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Introduction 

The optimization through factorial planning and response surface analysis is a common practice in the field of biotechnology. 

In order to determine optimum values for the processing parameters, such as pH, temperature, and aeration [1-4], Response 

Surface Methodology (RSM) can be understood as a combination of experiment planning techniques, regression analysis, 

and optimization methods [5]. They are very useful during the stage of product or process development and also in the 

improvement of existing products. For the biotechnological products, there is a great need to study techniques that can be 

carried out to increase the scale of production with minimization of process costs, without loss of yield [6,7]. 

 

The biotechnology has shown numerous possibilities for large-scale production of various proteins/enzymes that are 

important in research related to pharmaceutical, food and industrial applications. β-galactosidase has potential applications in 

the food processing industry [8]. This enzyme is used to obtain lactose hydrolysate from milk and whey for use in bakery 

products, feed and as a source of sugar for various fermentation products. β-galactosidase is used to prevent the 

crystallization of lactose in ice cream and dairy products. The syrup produced by the conversion of lactose is used in the dairy 

and soft drinks industries. In the pharmaceutical industry, it is used to produce lactose-free milk for lactose intolerant 

consumers who are unable to digest milk lactose [9,10]. 

Abstract 

In this work the fungus Trametes versicolor J5 was grown in whey with the objective of producing the enzyme β-galactosidase that 

has a number of applications, mainly in the food industry. In fermentation for 48 hours, we have pH 8 and the temperature close to 

30°C, as optimal points. In fermentations for 96 and 120 hours, we have little temperature interference for maximum β-

galactosidase production. In relation to pH, we have values close to 8 as ideal for the 96 and 120 hours of fermentation times. In this 

way, the Trametes versicolor J5 fungus was able to grow in the whey with β-galactosidase production, thus reducing the costs of the 

process, as well as solving the problems associated with its elimination. 
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There is a demand for the production of biotechnological products with the use of residues or by-products of the industry to 

minimize the costs, allowing the production of more accessible enzymes [11-13]. A number of studies have been carried out, 

replacing carbon and nitrogen sources with agroindustrial residues that provide the necessary amount of these nutrients for 

the growth of the microorganism and for the production of β-galactosidase. The milk whey is used as a substrate for the 

generation of biotechnological products. Whey represents 80% to 90% of the total volume of the milk used during cheese 

production and contains approximately 55% of milk nutrients: soluble proteins, lactose, vitamins, minerals and a minimum 

amount of fat [14,15], being a rich medium for the growth of microorganisms, and is still a by-product of dairy products, 

where it often becomes an environmental problem, since many industries pour whey into rivers [16]. 

 

The use of the experimental design methodology, followed by the application of the central rotational compound design to 

investigate the best conditions of β-galactosidase production in the presence of cheese serum, has been applied by some 

authors [17-19]. Thus, the objective of this work was to evaluate the fermentation of whey reconstituted by a basidiomycete 

fungus to produce the β-galactosidase enzyme, by means of experimental design of the central rotational compound design 

(EDCRC) and evaluation of the results by means of RSM. 

 

Materials and Methods  

This work was conducted at the Research Laboratory of Ifes-Campus Venda Nova do Imigrante-ES, Brasil. 

 

Inoculum 

The Trametes versicolor isolate J5 is of fungal collection of the Laboratory of Mycorrhizal Association. The strain was 

grown for 15 days at 25 ± 1°C in Petri dishes containing 20 mL of Potato-Dextrose Agar medium (PDA). 

 

Production of the enzyme via reconstituted serum fermentation 

For the production of the enzymes, we selected some parameters to be evaluated during the process, such as temperature, 

wort pH and protein concentration in the wort, which was bound to the serum concentration in the wort, that is, reconstitution 

of whey powder to achieve a certain concentration of protein. 

 

The parameters and their minimum and maximum values for the tests were determined: wort protein concentration 

(reconstituted serum), pH and fermentation temperature. As the concentration of proteins is linked to the reconstitution of the 

serum, and thus, there were limitations in the concentrations, due to the viscosity and solubility of the solution, the increase 

of the protein content made the wort very viscous and with the formation of lumps and did not allow good growth of the 

fungus. The limitations of pH and temperature are linked to the characteristics of the Trametes versicolor J5 fungus. The 

fermentation assay was conducted in a shaker at 50 rpm in 250 mL Erlenmeyer, in a reaction volume of 120 mL. 

