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Abstract — New technology-driven biocatalysts are revolutionizing the biochemical industries. With maximum utilization
of renewable feedstock, biocatalysts have been the basis for a major breakthrough. Lipases are the most widely established
catalysts used for hydrolysis, esterification and transesterification reactions. In this research, a biochemical process that
combines extraction of lipase enzyme from germinated wheat seeds and its application to valorize glycerol to acetins by
esterification is presented. Acetins are among highly rated, value-added products derived from glycerol. The favorable
conditions for the enzymatic conversion of glycerol were observed as glycerol to acetic acid molar ratio (1:5), reaction
temperature (40 °C) and the amount of enzyme (20% v/v). 65.93% of glycerol conversion was achieved for duration of
15 h with the use of tert-butanol solvent. This method proposes to explore the viability of a biological route to convert
glycerol derived from biodiesel industry to acetins with further streamlining.

Key words: Glycerol, Fuel additives, Enzyme catalysts, Kinetics, Lipase

1. Introduction

New energy resources, such as biomass, wind and solar, are
becoming well-established over fossil fuels on a commercial scale
and are considered an important technological advancement. These
new energy resources aim to limit green house gas emissions, improve
air quality and diminish air pollution hazards [1,2]. The major by-
product of one such fuel production (biodiesel) is glycerol at an
approximate rate of 10 wt% [3]. The surplus availability of bio-
glycerol results in price decline, which otherwise is highly priced and
is an attractive feedstock for the synthesis of various valuable platform
chemicals [4]. Many reaction pathways such as esterification, selective
oxidation, acetylation, etherification and transesterification, have
been applied to convert glycerol to a valuable commodity. Glycerol
acetins, one such important category of glycerol derivatives, is obtained
by esterification reaction of glycerol with acetic group compounds.
The general nomenclature of acetins is as mono, di and triacetyl/acyl
of glycerol, commonly known as monoacetin (MA), diacetin (DA)
and triacetin (TA) [5]. They find wide application in pharmaceutical,
cosmetics, food and fuel industries [6-8]. In recent years, there has been
continuing research interest in acetin production due to its physicochemical
and biological properties. For instance, monoacylglycerol and diacylglycerol
have been used as surfactants, emulsifiers, food additives and as anti-
staling agents [9].

Acetins are industrially synthesized via chemical routes using
bases, acids as a catalyst or at a high reaction temperature. Use of
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homogeneous catalysts such as acidic ionic liquids, sulfuric acid,
hydrochloric acid and phosphoric acid have reported high corrosion
to the equipment, toxicity to the environment and difficulty in
recycling [10]. Considering this drawback, heterogeneous catalysts
are preferred and considered relatively environment-friendly [11].
Different types of heterogeneous chemical catalyst used in acetin
synthesis as reported by some of the researchers include metal oxides,
zeolites, Amberlyst-15, sulfonic or phosphonic mesostructured silica
with their catalytic activity related to acid capacities and surface
density of the active sites [12,13]. These industrial processes typically
require elevated operating temperatures and under these conditions
undesirable reactions such as oxidation, dehydration, inter-esterification
may occur [14]. Enzyme catalytic processes are safer than the
aforementioned routes due to ambient reaction conditions, simplicity
in product purification, and are environment-friendly.

Lipases (triacylglycerol acyl hydrolase EC 3.1.1.3) are among the
most commonly used biocatalysts that have the capacity to break
down lipids with wide substrate specificity and selectivity [15]. Present
in almost all living organisms, they catalyze various reactions such
as transesterification, hydrolysis, etherification and acidolysis with
high activity, specificity and over a wide media range such as organic
solvents and ionic liquids [16,17]. Produced by plants, animals and
microorganisms, they are applied to processes based on their regioselective
properties and enantioselective catalytic behavior [13]. Presently,
there has been great interest concerning the extraction of plant lipase.
Though different uses of plant lipases are well documented, their
applications for industrial processes are yet to be fully determined.
Plant lipases are attractive owing to their low cost, ease of purification
and diversity. Lipases from different seed plant sources such as
castor bean, sunflower, corn, and passion fruit have been applied for
the hydrolysis of different vegetable oils. Studies have also shown
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Fig. 1. Scheme of synthesis of acetins, from glycerol and acetic acid [11,12].

that seed lipases show the highest activity during grain germination
[18,19]. Since it is extracted from the germinated seed, it can be
applied directly without purification thereby lowering the cost of
production.

