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ABSTRACT
On an industrial scale, diacylglycerols and triacylglycerols are traditionally obtained either by extraction or
transesterification/ inter-esterification of oils and fats. However, the esterification of glycerol with fatty acids
using soluble or insoluble lipases as catalyst represents an alternative, with the advantage of milder reaction
conditions when compared to traditional processes. Nowadays, the main reagents for enzyme catalyzed
esterification reactions are plentiful and inexpensive. Acylglycerols and fatty acids with chain length shorter
than ten carbon atoms, such as monocaprylin, besides their inherent surfactant properties, also present an
antimicrobial activity, which enables their use as food preservatives or pharmaceutical/cosmetic ingredients.
This paper proposes the use of residual glycerol from biodiesel manufacture as a starting material in
esterification reactions with caprylic acid for the synthesis of acylglycerols using immobilized lipase as catalyst.
In this context, environmentally friendly synthesis of such high-added value derivatives using biocatalysts are
associated with a currently important waste recovery. Additionally, a concise approach of important aspects of
glycerol, caprylic acid, lipases, caprylins as a target product, as well as alternative ways to produce them, are
presented in this paper and analytical methodology for the reaction monitoring is proposed. These products have
widely application in the pharmaceutical, chemical, and food industries.
Keywords: acylglycerol, caprylic acid, esterification, glycerol, lipase

INTRODUCTION
Technological advances have led to increasing
applications of chemical and biological catalysts in
industrial processes. Enzymatic catalysis, when
compared with chemical catalysis, requires mild
pH (from 4.5 to 8.5) and temperature (from 35 °C
to 60 °C), so that labile substances would be
handled safely. Besides, the high selectivity
(regioselectivity and/or enantioselectivity) and the
possibility for carrying out simultaneous reactions
also constitute significant advantages presented by
enzymes. Besides, the presence of toxic or
undesirable compounds into the medium would be
minimal at the end of enzyme-catalyzed reaction
[1-5].
Particularly, the number of industrial applications
of enzymes has increased due to the greater
availability and variety of biocatalysts, as a result
of the great biotechnological progress achieved in
the two last decades, including new techniques for

cell culture, isolation and genetic manipulation
(mating and mutation), recombinant DNA, and
hybridoma. Among the various existing
biocatalytic processes, the conversion of porcine
insulin into human, production of aspartame,
acrylamide, semisynthetic penicillins and inulin,
sucrose hydrolysis, oligodextrans, and hydrolysis
of cellulose can be mentioned [6- 10]. Biocatalysis
can replace traditional extraction processes
(strongly dependent on the availability of the raw
material and presenting low final product yield),
fermentation (a microbial process that requires long
time to transform raw materials, aseptic operation
conditions, biosecurity measures in the industrial
plant and surrounding areas) and chemical
synthesis (highly pollutant and energetically
wasting) [11].
This paper proposes the use of residual glycerol
from biodiesel manufacture as a starting material in
esterification reactions with caprylic acid for the
synthesis of mono-, di-, and tricaprylins using
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immobilized lipase as catalyst. In this context,
environmentally friendly synthesis of such highadded value derivatives using biocatalysts are
associated with a currently important waste
recovery. Additionally, a concise approach of
important aspects of glycerol, caprylic acid, lipases,
caprylins as a target product, as well as alternative
ways to produce them, are presented in this paper
and analytical methodology for the reaction
monitoring is proposed. These products have wide
application in the pharmaceutical, chemical, and
food industries [12].

formulation of pharmaceutical specialties liniments, ointments, for example - and in
medicines packaging), foods (as a moistener in
formulations due to its high hygroscopicity),
cosmetics (inhibiting drying of creams, lotions, and
soaps), softening and elastic fibers (as a plasticizer
to increase paper flexibility and resistance),
explosives (as nitroglycerin, for example), tobacco
leaves (protecting them and increasing their
resistance during drying), and as a lubricant in
general (as an ingredient in paints, varnishes, and
detergents). However, new applications have been
recommended, especially in animal feeding (as a
component in pigs, chickens, and cattle feed),
aggregation of particles avoiding their suspension
in the air (as in the case of iron ore transportation in
open wagons), burning in boilers (for steam and
electricity generation), and as a reactant in the
production of ethylene glycol (antifreeze fluid used
in radiators), ethanol, propanediol, bio additives
(antioxidants and antifreeze for gasoline and
diesel),
propene,
besides
several
other
recommended applications [15, 16].

REAGENTS
Glycerol: Glycerol is a polyol with wide industrial
application, commercially available since the late
19th century. It is commonly known as glycerin
when its purity is not less than 95%. At room
temperature glycerol is a syrupy, colorless,
odorless, sweet-taste and hygroscopic liquid. It is
miscible with water and alcohol in any proportion
and immiscible in benzene, chloroform, carbon
tetrachloride, and other non polar solvents. Some
of its physicochemical properties are Melting Point
= 17.8 °C, Boiling Point760mmHg = 290 °C, Density
= 1.261 g/cm3, Flash Point = 176 °C (open
container), Freezing Point (aqueous solution 10%
w/w) = -1.6 °C, and Viscosity = 1.143 cp.

