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Abstract: In this study, the synthesis of pentyl 2-methylpropanoate employing a
commercial lipase from Candida rugosa was investigated, the emphasis being
placed on analyzing the effects of various process conditions on the yield of
ester. The response surface methodology (RSM) and five-level-five-factor cen-
tral composite rotatable design (CCRD) were used to evaluate the effects of
variables, namely the initial water content, 0.0-2.0 % (w/v), the reaction tem-
perature, 35-75 °C, the enzyme concentration, 1.0-5.0 g dm™, the acid/alcohol
mole ratio, 1:2-5:2, and the reaction time, 448 h, on the yield (%) of ester.
The production of pentyl 2-methylpropanoate was optimized and an ester yield
response equation was obtained, enabling the prediction of ester yields from
known values of the five main factors. It seems that the enzyme concentration,
reaction time and acid/alcohol mole ratio predominantly determine the conver-
sion process, while the amount of added water amount had no significant in-
fluence on the ester yield. Conversion of around 92 % of the substrate to ester
could be realized using a concentration of lipase as low as 4.0 g dm™ and in a
relatively short time (26 h) at 35 °C, when a high substrate mole ratio of 2.5
was used.

Keywords: factorial design; surface response analysis; Candida rugosa lipase;
flavor esters; esterification.

INTRODUCTION

Short chain aliphatic esters play a relevant role in the food industry as flavor
and aroma constituents.! They are responsible for the particular fruity aroma or
smell of a particular flower. Current processes for the production of esters consist
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of the esterification of a carboxylic acid with an alcohol in the presence of non-se-
lective inorganic catalysts at high temperatures or extraction from natural sources.
Esters extracted from plant materials are often either too scarce or expensive for
commercial use while those produced by chemical synthesis are not considered
as natural products. The replacement of inorganic catalysts by lipases in the syn-
thesis of flavor esters avoids side product formation and is less polluting and
energy consuming because of the mild conditions employed.2 More importantly,
the quality of the product of so enzyme-synthesized esters is normally better than
the chemically-derived product due to the lower reaction temperature and avoid-
ance of degradation products resulting from the strong acid-catalysis. Conse-
quently, numerous attempts have been made to develop an efficient lipase system
for the synthesis of food acceptable esters.3->

Lipase from Candida rugosa (formerly Candida cylindracea) is an enzyme
of considerable physiological significance and industrial potential in that it can
catalyze numerous reactions, such as hydrolysis, transesterification, esterifica-
tion, alcoholysis, acidolysis and aminolysis.®~8 Several researchers have reported
the synthesis of short-chain esters using free or immobilized lipase in non-aque-
ous, solvent-free or biphasic organic phase reaction systems.3-%-11 In order to
maximize the yield of the esters, serious attention was given to the optimization
of the process parameters, the development of appropriate kinetic models of es-
terification and the monitoring and control of the water concentration in the re-
action mixture. However, most of the studies were based on conventional one-at-
-a-time variation of parameters, which often do not demonstrate the interactive
effects of the parameters.Moreover, the widely different substrates and reaction
systems employed led to an enormous amount of quantitative data, which,
however, cannot be directly compared. Thus, to make the enzymatic processes
competitive, they should be studied and compared in a systematic way.

It was shown that the statistical designs could be very useful tool not only in
optimizing esterification reactions, but also in explaining qualitatively and quan-
titatively the esterification behavior of the employed lipase.!2 In addition to redu-
cing the number of experiments required for optimization, this technique enables
the quantification of the individual effect of each factor and to investigate their
possible interactions. An increasing number of results published in the field of
ester synthesis in an organic solvent were based on experimental design.!3-15
Most of these studies were focused on the optimization of the conditions for the
synthesis of ethanoic acid esters with immobilized lipase from Rhizomucor mie-
hei as the catalyst. However, comparatively few have related to systematic
studies of the synthesis of butanoic acid and 2-methyl propanoic acid esters with
lipase from C. rugosa.10

