fication process, is catalytic; both chemical and enzymatic
catalysts can be used to increase the rate of interesterifi-
cation. Recently, there has been a growing interest in the
application of biotechnological processes in various indus-
tries. The use of enzymes in industrial processes increases
because they are eco-friendly, do not generate greenhouse
gases, and have reduced the demand for energy in industries.
Enzymes are remarkably effective in versatile reactions, such
as hydrolysis, esterification, transesterification, alcoholysis,
and C-C bond formation. Enzymes have been recently used
as a potential biocatalyst in a large number of biotechnologi-
cal sciences; more specifically, these include dairy products
(cheese recovery, flavor enhancement, and the production of
enzyme-modified cheese (EMC), detergents, pharmaceuti-
cals (ibuprofen, naproxen), chemicals, agriculture products
(pesticides, insects), and oil chemistry (fat and oil hydroly-
sis, and the synthesis of bio-detergents) [8]. Enzymes act as
a good catalyst; therefore, its production and utilization may
be a better alternative to chemical catalysts [9]. Immobilized
enzymes are commonly used in both industry and research.
Immobilization improves selectivity of enzymes, repeat-
ability, and variation of substrates [10, 11]. Immobilized
enzymes have increased contact with reagents, improved
enzyme stability, and prevented ejaculation [12—15]. Immo-
bilized enzymes have a larger surface area, are more stable
and easier to separate from the substrate, and can be reused
[16, 17]. Enzymes have been immobilized on various carri-
ers such as porous silicon, pectin, cellulose substrate, acti-
vated carbon, alginate, and chitosan to increase the stability
and reusability of lipases [18—21]. With the development of
nanotechnology, nanomaterials are used as favorable carriers
for enzyme immobilization [Liu and Dong, 2020]. Immobili-
zation on magnetic nanoparticles has numerous advantages,
including high surface area, good stability for oxidation, and
high biocompatibility.

The possibilities of using enzymatic preparations—
lipases for transesterification and interesterification of oils—
are widely studied. Lipases (triacylglycerol acyl hydrolases,
EC 3.1.1.3) comprise a common family of enzymes pro-
duced by animals, plants, and microorganisms. Enzymes
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with excellent catalytic properties have been well studied as
catalysts because of their unique physicochemical behavior
[22, 23]. Lipases as catalysts in the interesterification pro-
cess: lipases are capable of recognizing many different sub-
strates, and they can catalyze hydrolysis, acidolysis, esteri-
fication, transesterification, and amination reactions. Lipase
molecules have active sites made up of serine, aspartate,
or glutamate, and histidine covered by a polypeptide chain
(lid), which isolates it from the reaction medium. In contact
with hydrophobic surfaces become adsorbed on it, the active
site is exposed and the open form of lipases develops and
activity increases.

Various types of vegetable oils such as rapeseed oil [24,
24], soybean oil [25], sunflower oil [26], and waste canola
oil [27] were used for experiments of interesterification. The
use of non-edible vegetable oil, such as non-edible soybean
oil [28], waste cooking oil used in food production [29],
algae oil [30], and others, has also been investigated.

Researchers have used methyl, ethyl, propyl, and butyl
acetates as acyl receptors for interesterification studies. They
noted that methyl and ethyl acetates have a greater pros-
pect. When using higher molecular weight and longer-chain
carboxylate esters for the interesterification of triglycerides,
the efficiency of the process is lower [3]. The same trend
is observed in the transesterification process: transesterifi-
cation with longer-chain alcohols is more complex, so the
most commonly used short-chain alcohol is methanol. It is
probable that the methyl ester of formic acid could be used
effectively in the interesterification process as well, but so
far there are insufficient data on the efficiency of the use of
methyl formate for interesterification of triglycerides and
optimal process conditions. The use of the methyl formate
chosen for our research is attractive for several reasons.
Interesterification of oil with methyl formate does not lead to
the formation of the glycerol phase, while at the same time
increasing the biofuel yield. The methyl formate is easily
synthesized at chemical industry enterprises from metha-
nol, which can be obtained from raw materials of biological
origin; the fuel obtained in this way has a lesser negative
impact on the environment.

Like the transesterification of triglycerides, the interest-
erification process takes place in three stages (Fig. 1). Using
methyl formate as an acyl receptor in the first step, one mol-
ecule of fatty acid methyl ester (conventional biodiesel) and
one molecule of monoformyldiglicerides (MFG) are formed,
in the second step, another molecule of biodiesel and difor-
mylmonoglyceride (DFG) is formed by reacting monofor-
mylglyceride with methylformate, and in the third step,
triformylglycerol (TFG) and biodiesel are formed (Fig. 1).

