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ABSTRACT 

 
Starches from five different botanical origins have been analyzed: potato (Solanum tuberosum), quinoa (Chenopodium 
quinoa), cassava (Manihot esculenta), wheat (Triticum aestivum) and rice (Oryza sativa) as standard sample. 
Moisture values, gelatinization characteristics, percentage of amylose and amylopectin, starch granule morphology 
and retrogradation established; to determine the relationship between them with the absorbent capacity of each starch 

In the present paper, the retrograded quinoa starch was determined as the one with the maximum absorbing 
capacity. This starch presents the smallest starch granule, the highest relation of amylose and amylopectin (higher 
percentage of amylopectine), and a low degree of gelatinization. In this type of starch, retrogression favors the 
absorption due to the breakage of the granules, which results in a greater contact surface, causing water molecules to 
be retained more easily in the structure as hydrogen bridges are formed. Even so, the rest of the starches have 
immediate absorbent capacity. 
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RESUMEN 
 

Se analizó almidones de cinco diferentes orígenes botánicos: papa (Solanum tuberosum), quinua (Chenopodium 
quinoa), yuca (Manihot esculenta), trigo (Triticum aestivum) y arroz (Oryza sativa) como muestra estándar. Se 
obtuvo valores de humedad, características de gelatinización, porcentaje de amilosa y amilopectina, morfología del 
gránulo de almidón y retrogradación, para determinar la relación entre las mismas con la capacidad absorbente de cada 
almidón.   

Los resultados mostraron que el almidón de quinua retrogradado es el de máxima capacidad absorbente. Este 
almidón presenta un gránulo de almidón más pequeño, una relación más alta de amilosa y amilopectina (mayor 
porcentaje de amilopectina) y un bajo grado de gelatinización. La retrogradación favorece la absorción debido a la 
ruptura de los gránulos permitiendo que las moléculas de agua sean más fácilmente retenidas en la estructura. Aun así, 
los demás tipos de almidón también llegan a tener capacidad absorbente inmediata. 
 
INTRODUCTION 
 
The natural polymers called carbohydrates are polysaccharides, which are naturally degradable macromolecules 
(biodegradable) [1,2]. One of the most important natural polysaccharides is starch [3], granules composed of two 
polymers of glucoses: amylose and amylopectin found in food grains [4,5]. 

Amylose is a linear polymer of glucose units linked by α (1-4) glycosidic bonds, in which some α (1-6) bonds 
may be present. Amylopectin is a branched polymer of glucose units linked in 94-96% by α (1-4) bonds and 4-6% 
with α (1-6) bonds [6]. 

Starch granules can be found in a semicrystalline polymer system, where the crystallinity varies from 15 to 45%. 
The crystalline and the non-crystalline areas have a concentric arrangement. The branching points of amylopectin 
correspond to amorphous areas [7,8]. 

The morphology, chemical composition, and supramolecular structure of starch granules are important 
characteristics that affect their functional properties [9]. In addition, starches of different botanical origin show 
variation in their chemical and structural composition which influences their properties and functionality [10]. 

The use of starch in different industrial applications depends on properties such as gelatinization, amylose and 
amylopectin content, retrogradation, moisture, absorption particle size and surface area [11]. These structural 
characteristics may have a close relationship with each other. In this way, the use of starches as absorbents is 
restricted by their structural characteristics. 

Absorbent polymers are materials that can absorb and retain large amounts of water or aqueous solutions. These 
polymers consist of hydrophilic monomers that make up a three-dimensional network [12-14]. In the case of starch, 
hydroxyl groups favor the absorbent capacity [15]. 
  
RESULTS AND DISCUSSION  
 
The results of the analysis of extraction performance, humidity, gelatinization, granule morphology, rate amylose - 
amylopectin and absorption realized on five starches of different botanical origin, are shown in Table 1.  

Quinoa starch had the lowest extraction yield. Quinoa contains very low percentage of water in its structure and 
a high percentage of protein and lipid, which can hinder the extraction process. Quinoa starch was found to be in the 
inner part of the pseudocereal (Perisperm) [16] whereas in the case of wheat, starch is found on the outside of the 
cereal (Endosperm) [17]. Therefore, it is likely that the low yield in quinoa starch extraction is due to this 
characteristic. 
The moisture value of each sample is one of the variable that impact the gelatinization characteristics. For example, 
Cassava starch, with the highest percentage of moisture, is one of the highest gelatinization. 

