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IMMOBILIZATION OF LIPASE ON SEPABEADS AND ITS APPLICATION IN
PENTYL OCTANOATE SYNTHESIS IN A LOW AQUEOUS SYSTEM

Zorica D. KneZevic-Jugovié, Svetlana V. Saponji¢, Dejan I. Bezbradica and
Dusan 7. Mijin

The object of the study was to investigate the process conditions relevant for the pen-
tyl octanoate production with the lipase from Candida rugosa immobilized on Sepabeads
EC-EP carrier. This is an epoxide-containing commercial polymethacrylic carrier with
suitable characteristics for enzyme immobilization. The immobilized lipase suitable for
pentyl octanoate synthesis has been prepared by a direct lipase binding to polymers via
their epoxide groups. The enzymatic activity was determined by both hydrolysis of olive
oil in an aqueous system and esterification of n-pentanol with octanoic acid in a low
aqueous system. The influence of several important reaction parameters such as tempe-
rature, initial water content, initial substrate molar ratio, enzyme loading and time of ad-
ding of molecular sieves in the system is carefully analyzed by means of an experimental
design. Production of the ester was optimized and an ester production response equation
was obtained, making it possible to predict ester yields from known values of the five
main factors. Almost complete conversion (>99%) of the substrate to ester could be
realized, using lipase loading as low as 37 mg/g dry support and in a relatively short ti-
me (24 h) at 45 °C, when high initial substrate molar ratio of 2.2 is used.

KEYWORDS: Lipases, covalent immobilization, Sepabeads, esterification, response
surface methodology, pentyl octanoate

INTRODUCTION

In the drive towards green, sustainable methodologies for ester synthesis, the use of
lipases has much to offer: mild reaction conditions, high catalytic activity, high speci-
ficity, and economic viability. More importantly, the product quality of such enzyme-
synthesized esters normally is better than the chemical-derived product due to the lower
reaction temperature and avoidance of strong acid-catalyzed degradation products. Con-
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sequently, numerous attempts have been made to develop an efficient lipase system for
the synthesis of food acceptable esters (1,2). However, industrial application is often
hampered by a lack of long-term operational stability, specially in the presence of organic
solvents, and difficult recovery and re-use of the enzyme.

Immobilization of lipases may make them more attractive for industrial applications,
enabling easy separation and the possibility of operation in a packed-bed or fluidized-bed
reactor even under extreme conditions of temperature and pH, as well as in the presence
of organic solvents (3-5). However, design of an efficient lipase immobilized system pos-
sessing high loading capacity and activity retention as well as improved stability for the
esters synthesis in non-conventional media still has many unresolved issues. One com-
mon problem is the reduction of the enzymatic activity, because the active sites can be
involved in the bonding between the enzyme and the support. Another problem is the
lack of active sites on the polymer. Consequently, most previous studies used glutaral-
dehyde as a non-specific cross-linking agent to fix the enzyme on the polymeric matrix,
but the results were often unsatisfactory-with low immobilization yield and low final en-
zyme activity (6). Therefore, development of new techniques for lipase immobilization
on inexpensive and industrially applicable carriers is of economical significance.

The synthetic polymethacrylic carriers, as Sepabeads, deserve special attention as car-
riers for lipases immobilization because they have excellent chemical and thermal sta-
bility, resistance to attrition and osmotic shock, high protein binding capacity, low swel-
ling tendency in high molar solution and in common solvents, excellent performance in
stirred batch reactors, etc. Among them, Sepabeds EC-EP, an epoxy-activated carrier, is
almost-ideal ones to perform very easy immobilization of enzymes at both laboratory and
industrial scale (7). Epoxide groups are convenient for the covalent binding of enzymes
since they are able to directly react with amino, hydroxyl, or sulfhydryl groups of enzy-
mes depending on pH of the buffer used. Thus, it is not necessary to activate the carrier
or enzyme to achieve covalent immobilization. Moreover, the N-C, O-C or S-C bonds
formed by the epoxide groups are extremely stable, so that the epoxide-containing com-
mercial polymers such as Eupergit or Sepabeads can be successfully used for the immo-
bilization of enzymes and proteins (8,9). Although a number of studies have shown that
Sepabeads are good carriers for enzyme immobilization, their potential for lipase binding
for the purpose of ester synthesis in non-aqueous system was not fully explored.

