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Abstract— The current preference of costumers for natural and healthy products is increasing the employment of
biotechnological processes that use enzymes, and the synthesis of esters is an example of this change. However, enzymes are
high-cost product, which stimulates research in finding solutions that make them more economically attractive, like
immobilization. This work aimed to use different protocols for immobilizing lipase and its application in ester synthesis. The
results showed that Pseudomonas fluorences lipase (AKL) was the most efficient for immobilization among other studied
lipases (Pseudomonas fluorences lipase (AKL), Pseudomonas cepacia lipase (PSL), Hog Pancreas lipase (PHL), Pancreas
Porcinas lipase (PPL), and Mucor Javanicus lipase (MJL)), with hydrolytic activity of 3323.6 U/g. Both immobilization
methods (physical adsorption and entrapment) showed promising results towards hydrolytic activity. The best immobilization
by adsorption was obtained using AKL onto PHB (polyhydroxybutyrate), with 698.61 U/g of hydrolytic activity. For
entrapment, AKL also presented the best result, with 247.30 U/g of hydrolytic activity. For the synthesis of ester, after a 60
h-reaction using the immobilized derivatives by physical adsorption, the esterification yield was 74.26 %. In terms of
hydrolytic activity, the employed protocols were very promising and encourage the continuity of this study towards the
optimization of processes using industrial lipases.
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l. INTRODUCTION

In the drive for alternative solutions for production, reduction of costs, and application of environmental friendly production,
the replacement of chemical catalysts for biological catalysts has been growing over the time due to the attractive
characteristics of enzyme for industries, such as: high specificity an selectivity, low toxicity, purity of the product, reduced
environmental impact, easy handling, reducing energy cost by lowering the process temperature, use of mild pH values,
among others [1,2,3]. Even if the enzyme demand is high, not all types of enzymes are produced in industrial scale because
of the difficulty in finding high yield, activity, and stability enzymes [4].

In order to bypass the difficulties of using enzymes industrially, the development of immobilization techniques
revolutionized and expanded the employment of enzymes, because the immobilization process allows them to be reused
many times [5]. The most known and applied immobilization methods are: covalent binding [6], physical adsorption [7],
entrapment (or encapsulation) in polymeric matrix [8], reticulation [9], and bio selective adsorption [10].

The entrapment of enzymes in porous matrices promotes the creation of a protector microenvironment for the enzymatic
structure, which improves its operational stability [11]. The pores formed in the enzyme-support complex allow small
molecules to diffuse easily and reach the active site of the entrapment enzyme, which enables it to keep its activity even after
immobilization [8]. In physical adsorption, the molecules of enzyme adhere to the support surface through hydrophobic
interactions, and, because of that, the adsorbed enzymes usually are resistant to proteolysis and aggregation [12, 13].

Lipases, formally named as triacylglycerol hydrolases (E. C. 3.1.1.3), consist in a class of hydrolytic enzymes of great
applicability as biocatalyst in various reactions, such as esterification and transesterification [14]. They act on hydrolysis of
oils and fats, releasing fatty acids and glycerides in the presence of water. Lipases can be obtained from vegetal or animal
tissues, or from microorganism cultivation [15]. They present attractive aspects for industrial application such as: easy
modification of catalytic properties that could be shaped through changes in its genetic structure, or reaction conditions; high
specificity; and high enantioselectivity, which makes it to be used in organic synthesis [16, 17, 18].
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Among many applications for lipase, the synthesis of esters via enzymatic reaction is growing due to the increase of interest
in natural products in food industry. Esters (RCOOR”) are organic compounds well distributed in nature. Glycerin esters are
called glycerides, and they form the main oils and fats. A lot of simple esters are liquids with pleasant scent, responsible for
fruits and flowers aromas. Those short chain esters have great industrial application as flavoring agents, besides their
presence in fermented beverages [19]. Some aromatic esters of short chain fatty acid and alcohols are great value compounds
for fragrance in food industry. That is why some authors study the direct esterification of fatty acids and alcohols in a non-
polar media using free or immobilized lipase as biocatalysts [20, 21, 19].

