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RESUMO 

A batata-doce (Ipomoea batatas Lam) e a mandioca (Manihot esculenta Crantz) fazem parte 

das maiores culturas alimentares de muitos países. Apresentam bom valor nutritivo, pois além 

de conter vitaminas, minerais, carotenóides e antocianinas em teor variado, pela existência de 

várias cores de suas polpas, possuem o amido como seu maior constituinte. Assim sendo, são 

consideradas valiosas matérias-primas para a indústria de alimentos. Os grânulos de amido 

apresentam morfologias e propriedades distintas, relacionados ao tipo de cultivar, condições de 

plantio, armazenamento e processamento, que por sua vez podem afetar a qualidade dos 

produtos finais aos quais foram adicionados. A utilização de amidos nativos na indústria 

alimentícia possui limitações, que podem ser melhoradas através da modificação destes por 

métodos químicos, enzimáticos ou físicos. Os métodos físicos por estarem associados à 

tecnologia verde e não poluírem o meio ambiente têm demonstrado grande potencial para esta 

finalidade. Diante disso, o objetivo deste trabalho foi extrair, caracterizar e modificar por 

autoclave a baixa pressão, os amidos de batatas doces de polpas branca (BDBR), bege (BDBE), 

roxa (BDR) e laranja (BDL); assim como realizar teste preliminar com fermentação natural de 

mandioca, para posteriormente modificar a BDL por este mesmo método, e então avaliar as 

alterações nas propriedades térmicas, de pasta e funcionais destes amidos e farinhas 

modificados. Nos resultados desse estudo, os amidos nativos das batatas doces coloridas 

apresentaram grânulos com formas e tamanhos variados, dos quais os amidos das BDR e BDBE 

mostraram padrão de cristalinidade do tipo A e os amidos das BDBR e BDL do tipo CA, 

exibindo estes dois últimos maior estabilidade térmica.  O teste preliminar de fermentação 

natural de mandioca possibilitou ajustar a metodologia para a fermentação natural de batata-

doce. Sendo que após o tratamento os pedaços de mandioca tiveram redução na força à 

compressão, e a farinha de mandioca fermentada apresentou ligeiras alterações nas 

propriedades térmicas e de pasta, o que foi relacionado principalmente ao tempo de sete dias 

utilizado.  As micrografias dos amidos modificados das batatas doces analisadas mostraram 

alteração na superfície dos grânulos, redução do material não amiláceo consumido pelos 

microrganismos da fermentação (após 12 dias) e pré-gelatinização dos amidos das BDL e BDR 

autoclavados. A farinha fermentada (após 12 dias) reduziu a solubilidade e o intumescimento 

em água (a 60ºC), enquanto que os amidos autoclavados tiveram uma tendência do aumento 

destes parâmetros. Ambos tratamentos provocaram mudanças nas propriedades térmicas 

(temperaturas inicial, de pico e entalpia de gelatinização) e de pasta (temperatura de pasta, 

viscosidades de pico e final, e tendência à retrogradação), demonstrando potencial para estudos 

futuros pela variabilidade de possíveis aplicações a depender da necessidade do produto e ou 

processo. Por fim, os métodos utilizados nesta pesquisa apresentaram viabilidade para 

modificar e aprimorar os amidos e as farinhas das batatas-doces e mandioca avaliadas. 
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ABSTRACT 

Sweet potatoes (Ipomoea batatas Lam) and cassava (Manihot esculenta Crantz) are part of the 

largest food crops in many countries. They have good nutritional value, because in addition to 

containing vitamins, minerals, carotenoids and anthocyanins in varied content, due to the 

existence of various colors of their pulps, they have starch as their major constituent. As such, 

they are considered valuable raw materials for the food industry. The starch granules have 

distinct morphologies and properties, related to the type of cultivar, planting conditions, storage 

and processing, which in turn can affect the quality of the final products to which they have 

been added. The use of native starches in the food industry has limitations, which can be 

improved by modifying them by chemical, enzymatic or physical methods. Physical methods, 

because they are associated with green technology and do not pollute the environment, have 

demonstrated great potential for this purpose. Therefore, the objective of this work was to 

extract, characterize and modify by low pressure autoclave, the white (WSP), beige (BSP), 

purple (PSP) and orange (OSP) fleshed sweet potato starches; as well as performing a 

preliminary test with natural fermentation of cassava, to later modify the OSP by this same 

method, and then evaluate the changes in the thermal, paste and functional properties of these 

modified starches and flours. In the results of this study, the native starches of the colored sweet 

potatoes showed granules with varying shapes and sizes, of which the starches from PSP and 