 

Experimental planning  

The process of optimization of the fermentation for the production of enzymes was performed using an experimental design 

of the central rotational compound design (DCCR). The experimental design was generated by the Minitab program and the 

selected parameters were: protein concentration in the wort (performed by reconstituting whey powder with water) (1.0 to 

1.5%), pH (4,8) and temperature (25°C to 40°C). The experiment was set up in a completely randomized design in the 
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factorial scheme. A multivariate analysis of variance was performed followed by the Tukey test with 5% significance. The 

variable response activity of β-galactosidase was monitored during fermentation after 48, 96 and 120 hours of incubation. 

The levels and values of these variables evaluated were generated by the Minitab program. 

 

Enzymatic activity 

The fermented wort was filtered on Whatman #1 filter paper. The filtrate was the crude extract, which was evaluated in the 

determination of enzyme activity. 

 

The activity of β-galactosidase was performed using Orto-nitrofenil beta-D-galactopiranosídeo (ONPG) as a substrate. The 

volumes of solutions used in this method were: 2 mL of ONPG in 50 mM Tris-HCl buffer pH 7.5 and 200 μl of crude 

enzyme extract. The mixture was incubated at 45°C for 15 minutes. The reaction was quenched with the addition of 0.5 mL 

of 1 M sodium carbonate and the product of the reaction was o-nitrophenol (ONP) chromophore that is yellow in color, 

measured in a spectrophotometer at 420 nm. A β-galactosidase (U) unit was defined as the amount of enzyme capable of 

releasing 1 μmol of ONP per minute under the assay conditions. 

 

In this work, the expression of the β-galactosidase production from the cheese serum was expressed in volumetric enzymatic 

activity. 

 

Results 

The activity of β-galactosidase, and optimization of production 

In fermentation for 48 hours (FIG. 1), it is possible to evaluate the points of greatest production of enzymatic activity 

correlating each parameter analyzed. In relation to pH and temperature, we have pH 8 and the temperature close to 30ºC as 

optimal points, that is, these points lead to a maximum production of the enzyme of interest (FIG. 1a). We can observe that 

β-galactosidase activity tends to increase as we increase the pH and temperature to about 8 and 30°C, respectively. This 

shows a direct relationship between these two analyzed variables.  When the variables pH and concentration of the wort were 

evaluated, we can verify that the activity of the enzyme is maximal in pH, 8 and tends to fall with the increase of the wort 

concentration (FIG. 1b).  There is a positive correlation between the variables wort concentration and temperature. As can be 

seen in the graph the maximum activity is at the concentration of 1.25% at a temperature of 30 °C (FIG. 1c). This means that 

it is possible to work with a lower concentration of proteins in the wort and still obtain greater production of the enzyme β-

galactosidase. 

 

In the fermentation that occurred for 96 hours when we analyzed the variables pH and temperature together, we verified that 

there is an increase in the activity of β-galactosidase as the pH is increased up to 8 and little interference of the temperatures 

analyzed in the activity of this enzyme (FIG. 2a). As in the fermentation for 20 hours, we also observed an increase in the 

activity of the enzyme as the pH increases, with maximum activity at pH 8 and concentration of the mostro at 1.25% (FIG. 

2b). In the analysis of the variables concentration of the wort and temperature there is a maximum activity of the enzyme in 

the substrate concentration around 1.25 to 1.50% and at a temperature of 20ºC to 30ºC. The β-galactosidase activity was 

minimal at concentrations of 1 and 1.75% (FIG. 2c). 
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FIG. 1. The apparent activity of the β-galactosidase enzyme produced by Trametes versicolor J5 grown in whey for 48 

hours. a: Varying the temperature and pH and keeping the protein concentration of the wort at 1.25%; b: Varying 

the pH and protein concentration of the wort keeping the temperature constant at 32.5°C; c: Varying the temperature 

and protein concentration of the wort keeping the pH constant at 8. 

