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The enzyme known as invertase (E.C. 3.2.1.26 – β-D-
fructofuranosidase) catalyzes the sucrose hydrolysis 
producing an equimolar mixture of glucose and fructose 
named inverted sugar. The fungus Cladosporium 
cladosporioides has invertase as its constituent. Hence, 
its use as a natural immobilized support for the 
invertase produces interesting results for the enzyme. 
The present work has the objective of determining the 
optimum operational conditions of auto-immobilized 
invertase, as well as its kinetic parameters (KM and 
Vmax). A complete 23 factorial planning was done for the 
evaluation of such parameters. Temperature, pH and 
agitation level were the studied variables. The 
hydrolysis percentage was the monitored result. Batch 
tests in optimum conditions were done to determine the 
kinetic parameters. Temperature of 70ºC, pH 6 and 
agitation of 170 rpm were the established conditions for 
the hydrolysis process. The auto-immobilized invertase 
presented a KM of 447 mM and Vmax of 2,805 mmol/min. 

The sucrose is a natural sweetener, traditionally, used in 
human nourishment due to its pleasant taste, nutritious 
value and low cost production. The sugar cane is one of the 
most important sucrose sources, containing until 20% wt 
sucrose (Glazer and Nikaido, 1995). Sucrose hydrolysis 
produces a fructose and glucose equimolar mixture named 
inverted sugar, which has higher edulcorant power. The 
inverted sugar is incorporated more easily in industrial 
preparations and has more added value than sucrose (Chou 
and Jasovsky, 1993). Even though the Brazilian sucrose 
production is the largest in the world, its production of 
inverted sugar is not sufficient for the Brazilian demand. 
However, due to the sucrose low market value, the research 
on methods to produce inverted sugar from sugarcane 
sucrose has increased in interest. 

Acid and enzymatic hydrolysis have been identified as 
chemical and biochemical ways to sucrose inversion 
(disaccharide) into glucose and fructose (soluble 
monosaccharide). The acidity produced in the acid 
hydrolysis may be caused by an acid direct action 
(homogeneous hydrolysis) or a H+ cationic resin liberation 
(heterogeneous hydrolysis). Homogeneous hydrolysis is an 
economic process, in which the acid to be chosen depends 
on the final product compatibility. However, syrups 
obtained in this process are highly coloured due to the 
extreme reaction conditions (pH and temperature) (Arruda 
and Vitole, 1999). On the other hand, the acidity promoted 
by cationic resin can cause sugar loss through degradation, 
leading to hydrometil furfural formation (HMF) causing the 
syrup to be coloured. 

The heterogeneous hydrolysis catalyzed by invertase 
produces a high quality product with low ashes,  colour and 
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containing HMF (Rodrigues et al. 2000). The high cost of 
invertase production process, together with the low process 
extraction yield and purification have been limiting factors 
for the use of enzymatic hydrolysis in industrial processes. 

However microorganisms do not release the produced 
enzyme to the medium, keeping it jointed to periplasmic 
cell space. Therefore, the biomass utilization of fungus 
Cladosporium cladosporioides, as a natural support for 
invertase (auto-immobilization), is a low cost technology 
with good results. This offers great operational stability to 
the enzyme, allowing it to be reused without significant 
activity losses (Coutinho Filho et al. 1999; Costaglioli et al. 
1997). 

The bioprocess production of inverted sugar, as any other 
biotechnological process, is very complex due to the 
number of variables involved. Hence, a balanced 
environment with optimum temperature, pH, agitation and 
aeration is necessary to reach a good productivity (Blanch 
and Clark, 1997). 