BSP showed type A crystallinity pattern and the starches from WSP and OSP type CA, showing 

the latter two greater thermal stability. The preliminary test of natural cassava fermentation 

made it possible to adjust the methodology for natural sweet potato fermentation. After the 

treatment, the cassava pieces had a reduction in texture, and the fermented cassava flour showed 

slight changes in the thermal and paste properties, which was mainly related to the (insufficient) 

seven-day time used. The micrographs of the modified starches from analyzed sweet potatoes 

showed changes in the granule surface, reduction of the non-starch material consumed by the 

fermentation microorganisms (after 12 days), and pre-gelatinization of the OSP and PSP 

autoclaved starches. Fermented flour (after 12 days) reduced solubility and swelling in water 

(at 60ºC), while autoclaved starches tended to increase these parameters. Both treatments 

caused changes in thermal properties (initial, peak and enthalpy temperatures of gelatinization) 

and paste (pasting temperature, peak and final viscosities, and setback), demonstrating the 

potential for future studies due to the variability of possible applications depending on the need 

product and or process. Finally, the methods used in this research showed feasibility to modify 

and improve the starches and flours of the sweet potatoes and cassava evaluated. 
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Abstract 

Sweet potatoes (Ipomoea batatas L.) and cassava (Manihot esculenta C.) are part of the largest 

food crops in many countries. They have good nutritional value, because in addition to 

containing vitamins, minerals, carotenoids and anthocyanins in varied content, due to the 

existence of various colors of their pulps, they have starch as their major constituent. As such, 

they are considered valuable raw materials for the food factory. The starch granules have 

distinct morphologies and properties, related to the type of cultivar, planting conditions, storage 

and processing, which in turn can affect the quality of the final products to which they have 

been added. The use of native starches in the food industry has limitations, which can be 

improved by modification. Physical methods, as they are associated with green technology and 

do not pollute the environment, have demonstrated great potential for this purpose. Both 

modification by autoclave at low pressure and natural fermentation have been showing the 

potential to modify these starches. 
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1. Introduction 

Sweet potato (Ipomoea batatas L.) is a tuberous root from Central and South America that has 

great economic importance and is easy to grow[1]. It has high nutritional value, with starch as 

its major component (70-80% d.b.), in addition to fibers, proteins, vitamins,  minerals[2], and 

bio components (such as carotenoids, phenolics, and anthocyanins)[3]. Its pulp can display 

white, beige, orange, purple, and other colors[4], and its starch granules may exhibit different 

morphologies and pasting properties, presenting the potential for application in different 

products[5]. These differences in both morphology and properties may be associated with the 

cultivar, climatic conditions, and physiology of the sweet potato plant[6]. In this way, its starch 

(or its flour) is widely used in some countries such as China as ingredients in the food 

industry for contributing to the textural properties of soups, sauces, pasta, bread, and snacks[2, 

7]. 

Cassava (Manihot esculenta C.) is an important crop in the tropical and subtropical regions of 

the world, exhibiting good adaptability to poor soil and drought. It is a staple food at low cost 

and is rich in starch (on average 84.5% d.b.)[8]. Genetic factors and cultivation conditions 

influence the properties of cassava starch. The application of flour and starch from this root in 

food formulations being guided by the composition, physical-chemical and functional 

properties of these components. Cassava products include fermented and non-fermented (such 

as chips), which contribute to their growing industrial application[9].  