Studies on the use of methyl formate in the synthesis of
biofuels using rapeseed oil and a chemical catalyst (28.6%
sodium methoxide in methanol) have been initiated. Syn-
thesis at 27 °C with a molar ratio of catalyst to oil of 0.16:1,
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molar ratio of methyl formate to oil of 18:1, and a reaction
time of 60 min gave a yield of 88.3% biodiesel [31]. The
authors tried to perform the research using biochemical cata-
lysts but did not get positive results. Although the results of
the enzymatic interesterification process using methyl and
ethyl acetates have been published, the use of enzymes for
interesterification with methyl formate has not been studied
so far. Therefore, the aim of our work was to investigate the
feasibility of interesterification of triglycerides with methyl
formate by enzymatic catalysis and to determine the condi-
tions under which the highest yield of rapeseed oil methyl
esters is obtained.

2 Materials and methods

Refined rapeseed oil purchased from a trade network was
used for the interesterification studies. Analytical grade
methyl formate (JSC Labochema, Lithuania) was used as the
acyl receptor. The following lipases were used to determine
the efficiency of lipases as catalysts in the interesterifica-
tion process and to select the most efficient ones: Lipase
F-EC from Rhizopus oryzae (1); Lipase G “Amano” 50
from Penicillium camemberti (2); Lipase with perlite from
Enterobacter aerogenes E13 (3); Lipozyme RM IM from
Rhizomucor miehei (4); Lipozyme TL IM from Thermomy-
ces lanuginosus (5); Lipozyme 435 from Candida antarctica
(6); Novozym 435 from Candida antarctica (7); Lipolase
100L (from Thermomyces lanuginosus (8); Lipex 100L
from Thermomyces lanuginosus (9); Palatase 20000L (10);
Lecitase Ultra from Fusarium oxysporum (11); Resinase
2X from Aspergillus oryzae (12); Lipozyme CALB from
Candida antarctica B (13); Lipozyme TL 100L from Ther-
momyces lanuginosus (14); Lipex 100L from Thermomyces
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lanuginosus (15). Lipases were donated from the global bio-
technology company Novozymes A/S (Denmark) and the
Institute of Biochemistry (Lithuania). Rapeseed oil (RA),
glycerol (K;), and rapeseed oil methyl esters (RME) were
used for control.

Interesterification studies were performed in a chemical
reactor equipped with a stirrer, a temperature controller,
and a reflux condenser. The required amount of rapeseed oil
was charged to the reactor; the calculated amount of enzyme
preparation and the required amount of methyl formate were
added. After refluxing, the mixture was stirred at 20 °C for
an appropriate time. In the end, the biocatalyst was separated
from the reaction product by filtration and the excess methyl
formate was evaporated in a vacuum evaporator. Lipase
screening was performed under the same conditions: taking
10% of the lipase from the oil content, at a temperature of
20 °C using a molar ratio of methyl formate to oil of 14:1.
The process duration was 5 h. The reaction product was ana-
lyzed by thin-layer chromatography as described previously
[32]. After selecting the more efficient lipases by thin-layer
chromatography, their efficiency was examined by gas chro-
matography. All experiments were performed in triplicate,
and the final result was the average of three measurements.

Optimal interesterification conditions were determined
using the most efficient lipase in the same laboratory reac-
tor. The tests were performed at 20 °C; using from 5 to
17% of the biocatalyst from the amount of rapeseed oil; at
a molar ratio of 10:1 to 40:1 of methyl formate to oil; the
duration of the process ranged from 8 to 48 h. Ester con-
tent was assessed by PerkinElmer Clarus 500 gas chroma-
tograph (detector—FID, column—Restek MXT-Biodiesel
TG (0, 15 m,—0.32 mm, —0.10 pm) as described previously
[32] according to LST EN 14,105. The yield of rapeseed oil
methyl esters (RME) in the reaction product was calculated
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as the ratio of the determined content of (RME) to the theo-
retical content of RME could be obtained after the complete
reaction of triglycerides with methyl formate. The theoreti-
cal content of RME in the reaction product is 84%, and the
triformylglycerol content is 16% [31].