Despite the current diversity of glycerol uses, the
great amounts resulting from the biodiesel industry
ensures an excess production, compelling the
academic, technological, and business sectors to
offer new possibilities for its reuse, leading to the
increasing of its market value. Converting glycerol
into higher added value compounds (fatty acid
esters – such as caprylins -, propylene polymers, 3hydroxypropionaldehyde, 1,3-propanediol, etc.)
may be an alternative to the petroleum processing
for the synthesis of plastics and resins. The
association of ethanol, biodiesel and petroleum
processing is currently leading to the
implementation
of
multifaceted
industrial
complexes - called biorefineries - which, according
to estimates, will supply, in the near future, 65% of
all chemical demand, reaching 100% in 50 years
[17]. As most reactions for the conversion of
glycerol into derivatives are catalyzed processes,
the use of enzymes has enormous potential. In this
context, it is perfectly valid to discuss the
attainment of acylglycerols from glycerol and short
chain fatty acids, such as caprylic acid, mediated by
lipase (EC. 3.1.1.3) [14].

As far as 1950, commercial glycerol was obtained
as a by-product from the soap processing. In the
following years, it was synthesized from petroleum
products, but it only became available in large
amounts in the early 2000, due to the global
expansion of biodiesel industry [13]. Biodiesel
undoubtedly holds a prominent position among
biofuels since its production, when compared to
other fuels, releases lower amounts of harmful
gases to man and the environment. The biodiesel is
a liquid obtained mainly from natural lipids such as
vegetable oils or animal fat following
transesterification and/or esterification with
alcohols. The biodiesel has several advantages over
conventional fuels, i.e., high biodegradability, low
toxicity and obtained from renewable sources.
According to Vasconcelos [14], the production of
1,000 lb of biodiesel generates 100 lb of waste
glycerol. In 2011, for instance, Brazil alone
produced 2.6 billion tons of biodiesel, generating
260,000 tons of residual glycerol. In global terms,
glycerol current offer is around 1.5 million tons.
Furthermore, the availability of glycerol tends to
increase in Brazil, since a national production of
around 14.3 billion tons of biodiesel is expected for
2020.

Caprylic acid: Caprylic acid is the common name
of octanoic acid, which is a naturally occurring
saturated fatty acid. It is commonly found in
mammal milk, especially goats, and in some
vegetable oils such as coconut, babassu, and palm
oils. In most cases its content does not exceed 8%
of total fatty acid composition. However in the
seeds of the species Cuphea hookerina and Cuphea
painteri – commonly known as cigar plants - it
occurs at levels of about 70% [18]. It can be

Glycerol is traditionally used as a raw material in
drugs (as an important component in the
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obtained by the hydrolysis of these oils, following
separation from the other fatty acids by vacuum
fractional distillation, or from 1-heptene or octanol
oxidation [19].

skin and intestine infections. Apparently, this fatty
acid has the ability to interact with the fungus cell
membrane, promoting changes in cell permeability,
causing their destruction [23].

By a chemical point of view, caprylic acid is an
oily liquid with a lightly rancid flavor, slightly
soluble in water (0.068 g/100 g; 20 °C), but
miscible with alcohol, chloroform, ether, carbon
disulfide, petroleum ether and glacial acetic acid.
Some of its physico-chemical properties are:
Melting Point = 16.7 °C; Boiling Point = 240 °C;
d20 = 0.910 g/cm3; Flash Point = 130 °C.

Among other important pharmacological properties
of caprylic acid is its intrinsic ability to produce an
acute anticonvulsant effect, besides serving as a
metabolic substrate for the production of ketone
bodies, which also act as an acute anticonvulsant.
When administered at ineffective doses, it has the
ability to potentiate the anticonvulsant effect of
valproate drug [24]. It also has the ability to
interfere with the body energy balance control via
appetite stimulation, since it binds to ghrelin
hormone by the esterification of a serine hydroxyl
group, which is one of the 28 amino acids forming
the peptide [24].

Caprylic acid has applications in the cosmetic
industry for the formulation of creams and
shampoos, since its reaction with glycerin results in
a compound with emollient and lubricating
properties. Besides, when reacted with alcohols, it
produces esters that are widely used in perfume
formulation [20]

Lipase: Lipases (EC.3.1.1.3) are enzymes found in
prokaryotic and eukaryotic beings, able to catalyze
structural modifications in lipid materials. The
lipolitic activity in the body is associated with the
anabolism and catabolism of fats. These enzymes
have been studied since 1846, when pancreas
lipolitic activity was first detected. In 1871 it was
also detected in vegetable seeds. From the 1950s
and 1960s onward they were isolated and purified,
respectively,
from
animal
organs
and
microorganisms - for example, Geotrichum
candidum (1965), Staphylococcus aureus (1967)
and Achromobacter lipolyticum (1967) [25].