The aim of this work was to improve the performance of lipase from C. rugosa for
catalysis in a low aqueous system by immobilizing it covalently on an inexpensive and
industrially applicable carrier such as Sepabeads. The immobilized enzyme was charac-
terized by evaluating the potential effects of immobilization on its activity in both hy-
drolysis and synthesis, especially in comparison with free enzyme. The synthesis of pen-
tyl octanoate in isooctane was chosen as a model reaction in low aqueous system. Opti-
mization of the ester synthesis was performed by application of the factorial design and
response surface methodology. The initial water content, reaction temperature, enzyme
loading, initial acid/alcohol molar ratio and time of adding of molecular sieves were the
variables investigated.
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EXPERIMENTAL

Materials

Commercial C. rugosa (EC 3.1.1.3) was purchased from Sigma Chemical Co. (St.
Louis, MO, USA). Octanoic acid and n-pentanol were purchased from Merck (Darm-
stadt, Germany). A Sigma lipase Substrate (St. Louis, MO, USA) was used to determine
lipolytic activity in aqueous medium. Isooctane of p.a. grade purchased from Merck
(Darmstadt, Germany) was dried over 3-A (0.3 nm) molecular sieves for at least 24 h
prior to use, and as such was used for esterification activity in non-aqueous medium. Sol-
vents used in analytical procedures, and other reagents were reagent grade and were pur-
chased either from Aldrich Chemical Co. (St Louis, MO, USA) or Sigma Chemical Co.
(St Louis, MO, USA).

Lipase immobilization

The method for lipase immobilization on Sepabeads EC-EP support involves the
direct enzyme binding on polymers via epoxide groups (Fig. 1). Unmodified Sepabeads
EC-EP (500 mg of wet carrier) was incubated with 10 cm® of native enzyme attachment
solutions in a shaking water bath (130 strokes per min) at 25 °C. Enzyme attachment
solutions containing 0.5-3.0 mg/cm’ of enzyme were prepared in a 1.25 M potassium
phosphate buffer at pH 8.0. After incubation for 48 h, the beads were collected by vacu-
um filtration using a glass filter (Whatman), washed with 1 M NaCl (3x20 cnr’), af-
terwards with potassium phosphate buffer, pH 8.0 (3x20 cm®) and stored in it at 4 °C until
use. Samples of the filtrate and enzyme solution before immobilization, together with the
washing solutions, were taken for protein content and enzyme activity assay. The amount
of bound enzyme was determined indirectly from the difference between the amount of
enzyme introduced into the coupling reaction mixture and the amount of enzyme in the
filtrate and in the washing solutions.

Enzyme hydrolytic activity assay

Hydrolytic activities of free and immobilized lipase were assayed by the standard
olive oil emulsion method, see (8). Activities are expressed as international units (IU),
where 1 IU is defined as the amount of enzyme required to produce 1 pmol of free fatty
acid per minute under the assay conditions (37 °C, pH 7.7). It was determined that 1 mg
of free lipase Sigma had an activity of 0.55+0.09 IU.

