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Pesticide-producing Agricultural Food Processing.
Dye adsorption onto starch granules*

Naotada KOBAMOTO **

| INTRODUCTION

Anthocyans and the dyes having absorbance peaks at 500—600 nm could affect the aphid ar-
restivity of green leaves and, hence, would be utilized as insect deterrentsz). Since, in order to

develop anthocyan pesticidesz’a)

, a proper adsorbent was required, starch granules were selected as
the first adsorbent to be investigated.

There have been some reports on dye adsorption onto various starches and their deriva-
tives! ’4’5). Nevertheless, the number of precise studies on the basic relationships between the dye
adsorption and the properties of starches is about nul. The present work was carried out in order
to clarify the effect of granular size of starches on the dye adsorption using 13 starches and 3

acidic dyes, 3 basic dyes, and 3 amphichroic dyes.

Il MATERIALS AND METHODS

1 Starch preparation

The starches prepared from corn, potato, sweet potato, and wheat were obtained from Wako
Pure Chemical Co., Tokyo. The rest of the starches useq were prepared in author’s laboratory as
shown in Table 1. Starches from alocasia (stem), cycad, ginger, yam, and canna were prepared
by repeated water washing. Each plant source was homogenized with a blender, filterated through
double gauze layer three times to remove tissue fragments, washed with water repeatedly by
precipitation, and air-dried. The starch from the stem of alocasia was prepared by removing the
layer of raphides by a use of a siphon in every water washing. The starches of taro, wet taro,
and alocasia (seed) were prepared by repeated alkali steeping, followed by repeated water washing
to obtain neutral solutions. The starch of garcinia (seed) was prepared by repeated acid steeping,
followed by repeated water washing to obtain a neutral solution.

* A part of this work was presented at the annual meeting of Pesticide Science Society of
Japan, held in Matsudo on March 28th, 1980.
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Table 1. The source plant, organ, method of preparation, and granule size of the starch-

es used

Starch Source plant Organ Method of Granule

No. preparation* size (U)**
1 Colocasta a. S. Tuber b 1
2 Colocasia e. S. Tuber b 3
3 Alocasia o. C. K. Stem a 4
4 Cycas r.. T. Seed a 7
5 Garcinia s-M. Seed c 9
6 Zingiber o.R. Rhizome a 12
7 Alocasia o. C. K. Seed b 15
8 Zea m. L. Seed d 18
9 Ipomoea b. L. Tuber d 20
10 Dioscorea b. D. Tuber a 23
11 Triticum a.L. Seed d 25
12 Solanum t. L. Tuber . d 30
13 Canna 3. L. Rhizome a 45

* 3 : Repeated washing with water, b : Alkali steeping method.
¢ : Acid steeping method, d : Commercial sample
** T ongitudinal size

2 Measurement of granule size
An optical microscope with a micrometer was used for the measurement of the size of starch
granules. The granule size of the starches used in this work was expressed as an average value of

the longitudinal diameters measured on 20 granules. The values obtained are shown in Table 1.

3 Dyes
Erythrosine, phloxine, and tartrazine as acidic dyes, methylen blue, methyl violet, and fuchsine
basic as basic dyes, and methyl orange, bromocresol green, and methyl red as amphichroic dyes

were all obtained from Wako Pure Chemical Co., Tokyo.

4 Dye adsorption from solution

Dye adsorption onto starch granules was carried out in water and methanol by the same pro-
cedures. Into the test tube containing 10 ml of the respective dye solution whose absorbance was
adjusted to 0.5 at the wavelength of the absorbance peak, 0.1g of starch was added, stoppered,
and left standing at 24°C in a dark room for 24 hr, at which the solution was centrifuged and
then used for measurement of the absorbance of the supernatant with a Hitachi (Model 139)
spectrophotometer. The amount of adsorption was expressed as the percentage of a decrease in
the absorbance with respect to the initial absorbance of the dye solution used. The effect of ions
on the adsorption was tested by the procedures stated above after preparing 0.1 M NaCl, 0.1 M
KCl, 0.05 M CaCl,, and 0.05 M BaCl, aqueous solutions.
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S Effect of solvent evaporation on dye adsorption