The factorial planning technique allows the correlation 
between the independent variables and dependent ones by a 
minimum number of assays. This is a technique used on 
studies that involve different variables. Factorial planning 
method associated to a response surface analysis is the 
statistic tool based theory. It gives reliable information on 
the process, minimizes empirism, which involves trial and 
error techniques (Neto et al.1995). By this planning 
technique, it is possible to evaluate the independent 
variables influence on the dependent variables, as well as 
the interaction between both. An appropriate probabilistic 
model was obtained using the variance analysis. This model 
allows determining the independent variables values to 
optimize the bioprocess performance (Rodrigues et al. 
2000). 
Hence, this work objective is to apply the factorial planning 
method to determine the optimum conditions to sucrose 
enzymatic hydrolyses, using the auto-immobilized enzyme 
in the fungus Cladosporium cladosporioides cellular mass, 
and to determine the kinetic parameters KM and Vmax. 

MATERIALS AND METHODS 

Microorganism and culture conditions 

Cladosporium cladosporioides strain URM 4331 was 
obtained from the culture collection of the Mycology 
Department of the Universidade Federal de Pernambuco, 
Brazil. The culture was stored refrigerated in a Potato 
Dextrose Agar medium containing (g/l): potato infusion 
dehydrated, 4.0; dextrose, 20.0 and agar, 15.0 and chopped 
every 30 days. Its fungi form can be observed in Figure 1a.  
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To observe the fungus growth, there were inoculated 
approximately 106 conidia in 250 ml-erlenmeyers flasks 
containing 100 ml of the semisynthetic medium Czapeck. 
The composition of this medium was (g/l): NaNO3, 3.0; 
KCl, 0.5; MgSO4·7H2O, 0.5; FeSO4·7H2O, 0.01; K2HPO4, 
1.0; Sucrose, 30.0. The fungus grew under a constant 300 
rpm agitation, at ambient temperature of 28 ± 2ºC during 20 
days. The fungus growth was monitored by measuring the 
pH levels and through pureness tests for microbial 
contaminants via microscope’s observations. The applied 
agitation allowed the “pellets” formation with an average 
diameter of 0.132 cm, which can be observed in Figure 1b. 
These “pellets” were the supports for the enzyme used as 
biocatalyst on the hydrolysis process. 

Hydrolysis process optimization  

The enzymatic hydrolysis experiments were carried out in 
discontinued systems (batch system), with and without 
agitation, using substrate solutions of sucrose (50 g/l of 
concentration) prepared using a buffer solution consisting 
of sodium acetate 0.1 M, pH 4 and 6. For the hydrolysis 
experiments, 3 g-cells pellets were incubated in 50 ml 
erlenmeyers flasks containing 30 ml of sucrose solution. 
Those samples were submitted to the factorial planning 
assays for 180 min. 

For the sucrose hydrolysis process optimization, a complete 
factorial planning in three levels (23) was applied, totalizing 
eight assays, in duplicates, done at random. Table 1 
illustrates the values of temperature, pH and agitation (in 
rpm) used in the experiments. 

The experiments were monitored by the hydrolysis 
percentage. This percentage was calculated using the 
following formula: 

Hydrolysis Percentage = [TRS]/So x 100% 

in which TRS is the Total Reductant Sugar (glucose + 
fructose), in mmol; and, So is the initial sucrose 
concentration, in mmol. 

The reductant sugar measurement (glucose and fructose) 
was done by DNSA method (Acid Dinitrosalicilic). This 
method is a variation of the original one (Miller, 1959). 
According to this method, the reductant sugar reduces 
DNSA, which produces forming orangeish colour 
complexes, which can be quantified by spectrofotometry in 
the 540 nm band. A standard curve containing glucose 
allows the association of absorbance with the concentration 
of hydrolysis reaction products. 

Kinetic studies 

The kinetics of the auto-immobilized invertase was 
analyzed by the initial reaction rate method, according to 
Michaelis-Menten kinetic model. The parameters Vmax and 
KM were determined, using the optimal experiment 
conditions. 

As invertase is auto-immobilized in the fungus, it was 
necessary to determine the fungi mass concentration that 
optimizes the hydrolysis process. Previous studies have 
shown that the best concentration for the process is 100 g/l. 

