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Abstract

To develop a production method for modified starches with less pollution, pH adjustment and gamma frradiation
were applied to commercial corn starch. Blue values were significantly decreased, while alkali number, optical trans-
mittance and solubility markedly increased when gamma irradiation was applied to pH 2 adjusted corn starch.
Water binding capacity and swelling power at pH 5 were the highest among the samples. Gelatinization viscosity
was considerably affected by gamma irradiation and pH of the starch. Gamma irradiation of pH 2 adjusted starch
showed the lowest peak viscosity and the best cooling stability among the tested samples, Therefore, the production
of modified starch with low viscosity as well as with sufficient viscosity stability seems feasible hy controlling the

pH of the starch and gamma irradiation,
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INTRODUCTION

Various modified starches have been produced for the pur-
pose of improving gelatinization and gelatinization properties,
reducing retrogradation and water-holding capacitics at low
temperature. Corn starch, in particular, one of the most abun-
dant natural starches, is available in the industry at the most
reasonable cost (1,2). Currently, the demand for modified starch
in the industry is increasing annually. The production of oxi-
dized low-viscosity starch and acid-treated starch for local
pulp sizing and textile sizing has reached 120,000 tons per
year. Approximately 90% of the oxidized starch is used for
pulp and produced domestically (3). However, recent environ-
mental regulations make the production of modified starch
more difficult than ever and the quantity as well as the quality
of the modified starch is known to run short (4).

As a useful method for the production of modified starch,
gamma irradiation produces free radicals on the starch mole-
cules that can alter their size and structure (3,6). Several stud-
ies have been done on the effects of ionizing radiation on
whear starch and barley endosperm (7,8). Gamma irradiation
is capable of hydrolyzing chemical bonds, thereby cleaving
large molecules of starch into smalier fragments of dextrin
that may be either electrically charged or uncharged as free
radicals, These changes may affect the physicai and rheol-
ogical properties of irradiated starches, resulting in increased
solubility of starch, decreased swelling power, and decreased
relative viscosity of starch paste (9,10). Other effects of irra-
diation include structural changes of starch molecules resulting
in changes In sensitivity to enzymes, lowering of the melting
point, changes of the absorption spectrum and cleavage of
the ¢-1,4 chain of starch molecule (11).
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Although starch irradiated at 100 kGy revealed a similar
gelatinization properties with the oxidized starch in the mar-
ket, high dose irradiation seems necessary for improvement
in starch properties, in spite of the existence of the efficien-
cy problems in the economy {12). Therefore, this study has
examined the physicochemical properties of gamma irradiated
{0~50 kGy) corn starch at different pHs as a basis for the
economic and less-pollutive techniques of modifying starch
production.

MATERIALS AND METHODS

Sample preparation

The corn starch specimen used in this study was obtained
from Samyang Genex Co., which contains 12% moisture, 0.1%
ash, G.38% protein and 37 ppm of SO, In order to adjust pH,
corn starch was suspended in water and pH was then set at
2.5, 7 and 9 with HCl and NaCH, vortex mixed for an hour,
dehydrated and dried.

Gamma irradiation

Corn starch was packed in PVC bags () 5XH 8 cm) to
reduce dose variarions among samples. The gamma radiation
flux from the gamma irradiator of 100,00C Ci (mCo, Korea
Atomic Energy Research Institute) to the sample was 1 kGy
per hour at ambient temperature(15°C10.5) and the total
dose applied was 0~ 50 kGy, which was confirmed by ceric
cerous dosimeter.

Physicochemical properties of the starch

The blue value was determined by the method of Gilbert
and Spragg (13), alkali number by Schoch (14} and water bind-
ing capacity by Medcalf and Gilles (15). Solubility was deter-
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mined by weighing the residual dissolved starch, and the sweil-
ing power at 90°C was calculated by the method of Schoch
(16). Transmittance of the starch solution (0.2 %) was analyzed
using a spectrophotometer (Bausch & Lomb, Spectionic 70)
at 625nm at the temperature ranges of 50~95°C (17).

Characteristics of gelatinization by amylograph

Gelatinization characteristics of 12% of comn starch (dry
weight basis) was measured by Brabender viscograph (E Type,
Brabender Co., West Germany} and by the method of Med-
calf and Gilles (15). The suspension of 500 ml of starch sample
was gently stit-mixed for a minute, put in ainylograph bowl,
heated slowly from 25°C to 95°C at a speed of 1.5°C/min,
maintained for 30 min at 95°C and then cooled to 50°C or
30°C ar a speed of 1.5°C/min. The temperature of initiai
gelatinization was measured when the curve reached 20 B.U.

RESULTS AND DISCUSSION

Biwe value and alkali number

The changes in the blue value of the imadiated starch at
50 kGy after pH adjustment at 2, 5, 7, and 9 werc shown
in Fig. 1, Iodine binding capacity of the starch was shown
to be the highest at pH 5. As pH approached neutral (pH
7} it began to gradually decrease and further decrease was
observed at pH 9. lodine binding value was 0.136 at pH 2,
which was lower than that of the starch irradiated at much
higher doses of 110 kGy without pH adjustment (12). This
result indicates that iodine binding capacity (blue value) of
the gamma irradiated starch is affected by pH and greatly
veduced under acidic conditions.