Starches in native form have limitations of use in the food industry, such as instability to 

changes in temperature and tendency to retrograde. Thus, the modification of native starches 

has been studied to expand and improve the use [10]. Modification methods that do not use 

chemicals are the most attractive today[11] because they do not harm the environment[12], 

among them are the autoclave modification methods[13] and fermentation[14]. Products 
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modified by these methods (starch or flour) can be used as ingredients in food formulations, 

unlike those resulting from chemical methods that are classified as additives[15]. 

Previous research with autoclave modification has shown changes in granule morphology, 

increased absorption and solubility in water, increased thermal stability (with increased 

crystalline portion), and reduced retrogradation, in arrowroot starches[13], oats[16], rice[17], and 

sweet potatoes[18]. 

Regarding the fermentation in which the selected microorganisms are added, in spontaneous 

fermentation there is a staggering multiplication of the microorganisms inherent and natural to 

the raw material itself, thus being more practical and simple. Microbial metabolites alter the 

structure of starch granules giving them specific functional properties[19].  

The “puba” is an example of typical food from the north of Brazil and of indigenous tradition, 

produced from the natural fermentation of cassava in domestic conditions [20]. However, there 

are few studies on the modification of starch and/or sweet potato flour through natural 

fermentation[21]. 

Therefore, and  given the feasibility of modification by both autoclave and natural 

fermentation, this study aimed to show through the bibliographic review the feasibility of 

modification by autoclave at low pressure and by natural fermentation in cassava and sweet 

potato starches. 

2. Sweet potatoes (Ipomoea batatas L.) 

Sweet potato (Ipomoea batatas L., Convolvulaceae) is a crop of great nutritional importance 

(Figure 1) after rice, maize, wheat, potatoes, millet, and cassava[3]. It is grown in many 

tropical and subtropical countries, as in Asia, Africa, and Latin America. They are 

dicotyledonous plants belonging to the Convolvulaceae family, in which there are 

approximately 50 genus and more than 1000 species[22]. The composition and content of 



15 

 

15 

 

nutrients in cultivars vary widely; depending on genetic and environmental factors[23]. Its 

cultivation is not seasonal, having a short vegetative cycle (3.5 to 5.5 months) and good 

adaptability to various climates and agricultural systems, which allows its wide supply and 

low cost[24]. 

 

Figure 1: Sweet potato, Ipomoea batatas L. 

                 Source: Personal archive 

 

Sweet potato presents diversified nutritional properties due to its white, beige, purple, and 

orange pulps[7a], as well as variation in the content of its components, on a dry basis, such as 

starch (42.4–77.3%), crude fiber (1.9–6.4%), protein (1.3–9.5%), ash (1.1–4.9%), lipids (0.2–

3.0%), and total sugar content which is approximately 3.8%,  with sucrose, maltose, and 

glucose representing the predominant free sugars, which provide the sweet taste of this 

tuberous root[3]. It is usually consumed roasted, boiled, steamed, or fried as direct food[25]. 

It is also considered a highly nutritious vegetable because it contains vitamins (such as 

vitamin C, riboflavin, pyridoxine, and tocopherol), minerals (such as zinc, potassium, 

magnesium, copper, calcium, and iron), and fibers (such as pectin, cellulose, and 

hemicellulose). Depending on the color of its pulp, it has an expressive content of bioactive 

compounds such as carotenoids, phenolic acids, and anthocyanins[7b, 11]. 
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Carotenoids and anthocyanins are pigments synthesized by plants and are fat-soluble and 

water-soluble, respectively. The former is responsible for the yellow to orange colors, and the 

latter for the light pink to purple colors. Both can be used in foods as dyes, flavorings, and 

nutritional supplements[26].  Carotenoids are polyisoprenoid compounds classified into 

hydrocarbon carotenes (such as β-carotene) and xanthophylls[27]. 

Phenolic compounds are antioxidant molecules with at least one aromatic ring and one or 

more hydroxyl groups; flavonoids are a group of phenolics that consists of two aromatic rings 

linked by 3 carbons that are in an oxygenated heterocyclic ring[28]. As simple phenols, there 

are derivatives of hydroxycinnamic acid and as polyphenols (or flavonoids)  there are 

anthocyanins[27, 29]. 