This fatty acid - classified by the FDA (Food and
Drug Administration) as GRAS (Generally
Recognized as Safe) - is known for its
antimicrobial property, having the capability of
inactivating both Gram-positive and Gram-negative
bacteria such as Group B Streptococcus,
Haemophilus influenzae, Eschericchia coli,
Listeria monocytogenes and Bacillus cereus.
Probably, the mechanism involves the interruption
or uncoupling of electron transport and oxidative
phosphorylation chain [21, 22]. According to the
FAO/WHO, this fatty acid is also considered safe
as a food additive with a diversity of applications
such as flavoring agent or pathogens inhibitor when
applied in meat surfaces [22]. In recent years, the
search for natural caprylic acid-type antimicrobials
has been intensified, in order to decrease the use of
synthetic antimicrobials for increasing the shelf life
of many foods [22].

The reactions catalyzed by these enzymes always
involve the modification of an ester molecule by
three different mechanisms, namely, hydrolysis,
esterification, and transesterification. While
transesterification comprises four different types of
unidirectional
reactions,
hydrolysis
and
esterification have in common a balancing
mechanism in which a displacement to the right
(occurs in aqueous medium) or to the left (occurs in
a non-aqueous medium) will depend on the water
activity in the reaction medium.

Caprylic acid has antifungal activity against
Candida albicans, a fungus responsible for many

The balance between hydrolysis and esterification can be outlined as follows:
lipase
R1COOR2 + H2O
R1COOH + R2OH
The four different reactions that compose the lipase mechanism called transesterification are:
Acidolysis (reaction between an ester and a fatty acid):
lipase
R1COOR2 + R3COOH
R3COOR2 + R1COOH
Alcoholysis (reaction between an ester and an alcohol):
lipase
R1COOR2 + R3CH2OH
R1COOR3 + R2CH2OH
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Interesterification (reaction between fatty acid esters):
lipase
R1COOR2 + R3COOR4
R1COOR4 + R2COOR3
Aminolysis (the reaction between an ester and an amine):
lipase
R1COOR2 + R3-NH2
R1CONHR3 + R2CH2OH
Considering the reaction types mentioned, the
catalytic versatility of lipases is evident, which
accounts for their widespread use in industrial
biocatalytic processes since the late 1970s - in
interesterification of fats, hydrolysis of esters,
transesterification and acylation [26]. Therefore,
lipases are used in foods (release of fatty acids
from oils and fats present in raw material,
promoting desired organoleptic, physicochemical,
and nutritional modifications in the final products;
improvement of bakery products texture;
abbreviation of sausage maturing period, such as
frankfurters; development of flavors and aromas, as
well as milk fat hydrolysis and maturation speed up
in cheeses); detergents (in combination with
proteases, lipases are used to remove stains from
clothing and other fabrics); oleo-chemistry (used to
modify oils and fats, producing derivatives with
beneficial
metabolic
properties
such
as
polyunsaturated fatty acids (PUFAs) and structured
lipids. PUFAs are used as drugs, dietary products,
nutraceuticals and food additives, while structured
lipids, in the emulsified form, can be considered
excellent substitutes for vegetable oils in parenteral
and enteral nutrition); pharmaceutical chemistry
(lipases are stable in organic solvents and present
regional, enantio and chemoselectivity, with large
application in racemic resolution and chiral
compounds attainment [27, 28]); biodiesel
(transesterification of triglycerides containing long
chain fatty acids with short chain alcohols
(methanol, ethanol, etc.), resulting in a mixture of
esterified long chain fatty acids which, after
glycerol separation, constitute the biodiesel); other
applications (biosensors to detect triglycerides in
the oleo-chemical industry, food technology and
clinical analysis; production of flavoring agents,
softeners and surfactants with application in the
cosmetics industry; in association with other
hydrolases in leather manufacture; in combination
with cellulases and ligninases for cleaning the
drying cylinders used in the pulp and paper
industry) [26].

