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Saccharification and alcohol fermentation characteristics of
a mixture of tapioca and hulled barley

Sun Hye Kim', Jong Soo Oh', and Sung Tae Kang"*
'Department of Food Science and Technology, Seoul National University of Science and Technology

Abstract An enzymatically saccharified tapioca and hulled barley (TB) raw mixed solution was used to examine alcohol
fermentation characteristics. The TB mixture was liquefied with 0.04% a-amylase “Spezyme-Fred” and saccharified using
an enzyme mixture (GPB), which consisted of glucoamylase (G), protease (P), and B-glucanase (B). After the TB mixture
(7:3, w/w) saccharified for 150 min at 50°C, its glucose content was 12.9% and viscosity was 26 cp. The use of GPB
for the saccharification of TB was appropriate because the addition of [B-glucanase increases the glucose yield and
decreases the viscosity of the saccharification liquid. The TB ratio was optimized to 7:3 (w/w) on the basis of the lower
viscosity and the higher glucose content after saccharification. After TB mixture with 300% (w/w) water content was better
condition than others for alcohol fermentation when it was carried out at 30°C. The alcohol and glucose contents of the
TB mixture fermented for 72 h were 9.0 and 0.02%, respectively, and the pH and total acidity were 4.3 and 0.3%,
respectively.
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B Ao AHgE gy e7te (F)3e|EXZ(Seoul, Korea)dll
A Aol AREAY, ZRE QEYelA Tl (Minganeton-
ghulledbarley, Daegu, Korea) § #St7ko| X 33t} AR&-313AT
el DNSH(Kim 5, 2016y AMESte] A=Y =2
FE BT} T4.6%, ZHE 558%E SAHEUG. FEIFE
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ate] AR 5 g% WOl RS AL, BTt 12.9%, 2H
g 11.9%= ZH = At

MNEBZF

2 AYox AMEE ¢FZE B8 FF= Saccharomyces cere-
visiae 7199] 7AZX &R A|E<l Ethanol Red (Batch. 61197/1,
Fermentis, Marcg-en-Baroeul, France)S ZaHix]2] 0.03% (W/v)E
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ester, NY, USA)S AME-31%3L, BaladAls FFIopdd ol
(G, from Aspergillus niger, Sinobios, Shanghai, China), T &7}
58| AP, Prozyme NP, from Bacillus licheniformis, Bision
Co., Seoul, Korea), W E}ZF3t 7}E38) & 4(B, Brewmax L,
Bision Co., Seoul, Korea), 37| A S22 7}473)] G 4x(H, Brew-
max Super, Bision Co., Seoul, Korea)S Al&-3}4t}.
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Fig. 1. Effect of temperature on viscosity and glucose content
after saccharification of tapioca and hulled barley mixture (7:3,
w/w) for 180 min by adding 0.3% saccharogenic enzyme (GPB).
[J: Viscosity, ll: Glucose content
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Fig. 2. Effect of time on viscosity and glucose content after

saccharification of tapioca and hulled barley mixture (7:3, w/w)

at 50°C by adding 0.3% saccharogenic enzyme (GPB). H:
Viscosity, @: Glucose content
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Fig. 3. Effect of enzyme (glucoamylse: G, protease: P, (-
glucanase: B, hemicellulase: H) combination on viscosity and
glucose content after saccharification of tapioca and hulled

barley mixture (7:3, w/w) at 50°C for 150 min. [1: Viscosity, ll:
Glucose content

Table 1. B-Glucan content of raw material

Raw material B-glucan (%)

0.04+0.01"
4.39+0.02

Tapioca
Hulled barley
YMeans+SD (n=3)
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Fig. 4. Effect of raw material composition of tapioca and hulled
barley mixture on viscosity and glucose content after saccharification
at 50°C for 150 min by adding 0.3% saccharogenic enzyme
(GPB). [: Viscosity, l: Glucose content
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Fig. 5. Effect of added water content on alcohol content and
glucose content after alcohol fermentation of saccharified liquid
at 30°C for 60 h. Saccharification of tapioca and hulled barley
mixture (7:3, w/w) was carried out for 150 min at 50°C by
adding 0.3% saccharogenic enzyme (GPB). l: Glucose content,
@: Alcohol
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Fig. 6. Effect of added water content on total acidity and pH
content after alcohol fermentation of saccharified liquid at 30°C
for 60 h. Saccharification of tapioca and hulled barley mixture
(7:3, w/w) was carried out for 150 min at 50°C by adding 0.3%
saccharogenic enzyme (GPB). [1: pH, H: total acidity
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Fig. 7. Effect of saccharogenic enzyme concentration on alcohol
content and glucose content after alcohol fermentation of
saccharified liquid at 30°C for 60 h. Saccharification of tapioca
and hulled barley mixture (7:3, w/w) was carried out for 150 min
at 50°C by adding saccharogenic enzyme (GPB) of different
concentration. l: Glucose content, @: Alcohol
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Fig. 8. Effect of saccharogenic enzyme concentration on pH and
total acidity after alcohol fermentation of saccharified liquid at
30°C for 60 h. Saccharification of tapioca and hulled barley
mixture (7:3, w/w) was carried out for 150 min at 50°C by
adding saccharogenic enzyme (GPB) of different concentration.
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Fig. 9. Time course of alcohol fermentation of saccharified liquid
at 30°C for 60 h. Saccharification of tapioca and hulled barley
mixture (7:3, w/w) was carried out for 150 min at 50°C by
adding saccharogenic enzyme (GPB) of different concentration.
M: Glucose content, @: Alcohol
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Fig. 10. Changes in pH and total acidity during alcohol
fermentation at 30°C for 60 h. Saccharification of tapioca and
hulled barley mixture (7:3, w/w) was carried out for 150 min at
50°C by adding saccharogenic enzyme (GPB) of different
concentration. [1: pH, l: Total acidity
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