Catalytic properties of the biocatalysts in non-aqueous medium

Esterification reactions were performed with the immobilized lipase in screw-capped
100 cm’ flasks in isooctane. n-Pentanol and octanoic 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 isooctane and incu-
bated on a shaker at 150 rpm and at different temperatures prior to the addition of the
immobilized lipase. The immobilized enzyme (0.5 g) with varying enzyme loadings was
added in the reaction mixture only after the correct temperature was attained and samples
were taken for analysis after 24 h. Control experiments were also conducted without li-
pase under similar conditions.
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Analysis

Esterification reactions were monitored by determination of the residual acid content
by titration against standard sodium hydroxide using phenolphthalein as an indicator and
methanol as a quenching agent. The molar conversion was determined from the values
obtained for the blank and the test samples. Reactions were also monitored by measuring
products concentrations by gas chromatography (model: Varian 3400) equipped with a
Carbowax 20-M column (3 m length, 3.175 mm internal diameter) and flame ionization
detector (FID). Nitrogen was used as a carrier gas with a flow rate of 30 cm® min™". Co-
lumn oven, injection part, and detector temperatures were at 100, 200, and 250 °C, res-
pectively. The reported percentage ester yield was defined as the amount of ester produ-
ced to initial substrate in defect (mol ester/mol initial substrate in defect x 100). The per-
centage of 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, requi-
ring 32 experiments, which consisted of 16 factorial points, 10 axial points and 6 central
points (10). The variables and their levels selected for the study of ester synthesis were:
water content [0.1-0.9% (w/v)]; temperature [25-65 °C]; enzyme loading [16-60 mg/g dry
support]; acid/alcohol molar ratio [1:2-5:2] and time of adding of molecular sieves [0-20
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 reactants concentration on the initial rate of the ester production were inve-
stigated with the reactants added in stoichiometric proportion. It seems that the alcohol
above 0.5 M in isooctane caused inactivation of the immobilized lipase while the acid did
not inactivate the enzyme in concentrations up to 1.5 M. Therefore, the effect of
acid/alcohol molar ratio was investigated fixing the initial alcohol concentration at a
lower value (500 mmol/dm’) at different concentrations of acid.

The actual and coded settings of each of the five experimental factors are given in
Table 1. To avoid bias, 32 runs were performed in a totally random order. The ester yield
was taken as the response variable. The design of experiments employed is presented in
Table 2. The data obtained were fitted to a second-order polynomial equation:

5 5 4 5
Y =PBro+ D BiXi+ D B X+ D B Xi X (1

i=1 i=1 i=1 j=i+1

where Y is the response (ester yield in mol%), Bw, S, Bii and B are regression
coefficients for intercept, linear, quadratic and interaction terms, respectively and X; and
Xj are independent variables. The coefficients of the response function and their statistical
significance were evaluated by the method of least squares by using the MATLAB soft-
ware (version 6.5, Release 13, The MathWorks, Juc, Matick, MA, USA). Only the signi-
ficant terms (p<0.05) were considered for the final reduced model. The lack-of-fit test
was used to determine whether the constructed model was adequate to describe the obtai-
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ned data. The goodness of fit of the model was evaluated by the determination (R?) and r
coefficients complemented by the graphic plot of predicted values by the model vs. ob-
served 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 fit-
ted model, by keeping independent variables at a constant value while changing the other

two variables.

Table 1. Coded and actual values of variables for design of experiment

Variables Coded levels of variables

-2 -1 0 1 2
Water content, X, (%, w/v) 0.1 0.3 0.5 0.7 0.9
Temperature, X, (°C) 25 35 45 55 65
Enzyme loadings, X; (mg/g of dry support) 16 27 38 49 60
Substrate molar ratio, X 1:2 1:1 3:2 2:1 5:2
Time of adding of molecular sieves, X; (h) 0 5 10 15 20

Table 2. Experimental setup for five-level, five-factor central composite rotatable design
in terms of coded, actual values of variables and experimental data

Water Temperature | Enzyme Acid/alcohol | Molecular .
. . . Yield
Run no. content loadings molar ratio sieves

