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Study on the Pilot Scale Development of Mixed Enzymes Powder Production

from Sweet Sorghum Fresh Stalks for Ethanol Industries

Abstract

This study aim to produce powder of mixed-culture microorganisms from solid state-
fermentation of sweet sorghum fresh stalks using pure culture of Trichoderma reesei and
Saccharomyces cerevisiae for ethanol batch and fed-batch submerged fermentation. And also
fermentation broth feed velocity for ethanol and microorganism separation using ultrafiltration
membrane was investigated. The research results were found as following.

The mixed-culture microorganisms powder production under solid state-fermentation
was performed using 100 g sweet sorghum fresh stalks, 1x10° cell/mL mixed —culture
microorganism in 60 mL liquid medium at pH 5 and 7 days incubated at temperature 24+2 “C.
Then fresh product was dried at 60°C until 12% by weight final moisture content. After that
2.0x10° cell/mL mixed-culture microorganism or mixed enzyme powder was produced by
grinding.

The orthogonal experimental method was used to find the optimal condition for ethanol
submerged fermentation of sweet sorghum fresh stalks with mixed enzyme powder at room
temperature (30°C). The optimal condition at 250 mL Erlenmeyer shaking flask were 35 g sweet
sorghum fresh stalks, 4.5 g mixed enzyme powder in 100 mL liquid medium at pH 5 and 7 days
incubation.

The ethanol submerged batch fermentation at the optimal condition was performed in 5
L Erlenmeyer shaking flask. It was found that 39.59 gL'] ethanol obtained at 5 days fermentation
and 2 days for double time microorganism growth estimation.

Moreover, ecthanol submerged batch fermentation at the optimal condition was
investigated in 15 L fermenter with paddle blade at 200 rpm mixing rate for 3 h per day, 6 L
liquid medium control volume and pH 5 adjusted. It was found that 43.11 gL_1 ethanol and about

69% ethanol yield for 8 days fermentation.



Fed-batch fermentation was performed as same as batch fermentation except for 500
mL fresh liquid medium addition at every 2 days and pH 5 adjusted in 15 L fermenter. It was
found that 35.81 gL'1 ethanol and about 240% ethanol yield for 9 days fermentation.

Fed-batch fermentation with filtrated microorganism recycle was done. The 500 mL
fresh liquid medium was added at every 2 days and pH 5 adjusted then refilled 300 mL filtrated
microorganism in retentate and 200 mL fresh liquid medium at every 4 days. It was found that
58.2 gL_1 ethanol or 494.8 g ethanol in 9 L fermentation broth and about 450% ethanol yield at 54
days fermentation.

The fermentation broth feed velocity of cross-flow ultrafiltration membrane separation
was investigated for ethanol and microorganism filtration using 0.1, 0.2 and 0.3 m/s as variable
parameters. It was found that suitable feed velocity is 0.1 m/s or 50 rpm. The results showed that
16.8% ethanol rejection in permeate and 56.3% microorganism increasing in retentate. However

it took 100 min for 1 L fermentation broth filtration.

Keyword: ecthanol, solid-state fermentation, fed-batch submerged fermentation, cross-flow

membrane separation, sweet sorghum fresh stalks



