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Efficient hydrolysis of starch by glucoamylase immobilized on

hybrid biopolymer membranes

Keita KASHIMA, Takuma ISHIKAWA, Yutaro KAMIO

Efficient hydrolysis of starch is one of the important reactions in various applications such as bio-ethanol
production. Biopolymer membrane immobilizing glucoamylase which hydrolyze polysaccharide such as starch was
successfully prepared. Hydrolyzing characteristics of commercial glucoamylase were first evaluated in batch
process. Next, the two types of membrane immobilizing glucoamylase were investigated. One is the membrane
prepared from calcium alginate and gelatin immobilizing glucoamylase with chemical cross-link using
glutaraldehyde. Another is the membrane composed of calcium alginate and chitosan immobilizing glucoamylase
with ionic interaction and with physical fixing in the polyelectrolyte-cross-linked hybrid polymer network.
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Fig. 1 Concentration of produced glucose in mixture
during glucoamylase-catalyzed hydrolysis of starch at
pH 45. OT = 40 °C, AT =50 °C, <> T = 60 °C.
Initial concentration of starch was 10 g L™.
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Table 1 Experimental values of Vmax and Kp
obtained from free enzyme system (without
immobilization)

Lineweaver -Burk plot Eadie-Hofstee plot

T[Cl Vi IMs™T Ka [9L] Vi [Ms™] K [g/L]
60 1.15x10° 0.41 1.18x10° 0.45
50 1.14x10° 0.91 1.17x10° 0.94
40 8.70x10° 0.91 9.10x10° 0.93
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Fig. 2 Calcium alginate-gelatin hybrid membrane
immobilizing  glucoamylase cross-linked  with
glutaraldehyde.
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Fig. 3 Concentration of produced glucose in mixture
during hydrolysis of starch using calcium alginate-
gelatin membrane immobilizing glucoamylase at pH
45. OFree enzyme system at T = 40 °C, @
Immobilized enzyme system at T = 40 °C, <> Free
enzyme system at T = 60 °C, and € immobilized
enzyme system at T = 60 °C. Initial concentration of
starchwas 10 g L.
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Table 2 Experimental values of Vmx and Kp
obtained from immobilized enzyme system using
calcium  alginate-gelatin ~ hybrid  membrane
immobilizing glucoamylase

Lineweaver -Burk plot Eadie-Hofstee plot

TICl Voo M5 Ka [gL] Voo [Ms?] K [giL]
60 4.90x107 115 5.85x10” 1.48
40 1.31x10° 2.00 1.43x10°° 2.33
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Fig. 4 Calcium alginate-chitosan hybrid membrane
immobilizing glucoamylase cross-linked  with
polyelectrolyte interaction between anionic alginate
and cationic chitosan.
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Fig. 5 Concentration of produced glucose in mixture

during hydrolysis of starch using calcium alginate-

chitosan membrane immobilizing glucoamylase at pH

45, AFree enzyme system at T = 50 °C, A

Immobilized enzyme system at T = 50 °C. Initial

concentration of starch was 10 g L™,
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Table 3 Experimental values of Vmax and Kn,
obtained from immobilized enzyme system using
calcium alginate-chitosan hybrid membrane
immobilizing glucoamylase

Lineweaver -Burk plot Eadie-Hofstee plot

TICl Vi IMs'] K [OL] Vi IMs'] Ka [g/L]
50 1.35x10° 1.01 1.29x10°® 0.84
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