The samples with better gelatinization are starches of the potato and cassava. According to the results, the 
samples with less gelatinization are wheat, quinoa and rice; those samples need higher temperature to reach this 
condition. 
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Table 1. Results of analyzes performed on potato starch, quinoa, cassava, wheat and rice as standard sample. The results are 
shown with their standard deviation and propagation of errors when they are numbers calculated from a calibration curve. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Structural 
characteristics Potato Quinoa Cassava Wheat Rice 

Extraction 
performance (%) 9,8 6,8 15,7 53,26 Standard 

Humidity (%) 13,6 ± 1,3 12,2 ± 0,8 25,9 ± 1,3 18,4 ± 1,4 11,6 ± 0,6 

Ti (°C) 63,05 ± 0,07 61,30 ± 
0,42 

66,95 ± 
0,43 

75,75 ± 
3,46 

67,35 ± 
0,21 

TPG (°C) 71,1 ± 0,14 88,80 ± 
0,00 

74,40 ± 
0,99 

84,95 ± 
0,49 

85,35 ± 
0,35 

ΔH (BU) 2565 ± 13 424 ± 9 2078 ± 141 367 ± 54 717 ± 100 

tmaxG (min) 5,72 ± 0,07 12,30 ± 
0,00 6,00 ± 0,24 12,27 ± 

0,00 
12,30 ± 
0,00 

Gelatinization speed  
(°C/min) 12,4 7,2 12,4 6,9 6,9 

Area (µm^2) 1374,13 ± 
283,94 

56,11 ± 
3,35 

697,93 ± 
2,32 

1542,35 ± 
164,50 

605,27 ± 
99,34 

Perimeter (µm) 24,78 ± 11,17 3,38 ± 0,16 18,48 ± 
0,05 

34,86 ± 
21,20 

20,06 ± 
4,88 

Diameter (μm) 7,8 ± 2,18 0,92 ± 0,13 4,77 ± 0,29 10,13 ± 
0,83 2,37 ± 0,39 

% amylose (by 
microscopy) 26,87 ± 15,49 15,19 ± 

7,87 
19,85 ± 
3,66 

20,45 ± 
3,03 

17,91 ± 
6,14 

% amylopectin (by 
microscopy) 73,13 ± 42,82 84,81 ± 

12,39 
80,15 ± 
5,38 

79,55 ± 
13,85 

82,09 ± 
34,66 

Amylose: 
Amylopectin relation 
(by microscopy) 

1:2,72 1:5,58 1:4,04 1:3,89 1:4,58 

% amylose (by UV-
Vis spectroscopy) 27,03 ± 3,59 12,59 ± 

2,74 
17,62  ± 
7,27 

26,03  ± 
2,21 

17,72  ± 
2,18 

% amylopectin (by 
UV-Vis 
spectroscopy) 

72,97 ± 3,59 87,41 ± 
2,74 

82,38 ± 
7,27 

73,97 ± 
2,21 

82,28 ± 
2,18 

Amylose: 
Amylopectin relation 
(by UV-Vis 
spectroscopy) 

1:2,7 1:6,9 1:4,7 1:2,8 1:4,9 

Non-retrograded 
starch absorption 
(g: ml) 

1:0,74 1:1,04 1:0,83 1:0,72 1:1,14 

Retrograded starch 
absorption (g: ml) 1:1,27 1:2,32 1:0,95 1:1,09 1:1,11 

Maximal values. BU = Brabender units, arbitrary units of the equipment used;  Ti is the start temperature of gelatinization;  TPG is the 
temperature at which the maximum gelatinization is reached;  ΔH is maximum gelatinization;  tmaxG is the time in which the maximum 
gelatinization is reached 
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Figure 1: Starch granules, obtained under a microscope. 

 
Starch retrogradation occurs through a previous gelatinization process, which requires knowing the gelatinization 
characteristics of each starch. 

