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Optimum Liquefying Enzyme of an Alcohol Fermentation Using Naked Barley as a Substrate. Nam
Ki Du*, Woon-Sik Kim, Myung-Ho Choi and Wan Park'. // San Trading Co. Ltd Pusan 608-044, Korea,
'Department of Microbiology, College of Natural Science, Kyungpook National University, Deagu 702-7017,
Korea — Various treatments of naked barley with commercial liquefying enzymes have been employed to re-
duce high viscosity of naked barley in cooking as a raw material for alcohol production and to increase alcohol
vield. The enzyme BAN used for cooking and liquefaction of naked barley was able to make a reduction
of one third of viscosity and to enhance alcohol yield of 4 [/Ton of raw material than the T120L was. Of
course, alcohol yield depended in part on the applied saccharifying enzymes. The low temperature cooking
of naked barley with BAN was favorable compared with high temperature cooking for both of reducing viscosity
(210 vs. 237 cp) and final alcohol yield (Yp/so; 0.397 vs. 0.395 g/g) in industrial scale.
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2 7zl 66.73% = 75.71%%3 cH(Table 1).
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Table 1. Comparison of starch value by the methods of
hydrolysis.

Hydrolysis . EnzymeV
Acid
Raw matenal T120L BAN
Naked barley 66.73% 56.49% 57.49%
Rice 75.71% 73.30% 74.44%

PStarch value was measured by IL SAN assay modified
with the NOVO file (EF871124.1/Jec-BHN/Vol) as shown
in Fig. 1.
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Table 2. The activity of enzymes used in this study.

Enzyme Activity Remarks
Termamyl 120L 138300 u/g NOVO, Denmark
BAN 240L 103400 u/g NOVG, Denmark
Refined enzyme(RE) 24200 u/g  Pacific Chemical

Co., LTD. Korea
Crude enzyme(CE) 3434 u/g Baehan Co. LTD.

Korea
Cellobiase{NZ188) 250 CbU/g  NOVQO, Denmark
San super 240L(S) 12960 u/g NOVO, Denmark
AMG 13500 u/g  NOVO, Denmark

The activity was assayed according to the 11 San and NOVO
methods (12).

Table 3. Effect of liquefying and saccharifying enzymes on the aicohol productivity from naked barley in lab scale.

Class. Alpha-amylase Saccharifying enzyme RSY Evolved Yp/so” Yield”

(g/kg) (g/kg) CO; (g) g/g) (¢/Ton)
A T120L 0.2 RE+CE .36 +5 NDY 10.50 0.395 388.4
B T120L 0.2 San-super(S) | " 9.66 (0.304 358.0
C T120L 0.2 S+ NZ188 1+0.18 " 10.01 0.377 369.7
D BAN 0.1 RE+CE 036+5 ” 10.60 (.399 392.3
E BAN 0.1 San-super(S) a 10.22 0.385 378.6
F BAN 0.1 S+ NZ188 1+0.18 ” 10.33 0.389 383.5

Y Retrograded starch

?Yp/So was expressed as the conversion yield of glucose to ethanol,
"Yield was calculated as follows: Y (95% EtOH, [/Ton, raw material)=SV (%)X 0.7154 XFR (%)X 10/0.95

YND: Not detected

Table 4. Kinetic data obtained from alcohol fermentation in the 117 m’ fermentors using T120L and BAN as liquefying

enzymes at the cooking step in large scale production,

Raw material Class Dosage” TS? Viscosity” Alcohol Yp/so?
(kg/Ton) (%) Centi poise (%) (g/g)
(70/40C)
Naked barley T120L 0.127 18.18 647/47 9.03 0.394
Naked barley BAN 0.058 18.56 237/36 9.25 0.395
Naked barley BAN (LTC)” 0.109 18.54 210/33 927 0.397
Rice T120L 0.127 18.09 <30 10.14 0.445
Rice BAN (LTO) 0.055 17.34 <30 971 0.444

U Alpha-amylase dosage/Raw material
“TS: Total sugar

*The mash viscosity was checked at 70C and 40C, respectively.

Y As in the Table 3.

*"The mash was prepared by the Low temperature cooking (LTC) at 90C for 120 min.
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Sample 5g(Starch contains about 1.5-3g)

{— Add distilled water 100ml.

Erlienmyer flask 250mi

Agitation

<{— For 15ain on the magnetic stirrer
{— Adjust pH B.5-7.0 with O.IN NalH

{—Add T120L O.1sl {— Add BAN 240l 0.05al

Liquefaction
9O +-2oC/20min

Liquefaction
70+ 20C/20min

{— Adjust pH 4.5+0.1 with 0, 1IN HCI
{— AMG 200L O.1ml

Saccharification
S8-+2oC/16hrs

{— Make up to 1000ml

Assay by Bertrand sethod

Fig. 1. Procedure of enzymatic hydrolysis for determination
of starch value.
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Fig. 2. Profiles of viscosity of naked barley and temperature
at cooking stage in lab scale test.

T120L (0.2 g/kg of starch) or BAN (0.1 g/kg of starch} was
added to the 3 kg of slurry containing 25% naked barley,
and the mixtures were heated from 25C to 90C (for T120L)
or 75C (for BAN) at 1C per minute and held there for
10 min (T120L) or 30 min (BAN) and then cooled to 33¢
for alcohol fermentation.

- TI120L, temp ---*-- BAN, temp —*— BAN, viscosity
-++ T120L, wviscosity
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