 

 

FIG. 2. Apparent enzymatic activity of β-galactosidase produced by Trametes versicolor J5 grown in whey for 96 

hours; a: Varying the temperature and pH and keeping the protein concentration of the wort at 1.25%; b: Varying 

the pH and protein concentration of the wort keeping the temperature constant at 32.5°C; c: Varying the temperature 

and protein concentration of the wort keeping the pH constant at 6. 
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When analyzing the pH and temperature variables in the fermentation for 120 hours, the maximum enzyme activity is 

reached at pH 6 at a temperature of 20°C to 40°C. In this case, this variable had no significant impact on enzyme activity in 

the range studied (FIG. 3a). This thermostability of the enzyme is an interesting feature in the industrial application. As for 

the variables and substrate concentration and pH, the peak β-galactosidase activity was again at pH 8 at the concentration of 

1.25% to 1.50% of the wort (FIG. 3b). For the concentration and temperature variables, the peak of enzymatic activity was 

also in the concentrations of 1.25% to 1.50% of the mostro at the temperature close to 30°C (FIG. 3c). This pattern of 

enzymatic synthesis demonstrated by Trametes versicolor J5 shows that this fungal isolate can be a good source for the 

industrial production of thermostable β-galactosidase. 

 

 

FIG. 3. Apparent enzymatic activity of β-galactosidase produced by Trametes versicolor J5 grown in whey for 120 

hours; a: Varying the temperature and pH and keeping the protein concentration of the wort at 1.25%; b: Varying 

the pH and protein concentration of the wort keeping the temperature constant at 32.5°C; c: Varying the temperature 

and protein concentration of the wort keeping the pH constant at 8. 

 

The Trametes versicolor grown in whey had a maximum production of β-galactosidase (1248 μmol L
-1

) after 20 days of 

incubation, at 37°C and pH ranging from 3 to 4 [20]. This value is well above that found in our work, but besides the whey 

used in the culture medium for the fermentation, other sources of nutrients were added to the same, such as peptone, yeast 

extract and some minerals that may aid in the development of the fungus and thus greater production in a shorter period of 

time. 

 

The maximum enzyme activity for a yeast isolate was in the range of pH 5.3-5.5 and incubation temperature of 29°C to 31°C 

[21], values very close to those found in this work for Trametes versicolor J5, although pH 8 is the one with the highest 

activity, at pH 6 we achieved high values of enzymatic production using less substrate when compared to pH 8. 
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Using the Minitab program, we performed a predictive analysis from the experimental results. Observing the values of 

enzymatic activities found for the 3 fermentation periods, it was verified that the highest activity occurred in the 96 hour 

period with a value of 0.8795 U mL
-1

 and for the other times (48 and 120 hours) the maximum values of β-galactosidase 

activity were 0.80 and 0.75 respectively (FIG. 4). The obtained results indicate that in 96 hours of fermentation occurs greater 

β-galactosidase production. In a work with K. marxianus grown on whey, optimal β-galactosidase enzyme production was 

achieved after 40 to 50 hour of incubation [22]. In further work with this yeast, optimized β-galactosidase production was 

achieved after 27 hours of incubation, yielding 1.73 IU mg
-1

, not increasing after this period [23], reaching maximum 

production of this enzyme in a shorter period of time than Trametes versicolor J5. 

 

Aspergillus nidulans had the production of optimized β-galactosidase obtaining maximum production value of 60 U mg
-1

 

after 10 days of incubation at 35°C and pH 3 [9]. However, the optimization of the parameters was done separately, without 

taking into account the interaction between them, as was done in this work. An isolated β-galactosidase from Aspergillus 

oryzae has maximum activity at 59°C and remained stable at that temperature for up to 50 min, decreasing after that period 

[23]. 

 

FIG. 4. Optimum values of protein concentration, pH and temperature for the maximum production of β-

galactosidase by Trametes versicolor J5 fungus after (a): 48 hours; (b): 96 and; (c) 120 hours of incubation. 

 

Discussion and Conclusion 

Response surface methodology proved to be a useful tool in the development of optimum conditions for the production of β-

galactosidase from whey. The best parameters for the production of this enzyme by Trametes versicolor J5 (0.8795 U mL
-1

) 

were at pH 6, at 32.5°C, with the highest concentration of 1.25% for 96 hours. The use of whey to produce β-galactosidase 

can not only reduce process costs but can also solve the problems associated with its elimination. 
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