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Studies on the Alcohol Fermentation with Extruded Tapioca Starch

Moon, Hang-Sik, Ho-Joeng Kwon and Pyong-Su O*

Department of Fermentation Technology, Pacific R/D center, Suwon 449-900, Korea

Several methods to produce ethanol from tapioca starch were examined. Among four methods
tested, alcohol fermentation with extruded tapioca starch was the most effective, which alcohol yield
was 460.5//ton. After 69hours reaction with Rhizopus sp. glucoamylase, 108.7Tmg/m/ of reducing
sugar were produced from extruded tapioca and 43.8mg/m/ from raw tapioca starch. In alcohol fer-
mentation with extruded tapioca, the high concentration of alcohol at early stage prevented bacterial
contamination and the fermentation rate was increased due to the high saccharifying power of gluco-
amylase on the extrnded starch, but extrusion temperature had no influence on the fermentability.
Scanning electron microscopy showed that the extrusion process changed the structure of tapioca
starch granule to more susceptible form to glucoamylase attack than the raw starch. And gluco-
amylase of Rhizopus sp. had stronger digestion activity on both extruded tapioca and raw tapioca

starch than that of Aspergillus usamii.
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Table 1. Composition of tapioca used for alcohol fer-
mentation and operating conditions for extrusion proces-
sing of tapioca

Starch content of tapioca: 67.5%

Initial moisture content of tapioca: 12-14%

Size of tapioca: 10-20 mesh

Extruder: High shear cooking extruder with single screw*
Feed rate: 200 g/ min

Screw rotation rate: 120 rpm

Barrel temperature: 80-135°C

*The extruder was manufactured by Department of Food
Technology, Korea University
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* 100g of tapioca chip

Preparation : 28'.] m{ of water .
of mash adjusting pH 3.8-4.0 with
conc. HzSO4
* 10 ml of 0.84 ¥ Na;SO;3
* steeping at 64°C for 2hrs

. * cooling to 30°C
Saccharification | + ggjusting pH 4.8 with 25% NaOH
& Fermentation | » 30 1n/(4500 unit) of Rhizopus sp.

I |
— glucoamylase

* 40 m/ of yeast
* incubation at 30°C for 5 days
with frequent stirring

Fig. 1. Schematic diagram for the alcohol fermentation
of tapioca chip without cooking
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Fig. 2. Time course of alcohol fermention of tapioeca chip
by four different methods.
100 g of material was used in every case.
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Table 2. Comparison of fermentation data among cooking, uncooking, low-temperature cooking and fermentation using
extrudata.*

Cooking Uncooking L.T.C.** Extrudate
Volume (m/) 463 424 425 413
pH 4.70 4.05 4.10 4.63
Alcohol content (v/v, %)V 9.76 9.12 10.13 11.39
Alcohol yield (//ton)? 441.4 374.1 419.3 460.5
Fermentation efficiency (%)% 88.6 75.1 84.1 92.4

* 100 g of material was used in every case.
In the case of extrudate, the results were obtained after 4 days fermentation and 5 days in the others.
** | ow-temperature cooking
1) Alcohol content was determined with an alcoholic hydrometer after distillation,
2) Alcohol yield = (Mash volume X alcohol content-Volume of yeast inoculated X alcohol content of the yeast) x 0.98/
0.95 x 1000/ weight of tapioca used(g)
3) Fermentation efficiency = (Mash vol. X alcohol content-Vol. of yeast inoculated X alcohol content of the yeast)/
(Weight of tapioca used x Total sugars in tapioca x 0.6439) x 100
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Fig. 3. Time course of raw and extruded starch digestion
by Rhizopus sp. and Aspergillus usamii glucoamylase pre-
parations (2250 units).

In this experiment materials used were tapioca chip and
its extrudate extruded at 120°C.

® — ® : Rhizopus sp., extrudate.

B - B : Rhizopus sp., raw starch.

®--® : Aspergillus usamii, extrudate.

B--0 : Aspergillus usamii, raw starch.
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Fig. 4. Scanning electron microscopes of raw and extruded starch granules of tapioca chip at various reaction time with

Rhizopus sp. glucoamylase.

A, B, C: Extruded tapioca chip reacted for 5, 10, 20 hrs, respectively.
D, E, F: Raw tapioca chip reacted for S, 10, 20 hrs, respectively.
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Table 3. Effect of extrusion temperature on fermentation using the extrudate from tapioca chip.

Extrusion Volume pH Alcohol Yield Fermentation
temperature( °C) (mJ) v/v, %) ({//ton) efficiency(%)

80 210 4.94 11.25 462.6 92.8

95 210 4.76 11.32 465.6 93.4

100 210 4,76 11.25 462.6 92.8

105 209 4.76 11.34 464.2 93.1

110 210 4.74 11.28 463.9 93.1

120 210 4.72 11.25 462.6 92.8
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Fig. 5. Effect of Rhizopus sp. glucoamylase concentra-
tion on alcohol fermentation of tapioca chip extrudate ex-
truded at 125°C.
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