The results on the tests of the absorbent capacity of each starch are shown in figure 2:  
 
 

 
 

Figure 2. Results of the absorbent capacity of ungraded starches and retrograded starches 
 

http://www.bolivianchemistryjournal.org/
http://www.scribd.com/bolivianjournalofchemistry


REVISTA BOLIVIANA DE QUÍMICA       
ISSN 0250-5460 Rev. Bol. Quim. Paper edition 
ISSN 2078-3949 Rev. boliv. quim. Electronic edition 
Fabiola R. Valdivieso et Patricia A. Mollinedo Portugal RBQ Vol.38, No.2, pp. 62-67, 2021                             

Downloadable from: Revista Boliviana                          de Química. Volumen 38 Nº2. Año 2021 

http://www.bolivianchemistryjournal.org, http://www.scribd.com/bolivianjournalofchemistry 

 
 

66 

 

Received 06 24 2020       38(2); May./Jun. 2021    
Accepted 06 21 2021                         
Published 06 30 2021; DOI:10.34098/2078-3949.38.2.2 

According to literature, high transition temperatures have been related to a high degree of crystallinity, indicating 
structural stability and resistance of gelatinization granules [18]. As seen in table 1 and figure 1, quinoa starch is the 
smallest and the one that contains the highest percentage of amylopectin. Wheat starch is the largest and has one of 
the lowest percentages of amylopectin in relation to the others. As can be seen in figure 2, retrogradation favors the 
absorbent capacity of starches; with the exception of rice starch. 
 
EXPERIMENTAL  
 
For the extraction of starch, modified methods mentioned in different works and articles were used [19-
21]. A modified Vansteelandt and Delooar method was employed for wheat starch.  

The humidity of 0.2 g samples was determined in a moisture balance Radwag MAC 110 / WH . four 
times each. 

Gelatinization thermograms were done in a micro visco amylograph Brabender The analysis was 
performed twice for each starch and the average was reported. The temperature ramp used was as follows: 

 
 
 
 
 
 
 
 
 
 
 

Microscope B-350 OPTIKA was employed to observe granules of each starch. Perimeter, area, diameter, 
and percentage of amylose and amylopectin were the values observed from the images obtained, three 
times each  

Amylose and amylopectin quantification was by Aristizábal and Sánchez method [22]. It is a 
spectrophotometric method that measures the absorbance of the iodine-starch complex at 620 nm and is 
only used up to a percentage of 40% amylose. The amylopectin content was calculated by subtracting the 
amylose content. A calibration curve is obtained by plotting concentration vs. absorbance at 0%, 10%, 
20%, 25%, 30% amylose in a (Micro miu) uQuant BIOtek, USA spectrophotometer using solutions of 
sodium hydroxide, ethanol (95%), sodium hydroxide (0.09M), acetic acid (1M) and lugol (2%), five times 
for each starch. 

Retrograded starches came from the gelatinization process with a magnetic stirrer MS H280 Pro. 
Subsequently, the gelatinized starches were put into an oven at 80 ° C until dryness. Finally, the 
retrogradation of the starches was submitted to a microscope evaluation. 

For the absorption tests, considering its possible industrial application, we employed a solution of 
sodium chloride (3%) and citric acid (1%). 

In order to determine the maximum volume of solution that starch samples absorb, the ratio between 
starch and absorbed volume was determined from 1 g of each starch, in non-retrograde and retrograded 
state. 

 
CONCLUSIONS 
 
The retrograded quinoa starch is the one with the maximum absorbent capacity. The granule of this starch 
is the smallest one, has the highest ratio of amylose and amylopectin or highest percentage of amylopectin, 
and a low degree of gelatinization. These structural characteristics allow its high degree of absorption. In 
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this starch, retrogradation favors absorption due to the breakdown of the granules, resulting in a greater 
contact surface which generates greater contact with the amylopectin structure; this fact causes water 
molecules to be more easily retained in the structure, and hydrogen bonds are formed. 
 
REFERENCES 
 

1. Vasiljevic L., Pavlović S. Biodegradable Polymers Based on Proteins and Carbohydrates, In: Advances in Applications of Industrial 
Biomaterials, ed by Pellicer, E., Nikolic, D., Sort, J., Baró, M., Zivic, F., Grujovic, N., Grujic, R., Pelemis, S., 2017, Springer 
International Publishing, Springer Nature Switzerland AG, 87-101. DOI: https://doi.org/10.1007/978-3-319-62767-0_5.  

