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NOPPAPORN PO-OONTA : MODIFICATION OF AMPHOTERIC TAPIOCA
STARCH CONTAINNING DIFFERENT ANIONIC GROUPS. THESIS

ADVISOR : ASST. PROF. SUNANTA TONGTA, Ph.D. 97 PP.

MODIFIED STARCH/OCTENYL SUCCINATE STARCH/CARBOXYLMETHYL
STARCH/STARCH PHOSPHATEMONOESTER/AMPHOTERIC TAPIOCA

STARCH

The modification of tapioca starch with anionic substitution, octenyl succinate
starch (OSA starch), carboxylmethyl starch (CMS), and starch phosphatemonoester
(PPS) was studied. The OSA starch was prepared in aqueous alkali slurry system pH
8-10 with octenyl succinic anhydride concentration of 1-3 % and reaction time of 60-
300 min at the temperature of 30°C. The reaction efficiency (RE) was obtained from
19.83 to 75.52 % depending on reaction conditions. The optimum condition of OSA
starch preparation was 3 % OSA at pH 8 for 300 min. At this condition, the maximum
RE of 75.52 % was obtained. From Rapid Visco Analyzer, peak viscosity was higher
as pH and reaction time increased.

CMS was prepared by carboxymethylation of starch in alkali medium of iso-
propanol containing 7-23 % water, 5-20 % sodium monochloroacetate (SMCA), 2-10
% sodium hydroxide (NaOH) at 40 °C for 3 h. From these reaction conditions, the RE
was different in the range of 1.36-15.09 %. The maximum RE (15.09 %) was found at
aqueous medium containing 1.54 % water, 6.00 % NaOH, and 12.50 % SMCA. The

cold water solubility of CMS increased with increasing NaOH concentration.



PPS was prepared by phosphorylation in semidry reaction at 130°C with 3-12 %
sodium tripolyphosphate (STP) and pH 4.5-9.0 for 60-240 min. The maximum RE
was found to be 23.42 % at the reaction conditions of pH 6.5, 7.5 % STP, and 180
min. The peak viscosity and paste clarity increased with increasing STP, but
decreasing pH. The anionic modified tapioca starches with the highest RE were
selected for further modification of amphoteric starch.

Amphoteric starch is modified starch containing both cationic and anionic
charges. Cationic substitution was prepared using aqueous alkaline processes (pH 11)
with cationic reagent of 2-epoxypropyl 3-trimethylammonium chloride at 40 °C for 24
h. Anionic charges with different groups including octenyl succinate, carboxylmethyl,
and phosphate were studied in both before and after cationic substitution processes.
The DS and RE of either cationic (Cat) or anionic charges decreased in both
amphoteric modified processes. The DS and RE of the anionic-cationic process
decreased to a higher extent than those of the cationic-anionic process. The peak
viscosity, breakdown, and swelling power of Cat-OSA were the highest, but its
pasting temperature and setback were lower than those of OSA starch. The Cat-CMS
and Cat-PPS showed lower peak viscosity, breakdown and swelling power than CMS
and PPS. The enthalpies of amphoteric starches decreased in both processes. The

morphology of amphoteric starch granules with CMS and PPS was slightly modified.
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