Enzymatic synthesis of acetins using acetic acid is not well explored
in the literature. Dlugy ez al. used immobilized lipase Candida antartica
lipase B to perform resolution of 2-heptyl acetate and 2-octyl acetate
racemates and observed 50% conversion [20]. Oh et al. reported
glycerol conversion of 5.73% using lipase Amano AK as a catalyst.
They also reported 40.37% conversion using Novozyme 435 as a
catalyst at 1:5 molar ratio and with methyl acetate as substrate [21].
Wong et al. reported 22.96% conversion for esterification of glycerol
and capric acid catalyzed by Candida rugosa in the presence of
isooctane as solvent [22].

As a continuation of our research towards the application of
enzymes as catalysts, we focused our attention on the performance of
lipase from wheat extract. Currently, enzyme-catalyzed processes
are costlier than chemical processes due to the higher cost of the
enzyme. To address this problem, lipase from agricultural sources
such as plant seeds was investigated.

In this study, we evaluated a biochemical process combining the
extraction of lipase enzyme from germinated wheat seeds and bio-
catalysis of glycerol to acetins using the extracted lipase enzyme.
The effects of various parameters on the esterification reaction under
mild reaction conditions and the percentage conversion of glycerol
with and without the use of solvent were also studied. The scheme of
acetins synthesis from glycerol is as represented below (Fig. 1).

2. Materials and Methods

2-1. Materials

Wheat seeds (7iiticum aestivum) obtained from a local wheat mill
in Bangalore, India were germinated. The sprouted seeds were then
stored at room temperature until further use (for extraction of lipase
enzyme). All the other chemicals used in this experiment, such as
anhydrous glycerol, glacial acetic acid, acetone, sodium phosphate
buffer, tert-butanol and sodium hydroxide, were of analytical grade
and procured from Sigma Aldrich, India.

2-2. Extraction of lipase enzyme from germinated wheat seeds
For the process of germination, 100 g of wheat seeds was sprinkled
with distilled water at room temperature (30 °C) and placed in a
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petri-dish over moist cotton. The contents of the dish were placed in
a growth chamber for 52 h. The germinated wheat seeds were then
collected and ground with pestle and mortar to form a paste. The
resultant paste was blended with 100 mL of sodium phosphate buffer,
placed over an ice bath for 30 minutes. The samples were then mixed
with chilled acetone at 150 rpm and allowed to settle for an hour. The
degreased samples were later filtered using a vacuum Buchner funnel
and kept in an open flask for acetone to evaporate. The methodology
followed was as described by [23,24]. The product obtained is the
extracted lipase enzyme which was used for esterification studies.

2-3. Catalytic activity studies

The activity of the lipase extract from the germinated wheat seeds
was determined by hydrogenation of emulsified olive oil according
to the methodology described by Soares et al. with some modifications
[25]. The enzyme hydrolytic activity was assayed by a reaction using
olive oil as substrate and followed by alkali titration. 50 mL of olive
oil was emulsified with 150 g gum arabic solution in 100 mL sodium
phosphate buffer and blended at 300 rpm. 2 mL sample of the crude
enzyme was added to 18 mL of this emulsion and mixed in a shaker
and incubated for 15 min at room temperature. The reaction was arrested
by the addition of 20 mL ethanol. The amount of fatty acid liberated
was titrated with 0.05N NaOH. Lipase activity measurements were
made in duplicate. One international unit (IU) of activity was defined
as the amount of enzyme that liberates 1 pmol free fatty acid per minute
(11U) under assay conditions. Lipase from wheat seeds showed activity
of 93.34 U/g.

2-4. Acetins synthesis

The esterification reaction with a predetermined amount of
glycerol and acetic acid was carried out with extracted lipase enzyme
as a catalyst in a 250 mL three-necked round bottom flask, placed
over an oil bath. Heating was facilitated by a mantle equipped with a
magnetic stirrer. The temperature of the reaction mixture was maintained
at 40 °C by a PID controller. Liebig condenser was attached to the
reactor to prevent any loss of reactants and products. The reaction
was carried out with various molar ratio of glycerol to acetic acid
(1:1, 1:3, 1:5, 1:10 and 1:20), different enzyme catalyst concentration
(10, 20, 30 and 40% v/v) and with different amounts of organic
solvent (2.5, 5, 10 and 20 mL). As the reaction proceeded, glycerol
was converted to acetins. The samples were then withdrawn periodically
from the reaction setup, centrifuged to allow any particulate matter to
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settle down and the upper clear liquid was taken for the analysis. The
samples were analyzed by gas chromatography (GC) equipped with
FID and a non-polar capillary column. The calculations were based
on the limiting reactant glycerol. The product (acetins) and all the
other components were confirmed by the GC instrument. The effects
of molar ratio, enzyme concentration and the organic solvent were
investigated by changing one parameter at a time, maintaining others
constant. The reaction time, 15 h was selected because glycerol
conversion was not enhanced significantly after 15 h.