3. Orange and purple-fleshed sweet potatoes 

 

Figure 2: purple and orange-fleshed sweet potatoes. 

Source: Personal archive 

 

In the last years, orange and purple-fleshed sweet potatoes (Figure 2) have been the focus of 

research due to the high content of carotenoids and anthocyanins, respectively [6b, 25-26, 30]. 

The purple sweet potato stands out mainly for its high content of anthocyanins (approximately 

580.0 µg / g) and the presence of other phenolics [31]. The total phenolic content, simple 

phenolic acids, as well as total anthocyanins are more concentrated in purple sweet potatoes, 
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compared to orange, white, and beige sweet potatoes [32]. Antioxidant, cardioprotective,  

neuroprotective, antidiabetic, antihypertensive, anti-inflammatory, anti-hepatotoxic, and anti-

tumor effects have been associated with the consumption of purple sweet potatoes [32b, 33].  

The orange sweet potato contains a mixture of phenolic acids (such as hydroxycinnamic 

acids) and stands out for its high content of β-carotene (approximately 282.0 µg / g) and, 

consequently, its pro-vitamin A activity [2-3, 32b], that contributes to the prevention of 

deficiencies of vitamin A and night blindness [32a]. Carotenoids and hydroxycinnamic acid 

derivatives have antioxidant capacity [33a], neuroprotective effect [34] and anti-inflammatory 

[32a]. 

4. White and beige- fleshed sweet potatoes  

The white and beige-fleshed sweet potatoes (Figure 3) contains the luteochrome pigment [28b, 

35], in addition to small amounts of β-carotene (approximately 16µg / g) [32a, 36] and nothing or 

small amounts of anthocyanins (less than 45.0 µg / g)[31], having less beneficial effects 

associated with consumption than colored ones [37]. 

 

Figure 3: white and beige-fleshed sweet potatoes 

Source: Personal archive 

 

Due to its production capacity, high consumption, nutritional value due to its bioactive 

components (especially orange and purple-fleshed sweet potatoes ), and its correlation with 

disease prevention, sweet potatoes are considered a good food choice [32b, 38]. In this way, both 
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its flour and its starch have great potential to be explored by the nutraceutical and food 

industry [6b, 11, 24b, 39]. 

Because starch is the major constituent of sweet potatoes (about 80% d.b.) it is an important 

resource of the food industry for its use in pasta, soups, snacks, creams, baby foods, and 

bakery products [2, 7, 30, 40].   

5. Cassava (Manihot esculenta C.) 

The cassava (Manihot esculenta C .; Euphorbiaceae)[41] (Figure 4) is one of the main staple 

food crops in Africa and South America [42]. It is a perennial crop and can be grown in poor 

soil and withstands adverse weather conditions[43]. This root has white, cream, yellow, and 

brown colors  [44]; and nutrients such as vitamin C, carotenoids, calcium, potassium, iron, 

magnesium, cuprum, zinc, and manganese [45] and contains a high starch content (65-91% 

d.b.), although this content may vary in different cultivars [46].  In general, the nutrient 

composition of cassava and other fresh tubers has a high moisture content (greater than 70-

80%), with intermediate levels of carbohydrates (20-30%) and low levels of proteins, lipids, 

and minerals (1-2%) [47]. 

 

Figure 4: Cassava, Manihot esculenta Crantz 

Source: Personal archive 
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In South América the agricultural exploitation of this crop is intended for the horticultural 

market and the processing industries. The commercialization of cassava roots for use in 

human consumption occurs mainly in the fresh form. However, in Brazil, the market for 

cassava products for culinary use, such as frozen precooked, products processed from the 

cooked  dough, such as croquettes, breaded, dumplings, and chips, is growing [48]. 

Cassava flour and starch have exceptional quality attributes that have been explored mainly in 

bakery and noodles products [49], for example, their native starch has high viscosity and 

transparency, in addition to freeze-thaw stability  [50]. 

Thus, for the various industrial applications of starch, which can be obtained from different 

raw materials, it is important to investigate its structural, functional, and chemical properties 

[7a, 30, 51]. 