The kinetic tests were done in batch reactor, under optimum 
conditions obtained from factorial planning. The auto-
immobilized enzyme was incubated into different sucrose 
concentrations (20, 40, 60, 80, 100, 200, 300, 400, 500 and 
600 g/l) during three hours. Samples were collected in 
intervals of 20 min to measure the TRS content. 

The reaction rate for each experiment was calculated using  

V = [TRS]/t 

in which V is the reaction rate, given in mmol/min; and, t is 
the time reaction, given in minutes. 

RESULTS AND DISCUSSION 

Hydrolysis process optimization 

Table 2 presents the hydrolysis assays conditions for 23 
factorial planning, as well as the results obtained. The 
results were given in terms of hydrolysis percentage. 
According to this table, during assay 1, the process 
variables (agitation, pH and temperature) were used at their 
lowest values, resulting in 35.16% hydrolysis conversion. 
However, when process variables were used in their highest 
levels (assay 8), a 94.17% hydrolysis conversion were 
obtained. 

The main effects of each process variable, and the ones that 
resulted due to the interaction among them, were calculated 
using the software Statistic for Windows version 5.0. The 
results are presented on the Table 3. 

According to this table, every variable is significant and has 
positive effects, i.e., for the studied conditions, the highest 
value of these variables favours the hydrolysis process. 

It can be noted that when pH increases from 4 to 6, there is 
an average gain of 40.84% in the hydrolysis percentage. 
This result suggests that microbiological enzymes are more 
active in this pH interval what makes the cells feasible. 
However, for the auto-immobilized invertase in 
Cladosporium cladosporioides cells, the maximum activity 
occurs when the pH is around 6, as it can be observed in the 
Figure 2, in which the hydrolysis percentual as a function 
of pH and agitation level is analyzed. 

It is also observed that when the temperature increases from 
50ºC to 70ºC, there is an average gain of hydrolysis 
percentage of approximately 10.52%. However, when the 
temperature is set beyond this value, there is a decrease in 
the enzyme activity. This activity decrease is associated to a 
reduction in the enzyme stability due to protein 
denaturation. According to the response surface shown in 
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the Figure 3, it can be observed that the hydrolysis 
optimum temperature is 70ºC. 

Also, it was noted that due to agitation there was an 
increase in activity of approximately 8%. This increase in 
activity is caused by the reduction of the mass transfer 
resistance due a greater liquid-solid surface contact. 
However, the agitation during the hydrolysis reaction does 
not influence hydrolysis as much as the other variables. 

For the Saccharomyces cerevisiae yeast invertase, the 
optimum pH occurs in the 3.5 to 6.0 interval. However, for 
Pichia and Torulospora, it depends on the substrate 
concentration and buffer used (Rodriguez et al. 1995; Oda 
and Tonomura, 1994). For Candida utilis, at pH 5.5, the 
range of optimum temperature was 60-75ºC (Chávez et al. 
1997). These results show different pH values for each 
invertase, for different microorganisms that produce it. The 
temperature that optimizes the hydrolysis process is a 
function of the enzyme type and experimental conditions; 
values within 45 to 73ºC interval have been reported 
(Bergamasco et al. 2000; Oda and Tonomura, 1994). 

Kinetic parameters determination (KM and Vmax) 

The kinetic parameters of enzymatic reaction were 
calculated by the Lineweaver-Burk linerization using the 
Michaelis-Menten kinetic model. For the auto-immobilized 
enzyme it was obtained a KM of 447 mM and Vmax of 2,805 
mmol/min. These values were obtained using linear 
regression of the curve 1/V versus 1/S shown in the Figure 
4. The KM value was higher than those mentioned in 
literature for free invertase (24 mM) (Akgöl et al. 2001); 
(46 mM) (Tanriseven, 2001); (227 mM) (Rubio et al. 
2002). The substrate has more difficulty to access the active 
zone of auto-immobilized enzyme, thus, it can be the cause 
for such a change in the enzyme affinity for the substrate 
(KM). Regarding to the free enzyme, were achieved tests 
with the invertase SigmaÒ V Level, the values obtained 
were a Vmax of 2,047 mmol/min and a Km of 73,2 mM. The 
Vmax presented the same order, however the Km of the auto-
immobilized enzyme was nearly six times bigger then the 
Km of the free enzyme. This suggests that the catalytic 
function of these enzymes is not damaged by 
immobilization. Furthemore, the auto-immobilized enzyme 
can be reused many times, keeping its quality and quantity 
patterns. Such results are different from the mentioned in 
literature (Danisman et al. 2004; Kiralp et al. 2003) because 
of the several methodologies of immobilization, the enzyme 
lineage, the enzyme activity per mg of protein, among other 
factors. 