In this work, different supports were used to immobilize commercial lipases from microbial and animal sources by physical
adsorption and entrapment, applied in hydrolysis and esterification reactions.

1. MATERIALS AND METHODS
2.1 Lipases, supports and reagents

The commercial lipases used in this work (Pseudomonas fluorences (AKL), Pseudomonas cepacia (PSL), Hog Pancreas
(PHL), Porcine Pancreas (PPL), and Mucorjavanicus (MJL)) were acquired from Sigma Co, USA. Chitosan (chit) in natura,
polyhydroxybutyrate (PHB), and sodium alginate were commercially obtained and used as support for immobilization.

Other reagents used were: solvents (acetone, ethanol); salts (dehydrate calcium chloride, sodium chloride, dibasic potassium
phosphate, monobasic potassium phosphate); emulsifiers (gum arabic); alkali (sodium hydroxide). The reagents used were of
analytical grade, and purchased from Synth. Specific reagents, such as: bovine serum albumin (BSA) and Coomassie
Brilliant Blue G-250, were acquired from Sigma Co, USA.

2.2 Support treatment for physical adsorption

At first, chitosan and PHB in natura were soaked in ethanol 95% wi/w, and kept at rest at room temperature for 2
h(hours)[22]. Thereafter, the support was vacuum filtered and washed with distilled water.

2.3 Lipase immobilization by physical adsorption

An amount of 10 g of pre-treated support was added to 190 mL of enzymatic solution with initial protein loading of 5 and 10
MQ/Qsupport- This system was incubated for 8 h, at 125 rpm, and room temperature (around 25 °C). At the end of the process,
the immobilized derivative was vacuum filtered, washed with distilled water, and stored for drying.

2.4 Lipase immobilization by entrapment (hydrogel)

Two lipase solution was prepared (5 and 10 mg/mL), and also two CaCl, solution (0.1 and 0.2 mol/L). 0.5 g of sodium
alginate was dissolved in 10 mL of each lipase preparation, and afterwards, lipase solution was slowly trickled into sodium
alginate solution. By doing this, the lipase solution is converted into sodium alginate small spheres. Those spheres were
vacuum filtered and washed with a known volume of distilled water. This filtered was analyzed for protein content and
hydrolytic activity as well as the washing water.

For both immobilization protocols, the evaluation of immobilization procedure was measured by immobilization yield (1Y)
according to Eq. (1).
1Y (%) = ;f—f «100 )
0
Where Py is the concentration of residual protein after an incubation time (mg/mL), Py is the initial concentration of protein
(mg/mL).
25 Protein Determination

The concentration of protein from commercial enzymes preparation was evaluated in duplicate by Bradford method [23],
which is based on the binding of Coomassie Brilliant Blue G-250 dye to the protein chain. Bovine serum albumin was used
as a standard to construct the calibration curve between 0 and 0.9 mg/mL. The reading was obtained in spectrophotometer at
595nm.

Page | 16



International Journal of Engineering Research & Science (IJOER) ISSN. [2395-6992] [Vol-6, Issue-1, January- 2020]

2.6 Hydrolytic Activity

The hydrolytic activity of the immobilized enzyme was measured by titration method through hydrolysis of olive oil [24].
The substrate was an emulsion of Arabic Gum at 7% (w/v) and olive oil in a proportion of 50% (v/v), and the reaction
mixture was composed by 5 mL of substrate, 4.9 mL of sodium phosphate buffer (0.1 mol/L, pH 7.0), and 100 L of enzyme
solution or 100 mg of immobilized enzyme (dry weight) placed in a 125 mL erlenmeyer flasks. The flasks were incubated in
a water bath shaker with controlled temperature at 37 °C under continuous agitation at 200 rpm for 5 min. After this time, the
reaction was stopped by adding 10 mL of acetone and ethanol mixture 1:1 (v/v), and the free fatty acids were titrated with
NaOH 0.02 mol/L standard solution using phenolphthalein as indicator. According to the consumed volume in titration, it
was possible to calculate the hydrolytic activity of free and immobilized lipase from Eq. (2), considering that one unit of
activity corresponds to the amount of enzyme required to release 1 umol of fatty acid per minute of reaction at test
conditions. The results were expressed as U/g.