To 0.5 g of starch granules in a sharlei (4.5 cm in diameter) 2 ml of a dye solution in metha-
nol, ethanol, propanol, and butanol, whose absorbance was adjusted to 1.0 at the wavelength of
the absorbance peak, was added, mixed, and then left standing for air-drying at 24°C in a dark
room for 3—4 hr. The dry, dyed starch was washed with the respective solvent thoroughly. The
absorbance of the dye eluted by the respective solvent was determined after volume adjustment to
10 ml, and the percentage loss of the dye was evaluated with respect to that of the initial dye
solution to obtain the amount of adsorption.

11l RESULTS AND DISCUSSION

1 Dye adsorption in aqueous solutions
The amounts of dye adsorption onto the starch granules used in the present work in aqueous

solutions are shown in Table 2. Acidic dyes showed larger dye adsorption onto small size granules

Table 2. Percentage adsorption of acidic dyes, basic dyes, and amphichroic dyes onto
various starches in distilled water

Starch Acidic dyes Basic dyes Amphichroic dyes
No. Er Ph Ta MB MV Fu MO MR BG
1 65.2 41.4 29.6 47.3 59.3 47.0 11.6 3.2 139
2 62.4 38.0 29.8 46.0 62.1 534 138 22 119
3 60.2 34.0 29.0 47.1 60.0 54.0 16.0 4.0 9.5
4 46.7 26.9 13.7 37.6 57.5 40.5 ‘19.8 5.2 3.2
5 56.2 35.3 25.1 39.3 40.4 46.6 204 4.6 9.3
6 50.4 28.4 23.2 38.0 55.7 413 18.2 4.8 8.0
7 473 25.3 198 34.3 56.0 374 20.0 6.0 11.8
8 53.1 58.1 13.3 295 54.7 29.5 220 5.0 11.3
9 38.3 19.0 9.8 394 59.8 394 124 5.0 5.0
10 10.1 1.7 0.0 425 56.7 425 4.6 2.2 0.0
11 48.3 44.0 15.7 319 49.6 319 13.6 4.2 11.1
12 3.7 0.0 0.0 70.0 69.5 72.2 0.4 0.0 0.0
13 4.0 0.0 15.7 75.3 78.9 62.8 0.0 0.0 0.0

Er : Erythrosine, Ph : Phloxine, Ta: Tartrazine, MB : Methylene blue, MV : Methy violet,
Fu : Fuchsine basic, MO : Methyl orange, MR : Methyl red, BG : Bromocresol green

inspite of minor variations among the pigments used. This tendency was observed clearly in eryth-
rosine, having 60% adsorption onto small granules and only 5% adsorption onto large granules.
Basic dyes showed a greater adsorption onto large size granules with non-continuous way with

respect to granule size at 30 4. In all region of the sizes studied, the amount of adsorption of



142 Sci. Bull. Coll. Agr. Univ. Ryukyus, No. 27 (1980)

the basic dyes was higher than that of the acidic or amphichroic dyes. Amphichroic dyes showed
the tendency being similar to the acidic dyes with the smallest adsorptioﬁ among three kinds of
the dyes used in this work. ,

In general, the dye adsorption onto starch granules in aqueous solutions was greater with basic
dyes, the next with acidic dyes, and the least with amphichroic dyes. The above results indicated
that the dye adsorption in aqueous solutions was mainly due to ionic bond formation at granular

surface and inner phase of the starch granules.

2 Effect of ions on dye adsorption

The results of dye adsorption experiments at the presence of various ions are shown in Table 3

Table 3. Percentage adsorption of erythrosine (Er), methylene blue (MB), and methyl
orange (MO) onto various starches in 0.1 M NaCl, 0.1 M KCl, and 0.0SM
CaCl, solutions