2. Songa, S.S., Qi, H.B., Wu, Y.P. 2011, Preparation and properties of water-absorbent composites of chloroprene rubber, starch, and 
sodium acrylate, Polymers Advanced Technologies, 22 (12), 1778–1785, DOI: 10.1002/pat.1671 . 

3. Cornejo-Ramírez, Y.I., O., Martínez-CDel Toro-Sánchez, C.L., Wong-Corral, F.J., Borboa-Flores, J., Cinco-Moroyoqui, F.J. 2018, The 
structural characteristics of starches and their functional properties, CyTA - Journal of Food, 16 (1), 1003–1017, DOI: 
10.1080/19476337.2018.1518343.  

4. Cornejo Ramírez, I., Cruz, O.M., Del Toro Sánchez, C.L., Wong Corral, F.J., Borboa Flores, J., Cinco Moroyoqui, F.J. 2018, The 
structural characteristics of starches and their functional properties, Journal of Food, 16 (1), 1003–1017, DOI: 
10.1080/19476337.2018.1518343.   

5. Villarroel, P., Gómez, C., Vera, C.,Torres, J. 2018, Almidón resistente: Características tecnológicas e intereses fisiológicos, Revista 
chilena de nutrición, 45 (3), 271-278, DOI: https://dx.doi.org/10.4067/s0717-75182018000400271 

6. Hernández Medina, M., Torruco Uco, J.G., Chel Guerrero, L., Betancur Ancona, D. 2008, Caracterización fisicoquímica de almidones de 
tubérculos cultivados en Yucatán, México, Food Science and Technology, 28 (3), DOI: 718-726. https://doi.org/10.1590/S0101-
20612008000300031.  

7. Flores Castro, A. 2006, Estudio de restrogradación del almidón presente en tortillas, utilizando diversas técnicas (MSc tesis),  Instituto 
Politécnico Nacional, Centro de Desarrollo de Productos Bióticos, Ciudad de Mexico, Mexico, retrieved from 
https://tesis.ipn.mx/jspui/bitstream/123456789/5090/1/1321_2006_SEPROBI_MAESTRIA_flores_castro_alejandra.pdf 

8. González Blair, G. . Desarrollo de productos con alto contenido de almidón para la industria de alimentos, Fundación Universitaria 
Agraria de Colombia-UNIGRARIA, 1ra edicion, 2012, Bogota, Colombia, pp.6-22. 

9. Granados, C.,  Guzmán, L.E., Acevedo, D., Díaz, M., Herrera, A. 2014, Propiedades Funcionales del almidón de Sagu (Maranta 
arundinacea), Biotecnología en el Sector Agropecuario y Agroindustrial, 12 (2), 90-96,  

         https://revistas.unicauca.edu.co/index.php/biotecnologia/article/view/33  
10. Teli, M.D.,  Mallick, A. 2018, Utilization of Waste Sorghum Grain for Producing Superabsorbent for Personal Care Products, Journal of 

Environmental Polymer Degradation, 26 (4), 1-12, DOI: 10.1007/s10924-017-1044-z  
11. Barleany, D.R., Ulfiyani, F., Istigomah, S., Heriyanto, H., ,Swelling properties of cassava starch grafted with poly (potassium acrylate-

co-acrylamide) superabsorbent hydrogel prepared by ionizing radiation, International Conference of Chemical and Material 
Engineering, 1699 (1), DOI: 0.1063/1.4938323   .. 

12. Zhi Zhanga, K., Chena, P., Dub, X., Xuea, Z., Chena, S., Yang, B. 2014, Effects of amylose content on property and microstructure of 
starch-graft-sodium acrylate copolymers, Carbohidrate Polymers, 102,, 453–459, DOI: 10.1016/j.carbpol.2013.11.027 . 

13. Songa, S.S., Qi, H.B., Wu, Y.P. 2011, Preparation and properties of water-absorbent composites of chloroprene rubber, starch, and 
sodium acrylate, Polymers Advanced Technologies, 22 (12), 1778–1785, DOI: 10.1002/pat.1671  

14. Arzapalo-Quinto, D., Huamán-Cóndor, K., Quispe-Solano, M., Espinoza-Silva, .. 2015, Extracción y caracterización de almidón de tres 
variedades de quinua (Chenopodium quinoa Willd) Negra Collana, Pasankalla Roja y Blanca Junin, Revista de la Sociedad Química del 
Perú, 81 (1), 44-54. 