_ (Vb—=Va)*1000 «*M
- t*m or v

HA 2

Where HA is hydrolytic activity (U/g); Vb is the volume of sodium hydroxide used for blank sample (mL); Va is the volume
of sodium hydroxide used for the sample (mL); M is the molar concentration of sodium hydroxide (mol/L); t is the time
reaction (min); m or v is the mass (mg) or volume (mL), respectively, of enzyme.

2.7 Biochemical Properties: pH and temperature influence

For determining the influence of pH and temperature over the enzyme, the previous methodology was used, varying the
sodium phosphate buffer pH (4.0, 5.0, 6.0, 7.0, 8.0, 9.0) and preserving the temperature at 37 °C (pH influence), or varying
the temperature of water bath (40, 45, 50, 55, 60 °C) and preserving the buffer pH in 7.0 (temperature influence).

The optimum pH and temperature of the lipases used in this work according to the manufacturer were: AKL (pH 8.0, 55 °C);
PCL (pH 8.0, 37 °C); HPL (pH 7.5, 40 °C); PPL (pH 7.5, 40 °C); MJL (pH 8.0, 50 °C).

2.8 Biochemical Properties: substrate concentration influence

The influence of initial concentration of substrate over the reaction rate, and the occurrence of some type of enzyme
inhibition were studied according to previous methodology of hydrolytic activity using AKL, and varying the olive oil
proportion on substrate (5 to 50% (v/v)). The assays were carried out at 37 °C and pH 7.0, and Kk, and V. values were
calculated using Line weaver-Burk equation.

2.9 Thermal Stability

The thermal stability of immobilized enzyme was evaluated by incubation of samples (100 mg) at 40, 50, and 60 °C in
aqueous solution of sodium phosphate buffer (0.1 mol/L, pH 7.0) for 60 min. After thermal treatment, the samples were
immediately cooled in ice bath in order to stop the enzymatic inactivation reaction, and the residual activity was measured.
The inactivation constant (ky) for immobilized lipase was calculated by Eq. (3), where A;, is the residual activity after
thermal treatment (U/g), Aino is the residual activity before thermal treatment (U/g), and t is the time of incubation (h).

In (:i” ) =K;*xt 3)

The half-life time (t;, (h)) was obtained according to Eq. (4).

0,693
b2 = K, 4)

2.10 Esterification Activity

Firstly, the hexane was treated to decrease water percentage in order to avoid any interference in esters formation. A 500 ml
volume of hexane was treated with 4 g of magnesium sulfate and left to rest at room temperature for 2 hours in order to
decrease water percentage and avoid any interference in esters formation [25]. The esterification activity of immobilized
lipase was determined through the reaction, at equimolar ratio, of isoamyl alcohol (0.06 mol/L) with acetic acid (0.06 mol/L)
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in hexane, producing the aromatic ester isoamy| acetate. The reactions were carried out in a 100 mL-closed flasks at 40 °C by
adding 0.250 g of dry weight enzyme (free and immobilized) to 40 mL of reaction media in rotational shaker at 200 rpm. A
blank reaction was also conducted in order to evaluate the spontaneous formation of esters. Aliquots of 1 mL were removed
from the reaction after 6, 12, 24, 36, 42, 48, 54, 68, 80, and 92 hours, and the amount of esters produced was quantified by
titration. One unit of esterification activity was defined as the amount of enzyme necessary for formation of 1 pmol of ester
per minute of reaction at assay conditions [25].

