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Abstract

In a previous work, the native starch of the tannia Xanthosoma violaceum Schott was
characterized, acetylated, hydrolysed, and oxidized. In this study, we modified it by cross-
linking, performing a 2° factorial experiment; the factors were two levels of reaction time,
according to pH and PCIO3 concentration. The response in viscosity was measured at a pH of
6 and of 3 to show the strength of the starch granule. Viscosity of the cross-linked starches
showed the reinforcement effect of the cross-linking method in the starch granule. Basically,
all samples showed higher viscosity than did the native starch, demonstrating that a chemical
change occurred in the native starch. Differences in viscosity could not, however, be
demonstrated statistically, probably because of the narrowness of the levels chosen for the
independent variables.

Introduction

The main starch used by the Mexican food industry is that of maize but, because national
production is insufficient to meet demand, this commodity is imported. However, Mexico
could exploit other sources of starch, such the tannia Xanthosoma violaceum Schott. Studies
involving starch extraction, acetylation, acid hydrolysis, and oxidation of this type of starch
have been carried out at the Universidad Auténoma de Yucatan. In this study, we tested
modification by cross-linking.

Materials and Methods

Sample. Xanthosoma violaceum tubercles—nharvested in Yucatan and known locally
as malanga—uwere sampled at random, and native starch obtained.
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Chemical analyses. Characterization of the modified starch was carried out according
to the methods of AOAC (1975), Gilbert and Spragg (1964), McMasters (1964), Radley
(1976), Schoch (1964), Smith (1964), and Watson (1964).

Experimental design. For the cross-linking method, a 2° factorial experiment was
performed (Table 1). Two levels of reaction time were used, according to pH and PCIO;
concentration. The response in viscosity was measured at a pH of 6 and of 3 to show
reinforcement of the granules. Results were processed by a computational program
(FACT2A3), according to Lépez (1988).

Methodology. The methodology for modifying by cross-linking was based on the
method described by E. Cafiizares (1991, personal communication). Native malanga starch
(30 g, dry basis) was weighed in 70 mL distilled water at 30 °C in a 200-mL beaker. The
slurry was then placed under constant mechanical agitation, using a magnetic stirrer. The pH
values selected in the experimental design were adjusted by adding 3% (w/v) sodium
hydroxide solution; then the PCIO3; was added. At the end of the reaction time (30 min), the
pH was adjusted to 5.0-5.5 with 2N HCI. The slurry was filtered through a Buchner funnel
holding Whatman No. 4 filter paper; the filter cake was washed with distilled water and oven
dried (Felisa, model 291) for 6 h at 60 °C. The cross-linked starch was kept in a plastic bag in
a desiccator for subsequent analyses.

Results and Discussion

Viscosities measured at pH 6. The viscosity of the cross-linked starches (measured at
a pH of 6) showed the strength effect of the cross-linking method in the starch granule (Table
2). Basically, all samples showed higher viscosity than the native starch, demonstrating that a
chemical change occurred in the native starch granule. Statistical analyses showed that none
of the independent variables was significant. Differences in viscosity could not be
demonstrated statistically, probably because of the narrowness of the levels chosen for the
independent variables.

Viscosities measured at pH 3. Solubility and swelling power did not reflect the effect
of the cross-linking modification. The gelatinization temperature was slightly lower than that
of the native starch in almost all samples.
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This type of modification has been carried out successfully with maize starch (E.
Cariizares, 1991, personal communication); but, with the malanga starch, the effect of cross-
linking was not demonstrated under the conditions studied. Normally, cross-linking reactions
are run under neutral to fairly alkaline conditions, but to produce cross-linked starches with
PCIlOs3, alkaline conditions are recommended (Wurzburg 1986). The best response in viscosity
was obtained with treatment 4 (Table 2), where pH 7 was used (Table 1). As can be seen in
Table 2, treatment 4 gave higher viscosity than treatment 2, in which the only difference was
reaction time. A wide range of cross-linked starches has been produced, depending on the
level of treatment and conditions (Wurzburg 1986); therefore reaction time should probably be
modified for this type of starch. However, at pH 8, this behaviour was not observed.

Wurzburg (1986) reported that, in addition to reacting with starch hydroxyls, a portion
of the cross-linked reagent could be hydrolysed by water to form phosphoric acid or its salts.
These would be present at very low concentrations because the level of reagents used in the
cross-linking experiment is generally very low. The amount of starch and, therefore, the
quantity of reagent were probably inadequate to promote the cross-linking reaction; time may
also be important at certain pH levels.

Under the conditions studied, the degree of modification was apparently not enough to

change significantly the physico-chemical properties of native malanga starch.
Conclusions
Although some changes occurred in the viscosity values of the cross-linked starches, no
significant differences among treatments existed, probably because of the narrowness of levels
chosen for the independent variables. More studies on this type of modification are
recommended.
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Table 1. Experimental design used to modify, by cross-linking,
native starch extracted from tannia (Xanthosoma violaceum).

Treatment PCIO; (%) Time (min) pH
1 0.05 30 7
la 0.05 30 7
1b 0.05 30 7
2 0.10 30 7
3 0.05 60 7
4 0.10 60 7
5 0.05 30 8
6 0.10 30 8
7 0.05 60 8
8 0.10 60 8
8a 0.10 60 8
8b 0.10 60 8
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Table 2. Physico-chemical characteristics of cross-linked starches extracted from tannia

(Xanthosoma violaceum).

Treat. Moisture Alkaline Visc. at Visc. at Solubility® Swel

fluidity® pH 6° pH 3° (%) pow

1 7.60 57.5 113 86.8 6.35 9.

la 8.73 57.0 123 88.4 4.72 7.

1b 7.83 56.5 115 97.6 5.38 9.

2 7.32 56.5 115 103.0 6.40 10.

3 10.36 58.5 121 85.6 5.86 8.1

4 11.17 57.0 126 112.0 7.70 9.

5 10.27 57.5 118 97.2 4.92 9.

6 8.26 59.0 120 98.4 6.18 9.

7 8.75 57.0 117 88.0 5.48 9..

8 7.89 55.0 117 98.4 5.62 7.

8a 10.10 55.5 117 89.2 4.10 6.

8b 8.52 54.5 114 88.2 4.84 7.¢

Native 9.40 61.0 105 86.1 4.14 9.
starch

a
b

C.
d.

. Amount (mL) of alkaline starch suspension (2% wi/v) that flows in 70 s.
. Brookfield, spindle #2; starch suspension (2.5% w/v).

Brookfield, spindle #2; acid starch suspension (in acetic acid).
Measured at 75 °C.