15. Juárez, Z.N., Bárcenas-Pozos, M.E., Hernández, L.R. 2014, El grano de trigo: características generales y algunas problemáticas y 
soluciones a su almacenamiento, Temas seleccionados de Ingenieria de Alimentos, 8 (1), 79-93. 

16. Vignola, M.B. 2017, Influencia del genotipo y el ambiente sobre la variabilidad de la calidad tecnológica y nutricional de cultivos de 
trigo, Cambios en la calidad nutricional debido a precesamiento (PhD tesis), Universidad Nacional de Córdoba. Facultad de Ciencias 
Agropecuarias, Cordoba Argentina. Retrieved from: 
 https://rdu.unc.edu.ar/bitstream/handle/11086/4860/Vignola%2C%20Mar%C3%ADa%20Bel%C3%A9n%20-
%20Influencia%20del%20genotipo%20y%20el%20ambiente%20sobre%20la%20variabilidad%20de%20la%20calidad%20tecnol%C3
%B3gica....pdf?sequence=1&isAllowed=y. 

17. Alcón-Callejas, D. 2016, Caracterización morfológica del tubérculo y criterios de calidad culinaria en variedades de papa amarga 
(Solanum juzepczukii) y (Solanum curtilubum) en el municipio de San Andrés de Machaca (BSc tesis), Universidad Mayor de San 
Andres. Facultad de Agronomia. Carrera de ingeniería en producción y comercialización, La Paz, Bpñivia. Recuperado de 
https://repositorio.umsa.bo/xmlui/bitstream/handle/123456789/7629/T-2245.pdf?sequence=1&isAllowed=y. 

18. Aristizábal, J., Sánches, T. Guía técnica para producción y análisis de almidón de yuca, Boletin de servicios agricolas de la FAO, 2007, 
Roma, Italia, pp.49-91. 

 

http://www.bolivianchemistryjournal.org/
http://www.scribd.com/bolivianjournalofchemistry
https://10.0.3.234/pat.1671
https://10.0.4.56/19476337.2018.1518343
https://10.0.4.56/19476337.2018.1518343
https://dx.doi.org/10.4067/s0717-75182018000400271
https://doi.org/10.1590/S0101-20612008000300031
https://doi.org/10.1590/S0101-20612008000300031
https://tesis.ipn.mx/jspui/bitstream/123456789/5090/1/1321_2006_SEPROBI_MAESTRIA_flores_castro_alejandra.pdf
https://revistas.unicauca.edu.co/index.php/biotecnologia/article/view/33
https://10.0.3.239/s10924-017-1044-z
https://0.0.4.39/1.4938323
https://10.0.3.248/j.carbpol.2013.11.027
https://10.0.3.234/pat.1671
https://rdu.unc.edu.ar/bitstream/handle/11086/4860/Vignola%2C%20Mar%C3%ADa%20Bel%C3%A9n%20-%20Influencia%20del%20genotipo%20y%20el%20ambiente%20sobre%20la%20variabilidad%20de%20la%20calidad%20tecnol%C3%B3gica....pdf?sequence=1&isAllowed=y
https://rdu.unc.edu.ar/bitstream/handle/11086/4860/Vignola%2C%20Mar%C3%ADa%20Bel%C3%A9n%20-%20Influencia%20del%20genotipo%20y%20el%20ambiente%20sobre%20la%20variabilidad%20de%20la%20calidad%20tecnol%C3%B3gica....pdf?sequence=1&isAllowed=y
https://rdu.unc.edu.ar/bitstream/handle/11086/4860/Vignola%2C%20Mar%C3%ADa%20Bel%C3%A9n%20-%20Influencia%20del%20genotipo%20y%20el%20ambiente%20sobre%20la%20variabilidad%20de%20la%20calidad%20tecnol%C3%B3gica....pdf?sequence=1&isAllowed=y
https://repositorio.umsa.bo/xmlui/bitstream/handle/123456789/7629/T-2245.pdf?sequence=1&isAllowed=y

	ABSTRACT
	In the present paper, the retrograded quinoa starch was determined as the one with the maximum absorbing capacity. This starch presents the smallest starch granule, the highest relation of amylose and amylopectin (higher percentage of amylopectine), a...