the food and animal feed industry) and special
enzymes (enzymes for therapeutic and diagnostic
purposes, fine chemicals, and research), lipases fit
into both groups. As an example, the food,
beverages, and cleaning products sectors account
for 80% of lipase demand for industrial use while
the pharmaceutical sector alone consumes 60% of
lipases for special applications [29].
To date, the remarkable performance presented by
lipases in different commercial sectors - which
diversity of application in the near future is
expected to increase in association with the market
development – resulted directly from the basic
knowledge gathered over the last six decades,
especially about their obtaining sources, production
and downstream processes, kinetic, structural
properties and structure-activity relationship.
Lipases are found in species of the three kingdoms
of living things. However, for industrial uses,
microorganisms are the preferred source since they
ensure a high rate of synthesis, high substrate to
product conversion yield, great versatility and
easiness of environmental and genetic manipulation
of its productive capacity. Examples of
microorganisms used for obtaining lipases are
Candida
rugosa,
Candida
Antarctica,
Thermomyces lanuginosus, Rhizomucor miehei,
Burkholderia cepacia, Pseudomonas alcaligenes,
Pseudomonas mendocina, Humicola languinosa,
Rhizopus arrhizus, Rhizopus delemar, Candida
cylindraceae, Aspergillus niger, Pseudomonas
fluorescens and Chromobacterium viscosum [26,
30].
The main lipase production method comprises
submerged culture fermentation and, to a lesser
extent, surface cultivation. In submerged culture,
generally, lipase production is influenced by
parameters such as type and concentration of the
carbon source (lipid compounds are most
recommended) and nitrogen (such as peptone,
soybean meal, yeast extract and corn steep liquor),
presence of metal ions, pH, growth temperature and
dissolved oxygen concentration. Regarding the
isolation and purification of lipases from the
fermented broth, it is recommended to consult
Saxena [31], Sharma [32], Aires-Barros [33],
Mukherjee [34].

The diversity of applications for lipases is reflected
by their huge participation in the global enzymes
market, which was about US$ 7.4 million on 2014
[29]. Considering the enzyme market division
proposed by Sá-Pereira [29], in industrial enzymes
(technical enzymes for cleaning, textile, leather,
ethanol, cellulose, and paper products, enzymes for
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The kinetics of lipases has been studied since the
second half of the last century, triggered by the
finding that lipases, at least the ones known so far,
acted on triglycerides when they were in the
emulsified form, leading to the general idea that
lipases act at the interface of organic-aqueous
micelles, which Desnuelle [35] called "interfacial
activation." This activation would result in the
enzyme adsorption in the water-lipid interface,
followed by conformational changes in its
molecular structure [36]. However, it was found
that not all lipases (for example lipase from
Candida antarctica) depend on the interfacial
activation. Nowadays, studies on the threedimensional
structure
of
proteins
and
crystallography indicate that lipases have the same
basic folding - called α, β-hydrolase – and an active
site formed by the serine-aspartate-histidine triad
(glutamate). This triad is covered by a discrete
folding of a secondary and/or tertiary structure of
the protein, forming a kind of "cover". Therefore,
when the enzyme is in an aqueous solution, the
"cover" disposes on the domain of the active site,
closing it, but when it interacts with the oil-water
interface, it is displaced and opens. The cover
"open-close" mechanism, directly associated to the
macromolecule conformational changes, has been
observed in lipases of both homologous and
heterologous families, indicating that it is essential
for the lipolytic activity [26].

The immobilization consists in joining an enzyme
to an inert support by physical, chemical and/or
physicochemical methods. Due to the inherent
molecular characteristics of the enzymes and the
substrate and product nature, there is a variety of
immobilization methods. These can be divided into
three groups according to the type of interaction
between the enzyme and the inert support, namely,
support bonding (by adsorption, covalent bonding,
and ionic bonding), physical retention (in
membranes, microcapsules, and amongst a polymer
mesh - e.g., polyacrylamide) and crosslinked
(represented by the formation of aggregates of
enzyme molecules interconnected by bifunctional
molecules such as glutaraldehyde).
It is noteworthy that the type of method to be
employed for the enzyme immobilization or the
type of support to be chosen, which can be
classified as porous or non-porous, or even,
according to its composition or morphology, will
depend on the enzyme properties and the
application conditions of the immobilized enzyme.
The simplest and cheapest method should be
chosen, resulting in a derivative with good activity
retention and high operational stability [38].
In the case of lipase immobilization, the procedure
was not unprecedented "per se", but the
demonstration that the immobilized system could
be applied to the process of ester bonding synthesis
in non-aqueous medium, illustrated the property of
a hydrolytic enzyme to be able to catalyze the
inverse reaction. This observation was also
extended to other hydrolases. It appears
unquestionable that the starting point of lipase
immobilization history took place in a patent
application in 1976 by Unilever (a British
Company) for palm oil interesterification for
obtaining cocoa butter alternatives [36]. Since then,
the use of lipases in the immobilized form has
spread out in the fats and oils industry for lipid
modification in general by hydrolysis, esterification
(particularly
fatty
acids)
and
in
the
transesterification of triglycerides with low
molecular weight alcohol (mainly methanol and
ethanol) for biodiesel production [13, 40-44].

