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SUMMARY

1) Conditions for the hydrolysis of starch by bacterial - liquefying amylase (BLA), sacch-
arifying amylase (BSA) and isoamylase were investigated. Out of four syrups prepared

by different combinations of these enzymes, those. made by BLA followed by BSA

and/or isoamylase were comparable to sucrose syrup in canning of orange segments.

2) Two branched maltooligosaccharides were isolated from the hydrolyzate of starch by

BLA and BSA, and their structures were tentatively identified as pentaose and hexaose

having an a-1, 6-linkage at the branching point.
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Figure 1. Hydrolysis of soluble starch by
BLA or BSA
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Figure 2. Hydrolysis of soluble starch by BLA
followed by BSA. Conditions of hydrolysis : 20 ml
of 29% soluble starch solution was hydrolyzed by
varying amounts of BLA (A, none; B, 2 units,
15 min.; C, 8 units, 15 min.; D, 8 units, 3hr.; E,
8 units, 24 hr.), followed by 8 units of BSA for
24 hr. at 40°C.
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Figure 3. Hydrolysis of soluble starch by BLA
and isoamylase followed by BSA
Conditions of hydrolysis: 100 ml of 29% soluble
starch solution was hydrolyzed by 20 units of
BLA for 30 min. followed by varying amounts

of isoamylase (A, none; B, 0.7 units; C, 1.5
units; D, 3 units; E, 6 units) for one hr. at 40°C.
‘These hydrolyzates were further acted upon by 8
anits of BSA for 24 hr.

Iscamylase 8} F&c} ot ALY A58 ¢
e *ze Z71E Q& $olgie. 28 BLA
g AR S W EHEE 59F oA
& F-E iscamylase 8] ApLol fte] 44
AL B F YT isoamylase s FAEE &
o w2} isomaltosylmaltose & 4= 7ZFAsE A
E 4 sttt o= ¥ A isoamylase o] 9
o] amylopection ¥-#} 9} a-1,6 A §o] AL
olo] we} BLAY BSA Y F&& o4 X3vl
isomaltosylmaltose & ] £3le] EA] % maltooligo-
saccharide 8] &4 o] dol A Yo ALEAE
glucose, maltose, maltotriose 7}#] EHHE AL
Awgtel Fa e Aol

(2) BLA, BSA % isoamylase &
Aget 2Rl M=

el g AFgAFAE Fzr d9sA Hd
9 B¢ 47 A%ted 2% ASA4HLED 1%
BLA, BSA 9 isoamylasec]] £]3te] 40°C oj 4
Table 15} 28 271ste] 7hE-8 8hgl o).

%
>

el

K

Table 1. Hydrolytic conditions of soluble starch by BLA, BSA and isoamylase

First hydrolysis Second hydrolysis 9% Final

Syrup designation Enzyme l Units* ’ Time Enzyme , Units* \ Time hydrolysis
A BLA 180 | 30 min| BSA 400 | 20 hr 61.8
C BLA 400 | 20 hr — 29.1
b I';%?mylase ggg } 20 hr - 36.3

* Enzyme units added per liter of 2% soluble starch sloution at 40°C.
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Figure 4. Paper chromatogram of four syrups
prepared by dlfferent combinations of

amylases -
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Some properties of starch syrups
made by different combination of
amylases in-canning of orange’

Table 2.

segments
Syrup | Relati Weight of
desig- | Enzymes used | >° ative orange
nation viscosity segments (g)
A |BLA,BSA:. | 1.35 43.5
BLA, BSA, .
B isoamylase 1.30 42.3
C | BLA only 1.36 36.6
D | BLA,isoamylase; 1.34 40.8
“Control| Sucrose only — 41.8

* Fifty grams of orange segments were dipped in
50 ml each of the individual syrups and their
weight was taken after one-month storage in
the cold.
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Table 3. Characterization of two oligosaccharides isolated from

hydrolyzate of soluble starch by BLA and BSA
; R.P. *2 Hydrolysis products by *4
“Oligosaccharide Rgw *1 -
T.S. *3 Isoamylase Glucoamylase BSA
Isomaltosyl maltose® 0.41 1.0/3.8 None Glucose None
Maltose
Maltotriose
A 0.23 1.0/4.2 Maltose Glucose Glucose
’ Maltotriose Maltose IMM
: IMM
B 0.15 1.0/5.2 Maltose Glucose Glucose
Maltotetraose Maltose MM
IMM A
*1. Solvent system, 1-butanol: pyridine : water (6:4 :3)

*2. Reducing power by Somogyi-Nelson method® expressed as glucose equlvalent

*3.
*4,

Total sugar by phenol-sulfuric acid method %,
One-m! aliquot of the oligosacharide (about 10 mg) was incubated with 1 ml of enzyme solut-

ion (3 and 15 units of isoamylase, 1 and 5 units of glucoamylase for 30 minutes or 30 units
of BSA for 5 hours) at 40°C. IMM stands for isomaltosylmaltose.
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Paper chromatogram of hydrolyzates of oligcsaccharides A and B by isozmylase
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