3 Results and discussions

3.1 Influence of catalyst type and amount
on interesterification efficiency

The process of synthesis of conventional biodiesel by oil
transesterification with alcohols is catalytic and can use a
variety of heterogeneous catalysts, including metal oxides
and hydroxides [33, 34], ion exchange resins [35], and
biocatalysts—enzymatic preparations [36]. Heterogeneous
catalysts, lipases, which catalyze the transesterification of
oil, can also be used to catalyze the process of oil interes-
terification with carboxylate esters. The activity of lipases
and catalytic efficiency are different and depend on the acyl
receptor used. Although some researchers have tried to use
other lipases (lipases from porcine pancreas, LPP; Pseu-
domonas cepacea, LPsC; Candida cylindracea, LCC; Pseu-
domonas sp., LPs; Mucor javanicus, LMJ; Candida rugosa
OF, LOF; and Candida antarctica, LCA), the highest ester
yield was obtained by catalyzing the process on immobilized
Novozyme 435 lipase [2]. However, the enzyme preparation
Novozyme 435 is active in the oil transesterification and
interesterification processes and is relatively expensive com-
pared to other lipases that are sometimes used in the synthe-
sis of biodiesel. One of the tasks of our work is to compare
the activity of enzymatic preparations for the interesterifica-
tion of oil using methyl formate and to select a more active
lipase. It should be noted that lipases are sensitive to alco-
hols, and it has been observed that the high amount of meth-
anol used in transesterification inactivates the lipases, so it is
advisable to introduce it into the reaction medium in stages.
Given that the enzymatic process of interesterification of

oil using carboxylate esters has not been studied, 15 lipase
efficacy studies were performed using them under the same
conditions and analyzing the resulting interesterification
product by thin-layer chromatography. The chromatogram
is presented in Fig. 2.

The data shows that lipases Novozyme 435, Lipozyme
RM IM, and Lipozyme TL IM (commercial lipases produced
by company Novozymes A/S) were more effective in the
process of interesterification of rapeseed oil with methyl
formate. The resulting reaction product was further ana-
lyzed by gas chromatography. The results showed that the
highest yield of esters was obtained using the immobilized
lipase Lipozyme RM IM, which was 26.5%. Lipozyme RM
IM (14.8% RME yield) and Novozyme 435 (21.9% RME
yield) were less effective. Although Novozym 435 has been
shown to be effective in the interesterification of vegetable
oil with ethyl acetate [37, 38], the results of our studies using
methyl formate demonstrated that Novozyme 435 was less
active than Lipozyme RM IM. It should be noted that most
interesterification studies were performed using the enzyme
preparation Novozyme 435 and methyl or ethyl acetate as
acyl receptors, the enzyme preparation Lipozyme RM IM
was not used for studies, and Lipozyme TL IM demonstrated
the catalytic activity in interestification waste cooking oil
with methyl acetate [39]. Based on the results of the screen-
ing of enzyme preparations, the lipase Lipozyme RM IM
(>30 U/g) was selected for further research of the interest-
erification process and determination of optimal conditions.

The efficiency of the interesterification process is greatly
influenced not only by the type of catalyst but also by the
amount; therefore, the influence of catalyst amount on the
yield of esters was investigated in the initial stage. Experi-
ments were performed under the same conditions: at a tem-
perature of 20 °C and a molar ratio of 14:1 of methyl formate
to rapeseed oil. The process duration was 7,9, 12, and 15 h,
varying the amount of catalyst from 5 to 17% by weight of
the oil. The dependence of the RME yield on the amount
of catalyst determined by gas chromatography is shown in
Fig. 3.

Fig.2 Effectiveness of different lipases in the process of interesterification of rapeseed oil with methyl formate
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Fig.3 Dependence of rapeseed
oil methyl ester yield on 65
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The data presented show that increasing both the enzyme
concentration and the process time increases the ester yield.
At the lowest enzyme concentration within 5 h, 30% RME
yield was obtained. Increasing the process time to 15 h
positively affected the interesterification process; the yield
reached 37.8%. Increasing the catalyst content from 5 to
17% RME yield in all cases was higher than 35%. The high-
est yield of 59.6% was obtained at 15% catalyst concentra-
tion and 15-h duration. It can be stated from the obtained
data that the optimal catalyst concentration in the process
of interesterification of rapeseed oil with methyl formate is
15%. When the highest catalyst amount was used and the
duration of the process was 12 h and 15 h, the RME yield
differed only slightly.