X\/% X,/ °C Xy/mg g X, Xs/h Y /%

1 1 1 1 1 1 87.43
2 1 1 1 -1 -1 48.18
3 1 1 -1 1 -1 49.84
4 1 1 -1 -1 1 21.51
5 1 -1 1 1 -1 93.69
6 1 -1 1 -1 1 80.18
7 1 -1 -1 1 1 98.16
8 1 -1 -1 -1 -1 76.18
9 -1 1 1 1 -1 82.95
10 -1 1 1 -1 1 57.51
11 -1 1 -1 1 1 71.77
12 -1 1 -1 -1 -1 23.29
13 -1 -1 1 1 1 92.35
14 -1 -1 1 -1 -1 77.07
15 -1 -1 -1 1 -1 88.32
16 -1 -1 -1 -1 1 70.84
17 2 0 0 0 0 90.32
18 -2 0 0 0 0 78.70
19 0 2 0 0 0 36.56
20 0 -2 0 0 0 81.97
21 0 0 2 0 0 92.75
22 0 0 -2 0 0 17.30
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Table 2. Continuation

Water Temperature Enzyme Acid/alcohol | Molecular .
. . . Yield
Run no. content loadings molar ratio sieves

X/% X,/ °C Xy/mg g X, Xs/h Y /%
23 0 0 0 2 0 100.00
24 0 0 0 -2 0 32.60
25 0 0 0 0 2 90.33
26 0 0 0 0 -2 76.47
27 0 0 0 0 0 73.21
28" 0 0 0 0 0 89.16
29° 0 0 0 0 0 84.51
30° 0 0 0 0 0 92.65
31° 0 0 0 0 0 79.16
32° 0 0 0 0 0 93.15

RESULTS AND DISCUSSION

Lipase immobilization

The method for lipase immobilization on Sepabeads EC-EP involves the direct en-
zyme binding on polymer via epoxy groups (Fig. 1). We studied the influence of the li-
pase concentration in the attachment solution in the range of 0.5-3.0 mg/cm’ on the total
enzyme loading on Sepabeads as well as activity of the immobilized enzyme. The results
are shown in Fig. 2. In each experiment, 0.5 g of polymer particles was immersed in a
certain volume of enzyme solution. The aim was to determine an efficient relationship
between the enzyme and support.

N
I

{
*, ",
N

— — _/ _
\ ™, /N kY ™,
/ A ), 0

— _il.l._o_/ . _ | ﬁo/
) 0 0 o _/& ? b 0 g ba —
(oo l{o + — ¢ Lo-r-o Il ¢ Lo/ ¥
/ — H,N ) N H
s / / HO

—~ (o A ® 4 o o, R
b0 ﬁ )JJ—()—/ Yo L

—{r—h—o—n—o 4 —g—h—’r (}—u—(}j—<’
) i

Y

Figure 1. Immobilization of lipase on Sepabeads EC-EP carrier via epoxide groups

The hydrolitic activity of the immobilized lipase increased from 9.6 to 23.2 IU/mg of
dry support as more lipase was loaded onto the support (8.18-42.23 mg/g). However,
lower specific activities were obtained at higher lipase loadings, possibly due to close
packing of the enzyme on the support surface which could limit the access of substrate
needed in the reaction. Thus, high lipase concentration seems to result in high enzyme
activity per unite of support surface but also in rather low specific activity, due to the
diffusional limitations. The activity coupling yield has also been shown to depend on the
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enzyme concentration in the attachment solution and the maximum yield of 95.3% was
achieved working at low enzyme concentration. These results are favorable compared
with those reported in the literature in terms of both specific activities of the immobilized
enzyme and activity yields (11). Such yields are probably owing to the immobilization
methodology used; i.e., the use of epoxyde groups for direct enzyme binding on the poly-
mer. Similar results have been described by several researchers, indicating a trend in the
use of epoxide groups as functional groups for lipase immobilization on different sup-
ports (9,12).
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Figure 2. Effects of initial lipase concentration in attachment solution on the lipase
loading as well as activity and specific activity of the immobilized lipase

Response surface analysis

The aim of this work was to evaluate the performance of the immobilized lipase from
C. rugosa on Sepabeads in non-aqueous medium using a reaction system of interest from
an industrial point of view. Synthesis of pentyl octanoate was chosen as the case study,
for being an already known ester of current interest. Response surface methodology
(RSM) and 5-level-5-factor central composite rotatable design (CCRD) were used to op-
timize and understand the relationship between the important reaction parameters. RSM
is an optimization technique that determines optimum process condition by testing seve-
ral variables at a time, uses special experimental designs to cut the number of required
determinations. In addition, this technique allowed us to quantify the individual effect of
each factor and to investigate their possible interactions.