2.11 Residual Acid Determination

The residual acid concentration was determined by titration of aliquots dissolved in 15 mL of acetone-ethanol solution 1:2
with 0.02 mol/L sodium hydroxide and 1% phenolphthalein as indicator. The math was done by equation (5), where C is the
percentage of acid (%), V is the volume of sodium hydroxide used (mL), N is the concentration of sodium hydroxide
(mol/L), M is the molar weight of acid (g/mol), and W is the weight that corresponds to 1 mL of aliquot used for titration.

__ V=N+M

C= (®)

10xW

The esterification percentage corresponds to the consumed acid percentage, according to Eq. (6), where C; is the initial
concentration of free residual acid (mol/L), and C is the concentration of free residual acid at a time (mol/L).

(€;=C)
C

i

% esterification = * 100 (6)

1. RESULTS AND DISCUSSION
3.1 Hydrolytic Activity of free lipases

In a first step, the selection of commercial lipases that presented potential and satisfactory results for immobilization was
performed. Table 1 presents the preliminary results obtained in this first stage of selection of commercial lipases.

TABLE 1
HYDROLYTIC ACTIVITY OF COMMERCIAL LIPASES

AKL 3323.6
PSL 2646
PHL 1839.6
PPL 868
MJL 725.2

From the results presented in Table 1, the best ones were obtained from Pseudomonas fluorences (AKL) and Pseudomonas
cepacia (PSL) lipases, with hydrolytic activity of 3323.6 U/g and 2646 U/g, respectively. Then, the enzymes AKL and PSL
were selected to proceed with immobilization processes.

3.2 Initial protein load and immobilization protocol selection

Both previously selected lipases were immobilized in PHB and chitosan by physical adsorption and entrapment with initial
protein load of 5 and 10 mg/g. Table 2 shows the results obtained for physical adsorption.

The immobilization of lipase by physical adsorption proved to be efficient, providing a significant increase in almost all
protocols used, which implies that the active site of the enzymes was not blocked. The highest activity for immobilization by
physical adsorption was obtained for AKL in PHB with 5 mg/g of initial protein loading (698.60 + 5.53 U/g), with
immobilization yield of 87.30 + 1.909 %.

By evaluating the performance of the supports used, PHB presented higher final hydrolytic activities for both enzymes and
initial protein loading compared to the results from chitosan. This one was more efficient in terms of hydrolytic activity in
PSL immobilization only, resulting in 510.46 + 0.46 U/g and 99.63 + 0.454 % of immobilization yield for PSL with 10 mg/g
of initial protein loading.
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TABLE 2

HYDROLYTIC ACTIVITY OF IMMOBILIZED ENZYME; INITIAL AND FINAL PROTEIN CONCENTRATION; YIELD
OF IMMOBILIZATION, AND IMMOBILIZED PROTEIN FOR PHYSICAL ADSORPTION PROTOCOL

AKL 5 mg/g + Chit 289.59 + 0.46 0.303 = 0.007 0.293 £ 0.008 96.57 £ 0.493
AKL 10 mg/g + Chit 61.83 £ 0.45 0.163 = 0.008 0.132 +£0.011 80.63+0.382
AKL 5 mg/g + PHB 698.60 + 5.53 0.300 £+ 0.0124 0.262 + 0.005 87.30+1.909
AKL 10 mg/g + PHB 683.57 +5.48 0.140 = 0.0109 0.1287 +0.002 92.10+ 5.644
PSL 5 mg/g + Chit 406.37 £ 0.44 0.0389 + 0.0005 0.0372 +0.015 95.95+5.155
PSL 10 mg/g + Chit 510.46 + 0.46 0.0238 + 0.0087 0.0237 +0.009 99.63+ 0.454
PSL 5 mg/g + PHB 677.09 £5.70 0.0419 * 0.0096 0.0393 +0.013 92.44+10.107
PSL 10 mg/g + PHB 672.61 £5.28 0.029 + 0.0056 0.0284 = 0.005 98.20 + 1.507

*IPL: initial protein load

Analyzing the influence of the initial protein loading, it can be inferred that the increase from 5 to 10 mg/g did not affect the
immobilization of PSL, whereas the immobilization of AKL seemed to have been affected when using chitosan as support,
decreasing from 289.59 U/g to 61.83 U/g. The size of enzymes and pores of supports may have influence on that result.