2-5. Analytical methods

2-5-1. Gas chromatography

The analyses of products (Monoacetin, Diacetin and Triacetin)
were done using gas chromatography (GC). Reaction samples (0.5 pL)
were analyzed on a GC-1100 (Mayura Analytical LLP) equipped
with a flame ionization detector (FID) and a silphenylene polysiloxane
capillary column (30 m, 250 pm, 0.25 pm). Both the injector and
detector were held at a constant temperature of 250 °C. Initially, 0.5
uL of the sample was injected at 120 °C oven temperature and raised
to 150 °C with the rate of 6 °C min"! and held for 1 min. Nitrogen was used
as a carrier gas at 35 mL min’. The products formed were determined
by relative peak areas.

2-5-2. FT-IR spectroscopy

IR Spectra of extracted lipase enzyme were obtained by FTIR
instrument (Bruker model, Alpha Echo ATR) in the 400-4000 cm™!
wave number range.

3. Results and Discussion

3-1. Esterification studies

The influence of the molar ratio of glycerol to acetic acid, catalyst
amount and solvent concentration on the conversion of glycerol
using extracted wheat lipase was estimated and the results obtained
are discussed in the following sections.

3-2. Enzyme concentration effect

Influence of enzyme concentration on the esterification reaction
was studied and glycerol conversions obtained were 34.60%, 52.60%,
43.71%, and 32.45% at 10, 20, 30 and 40% v/v extracted lipase
concentration, respectively (Fig. 2). The conversion of glycerol increased
significantly when the catalyst amount increased from 10 to 20% v/v.
This is due to the availability of active sites leading to the formation
of enzyme-substrate complex yielding products. With further increase
in enzyme concentration (30 and 40% v/v), the catalyst activity dropped
and hence the conversion of glycerol. This relatively low conversion
is due to the antagonistic effect on the reaction caused by the excess
amount of enzyme for the given fixed reaction volume, coupled with
mass transfer limitations [26,27]. Lipase activity mainly depends on
their affinity to short chain acyl donors, enzyme denaturation, byproducts
formed etc. Enzyme concentration is an important factor owing to its
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Fig. 2. Effect of enzyme concentration on glycerol conversion. Experi-
mental conditions: 1:5 molar ratio glycerol/acetic acid at tem-
perature 40 °C, 15 h reaction time.
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Fig. 3. Effect of molar ratio of glycerol: acetic acid on glycerol con-
version. Experimental conditions: 15 h reaction time, 20%
v/v extracted lipase enzyme at temperature 40 °C.

economic cost and obviously, lower the amount of enzyme, the more
cost-effective the process. Also, enzyme substrate complexes may
not be formed due to lack of substrates at high enzyme concentration. It
can also be stated that, while lipase catalyzes esterification reaction,

it can also catalyze reverse reactions.

3-3. Molar ratio effect

The effect of substrate molar ratio is considered an important
factor in the enzymatic synthesis of green chemicals. From Fig. 3,
when the molar ratio of glycerol to acetic acid was increased from
1:1 to 1:5, the conversion was found to increase from 18.26% to
52.60%. This is due to (i) surplus acetate groups available for the
reaction and (ii) increased collision between the reactants and the
catalysts. However, with further increase in molar ratio, the conversion
was found to decrease. At 1:20 substrate molar ratio, the conversion
dropped to 14.40%. This implies that the excessive acetate molecules
might show substrate inhibition effect on lipase activity. Also, excess
acetic acid decreases the accessibility of glycerol at the acid sites of
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the catalyst to form an intermediate compound [22-28]. Hence
1:5 molar ratio of glycerol to acetic acid was selected for further
study.

3-4. Organic solvent effect

Organic solvent plays a significant role in any enzymatic reaction.
The most important criteria for choosing a proper solvent are substrate
solubility, enzyme stability and product recovery. Many supporting
documents are available in the literature to indicate that solvent can
alter enzyme activity, reaction rate and selectivity by changing enzyme
conformational structure [29]. Tert-butanol was found to be highly
miscible with the selected reaction mixture, and hence it was used as
a solvent to blend the substrates. The influence of organic solvent,
tert-butanol on the esterification reaction between glycerol and acetic
acid was evaluated and is summarized in Fig. 4. The experiments
were carried out using 2.5, 5, 10 and 20 mL solvent with an extracted
enzyme concentration of 20% v/v at 40 °C and mole ratio of glycerol
to acetic acid of 1:5. Samples were withdrawn at regular time intervals
during the 15 h study. The highest conversion (65.93%) was obtained
when 5 mL of organic solvent was used, and the lowest (37.25%)
was found when 20 mL was used. As depicted in Fig. 5, a higher extent
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Fig. 4. Effect of organic solvent on the conversion of glycerol. Experi-
mental conditions: 1:5 molar ratio glycerol/acetic acid at
temperature 40 °C, 15 h reaction time, 20% v/v extracted lipase
enzyme concentration.
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Fig. 5. Comparison of glycerol conversion with and without organic
solvent at different time intervals. Experimental conditions:
1:5 molar ratio glycerol/acetic acid at temperature 40°C,
20% v/v extracted lipase enzyme concentration.