The data showing the experimental yield of ester for the 32 experiments of the sta-
tistical design are presented in Table 2. The ester synthesis appears to show a wide varia-
tion in yield (17.3-100%) as can be seen in the table. Among the various treatments, the
greatest molar conversion (=100%) was achieved in run no. 23 (water content of 0.5%,
45 °C, enzyme loading of 38 mg g'l, substrate molar ratio 5:2, 10 h), while the smallest
conversion (only 17.3%) was achieved in run no. 22 (water content of 0.5%, 45 °C,
enzyme loading of 16 mg g™, substrate molar ratio 3:2, 10 h).
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A statistical analysis was carried out on the experimental, and 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 factor studied. It seems that the most
relevant variables for the ester synthesis were initial substrate molar ratio with an esti-
mated effects of 14.4. The effects of temperature, enzyme loading and temperature-en-
zyme loading interaction were also significant (p< 0.05). However, while substrate molar
ratio and enzyme loading seem to have positive effect, temperature had a significant ne-
gative influence on ester yield (-13.6) which is in agreement with thermal stability data
for this lipase in non-aqueous medium (13,14). Three quadratic terms were also signifi-
cant (p<0.05). The final response equation obtained after eliminating the insignificant
terms was as follows:

Y =87.0-13.6X, +11.3X; +14.4X, +6.11X7 —7.18X7 —435X2 +627X,X;  [2]

Interestingly, effect of water content on the conversion was not significant and could
be neglected in the range of test. Perhaps, it is because water content in this range was
sufficient to preserve the catalytic conformation of the enzyme and the lipase itself conta-
ins sufficient water to maintain its activity. In general, it is observed that only a very
small amount of water is needed to successfully use enzymes in organic solvents, how-
ever the optimal level of water should be determined for particular reaction system (13).
In our experimental setup, the water content did not significantly influence the ester
yield. Therefore, added water was constant at 0 levels (0.5%) in the following discussion.
The fit of the model was checked by the R?, which was calculated to be 0.912, indicating
that 91.2% of the variability in the response could be explained by the model. The model
also showed statistically insignificant lack of fit, as is evident from the lower calculated F
value than the theoretical F value at 5% level. The plot of experimental values of ester
yield (%), versus those calculated from the above equation, indicated a good fit (Fig. 3)
with a correlation coefficient, » of around 0.902. Overall, these results revealed good
correspondence between predicted and experimental values, implying that the empirical
model derived from RSM can be used to adequately describe the relationship between the
factors and response in the lipase-catalyzed synthesis of the pentyl octanoate.
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Figure 3. Correlation of calculated versus experimental values for pentyl octanoate
synthesis catalyzed by the immobilized lipase from C. rugosa
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Influence of process conditions on the molar conversion

The influence of significant variables, reaction temperature, enzyme loading, and ini-
tial substrate molar ratio on the yield of ester is discussed using the statistical model
shown in Eq. [2]. The model shows that the ester yield has a complex relationship with
the independent variables that encompasses both first-order and second-order polyno-
mials and may have more than one maximum point. Figs. 4 and 5 show the response sur-
face plots and contour plots for the predicted values for the yield of ester versus of any
two of the variables by holding the other one at its center point value.