Microbial lipases have their activity enhanced by
the presence of low concentrations of calcium,
potassium, sodium and magnesium salts and
inhibited by heavy metals [37]. The effects of pH
and temperature on lipolytic activity (Table 1)
depend on the origin of the enzyme (wild strain,
selected mutant strain, or genetically modified
organism, obtained by interspecies gene transfer of
followed by cloning of the receiving cell or sitedirected mutation - alteration in the planned
sequence of gene bases that encode the enzyme).
The reactions catalyzed by lipases compete with
conventional chemical processes such as hydrolysis
of oils and fats performed by thermal disruption in
low or high pH conditions [30]. In order to become
economically viable the use of lipases in processes
operated in different industrial sectors, a cost
reduction is essential, which can be attained either
by improving the lipase producing microorganisms
(selecting high production mutants by applying
conventional genetic techniques and/or gene
expression lipase encoders in microorganisms such
as E. coli, of easy growth) or by reusing them. This
last proposal can be achieved through the use of
immobilization technique.

The lipase has been immobilized by adsorption,
entrapment and covalent bond in different supports,
with emphasis on the method by adsorption [13,
45].
As well as the calcium alginate entrapment method,
the adsorption method is considered one of the
simplest immobilization methods to perform. In the
adsorption method, the enzyme is fixed to the
support by non-covalent bonds - hydrogen bonds,
Van der Waals forces, electrostatic interaction,
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among others - with smooth processing conditions,
including no prior support activation (a washing
procedure with buffer before use is sufficient to
remove any impurities) and no additional reagents
[46]. Therefore, this method is inexpensive and
promotes the maintenance of enzyme activity and
specificity. However, attention should be given to
the support chemical composition, the molar ratio
between hydrophilic and hydrophobic groups,
particle size and surface area available for binding,
as these factors influence the total amount of
immobilized enzyme and its catalytic performance
after immobilization. According to Stoytcheva
[13] there is a great variety of supports available
such as macroporous polymers, activated carbon,
celite, polystyrene, polyacrylonitrile, ceramic,
hydrophilic resins (Amberlite, Dowex, for
example), silica and zeolite.

monoolein can be used as a drug delivery system,
emulsifier and pharmaceutical carrier [11], the
monolaurin has antiviral, antibacterial and
antiprotozoal properties, being used in drugs for
destroying fat coated viruses (for example, HIV,
herpes), many pathogenic bacteria (ex., Listeria
monocytogenes) and protozoa (ex., Giardia
lamblia). Besides, monolaurin is also used as a
penetrating agent on drugs applied in mucous
membranes, reducing the time required for the drug
action onset, increasing the amount of absorbed
drug, and causing less or no deleterious effect on
the mucous membrane. Thereby, monocaprylin
could be envisaged as an alternative for monolaurin
and monoolein.
Partial glycerides are typically produced by
continuous glycerolysis employing inorganic
catalysts at high temperatures (220 - 250 ° C) and
pressure (200 psi). However, the use of lipases as
catalysts in the synthesis of MAGs has been
intensively studied as an alternative to traditional
methods [52]. However, there are few studies
regarding the production of mono- and diglycerides
from glycerol and fatty acids of low molar mass,
such as caprylic acid. The advantages of the
enzymatic reaction comprise enzyme specificity,
which allows the synthesis of products that could
not be obtained by conventional chemical routes,
milder reaction conditions, resulting in products
with improved quality, little or no side reaction or
formation of undesired products. It is also
noteworthy that, from an environmental point of
view, the process is technically clean and safe, the
final product is easily recovered, the process is
more accurately controlled, and water demand and
energy costs are lowered [53]. Besides, from an
economic point of view, it meets a technological
priority for the Brazilian Government to increase
biodiesel production, and consequently the
production of glycerol residues, rendering
indispensable the search and development of
processes that will allow the production of
derivatives with added market value [11].

PRODUCT
Glycerides are esters formed by glycerol and fatty
acids. Partial glycerols such as mono- and
diacylglycerols are important intermediates in the
metabolism and triacylglycerols are the major
constituents of most edible oils and fats. Among
these, monoacylglycerols (MAG) are nonionic
surfactants that have the GRAS status (Generally
Recognized as Safe) by the FDA (Food and Drug
Administration - USA), and have important
application in the pharmaceutical, food and
cosmetic industries, for not causing side effects
upon ingestion or skin irritation, unlike ionic
surfactants [47].
In the pharmaceutical industry, monoglycerides
(MAG) are used as emollients to plasters, slowly
releasing the medication. In foods they are most
commonly used as emulsifiers in a wide range of
products such as margarines, dairy products, sweet
and sauces, whereas in cosmetics they are used as
texturizing agents, improving the consistency of
creams and lotions [48] .MAGs composed of only
one type of fatty acid have more specific
applications. Monocaprilyn, for instance, has
antiviral and antibacterial properties and is used in
emulsions for oral mucosa, reducing the damage
caused by bacteria such as Candida albicans,
which is lodged between the gum and the teeth
(especially in dentures). Recent studies point out
some functions of monocaprilyn as antifungal and
antibacterial agents on textile materials [49],
inactivation of Salmonella, E. coli and Listeria
monocytogenes in foods and beverages [19, 50],
and control of disease-causing pathogens in aquatic
species in captivity [51], among others. On these
aspects, monocaprylin would be compared to
monolaurin and monoolein, both having those
properties well established [11]. Meanwhile