The object of this study was to investigate the process conditions relevant for
the synthesis of flavor esters aiming at a better control of the enzymatic process.
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The results of previously reported investigations implied that the influence of
reaction factors varies strongly with both substrate types. Each ester synthesis
seems to be a specific problem. In this study, the synthesis of pentyl 2-methyl-
propanoate in isooctane was chosen as a model reaction because of its impor-
tance in the food industry. This short chain ester, which contributes to the natural
aroma of fruits such as pineapple and banana, is widely used in the food industry
for flavor enhancement. Lipase from C. rugosa was chosen for present work
because of its commercial availability in large quantities at relatively low cost
and the number of immobilization procedures developed with this enzyme.!7-19
Response surface methodology and 5-level-5-factor central composite rotatable
design were performed to identify the factors that influence the ester synthesis
and to verify whether any changes should be made in their settings to improve
this reaction. In spite of the importance of pentyl 2-methylpropanoate, to the best
of our knowledge, there are no reports about the use of C. rugosa for the syn-
thesis of this ester in a non-aqueous system. Moreover, this is the first time that
this system has been analyzed by the statistical approach at this level of detail.

EXPERIMENTAL

Materials

Commercial Candida rugosa lipase (EC 3.1.1.3), trizma buffer, thymolphthalein indi-
cator solution and olive oil emulsion were purchased from Sigma Chemical Co. (St. Louis,
MO, USA). The lipase was a crude preparation with 10 % protein based on the Lowry method
for protein assay.2 2-Methylpropanoic acid and n-pentanol were purchased from Merck
(Darmstadt, Germany). 2,2,4-Trimethylpentane of p.a. grade, purchased from Merck (Darm-
stadt, Germany), was dried over 0.3 nm molecular sieves for at least 24 h prior to use and, as
such, was regarded as nearly anhydrous. The solvents used in the analytical procedures, stan-
dards and other reagents were reagent grade and purchased either from Aldrich Chemical Co.
(St. Louis, MO, USA) or Sigma Chemical Co. (St. Louis, MO, USA).
Lipase activity assay

The lipase activity was estimated by the standard olive oil emulsion method.! This acti-
vity assay was performed with reaction mixtures containing 3.0 cm? of Sigma lipase substrate,
1.0 cm3 of trizma buffer, and 3.5 cm? of distilled water. Negative and positive controls were
also studied. The positive control was the reaction mixture in which investigated solution or
biocatalyst was added at the beginning of the reaction time, whereas the negative control was
one with samples added just before titration with NaOH. The reaction mixtures were agitated
and incubated for 30 min in a water bath at 37 °C. The formed fatty acids were quantified by
titration with 0.050 M sodium hydroxide. The activities are expressed as international units
(IU), where 1 IU is defined as the amount of enzyme required to produce 1 pmol min™! of free
fatty acid under the assay conditions (37 °C, pH 7.7). The determined activity of the lipase
was 1.55 IU mg™! enzyme.
Pentyl 2-methylpropanoate synthesis

The esterification reactions were performed in screw-capped 100 cm? flasks in 2,2,4-tri-
methylpentane. n-Pentanol and 2-methylpropanoic acid were added at different molar ratios
followed by different amounts of water, according to the experimental design. The reaction
mixture was then diluted up to the volume of 10 cm? with 2,2 4-trimethylpentane and incu-
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bated on a shaker at 150 rpm and at different temperatures prior to the addition of the lipase.
The various quantities of enzyme were added to the reaction mixture only after the correct
temperature had been attained and samples were taken for analysis after 4, 15, 26, 37 and 48 h
reaction time. Control experiments were also conducted without lipase under similar conditions.

Analysis

The reactions were monitored by determination of the residual acid content by titration
against standard sodium hydroxide using phenolphthalein as the indicator and methanol as a
quenching agent. The molar conversion was determined from the values obtained for the blank
and the test samples. The reactions were also monitored by measuring the concentrations of
the products by gas chromatography (model: Varian 3400) equipped with a Carbowax 20-M
column (3.0 m length, 3.175 mm internal diameter) and a flame ionization detector (FID).
Nitrogen was used as the carrier gas at a flow rate of 30 cm® min™!. The column oven, injector
and detector temperatures were at 100, 200, and 250 °C, respectively.!* The reported percent-
age yield of ester was defined as the amount of ester produced to the amount of initial sub-
strate in defect ((mol ester/mol initial substrate in defect)x100). The percentage esterification
determined by both GC analysis and titration were found to be in good agreement.

