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Digestion of raw starch by glucoamylase
from Rhizopus (Nagase) (Il ) and the crude
enzyme from the citric acid-koji ([J). The
reaction was performed on a shaker
(50rpm) in 40mM acetate buffer, pH 4.0,
at 30 T . See text for details.

Table 1. Amylases and glycosidases in the crude enzyme extracted from
koji for citric acid production

Enzyme Substrate Determination Activity(U*1/ml)
The total amylase 1% soluble starch Somogyi-Nelson 11.9
Glucoamylase 1% soluble starch glucose oxidase 11.0
Maltase 1%maltose glucose oxidase 1.76
a -Glucosidase 2mMPNP- q -glucoside*? OD410 0.0085
B -Glucosidase 0.5% salicin Somogyi-Nelson not detected
Cellulase 0.5%CM-cellulose®*>  Somogyi-Nelson not detected

*1 Enzyme unit (umole/min)
*2 p-Nitrophenyl q -glucoside
*3 Carboxymethyl-cellulose

All activities were measured in 40mM acetate buffer, pH 4.5, at 37° C.
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Fig. 2. pH-Dependency of amylase ([J), (), mal-
tase (@ ) and « - glucosidase ( &) of crude
enzyme from citric acid-koji. The total
amylase-activity ( [] ) and glucoamylase-
activity (Il ) were determined at 37 C by
Somogyi-Nelson method and glucose-ox-
idase method, respectively, using soluble
starch as a substrate. Activity of « - gluco-
sidase was expressed as 20 times enzyme
unit ( ¢ mole/min).
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Fig. 3. HPLC analysis for determination of anomer
tybe of the products. The enzyme reactions
were performed in 40mM acetate buffer,
pH 4.0 at 37 C (the purified enzyme from
citric acid-koji, upper) or pH 5.0 at 30 C
(the commercial enzyme from Asp. oryzae,
lower). Soluble starch was used as a sub-
strate. See text for details.
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Fig. 4. pH-Dependency of the purified o -amylase
from citric acid-koji. The enzyme reactions
were performed in 40mM acetate buffer,
pH 4.0 at 37 C (the purified enzyme, O
and the crude enzyme, [J) or pH 5.0 at 30
C (the commercial enzyme, @ ). Soluble
starch was used as a substrate. See text
for details.
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Fig. 5. pH-Stability of the purified «- amylase
from citric acid-koji. Enzymes were pre-in-
cubated in each buffer (80mM Mcllvaine,
pH 1.5-8.0), for 5 hours at 37 T (the
crude enzyme and purified enzyme) or for
2.5 hours at 30 T (the purified enzyme,
O and crude enzyme, []) or pH 5.0, at 30
C (the commercial enzyme, @ ).
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Fig. 6. Tcmperature-depency of the purified «-
amylase from citric acid-koji. The enzyme
reactions were performed in 40 mM ace-
tate buffer, pH 4.0 (the purified enzyme,
QO and the crude enzyme, []) or pH 5.0
(the commercial enzyme, @ ).
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FRAMY T HTHRE L Vo A TIXHEREG
HHEEEDLNS,

BEfTHLR TS 7 TV BORIEIIHERBE6 HE
DO %60~70C TH 3 REMOELARER, EAM
H (~40C) L, #hxHIKTHA (50—-75T) L

Citric acid-koji
(without stcam-sterilized)

———— extracted with lukewarm water c.a.40°C
Extract
neutralized by limewater 50°C—60°C
allowed to stand for precipitation
filtered
\ }
Precipitate Filtrate
(Citrate-Ca) (Crude glucoamylase)

Fig. 7. Proposed scheme for co-recovery of citric
acid and amylase from the citric acid-koji
after 6 days in solid culture.
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Summary

Glucoamylase and acid-stable « - amylase were found in the acidc extract (pH2.5) of koji for citric acid
production after 6 days in solid culture of a variety of Aspergillus niger. The ratio of glucoamylase and « -
amylase was estimated to be about 90:10, judging from productions of glucose and the reducing sugar deter-
mined by both the glucose-oxidase and Somogyi-Nelson methods, when soluble starch was digested at pH4.0.

Using a partially purified « - amylase (10.6U/mg) from the citric acid-koji, its enzymic properties were
compared with those of the neutral « - amylase from A. oryzae. HPLC analysis showed that the oligosacchar-
ides were produced in their « - anomers on the enzymic digestion of soluble starch and its product pattern
was very similar to that of the neutral « - amylase. It may be noted that the « - amylase is excellent for in-
dustrial use, since the enzyme is more acid-stable and more thermostable than the neutral « - amylase. The en-
zyme exerts its maximum activity at pH 3.5 ~ 4.5 and about 70 C.

With a slight modification of the manufacture processes, we could recover the amylases from the koji, as
one of the by-products of citric acid-production. Hence procedure for co-recovery of citric acid and amylases

was proposed.