There are no data on the efficiency of interesterifica-
tion and its dependence on the amount of biocatalyst using
methyl formate as an acyl receptor, but some researchers
have investigated the use of enzymes in the process of inter-
esterification with methyl and ethyl acetate. Modi et al. [38]
stated that the optimal content of Novozyme 435 in the inter-
esterification with ethyl acetate is 10%. Du et al. [28] indi-
cate the optimal concentration of this enzyme in the interes-
terification of vegetable oil with methyl acetate is 30%. The
results showed that a high yield of interesterification prod-
ucts is obtained using a higher content of enzymatic catalysts
comparing with the application of chemical catalysts. The
yield of 73.4% rapeseed oil ethyl esters was obtained using
0.4% sodium methanoate and sodium metal as a catalyst, and
60% ester yield was obtained using 5% p-toluenesulfonic
acid [40]. Maddikeri et al. [41] obtained 90% yield of ethyl
esters using 1% potassium methoxide. Sustere and Kampars
[31] investigated the interesterification of rapeseed oil with
methyl and ethyl acetates and found that high ester yields of
84.7% and 80.7%, respectively, could be obtained using 0.12

9 11 13 15 17

Catalyst ammount, %

and 0.16 potassium t-butoxide/t-butanol catalyst molar ratio
to oil. Using the same amount of alcohol alcoxides (meth-
oxide, ethoxide, isopropoxide, tert-butoxide) as a catalyst
for interesterification of rapeseed oil with methyl formate,
the authors obtained 77-81% yield of RME in the reaction
product [42]. Moisture has also been observed to negatively
affect the chemical interesterification process [1]. The RME
content of more than 77.6% was obtained only at a moisture
content of not more than 0.005% in the oil.

Heterogeneous chemical catalysts were also used for
interesterification with methyl and ethyl acetate, but their
activity was lower than that of homogeneous catalysts.
Yields greater than 90% of methyl and ethyl esters for inter-
esterification using methyl and ethyl acetates were obtained
using 10% of tin(II) octanoate catalyst [43], 61.5% yield
of methyl esters was obtained with 5% niobium phosphate,
and 60.5% yield of methyl esters was obtained with 2%
y-aluminum catalysts [44].

3.2 Influence of molar ratio of methyl formate to oil
on the efficiency of interesterification

The amount of reactants in the reaction medium also has a
significant effect on the interesterification efficiency of tri-
glycerides. In order for a triglyceride molecule to react com-
pletely, three molecules of carboxylate esters are required. In
the case of methyl formate, three methyl radicals react with
the fatty acid chains to form 3 molecules of fatty acid methyl
esters (conventional biodiesel), and three formic acid groups
with the glycerol residue give triformylglycerol. The inter-
esterification reaction takes place in stages to form inter-
mediates (MFG and DFG). The reaction is equilibrium; in
order to shift the equilibrium towards the reaction products
and increase the yield of the reaction products, an excess
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of reactants is used. The efficiency of the interesterification
can be increased by taking a ratio of methyl formate to oil
greater than 3:1. In order to determine the optimal amount
of methyl formate, the interesterification process was studied
by varying the molar ratio of methyl formate to rapeseed oil
from 10:1 to 40:1. The process was performed using 15%
lipase Lipozyme RM IM at 20 °C and 7-h process duration.
The content of formyl glycerides in the reaction product, the
yield of RME, and the amount of unreacted triglycerides
were analyzed. The obtained data are presented in Fig. 4
and Fig. 5.

It is clear that the yield of RME increases with increasing
molar ratio of methyl formate to oil. With an increase in the
molar ratio to 20:1, the increase in RME yield is negligible.
A more significant increase is observed when the molar ratio
is increased above 20:1, but at molar ratios greater than 32:1,
the yield of RME differs slightly and is higher than 46%. It
should be noted that the reaction mixture contains a high

amount of unreacted oil. The lowest triglyceride content is
about 52.33% at the highest molar ratio of 40:1 of methyl
formate to oil. Even at high methyl formate ratios, no more
than 50% of triglycerides react under the test conditions.
The content of MFG, DFG, and TFG in the reaction product
also increases slightly with increasing molar ratio of methyl
formate to oil. Diformylglycerides account for the largest
share of glycerides. The presence of mono- and DFG in
the reaction product indicates that some of the triglycer-
ides did not react completely with the methyl formate, i.e.,
the process stopped at the first or second interesterification
stage and only one or two formic acid radicals replaced fatty
acid radical to form MFG or DFG. The content of MFG in
the reaction product ranged from 1.56 to 2.39%, the con-
tent of DFG was almost twice as high and ranged from 3.38
to 4.39%, while the content of TFG, the fully reacted tri-
glyceride products, ranged from 1.35 to 1.91%. The higher
content of DFG indicates that the first and second stages