Experimental design and analysis

A five-level-five-factor central composite design was employed in this study, requiring
32 experiments, which consisted of 16 factorial points, 10 axial points and 6 central points.22
The variables and their levels selected for the study of the ester synthesis were: water content
(0.0-2.0 % (W/v)); temperature (3575 °C); enzyme concentration (1.0-5.0 g dm3); acid/alco-
hol mole ratio (1:2-5:2) and reaction time (4—48 h). These variables were chosen based on the
results obtained in a preliminary study and are the most commonly used for modeling
esterification reactions. In a preliminary study, the effects of reactant concentration on the
initial rate of production of pentyl 2-methylpropanoate were investigated with the reactants
added in stoichiometric proportions. It seems that the initial reaction rate increases rapidly
with concentration up to about 0.50 mol dm™ and thereafter becomes essentially constant be-
tween 0.50 and 0.75 mol dm= before dropping at higher concentrations (data not shown). This
appears to be caused by inactivation of the lipase by the alcohol. In separate experiments in
which an excess of 2-methylpropanoic acid was used, it was shown that the acid did not de-
activate the enzyme in concentrations up to 1.25 mol dm™. Therefore, the effect of acid/alco-
hol mole ratio was investigated fixing the initial alcohol concentration at a lower value (500
mmol dm3) at different concentrations of acid.

The actual and coded settings of each of the five experimental factors are given in Table 1.
The experiments were run at random to minimize errors due to possible systematic trends in
the variables. The ester yield was taken as the response variable. The design of experiments
employed is presented in Table II. The data obtained were fitted to a second-order polynomial
equation:

5 5 4 5
Y = fro +Z,BkiXi+ZﬂkiiXi2+z Zﬂkinin (1)
i=1 i=1 i=1 j=i+l
where Y is the response (ester yield in mol %), So,fi> i and f; are regression coefficients
for the intercept, linear, quadratic and interaction terms, respectively and X; and X are in-
dependent variables. The coefficients of the response function and their statistical significance
were evaluated by the method of least squares using Matlab software (version 6.5, Release 13,
The MathWorks, Juc, Matick, MA, USA). Only the significant terms (p < 0.05) were con-
sidered for the final reduced model. The lack-of-fit test was used to determine whether the
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constructed model was adequate to describe the obtained data. The goodness of fit of the mo-
del was evaluated by the determination of R? and r coefficients, complemented by a graphic
plot of the values predicted by the model vs. the observed experimental values. High values of
both R? and r suggest a good fit of the model to the experimental data. Response surfaces and
contour plots were obtained using the fitted model by keeping two independent variables at a
constant value while changing the other two variables. The regression analysis, statistical
significance and response surfaces were also realized using Matlab software.

TABLE I. Coded and actual values of the variables for the design of the experiments

Coded levels of the variables

Variables

-2 -1 0 1 2
Water content, X; / % (w/v) 0 0.5 1.0 1.5 2.0
Temperature, X, / °C 35 45 55 65 75
Enzyme amount, X5 /g dm™ 1 2 3 4 5
Substrate mole ratio, X 1:2 1:1 3:2 2:1 5:2
Reaction time, X5/ h 4 15 26 37 48

RESULTS AND DISCUSSION

Response surface analysis

The response surface methodology (RSM) is an optimization technique, which
determines the optimum process condition by testing several variables simulta-
neously, uses special experimental designs to reduce the number of required de-
terminations and measures several effects by objective tests. In this study, RSM
and 5-level-5-factor central composite rotatable design were employed to optimi-
ze and understand the relationship between the important reaction parameters in
the lipase-catalyzed synthesis of pentyl 2-methylpropanoate in a non-aqueous system.

The data showing the predicted and experimental yields of ester for the 32
experiments of the statistical design are given in Table II. According to this
study, the maximum ester yield can be obtained at a low temperature, low level
of water content and high levels of lipase concentration, initial acid/alcohol mole
ratio, and reaction time. Among the various syntheses, the greatest molar conver-
sion (96.8 %) was achieved in run No. 13 (water content of 0.5 %, 45 °C, enzyme
concentration of 4 g dm3, substrate mole ratio 2:1, 37 h), while the smallest
conversion (only 11.85 %) was achieved in run No. 26 (water content of 1.0 %,
55 °C, enzyme concentration 3 g dm=3, substrate mole ratio 3:2, 4 h).