The alkali number of the starch adjusted to pH 2 showed
the highest among the starches gamma irradiated at 50 kGy
Fig. 1. Although the alkali number at pH 5~9 was not dif-
ferent among samples and remained in the range of 29.4 ~32,
it drastically increased to 43.6 at pH 2, which was higher
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Fig. I. Changes in blue value and alkali number of pH adjusted
com starches irradiated at 50 kGy.

than that (41.8) of the starch irradiated at 118 kGy without
pH adjustment (12).

Subsequently, the effects of gamma irradiation in the range
of 10—~ 350 kGy on the starch adjusted to pH 2 were examined
(Fig. 2). The blue value was reduced as irradiation dose in-
creased. It was drastically reduced at doses above 40 kGy.
On the other hand, the alkali number of the starch adjusted
to pH 2 linearly increased as irradiation dose increased (10~
50 kGy) (Fig. 2).

The blue value of the starch irradiated at 50 kGy, pH 5
(Fig. 1) was similar to that of the starch irradiated at 10 kGy,
pH 2 (Fig. 2). The alkali tumber of the starch irradiated at
16 kGy, pH 2 was also slightly higher than that of 50 kGy
at pH 5, 7 and 9 (Fig. 1, 2). The above results indicate that
gamma irradiation at acidic conditions (pH 2} causes structural
changes in the starch molecule, thereby reducing iodine bind-
ing capacity and increasing the number of terminal aldehyde
2roups.

Optical transmittance pattern

Clarity, turbidity and whiteness of starch solutions are very
critical in the application of starch for food or for pulp. Also,
the content and structure of amylose, amylopeetin, lipid, sugar
and salt affect the optical transmittance pattern of starch (18).
Optical transmitiance pattein of starch irradiated at 530 kGy,
pH 2 revealed the highest valuc at all temperatare ranges
(50~95°C), secondly, the optical transmittance at pH 9.
Optical transmittance at pH 7 and 5 showed the lowest values
(Fig. 3). Therefore, garmima irradiation after acidic treatment
tumed out o be effective for improving optical transmittance.
On the other hand, as irradiation dose increased, optical trans-
mittance of starch at pH 2 linearly increased until the heating
temperature reached 85°C, slowly increased between 85 and
95°C and then plateaued at temperatures above 95°C (Fig. 4).
The above results indicate that high optical transmittance was
preserved at low temperatures.
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Fig. 2. Effects of gamma itradiation on blue vaiue and alkali number
of pH 2 adjusted corn starch,
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Fig. 3. Changes in transmittance of pH adjusted comm starch suspen-
sions (0.2%) by gamma irradiation at 50 kGy.
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Fig. 4. Effects of gamma trradiation dose fevels on transmittance
of pH 2 adjusted corn starch suspensions (0.2%).

Water-binding capacity and swelling power

Water-binding capacity and swelling power of starch irra-
diated at 50 kGy showed the highest value at pH 5 with min-
imum changes in the structure of the starch molecule. However,
those of the starch at pH 2 and 9 showed relatively low
values (Fig. 5). Water-binding capacity of the starch irradiated
at dose of 30 kGy or less was not different among groups
at pH 2, but at dose of 50 kGy, it showed only 82% of the
initial value (Fig. 6).

Swelling power of the starch was gradually reduced as ir-
radiation dose increased. It drastically decreased at doses above
30 kGy, and it showed 4.5% of the initial value at 30 kGy
(Fig. 6).
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Fig. 5. Changes in water binding capacity and swelling power of
pH adjusted corn starches irradiated at 50 kGy.
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Fig. 6, Effects of gamma imradistion dose levels on water binding
capacity and swelling power of pH 2 adjusted corn starches.

Water-binding capacity and swelling power depend upon
the existence and amounts of the soluble components and
unicnizing granules of the starch (19). The structural changes
in the starch by gamma irradiation resulted in water-binding
capacity to be kept within a certain range, but it dropped at
doses above 30 kGy due to the destruction of the amylose
structure of the starch molecule.

Solubility

The solubility of starch irradiated at 50 kGy after pH ad-
justment at pH 3 to 9 was not different among samples.
However, it increesed to 82% as pH was adjusted to 2, which
was higher than that of the starch irradiated at 110 kGy with-
out pH adjustmens (Fig. 7). In addition, solubility linearly in-
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creased with the increase of the irradiation dose under acidic
conditions (Fig. 8). These results exhibit a similar trend to
those cobserved above in alkali number that the damage to
the starch chain affects its solubility.
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Fig. 7. Changes in solubility of pH adjusted com starches irradiated
at 30 kGy.
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Fig. 8. Effects of gamma irradiation dose levels on solubility of
pH 2 adjusted com starches.

Gelatinization properties

Physical property of starch gelatinization atter pH adjust-
ment was examined. Gelatinization at 50 kGy imadiation after
pH adjustment to acidic or alkali states reveaied stmilar results
to that of the commercial oxidized starch. The peak and cool-
ing viscosity of the starch iradiated at 50 kGy at pH 2 was
lower than that of the oxidized starch and showed excelient
gelatinization property (Table 1},

This was largely due to the acid hydrolysis, the reduction
of amylose content, and subsequent low binding power and
easy expansion between the molecules. So far, starch onty
irradiated at higher doses, 100 kGy, has been commercially
available as a substitute for oxidized starch. However, the
technique of adjustment of the starch to acidic conditions
along with the reduction of irradiation dose allows econom-
ical benefits and improvement of the physicochemical prop-
erty.
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ox” 65.0 69.0 76 18 40 35 50 45

"12% dry basis, 350 cmg torque. “Oxidized starch.
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