6. Starch 

 Starch is presented in the form of individual aggregates, called granules, which are organized 

in growth rings, which originate from a central point or hilum [52]. This growth rings alternate 

in crystalline and amorphous regions/lamellae that are possible to view by X-ray diffraction 

[53]. They can present spherical and semi-spherical, oval, or polygonal shapes, with small and 

large sizes that can be observed through scanning electron microscopy [1, 38]. The schematic 

representation of the organization, as well as the forms of sweet potato starch granules, can be 

seen in Figures 5 (A and B) and Figure 6. 
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Figure 5: A) Schematic organization of the sweet potato starch granule; B) Central 

hilum and sweet potato starch granule growth rings. 

Reproduced from Xijun, et al. [53] with some modifications 

 

 

Figure 6: Scanning electron microscopy (500x magnification) of sweet potato starch 

granules. 

Source: Personal archive 

 

Some factors such as environmental conditions, the type of soil where the plant was cultivated 

and the genotype influence the morphology and properties of the starch granules[54].   
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Although the basic form of starch is a glucose monomer, its exact structure is extremely 

complex. However, the model called multi-scale structure has been universally accepted 

(Figure 7) where various parts of the starch are presented gradually on a scale from 

micrometer (10-3) to nanometer (10-9). With granules of 2-100 µm, growth rings of 120-500 

nm, blocks of 20-50 nm, amorphous and crystalline lamellae ~ 9 nm, and molecular structure 

(amylose and amylopectin branches) 0.1-1.0 nm[55].  

Figure 7: Multi-scale starch structure 

Reprinted (adapted) with permission from Le Corre, et al. [55a] Copyright (2010) 

American Chemical Society  and Gallant, et al. [55b]  

7. Amylose and amylopectin 

Amylose (Figure 8 ) is an essentially linear polymer that consists of D-glucopyranose linked 

by α-1,4 glycosidic bonds and is slightly branched (0.3 to 0.5%) by α, 1-6 glycosidic bonds 

[56]. Amylopectin (Figure 8) has the same basic structure and is a highly branched polymer 

containing around 6% α, 1-6 glycosidic bonds  [55a].  Amylose has long branches with 

hundreds or thousands of glucose units, while amylopectin is extensively branched and has 

comparatively short branches (less than 100 glucose units) [57]. Amylose molecules tend to 
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form helical structures, due to the axial → equatorial position of coupling D-glucopyranose 

molecules  [58].  

 

 

Figure 8: Illustration of the structure of amylose and amylopectin 

Reproduced from Fan and Picchioni [56] 

 

The coexistence of these two molecules joined by hydrogen bonds results in the appearance of 

crystalline and amorphous regions, and the linear part of amylopectin also forms a double 

helical structure; from which the crystalline regions of the granules originate. The amorphous 

region is formed by the branches of amylose and the branches of amylopectin [52, 57, 59]. 

According to the crystallinity, the starch granules are classified in A, B, C and V, and can be 

visualized in X-ray diffraction. Tuber starches are commonly typed B, type A cereals, and 

type C roots and legumes, which is a mixture of standards A and B [60].  The type V pattern is 

observed when amylose is complexed with lipids [61], which can happen in native starch, but 

that possibly this complex is formed to a greater extent during heat treatment or gelatinization 

[52].  

The difference in the structures of amylose and amylopectin makes these two components 

distinct in physical and chemical properties, for example, amylopectin is easier to dissolve in 
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hot water, and amylose can complex with iodine and change the color of the solution to violet 

[56]. Amylopectin contributes to swelling, while amylose inhibits [6b].  

The amylose and amylopectin content have a decisive influence on the technological 

properties of starch, such as on the temperature of gelatinization, water solubilization, 

recrystallization or retrogradation, swelling, and viscoelastic properties [6a, 52]. Thus, 

understanding the structural and compositional basis for variations in the physicochemical 

properties of starch is essential for its better use [62]. 

8. Solubility, Swelling, Gelatinization, and Retrogradation 

Starch has limited solubility in cold water, but when heated it solubilizes and forms a paste or 

gel. This occurs due to the formation of hydrogen bonds between water molecules and 

hydroxyl groups in amylose and amylopectin molecules [63].  