A statistical analysis was performed on the experimental data, whereby the
main effects and interaction effects of the variables were estimated. Both the #-test
and p-value statistical parameters were used to confirm the significance of factors
studied. The effects of the parameters on the ester synthesis and their significance
are shown in the Pareto chart of effects (Fig. 1). It seems that the most relevant
variables for the ester synthesis are reaction time and enzyme concentration with
estimated effects of 13.00 and 11.61, respectively. The effects of substrate mole
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TABLE II. Experimental setup for five-level, five-factor surface response design and the ex-
perimental data

Run Water content, Temperature cor]i:I;Zn);Eteion Substrate mole  Reaction time Experi-
No. X1/ % X, /°C X, /g dm3 ratio, X Xs/h mental
1 1 1 1 1 1 56.20
2 1 1 1 -1 -1 27.05
3 1 1 -1 1 -1 30.80
4 1 1 -1 -1 1 15.40
5 1 -1 1 1 -1 49.20
6 1 -1 1 -1 1 62.90
7 1 -1 -1 1 1 56.50
8 1 -1 -1 -1 -1 13.80
9 -1 1 1 1 -1 52.90
10 -1 1 1 -1 1 36.30
11 -1 1 -1 1 1 36.70
12 -1 1 -1 -1 -1 14.30
13 -1 -1 1 1 1 96.80
14 -1 -1 1 -1 -1 30.00
15 -1 -1 -1 1 -1 29.30
16 -1 -1 -1 -1 1 42.60
17 2 0 0 0 0 24.00
18 -2 0 0 0 0 36.22
19 0 2 0 0 0 13.05
20 0 -2 0 0 0 33.45
21 0 0 2 0 0 76.57
22 0 0 -2 0 0 14.25
23 0 0 0 2 0 61.75
24 0 0 0 -2 0 29.45
25 0 0 0 0 2 80.92
26 0 0 0 0 -2 11.85
27° 0 0 0 0 0 48.30
28° 0 0 0 0 0 29.10
29° 0 0 0 0 0 28.42
30° 0 0 0 0 0 41.02
31° 0 0 0 0 0 31.35
32¢ 0 0 0 0 0 35.92

*Center point

ratio, temperature, and temperature-reaction time interaction were also signify-
cant (p < 0.05). It appears that while the substrate mole ratio has a positive effect
(8.87), temperature and reaction time—temperature interaction have a significant
negative influence on the ester yield (—6.93 and —7.09, respectively) which is in
agreement with thermal stability data for this lipase in non-aqueous medium.!0.23.24
The results also indicate the importance of working at high levels of enzyme con-
centration, reaction time and substrate mole ratio. Due to the bars that extend
beyond the vertical line on the plot which correspond to effects that are stati-
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stically significant at the 95 % confidence level, quadratic terms of incubation
time, mole ratio and enzyme concentration were also significant. Interestingly,
the effect of the water content on the conversion was not significant and could be
neglected in the range tested. Perhaps, this is because a water content in this
range was sufficient to preserve the catalytic conformation of the enzyme and the
lipase itself contained sufficient water to maintain its activity. In general, it was
observed that only a very small amount of water was required to successfully em-
ploy enzymes in organic solvents.!9 However the optimal level of water should
be determined for each particular reaction system. In the present experimental
setup, the water content did not significantly influence the ester yield. Therefore,
the added water was constant at 0 level (1 %) in the following discussion.

p=0.05

Fig. 1. Pareto diagram of the effect of the re-
Xa=%5 action parameters on the ester synthesis and
- . . : . ‘ ‘ their significance calculated from the experi-
2 * ® R mental design. For abbreviations, see Table 1.

uuuﬂuﬁw

o

The multiple regression coefficients, obtained by employing a least squares
technique to predict a second-order polynomial model (Eq. (1)) for ester yield (Y,
%), after backward elimination, their significance (student's #-test and p-values)
and the results of the statistical analysis are summarized in Table III. According
to the results of the student’s ¢-test, four linear coefficients and one cross-product
term had a highly significant effect at the 99 % confidence level. Three quadratic
terms were also significant (p < 0.05). The quadratic term of temperature and
nine cross-product terms corresponding to X7 with X>, X3, X4 and X5, X, with X3
and Xy, X3 with X3 and X5 and X; with X5 were found to be insignificant
(» > 0.05). The final response equation obtained after eliminating the insignifi-
cant terms is as follows:

Y=31.959 - 6.935X; + 11.767X3 + 9.019X, + 12.849X5 — 7.093X,X5 + )
+3.207 X7 +3.254 X7 +3.451 X2

The fit of the model was checked by the R? values, which was calculated to
be 0.912, indicating that 91.2 % of the variability in the response could be ex-
plained by the model. The model also showed statistically insignificant lack of
fit, as is evident from the lower calculated F value (1.06) than the theoretical
Fo.05 value (4.58) at the 5 % level. The plot of experimental values of ester yield
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(%), versus those calculated from the above equation, indicated a good fit (Fig. 2),
with a correlation coefficient, » of 0.944. Overall, these results revealed good
agreement between the predicted and experimental values, implying that the em-
pirical model derived from RSM can be used to adequately describe the rela-
tionship between the factors and the response in the lipase-catalyzed synthesis of
pentyl 2-methylpropanoate.

TABLE III. Regression coefficients (f) and significance (student's ¢-test and p-values) of the

predicted second-order polynomial model for the response (Y) after backward elimination and
the results of the statistical analysis

Factors Coefficient () Standard error  z-Values p-Values
Average 31.9595 +3.11 11.31 0.0000
Temperature, X, —6.9348 +1.68 -4.23 0.00272
Lipase concentration, X3 11.7673 +1.68 6.93 0.0002?
Substrate mole ratio, Xy 9.0193 +1.68 5.29 0.00092
Reaction time, X; 12.8494 +1.68 7.76 0.00012
X X5 —7.0930 +2.32 -3.50 0.00642
X32 3.2070 +1.45 2.06 0.04220
Xf 3.2539 +1.44 2.10 0.0404°
XS2 3.4507 +1.45 223 0.0335b
Results of the statistical analysis

Source of variation Sum of square  Degrees of freedom  Mean square  F-test
Regression 1455.8 23 63.3 -
Lack of fit 1153.2 18 64.1 1.06
Pure error 302.6 5 60.5 -

4 <0.01; %9 <0.05

80
60 4

40

Ester yield, Cal /%

20
Fig. 2. Correlation of the calculated versus the ex-

perimental values for the synthesis of pentyl 2-

0 20 40 60 80 100 -methylpropanoate catalyzed by lipase from C.
Esteryield, Expt! %
rugosa.

Influence of process conditions on the molar conversion

The influence of the variables, reaction temperature, enzyme concentration,
substrate mole ratio and reaction time on the yield of ester is discussed using the
statistical model shown by Eq. (2).

Temperature showed an interactive effect with the reaction time of esterifi-
cation. The shape of the three-dimensional surface, representing yield of ester
versus temperature and reaction time, is shown in Fig. 3a. It appears that the
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surface is smooth showing an increase/decrease in one axis and a decrease/
/increase in the other axis, which reflects that the temperature may affect the re-
action rate in opposite ways. Specifically, as the temperature increases, the ex-
pected increase in reaction rate resulting from more productive molecule colli-
sions per unit time is offset by the increasing rate of enzyme denaturation. The
effect of temperature on the ester synthesis during the initial period was observed
to follow Arrhenius law (between 298 and 338 K) with an activation energy of
18.34 kJ mol~!, which is typical for enzymatic reactions occurring in a reaction-
-limited regime.25 At intermediate and high levels of reaction time, however, a
different behavior was observed as the surface decreased with increasing reaction
temperature. This could be the result of a negative temperature—reaction time in-
teraction, probably caused by thermal deactivation of the enzyme. The maximum
yield of ester could be obtained when working at low temperatures and a high
level of reaction time. The result suggests that the C. rugosa lipase, like some
other lipases such as Novozym SP 435 from Candida antarctica?®-27 or porcine
pancreatic lipase,!2 was inactivated when it was subjected to a high temperature
for a long period under non-aqueous conditions.