The shape of the three-dimensional surface-representing yield of ester versus tem-
perature and enzyme loading-is shown in Fig. 4a. The effect of temperature on yield was
negative, probably due to thermal inactivation of enzyme (Figs. 4a and 4b). Temperature
also showed a positive interactive effect with the enzyme loading, indicating that higher
enzyme loadings could compensate for the lower reaction rates at higher temperatures.
The maximum yield of ester could be obtained when working at low temperatures rea-
ching a value close to 95% at 37 °C for enzyme loading of around 40 mg g The result
suggests that the C. rugosa lipase, like some other lipases such as Novozym SP 435 from
Candida antarctica (15,16) or porcine pancreatic lipase (17) was inactivated when it is
subjected to a high temperature for a long period under non-aqueous conditions.
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Figure 4. Response surface and contour plots for the ester yield as a function of
temperature and enzyme loading (a) and (b), respectively; temperature and substrate
molar ratio (c) and (d). Other synthesis parameters are constant at 0 level
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Other important parameter affecting the economic feasibility of the process is the acid
to alcohol molar ratio. Figs. 4c and 4d show the response surface plot and contour plot for
the predicted values of ester yield as a function of the initial substrate molar ratio at
different temperatures for an enzyme loading of 38 mg g and an incubation period of 24
h. It seems that while temperature exerted a negative influence, acid excess had a signi-
ficant positive effect on ester yield, indicating the importance of using an excess of acid
compared with the stoichiometric amount for maximum conversion to the ester. Benefi-
cial effect of excess acyl donor was also observed for the synthesis of short-chain esters
using microbial lipases by several authors. For example, studying the ethyl butyrate syn-
thesis with the same lipase as the catalyst, Chen verified that the molar ratio between
ethanol and butyric acid was a critical factor for attaining a high yield of ethyl butyrate,
requiring an amount of butyric acid on the order of 3.3 times that of ethanol (18). Yadav
and Lathi also found that there was an increase in the reaction rate with an increase in
quantity of isobutyric acid using Novozym SP 435 lipase and dealing with the synthesis
of butyl isobutyrate (16). 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 acid in the reaction system was beneficial to the incorporation of acid from the
view of reaction equilibrium, but excessive free fatty acid could also result in substrate
inhibition (19). In our experimental setup, the substrate molar ratio had positive influence
on the ester yield and we found that the acid did not inactivate catalyst in concentrations
up to 1.5 mol dm”.

The most interesting result of the part of study focused on the statistically analyzed
influence of enzyme loading and initial substrate molar ratio in a 3-dimensional graph
(Fig. 5a). In addition, the contour plot also could indicate the desirable combination of
variables that can be selected by the manufacturer because there were several optimal
combinations available to obtain the highest ester yield (Fig. 5b). Ester production is
represented by a convex surface described by a second order polynomial with a maxi-
mum at an enzyme loading of about 37 mg g of dry support for a molar acid/alcohol
ratio equal to about 2.2. The results indicate that high yields are possible with small
amounts of enzyme when high substrate molar ratio levels are used, which is beneficial
from the economic viewpoint since the cost of enzyme is usually higher than that of sub-
strates. In general, for enzymatic esterification reactions, the lipase concentrations requi-
red to achieve higher yields of esters are often too high and reaction times relatively too
long for industrial application. Welsh et al. have reported 75.8% conversion in 48 h with
2% native lipase from C. cylindracea at 0.05 M substrate (E/S ratio was 400 g mol")
(20). Chowadary et al. have reported 85% isovalerate acid conversion to isoamyl iso-
valerate at 0.5 M acid concentration with 1% enzyme concentration for 144 h incubation
time in n-hexane (E/S ratio was 20), by using Lipozyme IM-20 lipase from R. miehei
(21). In this study, it was shown that high conversion of around 99% could be achieved at
0.5 M alcohol concentration (substrate in defect), using amounts of enzyme as low as 40
mg g ((E/S ratio of ~4 g mol™) and in a relatively short time (24 h) at 45 °C at fixed
acid/alcohol molar ratio of 2.2. The feasibility of the ester synthesis by C. rugosa lipase
immobilized on Sepabeads EC-EP under solvent-free condition was also explored, and a
reasonably high yield of esters (72%) was achieved under optimal conditions (data not
shown).
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Figure 5. Response surface (a) and contour plots (b) for the ester yield as a function of
lipase loading and substrate molar ratio after 24 h at 45 °C