Er MB MO

Starch
No. NaCl KCl1 CaCl, NaCl KCl1 CaCl, NaCl KCl1 CaCl,

1 26.4 28.8 31.2 5.7 1.9 2.9 19.5 12.8 15.6
2 22.6 31.9 25.9 7.6 0.0 0.9 11.0 8.0 14.4
3 23.0 28.4 23.2 8.0 2.2 2.0 124 8.9 12.4
4 8.7 15.4 16.3 5.7 4.3 1.4 13.9 13.4 11.3
5 16.5 25.9 21.2 15.6 8.1 6.1 17.3 19.9 15.8
6 19.2 35.3 22.8 10.1 7.4 7.0 16.4 18.0 18.3
7 174 23.2 20.8 9.8 7.2 6.8 17.3 19.7 19.5
8 36.5 42.1 41.1 6.8 3.8 2.6 17.2 19.6 14.2
9 17.2 27.3 23.3 8.4 6.0 4.5 9.6 19.7 16.8
10 7.8 12.0 14.5 9.6 3.4 2.8 15.2 15.3 12.1
11 23.7 32.9 31.0 10.9 3.4 1.9 15.7 19.6 15.6
12 6.3 10.3 15.5 6.8 45 4.0 13.7 15.5 14.2
13 71 10.9 15.3 19.3 18.4 13.7 13.7 13.3 13.3

for erythrosine, methylene blue, and methyl orange.

Erythrosine, an acidic dye, showed a decrease to 30% from 65% at a smaller granule size than
10 M and slightly increased at a larger granule size, indicating a less evident tendency comparing
with those in distilled water. Methylene blue, a basic dye, showed a notable decrease in dye
adsorption all over the range of the granule size showing almost constant amounts over the whole
range studied. Methyl orange, an amphichroic dye, did not show any ionic effect on the dye
adsorption at the region smaller than 23 u. But, at sizes greater than the value, 10-20% adsorp-
tion was observed while no adsorption was observed in the case of distilled water. As a result,
there was no variation in dye adsorption with respect to granule size.

The ionic concentration dependence of dye adsorption onto potato starch is shown in Table 4.
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Dye Cation Ionic strength Table 4. 'I“he effect of ca?ions on the adsorp-
0.01 0.025 005 0.10 tion of erythrosine (Er), methylene
blue (MB), and methyl orange (MO)
Er Na 332 307 273 172 onto potato starch
Er K 39.3 362 326 273
Er Ca 459 429 48.7 233
Er Ba 55.1 419 392 339

MB Na 220 204 104 8.4
MB K 229 139 8.4 6.0
MB Ca 10.4 7.8 53 4.5
MB Ba 8.0 7.6 6.2 6.6
MO Na 19.2 177 175 9.6
MO K 225 208 203 197
MO Ca 241 227 216 16.8
MO Ba 27.1 233  20.1 20.1

Erythrosine and methyl orange gave an initial increase and a decrase at higher concentrations
whereas methylene blue decrased monotonically as increasing ionic concentration. Divalent cations
generally gave greater effects on the dye adsorption especially on methylene blue, indicating the
major involvement of cations in the observed effects. It is noteworthy that an acidic dye and an
amphichroic dye had the same tendency as to the action of cations.

The ionic interaction with dye adsorption onto starch granules and the variations in dye
adsorption due to the ionic characteristics of the dyes as described in the previous section clearly.
indicated that the ionic bond formation was the major mechanism of dye adsorption in aqueous

solutions.

3 Dye adsorption in methanol solution
The amounts of dye adsorption in methanol sulutions onto starches, Nos. 3,4,9, 12, and 13,

are shown in Table 5. Erythrosine showed small adsorption onto two starches. Methylene blue

Starch Table 5. Percentage adsorption of erythrosine
No. Ef MB MO (Er), methylene blue (MB), and
methyl orange (MQ) onto various
3 0.0 41 24 starches in methanol
0.0 21 03

12 00 138 0.0
13 1.1 11.7 0.0

showed slightly higher adsorption than other pigments, especially at a larger granule size. Methyl
orange showed almost no adsorption onto all the starches used. Unlike aqueous solution,
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methanol solution was not a proper system for dye adsorption onto starch granules.