OBTAINING CAPRYLINS
In general, the procedure for obtaining caprylins
consists in mixing glycerol and caprylic acid as
substrates in an appropriate vessel, following the
addition of an immobilized lipase at a ratio of 10%
of substrate amount. The blend must be stirred, for
example, at 180 rpm and kept at a previously
determined constant temperature. After a certain
time, the reaction is stopped and the reactor
contents are then filtered through filter paper under
vacuum. The immobilized lipase is removed from
the filter and, after washing with deionized water, it
can be reused in another batch. The filtrate is
367
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collected for later separation of caprylins and
appropriate characterization using analytical
methods.

esterification reactions can be measured by the
titration method commonly called Acid Value. For
this purpose, reaction medium samples are
collected and titrated with a sodium hydroxide
solution (0.1 M) as described by AOCS standard
method (Te 1a-64) [54].

In order to separate the caprylins from the reaction
medium, the filtrate is homogenized and a sample
is collected, which is then transferred to a
separation funnel. A certain volume of the
extraction solution is added to the filtrate,
following intense manual stirring, then, addition of
distilled water. After further stirring, the mixture is
left to rest to allow phase separation. The aqueous
(lower) phase is removed and this procedure is
repeated twice. The organic (upper) phase is
collected and concentrated on rotary evaporator
(operated under vacuum). Samples of the
concentrated organic phase are collected for
appropriate analytical determinations.

The acid value (AV), expressed as mg NaOH/g of
sample is calculated using the equation:
AV = (V.f.5.61)  m
(Eq. 1)
Where: V = volume of sodium hydroxide 0.1 M
spent in titration (mL); f = sodium hydroxide
solution correction factor; and m = sample weight
(g).
The method suitability can be determined by
applying it in the determination of the acid value of
glycerol/caprylic acid blends. Table 2 shows that
AV decreases with decreasing proportions of
caprylic acid in the blends. The same applies to
esterification reaction monitoring (run under
different conditions), in which different total
caprylin contents are obtained (
Table 3). Figure 1 shows the monitoring of
esterification reaction kinetics by determining
reaction yields over time (total = 10h) using the
acid value method, revealing that reaction yield is
above 90% from t = 6 h onwards. The coefficient
of variation for this method is approximately 11%
(personal information).
* (G)/(CA) = initial ratio of the substrates (glycerol
and caprylic acid)

An example of a laboratory scale procedure is
described hereinafter. A 50 g mixture of glycerol
and caprylic acid (proportion of 1:2) is added to a
100 mL glass flask, following the addition of 5 g of
the immobilized lipase Lipozyme RM IM®,
comprising an enzyme/substrate ratio of 10%. The
flask is coupled to a rotary evaporator so that the
reaction is performed with a 180 rpm agitation at
reduced pressure to remove water (suction pump
capacity = 0.6 m3/h, Pressure = 8 mbar). The flask
is kept rotating in a water bath at the desired
reaction temperature (50 °C - 90 °C). By the end of
the preset reaction time, the flask content is filtered
under vacuum, the enzyme retained by the filter is
collected, washed with deionized water, dried, and
stored for reuse. The filtrate, in turn, is
homogenized by vortexing for 10 minutes and then
a 5 g sample is transferred to a separation funnel
containing a mixture of petroleum ether (45 mL)
and acetic acid (12 mL). After intense stirring, 30
mL of distilled water are added. The funnel content
is once more vigorously stirred and then left to rest
until phase separation is observed. Following, the
lower phase composed of water soluble substances,
as glycerol, is drained and the procedure is repeated
three times. The resulting organic phase is
concentrated on rotary evaporator at 70° C for 20
minutes under a 60 rpm agitation. Aliquots of this
solution are collected for analytical purposes (for
determinations of acid value and proportions of
mono-, di- and tricaprylins). The just described
laboratory scale procedure allows the obtainment
of caprylins at a yield (considering the sum of
mono-, di- and tricaprylin) of around 90% if the
esterification is performed at 50 °C for 6 h and
using a molar ratio of caprylic acid/glycerol of 2:1.

