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Abstract

In this study, polyaldehyde polysaccharides were used to immobilize the pectinase enzymes
on glass beads and then these enzyme-containing glass beads were applied for batch and
continuous clarification of pomegranate and barberry juice samples in a packed bed
bioreactor. For this purpose and for formation of free aldehyde groups, pullulan and kefiran
were first partially oxidized by sodium periodate and 19.9 + 1.3 and 23.6 £ 0.9% of free
aldehyde groups were formed on them, respectively, that confirmed by FTIR spectra.
Afterward, the mentioned cross-linkers and also glutaraldehyde were used to immobilize
pectinase enzymes on glass beads. The obtained results showed that kefiran polyaldehyde
had the highest capacity in enzyme immobilization so that protein content of the beads
containing glutaraldehyde, pullulan polyaldehyde and kefiran polyaldehyde was 0.41 *
0.05, 1.83 £ 0.21 and 5.25 = 0.86 mg/10 glass beads, respectively. Also, the presence of
polymer network on the glass beads was confirmed by SEM and AFM. The findings
indicated that the maximum activity of the free pectinase and enzymes immobilized by
glutaraldehyde, pullulan polyaldehyde and kefiran polyaldehyde in optimum conditions
(temperature of 50°C, and pH of 5 and 5.5 for free and immobilized enzymes, respectively)
was 2.93 £ 0.13, 2.56 £ 0.12, 2.21 £ 0.18 and 1.87 + 0.24 unit/mg protein, respectively.
Also, in these conditions, kinetic parameters including Kpn (mg/mL) and Vmax
(umol/min.mL) were 9.71 + 0.22 and 3.07 = 0.13 for free enzymes, 10.07 + 0.37 and 2.93 +
0.29 for enzymes immobilized by glutaraldehyde, 11.21 + 0.24 and 2.24 + 0.18 for
enzymes immobilized by pullulan polyaldehyde and 11.58 + 0.31 and 2.17 + 0.14 for
enzymes immobilized by kefiran polyaldehyde. In addition, the enzymes immobilized by
pullulan polyaldehyde had the highest reusability and then the enzymes immobilized by
kefiran polyaldehyde and glutaraldehyde were in second and third place. The obtained
results showed that the method used in the present study was well able to clarify
pomegranate and barberry juice samples and led to a significant decrease in turbidity and a
significant increase in clarity of both fruit juice samples. The study of fruit juice properties
also showed that the clarification process led to a decrease in pH, total soluble solids,
viscosity, total phenol content, free radical scavenging activity and green — red value and an
increase in total titratable acidity, reducing sugar content, lightness value and blue — yellow
value. The obtained results showed that the polyaldehyde kefiran-immobilized pectinase in
continuous operation had the greatest effect on the juice properties which was probably due
to the greater capacity of this cross-linker in enzyme immobilization and also the more and
better contact between the active site of the immobilized pectinase and substrate in
continuous process. Finally, it can be stated that the method used in the current study could
be a potential alternative to conventional industrial methods involving the use of free
enzymes in batch operation.

Keywords: Pectinase; Glass beads; Polyaldehyde polysaccharides; Covalent

immobilization; Packed bed bioreactor; Fruit juice clarification
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