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Fig. 1. Biofilm development on the surface of inert
media.
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Fig. 2. A bioparticle of P. chrysogenum developed in
the shake flask culture.
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Fig. 3. Photomicrographs of bioparticles of P. chrysogenum developed under (A) nitrogen-limited condition and

(B) phosphate-condition.
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Fig. 4. Photomicrographs of bioparticles in the cul-
ture broth of the fluidized-bed bioreactor
with time, (A) affer 24h, (B) 48h, (C) 72h,
(D) 96h.
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Fig. 5. A time course of penicillin production in the
fluidized-bed bioreactor for a prolonged pe-
riod. The arrow indicates an extra addition
of phosphate source at a concentration of 50
mg KH:PO,/L for 3 days.
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¢ =biofilm density, ML *

1, = bioparticle radius, L
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¢=bed porosity
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