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Abstract

The purpose of this study was to characterize, isolate and chemically modify tiger nut (Cyperus sculentus L.) starch
with octenyl succinic anhydride. The efficiency of the chemical modification was 0.04. Chemical composition, particle
morphology (SEM), particle size, X-ray diffraction, infrared analysis, thermogravimetric analysis, differential scanning
calorimetry and swelling and solubility power were determined for characterization of the native and modified starch.
Both showed similar chemical composition and amylose and amylopectin contents, as well as absorption spectra in
the infrared region without modification of the molecular structure and A-type crystalline pattern. The particles of both
had an oval and spherical shape. The modified starch was more resistant to temperature and the gelatinization process

occurred at 67.52 °C. These results suggest that tiger nut starch has a great industrial potential.
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1. Introduction

Starch is the main reserve substance in higher plants,
supplying 70 to 80% of the calories consumed by man.
It is a polysaccharide composed of repeating units of
D-glucopyranose, in which D-glucose units are linked by
a-1,4 bonds. This natural polymer consists basically of
two macromolecules: amylose (15-30%) and amylopectin
(85-70%)1-31,

The starch market has been growing and improving
in recent years, leading to the search for products with
specific characteristics that meet the requirements of these
industriest*. The production of modified starches is an
alternative that has been developed with the objective of
overcoming one or more limitations of native starches, and
thus increase the usefulness of this polymer in industrial
applications?!. The reasons for these modifications involve
decreasing the retrogradation and tendency of the pastes
to form gels, conferring stability in cooling and thawing
processes, improving the texture of the pastes or gels and
the formation of films, adding hydrophobic groups and
introducing emulsifying power!®. One of the chemical
modification techniques is the treatment of native starches
with octenyl succinic anhydride (OSA starches), whose
modification provides an amphiphilic character to the starch
molecule and, consequently, surface active properties!”.

Tiger nut (Cyperus esculentus), also called chufa or
“junca”, belonging to the Cyperaceae family, is cultivated
especially in sandy soils®. The plant originates in East Africa
and its use is very old. It is a very nutritious tuber, being
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characterized mainly by the high presence of carbohydrates and
oils, which represent around 24.5% of'its total composition®..

The objective of this study was to characterize native
starch isolated from tubers of Cyperus esculentus, and
modify it chemically by means of esterification reactions
with octenyl succinic anhydride (OSA).

2. Materials and Methods

2.1 Tiger nut starch extraction and chemical
modification.

For extracting the tiger nut starch, a sanitization of
the tubers was carried out with 10% solution of sodium
hypochlorite, followed by milling thereof, by means of a
mill type Willye (TE - 680), being previously dried at 50 °C
for 48 h. The extraction process was performed according
to the procedure described by Guraya et al. (2004)!1.
Starch succinylation was carried out in alkaline medium
according to the procedure described by Song et al. (2006)!!!).
The efficiency of the reaction was performed by determining
the degree of substitution according to the procedure of
Kweon et al. (2001)!..

2.2 Granule morphology by Scanning Electron
Microscopy. (SEM)

The observation of the starch granule morphology was
carried out under scanning electron microscope (Hitachi S5200).
The powder sample was placed on an aluminum surface and
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covered with gold/palladium (40/60) with an acceleration
potential of 20.00 kV.

2.3 X-ray Diffraction analysis. (XRD)

The structural characterization of the starch was
performed by an X-ray diffraction equipment (Siemens
D5000) at room temperature. The samples were packed
in aluminum cells and illuminated by 40mA, 45kV CuKa
radiation (A = 1.54056A). The samples were scanned in the
range of 20 diffraction angles between 5° and 40

2.4 Particle size analysis.

The particle size distribution was obtained using a laser
diffraction apparatus (Beckman Coulter LS 13 320) with
the sample suspended in water at 20 °C.

2.5 Differential Scanning Calorimetry analysis. (DSC)

The DSC curves were obtained using the NETZSCH STA
409 Pc Luxx equipment, under the following experimental
conditions: dynamic nitrogen atmosphere with flow rate of
60 ml/min; heating rate of 10 °C/min, in a range of 40 °C
to 250 °C; partially closed aluminum capsule and sample
mass around 4.0 mg.

