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a b s t r a c t Magnetized polysiloxane coated with polyaniline (mPOS–PANI) was used as a support for b-galactosidase immobilization via glutaraldehyde. The galactooligosaccharides (GOS) production by this derivative was investigated under different initial lactose concentrations (5–50%) and temperatures (30–60 °C). The initial lactose concentration in the reaction media affected the total amounts of produced GOS and their time course production was described as a ‘‘bell-shaped” curve as a result of the balance between transgalactosylation and hydrolysis. No signiﬁcative difference was observed for the free and immobilized enzymes. The reaction rates for lactose hydrolysis and GOS formation increased with increasing temperature from 30 °C to 60 °C, but GOS production at all lactose conversion levels was almost unchanged with changing temperature. The mPOS–PANI matrix was also characterized by scanning electronic microscopy (SEM), X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR), vibrating sample magnetometry (VSM), thermomagnetization, differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA). Ó 2009 Elsevier Ltd. All rights reserved.



1. Introduction Galactooligosaccharides (GOS) are produced by the b-galactosidase catalytic transfer of one or more D-galactosyl units into the D-galactose moiety of lactose [1]. The properties of the ﬁnal product depend on the source of the enzyme and conditions used in the reactions [2]. GOS are non digestible oligosaccharides acting as growthpromoting substrate for biﬁdobacteria in the human intestine [3,4]. b-Galactosidase is present in a variety of sources, including plants, animals and micro-organisms [5]. They are versatile biocatalysts used for lactose hydrolysis [6] facilitating milk digestibility and improving the functional properties of dairy products and for GOS formation. GOS synthesis has been studied by free [7] and immobilized enzymes [8–10], using whole cells [11] and by fermentation [12]. Immobilization is an important step in commercial and fundamental enzymology allowing the repetitive and economic utiliza-



tion of enzymes [13]. Compared with free enzyme in solution, enzyme immobilized on a solid support provides many advantages, including enzyme reusability, continuous operation, controlled product formation, and simpliﬁed and efﬁcient processing [8]. Recently, the synthesis of GOS by the action of Aspergillus oryzae bgalactosidase immobilized on magnetic polysiloxane–polyvinyl alcohol (mPOS–PVA) was studied, using glutaraldehyde as activating agent [10]. Polyaniline (PANI), a conducting polymer, has been used for immobilization of antigen from Yersinia pestis [14] and different enzymes, such as, lipase [15], horseradish peroxidase [12], glucose oxidase [16,17], xanthine oxidase [18]. In this study, magnetic particles of polysiloxane (POS) coated with PANI (mPOS–PANI) were synthesized and characterized. bgalactosidase was then covalent immobilized via glutaraldehyde on mPOS–PANI and used for lactose hydrolysis and GOS production. 2. Experimental
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2.1. Synthesis, magnetization and polyaniline coating of support POS particles were synthesized as follows: 5 ml of tetraethylorthosilicate (Fluka, Germany) and ethanol (Riedel-de Haën, Germany) were mixed in a beaker. After raising the temperature
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to 70 °C, under stirring, 100 ll of concentrated HCl was added and incubated for 50 min. The solution was distributed into ELISA microplates (100 ml/well) and allowed to solidify for about 72 h at 25 °C. The resulting beads were smashed using a mortar and pestle; the powder (2 g) was suspended in de-ionized water (100 ml) and 10 ml of a solution containing 0.6 M FeCl2 and 1.1 M FeCl3 (1:1) were added drop wise under magnetic stirring, pH was adjusted to 11.0 (using 33%, w/v, NH4OH) and incubated for 30 min at 100 °C. The resulting magnetized particles were thoroughly washed with de-ionized water until pH 7.0, were dried at 105 °C overnight and ﬁnally sieved ( 
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