Dabaja et al. [26] utilized PHB as immobilization support, and the same initial protein loading as the present work. They
were able to achieve 291.03 U/g for 5 mg/g of initial protein loading, which shows the potential of the present work that,
with the same conditions, obtained 698.60 U/g.

The protocol of immobilization was chosen according to the highest hydrolytic activity obtained, which turned out to be
AKL, 5mg/g in PHB, with 698.60 + 5.53 U/g for physical adsorption. The second immobilization method evaluated was
sodium alginate encapsulation. AKL and PSL lipases with initial concentration of 5 and 10 mg/mL, and different CaCl,
concentrations (0.1 and 0.2 mol/L) were tested for alginate bead formation. The results are presented in Table 3.

TABLE 3

HYDROLYTIC ACTIVITY OF IMMOBILIZED ENZYME; INITIAL AND FINAL PROTEIN CONCENTRATION; YIELD
OF IMMOBILIZATION, AND IMMOBILIZED PROTEIN FOR ENTRAPMENT PROTOCOL.

PSL 5 mg/g + 0.1 mol/L 102.67 + 0.69 0.857 + 0.004 0.822 + 0.0025 95.85+0.173

PSL 5 mg/g+ 0.2 mol/L 81.35+1.17 0.844 + 0.007 0.819 + 0.0107 96.91 +2.128
PSL 10 mg/g + 0.1 mol/L 182.46 + 1.80 0.867 + 0.0005 0.807 + 0.0008 93.09 + 0.042
PSL 10 mg/g + 0.2 mol/L 111.14+1.32 0.857 + 0.0016 0.815 £ 0.0008 95.10 + 0.087
AKL 5 mg/g+ 0.1 mol/L 247.30+1.13 0.920 + 0.0016 0.817 £ 0.0041 88.82 £ 0.609
AKL 5 mg/g + 0.2 mol/L 144,92+ 1.43 0.897 £ 0.0207 0.816 + 0.0041 90.97 £1.261
AKL 10 mg/g + 0.1 mol/L 176.51+ 1.63 0.883 + 0.0058 0.816 + 0.0058 9240 +1.261
AKL 10 mg/g + 0.2 mol/L 152.93+1.18 0.882 + 0.0016 0.807 + 0.0058 91.52 + 0.485

*IPL: initial protein load

From the results presented in Table 3, the encapsulation immobilization protocol was efficient in increasing the hydrolytic
activity of the enzymes in all tested protocols. However, when compared to the results of physical adsorption, the
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encapsulation was less efficient in preserving the hydrolytic properties. The decrease in HA may have been caused by
diffusional limitations faced by the pores formation in the alginate spheres, reducing the formation of enzyme-substrate
complex and hence the product formation.

The catalytic properties of immobilized enzymes can be influenced by three forms of interaction: the binding of the enzyme
in the matrix may cause conformational changes that affect the tridimensional structure of the enzyme; substrate access to the
active site may be affected by steric hindrance of the support; and the support properties can affect the mode of action of the
enzyme [27]. The influence of initial protein loading resulted in an increase of HA with the increase in initial protein
provided, except for the combination of AKL immobilized in 0.1 mol/L sodium alginate. The concentration of sodium
alginate, in turn, had a negative influence on HA, which implies that the increase in sodium alginate concentration resulted in
spheres with smaller pore diameters, so a steric hindrance occurs and the substrate does not reach the active site of enzyme
properly.

Teixeira et al. [28] used calcium alginate and the same initial protein loading in their study, and they obtained lower HA for
the immobilized enzymes than these work shows, which confirms the efficiency of sodium alginate in entrapment
immobilization.

Lipase immobilization by entrapment had its best result when using AKL 5 mg/mL, 0.1 mol/L CaCl,, with 247.30 + 1.13
U/gof HA.

