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STUDIES ON BIOMASS UTILIZATION BY
MICROBIOLOGICAL ACTIVITIES

Part III. Raw Starch Digestion by Microbial and Plant B-Amylases

Ryu SHINKE*, Takashi NANMORI**, Kenji AOKI*, Hiroshi NISHIRA¥*,
Kinichi NISHIKAWA*** Kunio YAMANE**** gand Kiyoshi NISHIDA****

(Received for publication on August 10, 1983)

Abstract

With an aim of utilization of bacterial and plant g-amylases, digestion of various raw starches by

B-amylase from Bacillus cereus BQ10-S1 Spo II was compared with those by soybean and barley f-amy

lases, a-amylase from Bacillus subtilis and glucoamylase I from Rhizopus delemar. The bacterial g-

amylase showed much higher digestibility than plant S-amylases but less digestibility than glucoamylase I.

The bacterial f-amylase was found to digest most easily rice starch samples followed by wheat, corn,

potato and sweet potato starches. Among five rice starch samples obtained in 75% polishing stages of
Yamadanishiki, Nihonbare and LA 110, the rice brans of 90-75% layer, especially that of Nihonbare were

most easily digested by the bacterial g~amylase.

Introduction

Since the oil crisis in 1973 much attention has
been paid to researches on energy saving or re-
placing conventional fossil fuels to other fuels.
For instance, alcohol from biomass that is one
of renewable resources has become of interest
as an alternative energy.'®'® New production
systems of alcohol with high efficiency using raw
starch materials have been developed and found
to save a large amount of energy. ®1%:21,25:2)
Raw starch digestion by commercial enzyme
preparations was also applied to Sake brewing
and the resulting Sake was reported to contain
more than 18 % of alcohol with an excellent
quality.»»#'® However, how varieties of rice
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grains, their degrees of polishing and so forth
will effect on digestion by commercial enzyme
preparations still remains to be investigated.
Especially, little is known on raw starch diges-
tion by g-amylases. Though no plant 3-amylase
was reported to digest raw starches,2” our recent
results have shown that microbial g-amylases
can digest raw starches much more than plant
f-amylases.!”

In the present paper we deal with raw starch
digestion by S-amylases and comparison of their
digestibility by a-amylase and glucoamylase with
that by S-amylases. We also deal with com-
parison of digestibility of raw rice starch samples
obtained in 75 % polishing stages of two rice
varieties (Yamadanishiki and Nihonbare) suita-
ble for Sake brewing and one long rice variety

(LA 110).

Meterials and Methods

Rice varieties and raw starch samples
Brown rice samples of Yamadanishiki, Nihon-
bare and LA 110 (a long rice variety from the
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U. S. A), which were harvested in 1981 in the
Experiment Farm for Sake-rice, Hyogo Prefe-
ctural Agricultural Center, were used in the
experiments. Each sample was milled with a
Satake Grain Test Mill and the degree of polish-
ing (%) was calculated by weight differences
between polished rice and rice bran obtained.
The rice bran samples at each polishing stage
were also used as raw starch samples. Wheat,
corn, sweet potato and potato starches used in
the experiments were of practical grade from
Wako Pure Chemical Industries, Ltd.

Enzymes

Bacterial -amylase was obtained in our labo-
ratory from the fermentation broth of Bacillus
cereus BQ10-Sl Spo II in an EYELA jar fermen-
ter (Type M-160) (Tokyo Rika Co. Ltd.)."®
Other enzymes were commercial preparations ;
soybean f-amylase from Wako Pure Chemical
Industries, Ltd., barley p-amylase (Type 1I-B)
and a-amylase (Type XI-A) of Bacillus subtilis
from Sigma Chemical Company and glucoamy-
lase I of Rhizopus delemar from Toyobo Co.,
Ltd., respectively. Each pg-amylase preparation
was examined on formation of only maltose as
the enzyme reaction product by paper chroma-
tography.

Raw starch digestion

Raw starch digestion was carried out as fol-
lows. The reaction mixture (total volume : 2
ml) in the test tube containing 10 mg of each
raw starch sample and 60 units of each amylase
(estimated by Bernfeld method®) in 25 mM
acetate buffer (pH 5.0) or phosphate buffer
(pH7.0) was incubated at 35 °C with stirring.
The test tube was set at an angle of 35° on the
shaker (Taiyo Incubator Personel) at 164 reci-
procation/min and 3.1 cm amplitude. After a
given time of incubation the reaction mixture
was centrifuged at 4000 rpm for 25 min and the
supernatant was subjected to the determination
of reducing sugar content.