CONCLUDING REMARKS 

The factorial planning led to the identification of the 
variables with more influence in the sucrose hydrolysis 
process by the enzymatic route. The optimum operational 
condition was: temperature of 70ºC, pH 6 and moderate 
agitation. These conditions agree with other works 

mentioned in the literature, which uses agitation below 300 
rpm, pH between 4.5 and 6 and temperatures around 60ºC 
(Blanch and Clark, 1997; Chávez et al. 1997). 

For the kinetics applied of the auto-immobilized invertase 
in the fungus Cladosporium cladosporioides, the 
Michaelis-Menten kinetic model represents satisfactorily 
this enzyme behaviour. The value of KM obtained for auto-
immobilized enzyme was higher than those for soluble ones 
mentioned in literature. This result can be related to the 
mass transport resistance imposed by cellular structure, 
which does not occur with the soluble invertase. 

In spite of the diffusive limitations of cellular structure, the 
cell acts as the immobilization support of the enzyme. This 
immobilization seems to improve the invertase operational 
stability which justifies the use of these cells in industrial 
bioreactors instead of the soluble invertase. 
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APPENDIX 

Tables 

 
Table 1. Levels of studied variables in 23 factorial planning, applied to sucrose enzymatic hydrolysis.

 

Variables Limits 

 Lower Upper 

Agitation (A), rpm 0 170 

pH 4 6 

Temperature (T), ºC 50 70 

 

Table 2. 23 factorial planning matrix for the analysis of agitation level, pH and temperature. 

  

Assay A (rpm) pH T (ºC) Hydrolysis % Average % 

1 0 4 50 33.52 36.80 35.16 

2 170 4 50 43.35 47.73 45.54 

3 0 6 50 65.21 71.77 68.49 

4 170 6 50 77.23 81.60 79.42 

5 0 4 70 42.26 38.98 40.62 

6 170 4 70 45.54 47.73 46.63 

7 0 6 70 91.44 87.07 89.26 

8 170 6 70 95.81 93.53 94.17 

 



Sucrose hydrolysis catalyzed by auto-immobilized invertase into intact cells of Cladosporium cladosporioides 

 60

 

Table 3. Calculated effects for the 23 factorial planning.

  

Effect Estimation + Standard Error 

Total Average 62.41 ± 0.73* 

Main effect  

Agitation (A) 

pH 

Temperature (T) 

8.06 ± 1.46* 

40.84 ± 1.46* 

10.52 ± 1.46* 

Effect of the interaction of two factors  

Agitation vs. pH 

Agitation vs. Temperature 

pH vs. Temperature 

- 0.14 ± 1.46* 

-2.59 ± 1.46* 

7.24 ± 1.46* 

Effect of the interaction of three factors  

Agitation vs. pH vs. Temperature - 0.41 ± 1.46* 

* significant values (95% confidence interval) 
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Figures 

 

 
Figure 1a. Fungi form of Cladosporium cladosporioides.

Figure 1b. Cladosporium cladosporioides’ pellets. 
 

 
Figure 2. Hydrolysis percentage profile as a function of pH and agitation. 
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Figure 3. Hydrolysis percentage profile as a function of pH and temperature. 

 

 
Figure 4. Lineweaver, Burk linearization for auto-immobilized invertase. 
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