The results of small dye adsdrption onto starch granules in methanol solutions would be ex-
plained as a consequence of inability in ionic bond formation due to the specific molecular orien-
tation of methanol on dye solvilization, causing inhibition of ionic interaction between dye mole-
cules and the ionic cites on and in the starch granules. This point also indicated the significance

of ionic bond formation in the dye adsorption observed in this work.

4 Effect of solvent evaporation on dye adsorption
The effect of solvent evaporation on dye adsorption in methanol, ethanol, propanol, and

butanol is shown in Table 6. On potato starch, ethanol gave the adsorption greater than 95% for

Table 6. Percentage adsorption of erythrosine (Er), methylene blue (MB), and methyl
orange (MO) onto potato starch and sweet potato starch by solvent evapora-
tion in methanol, ethanol, propanol, and butanol

Dye Starch Methanol Ethanol Propanol Butanol
Er Potato 78.2 96.4 91.7 20.0
Er Sweet potato 92.0 95.3 81.9 30.0
MB Potato 89.0 96.0 88.6 435
MB Sweet potato 80.5 79.8 68.9 45.3
MO Potato 84.0 98.3 95.2 35.3
MO Sweet potato 89.5 97.7 85.7 44.1

all dyes while butanol gave farely small values. On sweet potato starch, methanol and ethanol
gave the heighest adsorption while butanol gave extremely low values. From the above obser-
vations, methanol with a lower boiling point was used in the following experiment.

Dye adsorption by solvent evaporation, using methanol, onto various starch granules is shown
in Table 7. Erythrosine gave adsorptions greater than 90% at smaller granule size and a decrease
as the granule size increased. This tendency was similar to the dye adsorption in aqueous solu-
tions. Methylene blue showed 45.3% adsorption onto taro starch and increased gradually as the
granule size increased and reached to the highest value of 94%. Methyl orange, similarly to
methylene blue, increased adsorption from the value of 28.4% onto taro starch as increasing
granule size and reached to the heighest value of 93.5%. It was clearly shown that the solvent
evaporation could enhance the amount of dye adsorption onto the starch granules in methanol
solutions. A possible mechanism for the enhancement effect observed may be ionic bond for-
mation by the dyes penetrated into the starch granules in a drying process from the outer layer
and direct contact achieved by the removal of solvent from the solvation layer at a molecular
level. This ionic bond may be considered to be stronger than the solvation force of the solvents

used.
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Starch Er MB MO Table 7. Percentage adsorption of erythrosine
No. (Er), methylene blue (MB), and
methyl orange (MO) onto various
1 914 453 284 starches by solvent evaporation in
2 905 540 80.0 methanol
3 916 615 417
4 941 775 85.0
5 896 788 804
6 86.8 804 827
7 80.3 825 838
8 614 595 845
9 920 80.5 895
10 773 800 855
11 82.7 815 935
12 78.2 89.0 84,0
13 695 940 88.0

From the above results, it became now evident that a solvent-evaporation method was proper
for formulation of safe vision-inhibitors, the dyes adsorbed onto starch granules, as proposed

elswhere?3 ).

IV SUMMARY

In order to develop dye vision-inhibitor, dye adsorption onto starch granules was studied using
13 starches, 3 acidic dyes, 3 basic dyes, and 3 amphichroic dyes. The amounts of dye adsorption
were in the order of basic dyes) acidic dyes) amphichroic dyes. Among acidic dyes, small size
starches gave a greater adsorption than large size starches. The effect of cations was greater with
divalent ions than monovalent ions. At a higher ionic concentration (0.1 M), the adsorption of
acidic dyes and basic dyes decreased while that of amphichroic dyes increased for some starches.
Onto all starches, the amount of dye adsorption in methanol sulutions was about nul. When a
solvent-evaporation method was applied to methanol, ethanol, propanol, and butanol solutions, dye
adsorption was greater in methanol and ethanol and decreased as the number of carbons increas-
ed. Dye adsorption onto starches in methanol solutions with the solvent-evaporation method was
generally greater than that in aqueous solutions. It was also shown that the adsorption of basic
dyes and amphichroic dyes increased as the size of starch granules increased. The involvement of
ionic bond formation at not only granular surface but also the inner phase of starch granules was

proposed for the explanation of the results observed.
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