Measurement of reducing sugar

Reducing sugar in 1 ml of the supernatant
obtained above was determined by Somogyi-
Nelson method.!® To the test tube 1 ml of the
supernatant and 1ml of the copper reagent was
added. After standing for about 30 min, it was
diluted up to 24 ml with deionized water and
subjected to the colorimetric determination at

660 nm.

Results and Discussion

Raw starch digestion by bacterial and plant

B-amylases

Wheat, sweet potato, corn and potato starches
were subjected to digestion by g-amylases from
different sources. As shown in Fig. 1, wheat
starch was most easily digested by bacterial -
amylase and the amount of maltose produced
was about two times greater than those by soy-
bean and barley g-amylases (Iin Fig. 1). As
seen in II, III and IV in Fig. 1, there was no
marked difference in digestibility among the
three starches and g-amylases. All the enzyme
reactions were found to level off during the first
six hours of incubation. Though bacterial §-
amylase was reported to digest more strongly
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Fig. 1. Hydrolysis of raw starches with bacterial
and plant B-amylases.

I : wheat starch II : sweet potato starch
Il : corn starch IV : potato starch

®——@® Dbacterial B-amylase
@ —@ soybean f-amylase
O——CO barley p-amylase
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sweet potato starch than plant g-amylases,?® our
results suggest that wheat starch is more suitable
for examination of g-amylase digestibility be-
cause sweet potato starch is less digestive than
other starches (Il in Fig. 1).

Raw starch digestion of rice samples at

various polishing stages

In 75% polishing stages of rice grains, four
starch samples in addition to unpolished grains
(A) were obtained ; rice brans of 100-90% layer
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Fig. 2. B-Amylase digestion of raw starches in
polished rice and rice bran samples
(Nihonbare).

A : unpolished rice grain

B : rice bran of 100-90% layer
C :90% polished rice grain

D : rice bran of 90-75% layer
E : 75% polished rice grain
®—@® bacterial S-amylase
@ —@ soybean S-amylase
O—Q barley p-amylase

(B) and 90-75% layer (D), 90% polished (C)
and 75% polished rice grains (E) which were
both milled and passed through 150 meshes for
the enzyme reaction.

1) Yamadanishiki The five starch samples
from Yamadanishiki were subjected to g-amyl-
ase digestion and the results obtained are shown
in Ato Ein Fig. 2. The digestion of the rice
bran of 90-75 % layer by bacterial B-amylase
after 24 hr reaction was the highest (D in Fig.
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Fig. 3. B~Amylase digestion of raw starches in
polished rice and rice bran samples
(Yamadanishiki).

A : unpolished rice grain

B : rice bran of 100-90% layer
C : 90% polished rice grain

D : rice bran of 90-75% layer
E : 75% polished rice grain
®——@® Dbacterial f-amylase
@ —@ soybean S-amylase
O—Q0Q barley f-amylase
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2), the value of which was about seven times
greater than that of unpolished rice grains (A
in Fig. 2). The digestibility of starch samples
by bacterial g-amylase was D, E, B, C and A
in decreasing order except the case of C where
soybean f-amylase showed the highest activity
inversely.

ii) Nikonbare The highest digestion, as seen
in Fig. 3, was also seen in D by bacterial $-
amylase that was about forty times greater than

300 4 A D
® @
20004
200 J
10004
100 4
<=
n
0 1 1 i 4
3 0 6 12 24 %06 12 24
]
0 9004
3 B :
-
600
g
.
w 6004
e}
@
o
2
e 300 4
;& 3004
@
&
Q 0 L 1 o] L A i
b4 0 6 12 24 0 6 12 24
&
o Reaction time (hr)
] C
x
6004
3004
0 A " J
0 6 12 24

Reaction time (hr)

Fig. 4. f-Amylase digestion of raw starches in
polished rice and rice bran samples
(LA 110).

: unpolished rice grain

: rice bran of 100-90% layer

: 90% polished rice grain

: rice bran of 90-75% layer

: 75% polished rice grain

®——@® Dbacterial f-amylase

@ —@ soybean S-amylase

O—Q barley p-amylase
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the lowest digestion in A. Bacterial g-amylase
also showed higher activities against all the sam-
ples than the other enzymes. The amount of
maltose produced by bacterial f-amylase in A
was about six times greater than those by the
other enzymes, but these differences, as seen in
E, became much less in the samples from inner
layers of the grains.

iii) LA 110 The results on LA 110 are shown
in Fig. 4, where bacterial g-amylase showed the
highest digestibility in D and the difference bet-
ween bacterial f-amylase and barley S-amylase
came to about ten times in A. But the amount
of maltose produced by the former was less than
those in the cases of Yamadanishiki and Nihon-
bare. Except that there were little differences
among three enzyme activities against C, other
results on LA 110 were similar to those of two
other rice varieties.

