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Table 1. Energy (MJ/ 1 of pure ethanol) req-
uired to produce absolute alcohol

Process Stage Substrate
Beets Cane Starchy
raw
materials
Digestion /
hydrolysis,
batch 4~5 - 7—8
continuous - - 2
Cane mill -~ 1.1-15 -
Extraction 0.8—1 2—3 -
Fermentation,
batch 0.06 0.06 0.06
continuous 0.1 0.1 0.1
Distillation,
single-stage | 10—13 10—13 10—13
optimized 5— 7 5- 7 5— 7
Process,
conventional 16 13 19
optimized 7 7 8
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9o x o]E& &R glucoamylaseE A3+
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U 333t Wy J1EL SATAH A v
A EaAEFol 108} A= @Bel B9 BIE=
7} =goed HFHoT GIFRF 77tel
Aol A& Tl A7t FolUch 22u, BEA

S FH FEE ARLR(ZTANE A2

Starter

—

Fermenter

26-32°C 96 hrs

pH: 45-6.0

To distiflation column

Fig. 1. Flow Diagram of the Noncooking Fermentation System for Use on an Industrial Scale.
Capacities: mill, 6 ton / hour, mash tank, 5ki: fermenter, 140ki.
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Table 2. Comparison of Non-cooking Processes

I* (1963) I* (1980) SUNTRY (1980)
Particle
size More than 90% of — More than 30% of
{ 100 pm { 849 um
Row material Rice, Rice maize,
maize, milo
Sweetpotato,
Cassava
not adjusted
ph of mash 36 35—45 (normally
initial: 55—6.0
final: 4.5—5.0)
Sacch. Asp. Enzyme Rhizopus
enzyme for SAKE
not necessary
Anhydrous none none sometimes required
Sulfite (80-320 ppm as SO;)
Fermentation 24-30C maximum 15C 28-32TC
temp,
Fermentation 7-10 > 10—15 4-5
period(day)

* 1. Yamasaki, S. Ueda, & H. Shimada: J. Ferm. Ass. Jpn. Vol. 21, 83 (1963)
* C. Kumagai et al. Abstracts of papers, Annual Meeting of the Society of Fermentation

Technology of Japan Fukuoka, April, 1980, p. 4.
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Figs. 2. Comparison of the progress of sacch-
arification of uncooked barley, corn,
and potato in an attrition-coupled
reaction system,
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Fig. 4. Effects of acid steeping on the sacch-
arification of uncooked cassava starch.
After steeping in acid solution, samples
were saceharified as described in the
text. Hydrolysis was expressed as %
total sugar converted.
O : HCl and @ : H,SO,

A& vl (Maceration) 3t 37 FHolv
pectin depolymerase® A48 Wart YL
A& AL o9 Fo=e= AAE HAT
E@, 8224 PR A7 BAEEY B3
28 2 FHNL F Yol AEURS YR
Ql FxHsr}l dojd Aoz ArHUT. ol
@ o= AAEYZ B2 6)F ARYA
o A7 Aoz AT 4 UYL Ao
HAAgE A< hydroxymethylfulrfural(HMF)
o gHoz Eme UT LEAE JANE
ZHe FEd B A7IME BEa dBE
60Col A 05N ¢atez 12417 Ao N
HMF YA ES 50 SARED FAY S8
EES U¢ 4 UAQTh ey, olske] M
§ eng 2NN HEd 9EE IASN:e
A% 24U ARFZ| BHPES) o]
A GsEe 4TUE £57 b PolAE
AYe voth £¢, AAPEL B33 HEY

Fermentation Time (Days)

Ethanol Yield (%)

Fig. 5. Time course of alcoholic fermentation
of various saccharified broths.
Ethanol yield is expressed as a perce-
ntage of the thcorctical value. The
precedure for alcoholic fermentation is
detailed in the text. @ : steeped in
0.25 N HCI solution or not acid-steeped,
O : steeped in 0.5 N HC| solution, &
. steeped in 1 N NCI solution, & :
steeped in the 2 N HCI solution, and
B : starch cooked under the conditions
used in industry. Acid steeping was
carried out at 60C for 12. h.
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Fig. 6. Scanning electron microscopic photographs of cassava starch treated with various

methods (2000-fold magnification).

A: raw cassava starch, B: cassava starch cooked at 100C for 30 min, C: cas-
sava starch treated with pectin depolymerase (3 mg/g starch) at pH 4.5 2 h.
45°C, and D: cassava starch treated with 0.5 N HCI solution at 60°C for 12 h.

Bars indicate 10zm.

D atatis whHo] AgsolRlol & FoE w2l
th o] AS mwE 2313 ZuoA o}
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Fig. 7. Time course of ethanol fermentation
of various saccharified broths Ethanol
yield is expressed as a percentage of
the theoretical value. The procedure for
ethanol fermentation is detailed in the
text. Alkali steeping was carried out at
50C for 12 h. A: steeped in 0.IN
solution or not alkali steeped: O:
steeped in 0.2N NaOH solution: e:
steeped in 0.3N NaOH soiution.

A1l 2 AMYse Ao F& RAee Algd
o}
dutHog A oE HEA YBE FAY
e F$e AAY Loiu]go] Bol=e EA
ol 7] W&ol AAe §olE Ha3t AA}
£33 e ALsA"EYE & o AAF
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t}. X3, swelling agent& AMg-3te F9le
AE gAY £4£28E AA HxE9
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# e axxoz 23g 5 e PPl
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4 CiZ{7iX| WS HES FHA M2 €

o UFUTE

SN AFF nis} Bo] T AEE €7t
gz AXste 25 F=9 F7vt & A7}

Fig. 8. Scanning electron microscopic photog-
raphs of cassava starch treated with
various methods (2000-fold magnifica-
tion). (A) Raw cassava starch. (B)
Cassava starch cooked at 100C for 3
0 min. (C) Cassava starch treated with
0.1 N NaOH solution at 50C for 12 h.
(D) Cassava starch treated with 0.2N
NaOH solution at 25C for 12 h. (E)
Cassava starch treated with 0.2N NaOH
solution at 50C for 12 h. (F) Cassava
starch treated with 0.3N.NaOH solution
at 25T for 30 min.
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Fig. 9. Effect of steeping time on the hydrolysis of uncooked tapica starc with bead-

milling O
50°C for 4 hr.
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Fig. 10. Hydrolysis of tapioca pellet extruated
with twin-screw extruder(Buchier, DNDL-
44, Swizerland)
Q : Tapioca peliet, ® : cooked tap-
joca pellet, []: extrudate of tapioca
pellet at specific energy, 100 Kwh / ton,
B : extrudate of tapioca pellet at
specific energy, 185 Kwh /ton.
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