CONCLUSIONS

Covalent immobilization of Candida rugosa lipase on Sepabeads EC-EP was studied
in view of its possible application in pentyl octanoate synthesis in isooctane. The este-
rification reaction in non-conventional media was chosen for this assay because the ulti-
mate aim of this study is to examine the feasibility of such reactions. Response surface
methodology and 5-level-5-factor CCRD were performed to identify the factors that in-
fluence the ester production and to verify whether any changes should be made in their
settings to improve this reaction. The initial water content, reaction temperature, enzyme
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loading, acid/alcohol molar ratio and time of adding of molecular sieves were the variab-
les investigated. Production of the ester was optimized and an ester production response
equation was obtained, making it possible to predict ester yields from known values of
the five main factors. The optimal conditions for the esterification were found to be: 37
°C, enzyme loading 37 mg g, and acid/alcohol molar ratio 2.2, while initial water con-
tent and time of adding of molecular sieves did not significantly influence the ester yield.
At these conditions, almost complete conversion (>99%) of the substrate to ester could be
realized. The immobilized lipase is suitable for further studied for ester synthesis in a
solvent-free system.
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NMOBUWJIN3AIINJA JIMITA3ZE HA KOMEPIIMJAJIHA EITIOKCUJHA HOCAY
3A CUHTE3Y IEHTHJI-OKTAHOATA Y MUKPOBOJEHOM CUCTEMY

3opuya /. Kneowceeuh-Jyeosuh, Ceemnana B. [llanowuh, [ejan U. be3bpaouya
u Jywan K. Mujun

VY pany cy NCIMTaHU YTHLAjH NTPOLIECHHUX MapamMeTapa Ha CHHTE3Y IeHTHI-OKTaHoaTa
nomohy nunase n3 Candida rugosa nMoOMIMCaHe Ha KOMEPLHM]adHN MOJINMETAKPUIATHH
Hocad (Sepabeads EC-EP). V pany je npuMemeHa MeToa IMOOMIIN3aIje eH3UMa Koja
Ce 3aCHHBA Ha AUPEKTHOM BE3MBamy €H3MMa 33 HOCad IPEKO CTOKCHIHE TPYyIIe IOJIHMe-
pa. AKTUBHOCT HIMOOWIICAHOT €H3MMa UCIIHTAaHA je Y BOACHOM CHCTEMY Ha MOJEN peak-
[MjU XUIPOJIN3e MACIHHOBOT yJba Kao M y HEBOJCHOM CHCTEMY Ha MOJEIy CHHTE3¢ IIeH-
THJI-OKTaHOATa Y U300KTaHy. VicIiuTaHu Cy yTHIAju IeT NpolecHnX (akTopa Ha eH3UM-
CKYy CHHTE3Y [JaTOr ecTpa MPUMEHOM METOAe IUIaHHPAaHHX eKCIIepIMEHATa H METOIO0JIO-
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THje OJ3MBHUX NOBPILIMHA M TO Cajp)kKaja BOAE, TEMIIEpPAType, Mace BE3aHOI' €H3MMa Ha
HOcady, IMOYETHOT MOJIApPHOT OJHOCA PEaKTaHaTa U TPEHYTKa NOJaBama MOJIEKYJICKUX
cura y cucreM. CHHTE3a ecTapa je ONTUMH30BaHa, U3BpIICHA j€ OlleHa 3HaYajHOCTH Hapa-
MeTapa U yTBpheH je ajekBaTaH MaTeMaTHYKH MOJET Ha OCHOBY KOTa ce MOXKE Ipel-
BUJICTH TIOHAIIake cUcTeMa (TIPUHOC ecTapa) Y pyHKIMjU HaBeleHnX (akTopa.
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