Comparison of raw starch digestion by

B-amylases

In order to compare digestibility of the rice
samples by S-amylase, the results concerned are
summarized in Fig. 5. Although no plant -
amylase has been reported to digest raw starches,
820,20 goybean and barley f-amylases were
found to digest raw starch samples in our experi-
ments. However, bacterial -amylase expect-
edly showed the highest digestibility among the
three f-amylases used and the rice brans of 90~
75% layer, especially that of Nihonbare were
most easily digested. Of interest is that unpol-
ished rice starch samples from the three rice
varieties were least digestive. Proteins in rice
grains were reported to adsorb amylases and
lower the enzyme reactions.'#30:3" If we accept
this view, the rice bran of 100-90% layer or
90-75% layer containing more proteins should
be less digestive. Our results, on the contrary,
showed that 75% polished rice grains containing
less proteins were more digestive. Though these
discrepancies must be elucidated in future, white
rice brans of 90-75% layer, which are obtained
as one of by-products of Sake brewing or rice
polishing companies, would be expected to be a
good substrate for the bacterial -amylase in
industrial maltose production.

Raw starch digestion by a-amylase and

glucoamylase 1

Table 1 shows the results of raw starch diges-
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Fig. 5. Comparison of raw starch digestion with bacterial and plant S-amylases.

I: Yamadanishiki II : Nihonbare III: LA 110

A : bacterial f-amylase B : soybean g-amylase C : barley f-amylase
©——© wunpolished rice grain @—@ rice bran of 100-90% layer
D—O@ 90% polished rice grain ®—@ rice bran of 90-75% layer
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Table 1. Raw starch digestion with a-amylase and glucoamylase 1.

Raw starch sample a-Amylase Glucoamylase 1
Wheat starch 709.2 1606.7
Corn starch 292.5 1231.7
Sweet potato starch 108.3 850.0
Potato starch 27.5 136.7
Yamadanishiki Unpolished 304.0 3180.0
) ] 90% polished 375.0 2030.0
rice grain 75% polihsed 493.3 1560.0
Nihonbare Unpolished 251.7 2633.3
. ) 90% polished 255.0 1400.0
nice grain 75% polished 483.3 936.7
LA 110 Unpolished 226.7 2496.7
‘ . 90% polihsed 253.3 1260.0
rice grain 75% polished 315.0 936.7
Yamadanishiki 100-90% layer 141.7 1623.3
rice bran 90-75% layer 523.3 4100.0
Nihonbare 100-90% layer 143.3 1243.3
rice bran 90-75% layer 560.0 3520.0
LA 110 100-90% layer 132.3 1153.3
rice bran 90-75% layer 568.3 3013.3

Each reaction was carried out at 35°C for 24 hrs and each centrifugal supernatant was
subjected to glucose measurement by Somogyi-Nelson’s method. Each figure in Table
1 shows pg of glucose produced from raw starches.

tion by a-amylase and glucoamylase I. a-Amy-
lase showed relatively lower activities against
sweet potato and potato starches than other
starch samples. Among the rice starch samples
a-amylase also showed a tendency to digest
more easily samples from inner layers of the
grains. Among the rice varieties there was no
marked difference in digestibility by a-amylase.
Pancreatic a—amylase was reported to digest raw
corn starch most strongly and followed by malt
a-amylase, Bacillus subtilis a-amylase and Asp-
ergillus oryzae a-amylase2® The digestibility
of raw corn starch by B. subtilis a-amylase was
reported to be about 60 % that of pancreatic
a-amylase. Since the enzyme used in the expe-
riments was a-amylase from B. subtilis, diges-
tibility by bacterial §~amylase is estimated to be
stronger than that by Asp. oryzae a-amylase
and weaker than those by pancreatic and malt
a-amylases.

Glucoamylase I showed stronger activities
against all the starch samples than a-amylase,
and, therefore, was thought to be stronger than
bacterial §-amylase, too. As seen in Table 1,
glucoamylase I activity was about five to ten
times greater than that of a-amylase. Gluco-
amylase I was also reported to digest raw corn
starch more strongly than glucoamylase II or
a-amylase, and glucoamylase I in the presence
of a-amylase, to digest most effectively raw
corn starch2® In this respect, an attempt should
be made to realize more efficient production of
maltose from such raw starch materials as white
rice brans by bacterial f-amylase, although mal-
tose production was reported from soluble starch
by enzymatic hydrolysis.?®2® The relationship
between protein contents including enzyme pro-
teins like amylases of rice grains®’®’?® and rice
varieties?” should be investigated for an effec-
tive application of raw starch digestion to Sake
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brewing in future. Furthermore, from the stan-
dpoint of utilization of natural resources, enzy-
matic utilization of alfalfa root starch is one of
the interesting items to be investigated.? 10:11
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