In order to proceed with the work, the best result from physical adsorption and entrapment immobilization were used to study
the influence of pH, temperature, substrate concentration, thermal stability, and ester synthesis.

3.3 Influence of pH

The medium pH can influence the structure of enzymes, and, consequently, their activity, in a manner that the enzyme
presents an optimal pH value. Immobilized enzymes may follow the typical behavior of free enzymes, but the pH profile of
immobilized and free enzymes is not always the same, as the immobilization process may induce conformational changes
[15]. The results for physical adsorption and entrapment are shown in Fig. 1.
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FIGURE 1: Influence of pH on immobilization of AKL by physical adsorption (a) and entrapment (b)

For physical adsorption (Fig. 1a), the optimum pH was 8.0 (856.10 + 36.65 U/g), which is the same as presented by the
manufacturer for free lipase. Below or above this pH value, there are changes in enzyme 3D structure that harm its activity.

For entrapment (Fig. 1b), the immobilized enzyme presented an optimal pH of 5, with HA of 487.69 + 21.36 U/g. In this
case, a shift from 8 to 5 of optimum pH is observed upon immobilization.

Optimum pH of 8.0 was also obtained by Dabaja et al. [26] and Tintor et al. [29].
3.4 Influence of Temperature

The rate of enzymatic reactions is extremely temperature dependent. Increasing the temperature gives rise to the energy of
the molecules and thereby increases the enzymatic activity. However, at very high temperatures, the enzyme may be
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denatured and thus lose its activity [15]. Fig. 2 presents the influence of temperature on immobilization of AKL by physical
adsorption (Fig. 2a) and entrapment (Fig. 2b).
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FIGURE 2: Influence of temperature on immobilization of AKL by physical adsorption (a) and entrapment (b).

From Fig. 2a, it was found that the best temperature for immobilized AKL by physical adsorption was 40 °C, with 383.37
13.76 Ulg, which is lower that the optimum temperature presented by the manufacturer for free lipase (55 °C). For some
industrial processes, the products are heat sensible, so the decrease in optimum temperature becomes an advantage for those
applications. For immobilization by entrapment, Fig. 2b shows that there was not a great shift of optimum temperature, since
the immobilized lipase showed its higher activity at 50°C. Nevertheless, unlike the physical adsorption, the hydrolytic
activity decreased considerably at higher temperatures, suggesting a poor thermal stability.

35 Influence of substrate concentration

The analysis of kinetic parameters such as K., and V. is important because they reveal the specificity changes in relation to
the substrates that the enzymes undergo after immobilization process [30]. Fig. 3 presents the influence of substrate
concentration (olive oil) on reaction rate using immobilized AKL by physical adsorption (Fig. 3a) and entrapment (Fig. 3b).
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FIGURE 3: Influence of substrate concentration (olive oil) on reaction rate using immobilized AKL by
physical adsorption (a) and entrapment (b).

Analyzing the results from Fig. 3a, it can be noted that for the physical adsorption procedure, he ratio that presented the
highest activity was 30 % of olive oil and 70% of water, with an activity of 881.30 U/g and the profile obtained follows the
Michaelis-Menten model. For immobilization by entrapment (Fig. 3b), the best substrate concentration was 40%, with
activity of 75.99U/g, and it also followed the Michaelis-Menten model profile.

From the obtained data, it was possible to use Lineweaver-Burk linearization tool in a graph of 1/HA versus 1/S, where HA
is the hydrolytic activity, and S is the substrate concentration in order to calculate the affinity constant (K.) and the
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maximum reaction rate (Va)- For the adsorption protocol, K., and V.« were 0.05 mM and 1000 pmol/min.g, respectively,
and for the entrapment protocol K, was 0.03 mM, and V., was 81.97 pmol/min.g.