Another important parameter affecting the economic feasibility of the pro-
cess is the acid to alcohol mole ratio. Figure 3b shows the predicted percentage
of esterification as a function of the substrate molar ratio at different tempera-
tures for an enzyme concentration of 3 g dm=3 (4.5 IU cm3) and an incubation
period of 26 h. It seems that while the temperature exerted a negative influence,
excess of acid had a significant positive effect on the ester yield, indicating the
importance of using an excess of acid over the stoichiometric amount for the
maximum conversion to ester. Minimum esterification was observed at a sub-
strate mole ratio of 0.8 at 55 °C (11 %) and a maximum esterification was ob-
served at a substrate ratio of 2.5 at 35 °C (= 77 %). The beneficial effect of ex-
cess acyl donor was also observed for the synthesis of short-chain esters using
microbial lipases by several authors. For example, studying the synthesis of ethyl
butanoate with the same lipase as the catalyst, Chen verified that the mole ratio
between ethanol and butanoic acid was a critical factor for attaining a high yield
of ethyl butanoate, requiring an amount of butanoic acid of the order of 3.3 times
that of ethanol. Yadav and Lathi?7 also found that there was an increase in the
reaction rate with increasing amount of 2-methylpropanoic acid using Novozym
SP 435 lipase during the synthesis of butyl 2-methylpropanoate. The possible ex-
planation is related to reaction mechanism. Lipase is known to catalyze esterifi-
cation through an acyl-intermediate formed between the fatty acid substrate and
the enzyme. Free enzyme can either bind the fatty acid to produce this inter-
mediate or the ester product. In an excess of fatty acid, most of the enzyme is
found in the acylated form, preventing it from binding the product. In addition, a
higher concentration of free 2-methylpropanoic acid in the reaction system was
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beneficial for the incorporation of acid from the view of reaction equilibrium, but
excessive free fatty acid could also result in substrate inhibition.10-25.28 In the
present experimental setup, the substrate mole ratio had a positive influence on

the ester yield and it was found that the acid did not deactivate the catalyst at
concentrations up to 1.25 mol dm3.
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Fig. 3. Correlation of the calculated versus the experimental values for the synthesis of
pentyl 2-methylpropanoate catalyzed by lipase from C. rugosa.

The response surface plot for the predicted values for the yield of ester ver-
sus temperature and catalyst concentration after 26 h at a fixed substrate mole ra-
tio of 1.5 are shown in Fig. 3c. It appears that predicted yield of ester increased
with increasing enzyme concentration at all temperatures. For an illustration, at
55 °C, the response varied from 21.2 to 68.3 % on increasing the enzyme con-
centration from 1-5 g dm=3 (1.5-7.5 IU cm™3). A similar behavior was observed
during the Rhizopus lipase-catalyzed synthesis of 3-methylbutyl butanoate, since
an increase in yield by 32.2 % was recorded when the amount lipase was chan-
ged from 1 to 10 %.2° Therefore, to maximize the ester yield, the enzyme con-
centration must be kept at the highest tested levels.
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Similar trends were observed for the interaction of both enzyme concentra-
tion and substrate mole ratio versus reaction time. However, the most interesting
result of the part of study focused on the statistically analyzed influence of en-
zyme concentration and mole ratio in a 3-dimensional graph (Fig. 3d). In addi-
tion, the contour plot could also indicate the desirable combination of variables,
which can be selected by the manufacturer, because there were several optimal
combinations available to obtain the highest ester yield (Fig. 4). The ester pro-
duction is represented by a concave surface described by a second order polyno-
mial with a minimum at an enzyme concentration of about 1.2 g dm=3 (3.6 IU cm3)
for a mole acid/alcohol ratio equal to 0.8. Figure 4 shows the contour plot for the
predicted values for the yield of ester versus catalyst concentration and substrate
mole ratio after 26 h at 35 °C. The results indicate that high yields are possible
with small amounts of enzyme when high substrate mole ratio levels are used,
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which is beneficial from the economic viewpoint since the cost of enzyme is usu-
ally higher than that of substrates. In general, for enzymatic esterification reac-
tions, the lipase concentrations required to achieve higher yields of esters are
often too high and the reaction times relatively too long for industrial application.
Welsh et al.# reported 75.8 % conversion in 48 h with 2 % native lipase from C.
cylindracea at 0.050 M substrate (the E/S ratio was 400 g mol~!). Chowdary et
al.30 reported an 85 % conversion of 3-methylbutanoic acid to 3-methylbutyl 3-me-
thylbutanoate with 0.50 M acid concentration and 1.0 % enzyme concentration
during an incubation time of 144 h in n-hexane (the E/S ratio was 20), by using
Lipozyme IM-20 lipase from R. miehei. In this study, it was shown that a high
conversion of 91.9 % could be achieved at 0.50 M alcohol concentration (sub-
strate in deficit), using amounts of enzyme as low as 4.0 g dm=3 and in a relati-
vely short time (26 h) at 35 °C at a fixed acid/alcohol mole ratio of 2.5, as can be
inferred from the contour plot in Fig. 4. Namely, under this condition (E/S ratio
of =~ 8 g mol™!), a rather high ester concentration of around 70 g dm= was
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achieved, which was in the proximity of results previously reported in related
studies?8-30 or much higher.4->-3! The feasibility of the ester synthesis by C. ru-
gosa lipase under solvent-free condition was also explored, and a reasonably high
yield of esters (62 %) was achieved under optimal conditions (data not shown).