Fig.4 Dependence of rapeseed
oil methyl ester yield and unre- 65.13
acted triglyceride content on the 70 63.79 63.05 62.84 61.46 g0.25
molar ratio of methyl formate to 60 56.45 52.74 52.56 52.33
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§ 40 |34
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Fig.5 Dependence of formyl
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of the interesterification reaction were more efficient, while
the attachment of the third formic acid group to the DFG
was more difficult. The increase in the amount of methyl
formate did not significantly affect the rate of the third inter-
esterification stage. At a molar ratio of methyl formate to oil
greater than 32:1, no significant changes in formylglyceride
and triglyceride concentrations as in the ester yield were
observed, so this molar ratio was chosen as optimal and used
in further studies.

Unlike conventional biodiesel production by transesterifi-
cation with methanol, the interesterification process requires
a significantly higher excess of methyl formate. This indi-
cates that the interesterification process is more complex
and slower than the transesterification process. The results
obtained confirm the results reported by other researchers
who studied the interesterification of oil using methyl and
ethyl acetates using chemical catalysts. The use of 0.4%
sodium methanolate and metal sodium dispersion catalyst
for the interesterification of rapeseed oil gave a high yield
of ethyl esters (89.9%) only at a molar ratio of 11:1 methyl
acetate to oil, and using 5% of p-toluenesulfonic acid as a
catalyst at a molar ratio of 22:1 the yield of esters of 73.5%
was obtained [40]. Casas et al. [5, 45] studied the process
of interesterification of sunflower oil with methyl acetate
and found that the yield of esters of 94.8% and 95.1% was
obtained using only a very high ratio of methyl acetate to oil,
which was 50:1 and 48:1, respectively. Sustere and Kampars
[31] used rapeseed oil interesterification with various car-
boxylate esters of low molecular weight to study the inter-
esterification process and an 87.8% of RME yied obtained
at molar ratio of 18:1. Interesterification with methyl for-
mate in an 18:1 molar ratio with oil and potassium alkoxide

catalyst yielded more than 70% of RME in the upper layer
of reaction product [42]. An even lower molar ratio was used
by Maddikerti et al. [41] for waste cooking oil for interes-
terification with methyl acetate. At a molar ratio of methyl
acetate to oil of 12:1 and additional sonication, a yield of
90% fatty acid methyl esters was obtained. High efficiency of
interesterification was achieved only by using large excesses
of methyl or ethyl acetate to catalyze interesterification with
heterogeneous catalysts. Galia et al. [43] and Interrante et al.
[46] obtained 90% yield of esters using a molar ratio of 40:1
methyl acetate to rapeseed oil and tin(II) octanoate as a cata-
lyst, while Galia et al. [43] found that interesterification with
ethyl acetate was not as efficient as methyl acetate. Using the
same 40:1 ratio of ethyl acetate to rapeseed oil and tin(II)
octanoate catalyst, only 68% yield of rapeseed ethyl esters
was obtained. At lower molar ratios of methyl acetate and oil
of 30:1 and 20:1, the yields of RME were 61.5% and 60.5%,
respectively [47].

3.3 Influence of process duration
on interesterification efficiency

The duration of the process is one of the factors influencing
the yield of biotechnological processes. In order to evaluate
the influence of process time on the effectiveness of rapeseed
oil interesterification with methyl formate, the experiments
were performed by varying the process time from 4 to 48 h
at a molar ratio of methyl formate to oil of 32:1, enzyme
content of 15%, and temperature of 20 °C (Fig. 6 and Fig. 7).

The presented results show that the duration of the inter-
esterification process has a significant effect on the yield
of RME. As the reaction time increases, the yield of esters

Fig. 6 Dependence of rapeseed
oil methyl ester yield and unre-
acted triglyceride content on the
process duration
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Fig.7 Dependence of formyl
glyceride content on the process 6
duration
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increases. When the process time is 8 h, the RME yield
is 41.65%; increasing the time to 48 h, the yield of RME
increases to 68.13%.

