[image: image1.png]2R3 3
(%) sepueyesosyo

~OPEED JO PISIA

35

10 12 14

4 _6 8
Time (h}

2

0



ECAB 5
                              The 5thEUROPEAN CONGRESS OF APPLIED BIOTECHNOLOGY
                               Florence 15-19 September 2019



Synthesis of galacto-oligosaccharides from whey by enzymatic reaction in batch process versus continuous
Poliana C. Tiosso1, Vanderson C. Fenelon2, Graciette Matioli2, Paulo W. Tardioli3, Flávio F. Moraes1, Gisella M. Zanin1*
1State University of Maringá, Chemical Engineering Department, Maringa – PR, Brazil

2State University of Maringá, Pharmacy Engineering Department
3Federal University of São Carlos, Chemical Engineering Department, São Carlos – SP, Brazil
*giselladeq@gmail.com
Highlights

· The continuous process allowed double the total GOS yield, compared to batch process.
· The continuous process favors a balance between the transgalactosylation reaction and the hydrolysis reaction.
· The maximum concentration of GOS in the continuous process was 256.72 g mL-1 of solution, against 129.90 g mL-1 of solution in the batch process.
1. Introduction
Galacto-oligosaccharides (GOS) are nondigestible carboydrates mostly produced from lactose transgalactosylation with β-galactosidases [1]. GOS are synthesized from lactose in a kinetically controlled reaction catalyzed by β-galactosidase (β-D-galactosidase galactohydrolase E.C.3.2.1.23), where the transgalactosylation and hydrolysis reactions occur simultaneously [2]. The high substrate concentration required is one of the main technological challenges in GOS synthesis; because of the relatively low solubility of lactose. Continuous stirred tank reactor has not been so much reported in the literature for the GOS synthesis, being the purpose of this work to evaluate the potentials of this strategy and to compare it with conventional batch synthesis. The present work has been conducted using β-galactosidase immobilized on macro porous silica, implementing a strategy for lactose feeding to the reactor and withdrawal of products; in order to avoid the effects of low lactose solubility, and thus achieve an increase in GOS yield at the end of reaction.
2. Methods
The chemical modification of the controlled porous silica was based on the study of Bernal et al [3]. Silanization was made using GPTMS (3-glycidyloxypropyltrimethoxysilane) solution. The immobilization of β-gal on glyoxyl-silica was done by the covalent method. After the immobilization, the enzyme was cross-linked with glutaraldehyde.
A duplicate experiment of GOS synthesis with K. lactis β-galactosidase was conducted in continuous process in order to evaluate its advantages over the batch operation mode. Operational sequence considered three stages at the following conditions: (i) An in initial batch synthesis stage lasting 45 min. (ii) A second stage in which a 40% w/w lactose solution was feed for 16 h at a feed of rate of 0.05 g of solution.h-1and withdrawal of products with the same rate. (iii) A final batch stage during the next  48 h. The main product profiles were compared to the ones obtained by batch process. Lactose and products synthesis were done using HPLC system refractive index detector (SHIMADZU, UV-1601PC). The method was adapted from Santos [4].
3. Results and discussion
Figure 1 shows the yields for galacto-oligosaccharides production for batch and continuous process. Analysing this Figure, we can observe that the continuous process allowed double the total GOS yield. This can be explained by the fact that, the concentration of lactose is increased in this process, favouring a balance between the transgalactosylation reaction and the hydrolysis reaction. In the batch process, the GOS production is high only at the beginning, where the lactose concentration is still high, after which only the hydrolysis reaction is favoured.
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Figure 1.Yields of galacto-oligosaccharides. (a) Batch process, (b) Continuous Process.
4. Conclusions
This work shows that is possible to reach high total concentrations of dissolved sugars (>50% w/w) at moderate reaction temperatures without reduction in GOS yield by considering the synthesis of GOS in continuous process operation. This strategy allowed obtained an optimal final concentration of GOS higher than the one obtained in batch reactor operation. 
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