CONCLUSIONS

The aim of this work was to evaluate the performance of lipase from C. ru-
gosa in the synthesis of pentyl 2-methylpropanoate using a reaction system of in-
terest from an industrial point of view. A surface response methodology based on
CCRD design was employed to study the effects of the five most important fac-
tors influencing the yield of ester. An ester yield response equation was obtained,
making it possible to predict the operating conditions required to obtained well-
-defined amounts of the ester. It seems that the lipase concentration, reaction time
and substrate mole ratio have positive influences on the ester synthesis while the
temperature and reaction time—temperature interaction have negative influences
on the process. It appears that high yields of esters are possible with small amounts
of enzyme when high substrate mole ratios are used, which is beneficial from the
economic viewpoint. These findings should stimulate the application of such li-
pase-catalyzed reactions for the preparation of food acceptable short chain esters.
Further studies should be concentrated on improvement of the lipase stability by
its immobilization and extension of its application to other non-aqueous and sol-
vent-free reaction systems.
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N3BOJ

CHUHTE3A MUPHUCHUX ECTAPA KATAJIM30BAHA JIMITAZAMA Y HEBOJIEHOJ
CPEJJUHI: OIITUMU3ALIUIA ITPUHOCA ITEHTUJI-2-METUJIIIPOITAHOATA
CTATUCTUYKOM AHAJIM30M

30PULIA KHE)KEBI/I"H-JY]"OBI/I"HI, JIEJAH BE3EPAZ[I/H_[A1, JKNUBAHA JAKOBII)EBI/I'ﬁZ,
CY3AHA EPAHKOBI/IT1-,Hl/lMl/lTPl/l.lEBI/IT’L1 u JYIIAH MUJUH!

! Texnoaowxo—meimianypuiiu gaxyaitieis, Yuusepauisiem y Beozpady, Kapuezujesa 4, 11120 Beozad u
’Mawuncku paxyaitieiti, Ynusepsuitieii y Beozpady, Kpanuue Mapuje 16, 11120 Beozpad

VY pamy cy UCIHTaHU YTULAjH PA3THYNTUX NPOLECHUX MapamMeTapa Ha CHHTE3Y HEHTHI-2-Me-
THITPOIaHOaTa KaTaau3oBaHy nmma3oM u3 Candida rugosa. Y by ONTAMH3AIMjE €H3UMCKE CHH-
Te3e ecrapa NPUMEHEHA je METOJ0JIOTHja O3UBHMX IOBPILIMHA Y CKJIaay ca 0fa0paHUM LIEHTpal-
HHMM KOMIO3HIIMOHMM POTaOMIHMM IUIaHOM (IIeT (hakTopa Ha 1eT HHuBoa). McnuTanu cy yTHIaju npo-
LIECHUX TTapaMeTapa Ha MPUHOC ecTpa y cienehuM naTepBamMa: modetTHor caapkaja soae (0,0-2,0 %),
Temmepatype (35-75 °C), konnenTpanuje ersuma (1,0-5,0 g dm™>), mogeTHOT MONCKOT yaema cym-
crpata (1:2-5:2) u peakuuonor Bpemena (4-48 h). JloOujeH je anekBataH MaTeMaTHYKH MOJEN Ha
OCHOBY KOTa C€ MOXC MPEIBUACTH IMOHAIIAKkE CHcTeMa Y QYHKIUjH OBUX 1eT ¢akTopa. [lokazaHo
je 1a KOHIIeHTpalLHja eH3uMa, [TOYETHH MOJICKU OJHOC CYICTpaTa M Peaki(iOHO BpeMe MMajy Haj-
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Behu yTuIaj Ha mporec, JOK calpiaj BoAe He yTHUe 3Ha4ajHO Ha mpuHOC ecTpa. [log ontumamauM
yCIOBHMa €H3UMCKE CHHTE3€ OCTBAPEH je MPUHOC ecTpa oKko 92 %.
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