Table 2 and
Table 3 clearly demonstrate that AV is an
indicative measure of esterification intensity in
different reaction conditions. Although the example
relates to the esterification of glycerol with caprylic
acid - specifically directed to obtain caprylins – the
method described can be applied to the
esterification of glycerol with any other fatty acid.
Given the simplicity of the method, it can be
performed by the reactor in the industrial plant.
Differential Scanning Calorimetry (DSC): The
DSC technique is often used to characterize the
melting and crystallization behavior of fats and
oils, especially to evaluate the stability of these
substances towards oxidation. Koslowska [55]
studied the effectiveness of the addition of thymus
and rosemary alcoholic extracts into lipids in
cookies formulations and observed in DSC curves
that lipids had their resistance to oxidation greatly
increased. Several studies found in literature
describe the employment of DSC in similar
circumstances [56]. On the other hand, many other
studies focused on the changes in the physical
properties of fats, for example, after performance

CHARACTERIZATION OF CAPRYLINS
Determination of acid value: The caprylic acid
content in the reaction medium by the end of
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of interesterification and/or transesterification
reactions, observed in DSC melting and/or
crystallization profiles [57].

caprylins previously dissolved in the organic phase
used to extract them from the reaction medium, by
evaporating it with a pure nitrogen stream. For the
preparation of blends of mono-, di-, and tricaprylin
standards, it is recommended to dissolve them
separately in n-hexane and then mix the solutions
according to the desired proportions, at a
concentration of 2g/L.

However, there are few studies focused on the use
of DSC in monitoring hydrolysis and esterification
reaction progress in reactors for the production of
mono, di- and triglycerides. Moreover, the use of
DSC in monitoring the efficiency of purification
processes for the refining and separation of
glycerides, in general, is little explored. In this
approach, Danthine [57] used the DSC as a
quantitative tool to monitor the enzymatic
interesterification of palm oil in a batch reactor.
The intense changes observed in the melting curves
allowed following the course of interesterification.
Similarly, Mizobe [58] determined the thermal
profiles of mono- and diglycerides of oleic and
palmitic fatty acids separately and then observed
polymorphism by changes in the distributions of
peaks in the endo/exothermic curves obtained by
DSC for their blends. In this area, it is also valuable
to mention the work of Ortiz [59], who used DSC
measures to monitor the changes undergone by soy
protein during enzymatic proteolysis. While
recognizing the suitability of the traditional
methods for this purpose - the various types of
chromatography (molecular sieve, adsorption, etc.)
and electrophoresis - the authors observed that
structural changes undergone by the protein were
clearly evidenced by displacements of the
maximum temperature peaks, the broadening
endotherms and the value of the denaturation
enthalpy.

As an example,
Figure 2 and
Figure
3 correspond to the melting and crystallization
curves, respectively, of mono- and dicaprylin.
Figure 4 and Figure 5, in turn, show the melting
and crystallization curves, respectively, of monoand dicaprylin blends in the proportions 1:2 and
2:1. The corresponding enthalpies of each peak are
presented in
Table 3.
The figures clearly evidence the possibility of
distinguishing mono and dicaprylins separately or
in blends. As shown in
Table 4, each peak
is related to a specific enthalpy, which shows,
according to by Silva et al. [60], the occurrence of
polymorphism, phenomenon intrinsically related to
inter and intramolecular interactions stabilized by a
pool of non-covalent bonds (hydrogen bonds, van
der Waals forces, etc.).
Gas Chromatography: Chromatography is an
analytical technique widely used in the
identification and quantification of chemical
substances. In the field of lipids, gas
chromatography is widely used for monitoring
interesterification by examining the incorporation
of required fatty acids into the products. In general,
it is a key technique in all areas of lipid analysis
[61, 62]. A chromatogram of the final reaction
medium, containing residual caprylic acid and the
synthesized mono-, di-, and tricaprylin is shown in
Figure 6.

Based on these, the use of DSC to characterize
caprylins (mono, di and tricaprylin) was sensitive
in evidencing the presence of these compounds in
esterification reactions involving caprylic acid and
glycerol.
An example to assess the laboratory applicability of
DSC for the characterization of caprylins is the
determination of melting and crystallization curves
of mono-, di-, and tricaprylin separately and in
combination. Measurements can be made in
equipment (a Perkin Elmer DSC 4000, for
example) provided with a cooling device (Perkin
Elmer Intracooler SP) and an oven with a helium
atmosphere at a flow rate of 20 mL/min. Thereby, 5
mg samples are placed in 50 µL aluminum pans,
which are then hermetically sealed. Initially, a
sample is maintained at 80 °C for 10 min.
Subsequently, the system cools from 80 °C to - 60
°C at a cooling rate of 10 °C/min and then keeps
the sample at - 60 °C for 30min. Finally, the
sample is heated from - 60 °C to 80 °C at a rate of
5 °C/min. When analyzing reaction products, it is
necessary to concentrate the sample containing the