2.6 Analytical methods

The physicochemical analyses of the native and modified
starch were performed according to the methods described
by AOAC (1997)!"2.. The analyzed parameters were: protein,
carbohydrate, lipid, moisture, amylose and ash.

3 Results and Discussion

3.1 Tiger nut starch extraction and composition.

The isolation of the tiger nut starch was relatively easy,
as there was no interference of other compounds, mainly
protein and lipid, on its extraction yield. The yield observed

for the tiger nut starch extraction was 33.5%!. The efficiency
of the reaction was performed by determining the degree of
substitution (0,04)!"3]. Tt is observed in Table 1 that native
and modified tiger nut starch presented lower values of
moisture, ashes, protein and lipid when compared to the
values obtained for dry matter. Native tiger nut starch and
modified showed higher levels of amylopectin (83.9%;
83,0%)>M1

3.2 Morphology and particle size of native and modified
starch

According to Figure 1, it can be seen that the native
tiger nut starch and modified granules had a smooth surface
with no grooves and, for the most part, oval shapes!'+!3].

According to the particle size distribution analysis, the
native tiger nut starch presented an average size of 0.182 um
and the modified starch had an average size of 0.156 um as
shown in Figure 213,

3.3 X-ray Diffraction (XRD) of native and modified starch

According to Figure 3, corresponding to the diffractograms
of the native and modified tiger nut starch, it was possible
to notice that in both samples, the strongest peaks observed

Table 1. Chemical composition of the native and modified tiger
nuts starch and tiger nut.

Native Modified

Compounds (%) Starch Starch Tiger nut

Moisture 0.037+£0.003  0.033+0.002  33.50+0.02

Ash 0.15+0.01 0.26+0.01 1.03+£0.01

Protein 4.04+0.14 4.75+0.11 6.30+0.01

Lipid 8.41+0.51 4.04+0.21 15.70+0.01

Total carbohydrate 87.4+0.12 91.0+0.09 46.54+0.02
Amylose 16.100+0.003  17.000+0.001 *
Amylopectin 83.900+0.002 83.000+0.002 *

*Not analysed; (+) standard deviation.

(b)

Figure 1. Scanning electron micrographs of starch granules obtained from the native and modified tiger nut starch. (a) native starch

2400x; (b) modified starch 2400x.
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Figure 2. Particle size distribution of tiger nut starch granules. (a) native starch; (b) modifed starch. The line indicates the cumulative

distribution of particles.
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Figure 3. X-ray diffraction spectra of the native and modified
tiger nut starch.

occurred approximately at 15°, 17°, 18° and 23° 20, a fact
that characterizes this starch as A-type crystalline pattern!'®1%,

3.4 Differential Scanning Calorimetry (DSC) of native
and modified tiger nut starch

The curves obtained for the native and modified starch,
presented in Figure 4, were performed with the aim to
evaluate, mainly, the gelatinization process thereof.

For the native starch, two endothermic peaks
occurred: the first one was in the range of 62.27-75.55 °C
(AH =228.86 J.g"), with maximum at 67.52 °C, related to
the gelatinization process of the starch. For the modified
starch, only one endothermic peak was observed, occurring
in the range of 104.76-117.65 °C (AH =714.28 J.g"!), with
maximum at 108.28 °C, related to the melting process of
the modified starch.
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Figure 4. DSC thermographs of native and modified tiger nut
starch.
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5. Conclusion

This study explored the physicochemical properties of
native and modified starch isolated from tubers of tiger nut
(Cyperus esculentus) with respect to their likely potential
for the industry as a whole. In addition, the satisfactory
modification of tiger nut starch increased the possibilities
of use by the industry, as it was shown to be more resistant
to temperature as observed by DSC. These facts can raise
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the

importance of the polymer of this tuber as an alternative

source of starch, since in Brazil, the tiger nut is constantly
eliminated because it is an allelopathic weed.
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