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Abstract 

The “pinhão” is the seed of Araucaria angustifolia (known as Paraná pine). This specie is in danger due to 

reckless exploration. Thus, the development of new applications could motivate its preservation. Samples of 

native “pinhão” starch were oxidized with standard NaClO solutions (0.1, 0.2 and 0.5 mol L
-1

) and exposed 

for one hour under UV light (UVC radiation with  = 256 nm). The TG curves showed similar behavior. The 

oxidative modification caused a decrease in the gelatinization enthalpy (DSC). 
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Introduction 

Parana tree (Araucaria angustifolia) belongs to conifer group. The seeds (“pinhão”) are use on food 

preparations [1]. Araucaria is endangered due to irresponsible extraction. Developing researches for coherent 

use of Araucaria derived products could motivate the conservation of the species [2]. The mainly 

composition of the “pinhão”, in wet basis, includes: starch (36 %), proteins (3 %), lipids (1 %) [3, 4]. 

Starch granules are made up of two macromolecules, amylose (linear) and amylopectin (branched). Amylose 

presenting a  1,4-linked glucose, while amylopectin consisting of  1,4 -linked glucose with  1,6- linkages 

at the branch points [5]. 

The modifications seek to improve the native starch and a well-known technique is the oxidative 

modification [6]. The starches can be modified by oxidant agents such as sodium hypochlorite, hydrogen 

peroxide, periodic acid and potassium permanganate among many others [5, 6]. The technique applying 

ultraviolet irradiation of starch could leads to a depolymerisation. A relevant study [7] found that the 

treatment of starch with UV light induced changes such as increased water binding capacity and solubility. 

The thermogravimetry analysis (TGA) can show the behavior of starch granules when heating leads to 

depolymerization. The differential scanning calorimetry (DSC) is used to investigate the phase transitions of 

starch/water systems (gelatinization process) and the estimation of transition enthalpies [8]. The starch 

gelatinization properties have an important role on developing food processing and new products [9]. 

 

Objectives 

The aim was to study the thermal behavior of the modified “pinhão” starch by the sodium 

hypochlorite solutions (NaOCl) with simultaneously exposure to ultraviolet light by TG-DTA and DSC.  

 

Materials and Methods  

The starch native “pinhão” starch (200 g), was divided into parts of 50 g (dry basis). One was 

maintained as received (N). The others were treated following the literature methodology [5, 6] with 

modifications. The “pinhão” starches were treated for one hour with exposure in ultraviolet light (λ = 256 

nm) simultaneously with standard sodium hypochlorite (NaOCl) solutions, 0.1 mol L
-1

 (a), 0.2 mol L
-1

 (b) 
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and 0.5 mol L
-1 

(c). The samples were filtered, washed, dried and kept on a dissector until the moment of the 

analysis. The thermogravimetry and differential thermal analysis (TG-DTA) curves were obtained using a 

thermal analysis system (Shimadzu, DTG-60H model); the samples were heated from 30 ºC to 600 ºC using 

open alumina crucibles with approximately 5.0 mg of the sample under a nitrogen flow of 150 mL.min
−1

 at a 

heating rate of 10 ºC min
−1

. All mass loss percentages were determined using TA-60 WS data analysis 

software [5, 6]. The DSC curves were obtained using a thermal analysis system (TA-Instruments, DSC-Q200 

model, USA), under an air flow of 50 mL.min
-1

, heating rate of 10 ºC min
-1

 and the samples weighed about 

2.5 mg. The aluminum crucibles were sealed and then the curves were performed. The instrument was 

previously calibrated with 99.99 % purity Indium, melting point of Tp. = 156.6 ºC, H = 28.56 J.g
-1 

[5, 6]. 

 

Results and Discussion 

The TG-DTA profile curves, Fig. 1, showed an endothermic peak in the DTA curves in the first 

event. This is attributed to the evaporation of the water and volatile compounds, followed by stability of the 

anhydrous compounds. The second and third regions in the TG curves were due to the degradation (second 

endothermic peak in DTA profiles) of the organic matter (amylose) and the pyrolysis of the organic matter 

associated with the two last exothermic peaks observed in the DTA curves. Samples (a, b, c) show a slight 

endothermic peak for the second event and a higher exothermic peak for the third event (DTA curves 

profiles), different from to the (N) sample. By these results it can be said that the modification applied 

generated compounds more stable on thermal basis, forming functional groups with strong internal and 

external molecular bonds. Similar behavior was found in earlier works [1, 4]. The TG-DTA results are 

shown in Tab. 1. 