AKL immobilized by physical adsorption in PHB showed an apparent V .« value of 1000 U/g and K., of 0.05 mM, while
when immobilized by entrapment in sodium alginate, it presented much lower V. (81.97 U/g), and similar, but lower K,
(0.03 mM), which confirms the diffusional problems presented by the entrapment method, since the reaction catalyzed by
AKL in PHB is much faster than the reaction catalyzed by AKL in alginate.

3.6 Thermal stability
The results for thermal stability for both immobilization methods are presented in Table 4.

TABLE 4
RESIDUAL ACTIVITY OF IMMOBILIZED LIPASE WITHIN AFTER 60 min-incubation.

40 610.44 + 25.64 40 74.92 +16.26
50 613.63 + 78.02 50 172.36 £ 12.47
60 655.69 + 6.59 60 221.36 +44.17

It can be observed that for all temperatures applied, AKL immobilized in both methods presented good thermal stability since
it did not lose activity with the increase in incubation temperature, avoiding enzyme denaturation and damage to the structure
of sodium alginate beads. From the data presented in Table 4, it was possible to calculate de inactivation constant (k) and the
half-time life (t,) for immobilized lipases, and the results are shown in Table 5.

TABLES
INACTIVATION CONSTANT AND HALF-LIFE TIME FOR IMMOBILIZED LIPASE.

40 0.1349 5.137 1.1942 0.5803
50 0.1297 5.344 0.3610 1.9195
60 0.0634 10.931 0.1108 6.2540

For the immobilization by physical adsorption, the temperature of 60 °C presented the longest half-time life (10.931 h), and
for immobilization by entrapment, the longer time was 6.2540 h, which means that the enzyme immobilized by physical
adsorption lasts more time to reduce its activity to 50 % of the initial value.

For both immobilizations methods, it was observed that the half-life time increased with the increment in temperature. From
the results obtained in Table 5, indicate that for both immobilization methods, the enzyme immobilized derivative can be
used at higher temperatures, without significant loss of its activity and such result is of great importance for future industrial
application.

3.7 Application: Esterification reaction (Synthesis of esters and flavorings)

The synthesis of esters via enzymatic route involves a complex mechanism dependent on the type of substrate, enzyme,
organic solvent, and concentration of the reaction medium. The aromatic ester selected was isoamyl acetate, characterized by
the aroma of banana and pear.

A comparison of the performance of free and immobilized lipases was carried out alongside a control (a reaction without the
presence of enzyme). Acid consumption and ester formation were quantified by titration method through the disappearance
of fatty acid. The residual acid content was calculated from Eq. 6 and the results are shown in Table 6.
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TABLE 6
ISOAMYL ACETATE YIELD PERCENTAGE WITHIN 78 H OF REACTION.

6 31.187 28.147 17.146
12 29.686 29.745 26.204
24 23.951 19.112 34.403
36 31.338 26.459 35.008
48 41.456 30.179 34.977
54 9.558 32.850 54.147
60 74.264 26.989 36.823
66 16.898 32.048 50.400
72 34.425 37.843 40.052
78 7.079 41.992 40.033

From Table 6, the formation of isoamyl acetate was higher when using immobilized lipase by physical adsorption, with
74.264% after 60 h of reaction, whereas immobilized lipase by entrapment achieved 41.992% after 78 h, and free lipase
achieved 54.15% after 54 h. Although the immobilized lipase by physical adsorption presented a better esterification yield,
its profile was not linear, increasing exponentially within 54 h of reaction and remaining below 50% after 60 h of reaction.
On the other hand, the immobilized lipase by entrapment kept a linear profile, achieving the maximum percentage yield after
78 h of reaction.

V. CONCLUSION

At the end of this work it is possible to consider that both immobilization methods presented satisfactory results as the
enzymes were able to increase their hydrolytic activity under several conditions. The lipase immobilized by physical
adsorption demonstrates the potential of PHB in natura to be used as support for lipase immobilization. Free and
immobilized lipases had similar operating conditions, and the the PHB immobilized AKL showed the best percentage yield
of isoamyl acetate formation after 60h-reaction (74.26%).
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