Caprylins (mono-, di-, and tricaprylin) can be
adequately identified on a Varian GC gas
chromatograph (430 GC, Varian Chromatograph
Systems, USA). The Galaxie software package is
used for identification of peaks. Injections can be
performed on a 15 m silica capillary column (ID=
0.25 mm) using helium as the carrier gas at
1.0mL/min at a split ratio of 30:1. The injector
temperature is set at 360 °C and the detector
temperature at 375 °C. The oven temperature is
initially 80 °C and programmed to increase to 350
°C at a rate of 5 °C/min. The identification of
caprylins, expressed as w/w, is determined by
normalizing the peak area of the chromatogram.
CONCLUSION
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Conclusively, caprylins are a compound having
antimicrobial and surfactant properties, with wide
application in the pharmaceutical, cosmetic, and
food industries. Their synthesis from caprylic acid
and residual glycerol from the biodiesel production
catalyzed by immobilized lipases represents an
alternative process with high potential for
commercial application. It makes use of
inexpensive raw material abundantly available, can
bring benefits to the environment by recovering a
major industrial waste, and simultaneously presents

a series of advantages over the chemical synthesis
traditionally used, such as lower process
temperatures, enzyme reuse, and lower generation
of byproducts. The process monitoring can be
performed by a variety of methods, from the
simplest, by titration of the acid number by the
reactor, up to the most sophisticated, such as gas
chromatography and thermal analysis, among other
techniques, in well-equipped laboratories, for more
specific results.

Table 1. Optimum temperature and pH for some microbial lipases [37, 39].
Microorganism
pH
7.0
Achromobacter lipolyticum
7.0 - 8.5
Alcaligenes sp
5.0 – 7.0
Aspergillus niger
8.0 – 11.0
Aspergillus oryzae
7.0
Candida cylindracea
6.0 – 7.0
Candida rugosa
5.0 – 9.0
Chromobacterium viscosum
8.2
Geotrichum candidum
7.0
Mucor javanicus
6.0 – 8.0
Mucor miehei
5.0
Penicillium camemberti
6.2 – 6.8
Penicillium chrysogenum
5.0 – 7.0
Penicillium roqueforti
7.0 – 8.0
Pseudomonas fluorescens
7.0 – 7.2
Pseudomonas fragi
5.0 – 7.0
Rhizomucor miehei
7.0
Rhizopus japonicus
6.6 – 7.1
Rhizopus javanicus
7.0
Rhizopus niveus
7.0
Rhizopus oryzae

T(°C)
37
37 - 40
45 – 55
30 – 40
40 – 50
30 – 40
50 – 60
37
37
30 – 50
45
37
40 – 50
45
32
30 – 50
40
37
45
40

Table 2. Acid Values (AV) of glycerol (G) and caprylic acid (CA) blends in different proportions.
(G)/(CA)
AV (mg NaOH/g)
1:1
207
2:1
3:1
4:1
5:1

151
134
104
90

Table 3. Examples of esterification reactions between glycerol and caprylic acid performed under the conditions
indicated in the table. After the reaction completion, the acid value (AV), the free caprylic acid (CA) content
and the total acylglycerols (TA) formed were determined. The proportion of immobilized lipase/substrate was
10%.
Reaction conditions
CA
TA
AV
Temperature, reaction time and (G)/(AC)*
(%)
(%)
(mg NaOH/g)
60 °C, 8 h, 2%
49
51
71
60 °C, 4 h, 2%
67
33
85
70 °C, 2 h, 3%
96
4
92
70 °C, 6 h, 3%
95
5
92
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Table 4. Enthalpies for each one of the peaks shown in Figure 4 and Figure 5 [60]
Peak Number
Enthalpy (J/g)
2:1
2.7
1
32.3
2
38.0
3
27.0
4
1.1
5
-13.4
6
-77.7
7

1:2
5.8
7.1
3.4
1.0
2.9
-8.1

Figure 1. Variation of acid value (Y) measured by the difference between the Acid Value at the beginning of the
reaction (AGo) and at a given time (t) (AGt), and yield percent of glycerol/caprylic acid esterification [Y] ().
The reaction conditions were: 50 °C, lipase/substrate ratio = 10% and caprylic acid/glycerol = 2:1.

Figure 2. Melting curves of mono (a) and dicaprylin (b) [60]
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Heat Flow Endo up (mW)

Figure 3. Crystallization curves of mono (a) and dicaprylin (b) [60]
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Figure 4. Melting curves of mono/dicaprylin binary systems in proportions of (a) 1:1, (b) 1:2, and(c) 2:1
obtained by DSC [60]
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(a)
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Figure 5. Crystallization curves of mono/dicaprylin binary systems in proportions of (a) 1:1, (b) 1:2, and(c) 2:1
obtained by DSC [60]

Figure 6. Chromatogram of caprylins after esterification. Conditions: temperature 60 °C, reaction time 8 hours
and molar ratio of glycerol/caprylic acid 2:1, respectively.
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