Table 1: TG and DTG results of: untreated starch (N); treated starch with UV-light and NaClO standard 

solutions 0.1 mol L
-1

 (a); 0.2 mol L
-1

 (c) and 0.5 mol L
-1

 (c). 

Samples 
TG Results DTG Results 

Step m/% T/ºC Tp/°C 

 

(N) 

1
st
 13.02 30 - 133 59.26 (ENDO) 

stability - 133 - 209 - 

2
nd

 71.99 209 - 424 315.60 (EXO) 

3
rd 

13.25 424 - 576 510.64 (EXO) 

(a) 

1
st
 14.88 30 - 159 53.28 (ENDO) 

stability - 159 - 246 - 

2
nd

 72.76 246 - 403 308.16 (EXO) 

3
rd 

11.13 403 - 587 512.54 (EXO) 

(b) 

1
st
 13.08 30 - 126 58.93 (ENDO) 

stability - 126 - 245 - 

2
nd

 73.04 245 - 391 309.51 (EXO) 

3
rd 

12.10 391 - 551 524.75 (EXO) 

(c) 

1
st
 13.57 30 - 142 60.84 (ENDO) 

stability - 142 - 243 - 

2
nd

 68.79 243 - 393 308.24 (EXO) 

3
rd 

15.85 393 - 550 527.91 (EXO) 

m mass loss (%), T temperature range, Tp peak temperature. 
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Figure 1 TG/DTG curves: untreated starch (N); treated starch with UV-light and NaClO standard solutions 

0.1 mol L
-1

 (a); 0.2 mol L
-1

 (c) and 0.5 mol L
-1

 (c). 

 

The DSC curves profiles, Fig. 2, show the variation of To (ºC) was 59.08 (N) to 54.30 (c), Tab. 2, 

with these results conclude that initial temperature of gelatinization were inversely proportional to the 

increase of the NaClO concentration in the starches modification. The same is observed in peak temperature 

Tp (endothermic event) that range was 66.02 (N) to 63.55 (c). The (Tc) results, didn’t present significant 

differences for the modified samples (a) and (c) comparing to the (N) sample and the range was 75.54 (N) to 

72.60 (b). The oxidation process applied promoted a high reduction in gelatinization enthalpy (ΔHgel) where 

the value from 14.64 J g
-1

 for the (N) sample dropped to 4.40 J g
-1

 for sample (b), treated with 0.2 mol L
-1 

(NaOCl). The reduction in ΔHgel can be attributed to degradation of the starch chains caused by modification; 

consequently, less energy was needed to gelatinize starch [10]. 

 

Table 2: DSC gelatinization results of: untreated starch (N); treated starch with UV-light and NaClO 

standard solutions 0.1 mol L
-1

 (a); 0.2 mol L
-1

 (c) and 0.5 mol L
-1

 (c). 

Samples 
DSC gelatinisation 

To/ºC Tp/ºC Tc/ºC ΔHgel/J g
-1 

(N) 59.08±0.04
c
 66.02±0.05

c 
(ENDO) 75.54±0.03

b
 14.64±0.02

d
 

(a) 58.42±0.03
c
 65.57±0.03

c 
(ENDO) 75.47±0.06

b
 9.67±0.03

c
 

(b) 55.73±0.06
b
 64.55±0.08

b 
(ENDO) 72.60±0.13

a
 4.40±0.14

a
 

(c) 54.30±0.10
a
 63.55±0.09

a 
(ENDO) 74.75±0.42

b
 5.25±0.03

b
 

(*) To “onset” initial temperature, Tp peak temperature, Tc “endset” final temperature, ΔHgel gelatinization 

enthalpy. (**) Different letters of the same column differ statistically according with Duncan test (p<0.05). 

 

Figure 2 DSC gelatinization curves: untreated starch (N); treated starch with UV-light and NaClO standard 

solutions 0.1 mol L
-1

 (a); 0.2 mol L
-1

 (c) and 0.5 mol L
-1

 (c). 
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Conclusions 

The modifications applied by the treatment with sodium hypochlorite (NaOCl) solutions for one hour 

of simultaneously exposure in ultraviolet light (λ = 256 nm) originated starches thermally more stable. 
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