With a further increase in process time, the increase in
RME yield is slower and with a process duration of 40 to
48 h, and the yield varies slightly: 67.9% RME yield was
obtained in 40 h and 68.13% in 48 h of process. Therefore,
it can be concluded that increasing the duration of the inter-
esterification process beyond 40 h not appropriate. The same
is confirmed by the results of the unreacted oil tests. As the
RME yield increased, the triglyceride concentration gradu-
ally decreased increasing not only the ester yield but also
the formyl glyceride concentrations in the reaction prod-
uct. The distribution of formyl glycerides in the reaction
product shows that more MFG and glycerides are formed
as the process time increases, while the amount of DFG is
lower. The TFG content of the final interesterification reac-
tion product is 2.32% at 8 h, compared to 4.86% at 40 h. This
is explained because, over time, the new formyl groups are
able to bind to the MFG and DFG formed by replacing the
radicals of the fatty acids at the second and third positions of
the glycerol group. The amount of MFG in the reaction prod-
uct increases with the duration of the process and remains
relatively high compared to the amount of TFG, indicating
that the third step of the interesterification reaction is more
complex than the first, with only part of the triglycerides
being fully interesterified. 4.35% of TFG are found after
48 h, and 2.94% of DFG and 5.46% of MFG are present in
the reaction mixture, which make up the majority of the for-
mic acid and glycerol esters. Other researchers who studied
the interesterification process using another acyl receptor
and running the process from 20 min up to 40 h also empha-
size the significant influence of duration on the efficiency of
the process. It was found that the rate of interesterification
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is higher when chemical alkaline catalysts are used [48].
Interesterification with ethyl acetate using sodium metha-
nolate and metal sodium dispersion as catalyst gave §9.9%
fatty acid ethyl esters yield in 20 min. [40]. However, it has
been observed that intermediate products are formed during
the process, which must be separated by distillation. When
using acid catalysts (p-toluensulphonic acid), the process
time is longer, and only 73.5% fatty acid ethyl esters yield
reached 40 h. The duration of heterogeneous interesterifica-
tion also varies depending on the catalysts and acyl receptors
used. However, Galia et al. [43] indicate that using tin(II)
octanoate within 20 h 90% yield of methyl esters and 68%
yield of ethyl esters is obtained for interesterification using
methyl and ethyl acetate. Shorter process times are reported
by Interrante et al. [46], in 4 h yielding 90% of methyl esters.
About 60% yield was also obtained by Ribeiro et al. [44,
47] using methyl acetate and y-aluminum (yAl203) and
niobium phosphate catalyst for 1 h of interesterification.

Summarizing the obtained research results, it can be
stated that the interesterification process is more com-
plicated than the process of oil transesterification with
methanol using alkaline catalysts applied in the synthesis
of conventional biodiesel. Although enzymatic prepara-
tions can be used as catalysts for the interesterification
of triglycerides with carboxylate esters of low molecular
weight, the lipase-catalyzed process is slow, requiring a
longer time to achieve high ester yields. Interesterifica-
tion with methyl formate can be used in the synthesis of
biodiesel but requires not only a high amount of enzyme
and long duration but also a large excess of methyl for-
mate. Increasing the process temperature and at the same
time the process speed is not appropriate because methyl
formate is very volatile and has a low boiling and evapora-
tion temperature.



Biomass Conversion and Biorefinery

4 Conclusions

To prevent the formation of glycerol, the oil transesterifi-
cation using short-chain alcohols applied in the synthesis
of biodiesel can be replaced by the oil interesterification
with carboxylate esters.

The interesterification of rapeseed oil with methyl for-
mate can be carried out by a biotechnological method
using a catalyst using lipase preparations. In this way,
conventional biodiesel and esters of glycerol and formic
acid, which are soluble in biodiesel, are obtained. Of the
enzyme preparations tested, the industrial enzyme prepa-
ration Lipozyme RM IM has a higher catalytic efficiency.
The optimum content in the reaction medium is 15% by
weight of the oil.

The molar ratio of metiformate to oil has a significant
effect on the yield of reaction products. The highest yield
of rapeseed oil methyl esters and the lowest concentration
of unreacted triglycerides were obtained by carrying out
the interesterification process at 20 °C in a molar ratio of
methylformate to oil of 32:1 At this molar ratio, a 46.03%
yield of RME was obtained, difromylglycerides predom-
inate in the reaction product, and the concentrations of
monoformylglicerides and triformylglicerol are low, but
increase gradually with increasing molar ratio of methyl
formate to oil.

The duration of the process also has a significant impact
on the efficiency of the interesterification process. The yield
of rapeseed oil methyl esters increases with increasing pro-
cess time. The yield of esters reaches 67.9% with a process
duration of 40 h. Changes in RME yield over an even longer
period are not significant. The amount of triformylglycerol
in the reaction product also increases with increasing pro-
cess time. At 40 h, the triformylglycerol concentration is
4.86% and higher than the diformylglyceride concentration.
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