Korean Chem. Eng. Res., Vol. 57, No. 4, August, 2019

100
)

s
%
g
g
g9 1
4
IS
g <
o | JUJH
]
S 8 b 8 S 88883
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

Fig. 6. FT-IR spectra of extracted Lipase enzyme.

of esterification of 65.93% was observed with tert-butanol solvent as
compared to 52.60% without solvent. This clearly correlates with the
reported literature that tert-butanol improves the enzymatic reaction
by lowering the viscosity of the reaction mixture and enhancing substrate
diffusion to the enzyme active sites [30,31].

3-5. Fourier Transform-Infrared spectroscopy

FT-IR spectroscopy was performed to identify the major functional
groups of lipase enzyme extracted (Fig. 6). The FTIR spectrum of
lipase usually reveals three major band vibrations due to peptide
groups in the range of 1800~1200 cm™ [32]. The functional group
region between 1600 cm™ and 1800 cm™ is useful for the identification
and quantification of lipase. The peaks in this region are caused by
vibrations in the ester and carboxylic groups. Two strong and sharp
peaks at 3270 cm™ and 2124 cm™! correspond to the asymmetric and
symmetric stretching of carboxylic acid and alkane group respectively.
Also, spectrum intensity of several typical peaks between 1075 cm’!
and 410 cm™ can be assigned to C-O stretching of acetyl group present
on the surface of the catalyst. The presence of these bands with wave
number indicates that the enzyme can actively participate in forming
an enzyme-substrate complex [33].

3-6. Kinetic parameters

An investigation of Michaelis-Menten kinetics was carried out
with glycerol concentration and time data obtained in the presence
and absence of organic solvent. It was assumed that the enzyme-
substrate complex was formed rapidly and the rate of reverse reaction
was negligible.

The Michaelis-Menten constants (K,,) and the maximum reaction
velocity (V) values were calculated by plotting 1/t In (S,/S) Vs
(S,-S)/t (Fig. 7). The Michaelis-Menten constants (K,,) values with
and without solvent calculated were 4.8123 and 8.163 mM, respectively.
Maximum reaction velocity (V,,.) values calculated for with and
without solvent were 0.00288 and 0.00244 mM min™!, respectively.
The affinity between enzyme and substrate is associated with K,,,. K,,, is
solely a function of rate parameters. A low value of K,,, and a high
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Fig. 7. Enzyme Kkinetics for acetin production with and without sol-
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value of V,,, suggest that lipase has a higher affinity for the substrates
in the presence of organic solvent. This specifies that enzymes form
complexes with substrates much more easily and have reasonably
high catalytic efficiency. A similar pattern is available in the literature
suggesting this to be either due to effective conformation of lipase or to
the different orientation of substrates leading to accessible active sites
and hence to improved affinity [34].

4. Conclusions

Wheat lipase-catalyzed enzymatic synthesis of acetins from glycerol
and acetic acid was investigated in the batch system. The reaction
rate and conversion were enhanced between glycerol and acetic acid
by the use of tert-butanol. The best conditions for glycerol conversion
in the presence of wheat lipase enzyme as a catalyst were determined
as follows: molar ratio of glycerol to acetic acid was 1:5, amount of
enzyme (20% v/v) and 5 mL of organic solvent. Acetins were
successfully synthesized with the conversion of 52.60% glycerol for
the study duration of 15 h. The enzymatic synthesis of acetins was
performed under mild conditions than the existing chemical methods.
Moreover, enzymatic methods contribute largely to environmental
conservation by replacing acid and base catalysts with the enzyme.
The use of tert-butanol as the solvent effectively enhanced the
conversion to 65.93%. According to the results, the application of a
low-cost lipase extract from germinated wheat seeds showed satisfactory
results on the esterification reaction of glycerol with acetic acid.
Further intensive investigation on the continuous mode of operation,
temperature variations and selectivity of products formed needs to be
undertaken, and this method can be economically attractive for small
scale, in-situ batch production of an important class of chemical
compounds.
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