Gelatinization is the irreversible rupture of the granular structure of starch and occurs with its 

heating (60-70ºC)  more than water, which leads to maximum swelling [6a]. Initially, the 

separation of amylose and amylopectin occurs, by breaking the intermolecular hydrogen 

bonds and double helices, causing the loss of crystallinity. This process begins in the 

amorphous region because of the ease of water seepage. Sequentially, amylose leaches out of 

the granule, which contributes to solubilization  [63]. Factors such as the amount of water, the 

amylose/amylopectin ratio, and granular architecture affect the gelatinization temperature and 

the quality of the paste  [64]. This is a parameter widely explored by the food industry, and its 

study is important due to its relationship with the functionality of starch [24a]. Some techniques 

and equipment such as Differential Scanning Calorimetry (DSC), x-ray diffraction, and the 

Rapid Visco Analyzer (RVA) are used to assess the behavior of the granule against 

gelatinization [65]. 
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When the gelatinized starch is cooled, the secreted amylose and amylopectin realign 

themselves in a crystalline structure, in a process known as retrogradation. It is usually 

accompanied by water loss or syneresis and increased viscosity. Besides, at the same time, 

several amylose glucose molecules are bound to form the double helix and amylopectin 

chains crystallize [66].  The characteristics of retrogradation of amylose and amylopectin are 

distinct. This process in amylose is faster because of the reassociation by forming hydrogen 

bonds with other adjacent amylose molecules, forming crystalline structures of double helices 

when the solution cools and maintains for a long period. On the other hand, amylopectin 

retrogradation happens at a much lower rate over a long period of time [67]. Protein content, as 

well as the botanical origin, duration and storage conditions, and quantity of water influence 

the retrogradation process [68].   

9. Modification of starch by the physical method of autoclave at low pressure  

In its native form, starch is insoluble in water at room temperature, has a strong tendency to 

retrograde, and low thermal stability or inability to withstand high temperatures, forms a 

weak, cohesive, and elastic paste when heated, and forms an unwanted gel when cooled or 

stored; which limits its direct application in food processing [10, 69]. To overcome these 

disadvantages and adapt them to wider industrial applications, chemical, physical and 

enzymatic modifications have been studied to significantly alter the functional properties of 

starch [63, 70]. Physical changes include different combinations of temperature, humidity, 

pressure, irradiation, and shear [71]. They are simple, low cost, and safe, as they do not use 

chemical agents, being the current focus of research as they are considered a technique for 

producing starch derivatives in a “green” way [56]. 

Among the most used methods for the physical modification of sweet potato starch are Heat 

Moisture Treatment (HTM) [72] and High Hydrostatic Pressure (HPP) [73]. HMT is a 
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modification that involves low levels of humidity, (usually in a range of 10 -30%), and 

heating at high temperatures in an autoclave or oven  (90-120ºC) for a period ranging from 15 

min to 16 h [74]. In the HPP different combinations of pressure (above 100 MPa) and 

temperature can be used to achieve the desired effect on the texture, color, and flavor of food  

[73a].   

Previous studies report that the physical modification using an autoclave has as main 

characteristic the pre-gelatinization of starches, allowing their dispersion in cold water and 

reducing the energy necessary for the process to occur. What is correlated to the breakdown 

of the granular structure resulting in the alteration of the paste, thermal and functional 

properties (such as absorption and solubility in water) [13, 17-18]. 

Changes in sweet potato granules modified by HPP have been reported in studies by Carballo 

Pérez, et al. [73]a with a 56.80 % reduction in particle size (Table 1). As well researchers using 

HTM in different conditions of exposure time, temperature, and humidity to modify sweet 

potato and cassava starches showed a reduction in the water absorption index of 16.66 - 

68.08% [72] (Table 2). However,  concerning the water solubility index, Jyothi, et al. [72]a 

obtained an increase of more than 100% in this index and Trung, et al. [72]b, Huang, et al. [72]c 

obtained a reduction of 50.00 - 76.48%. 

 

 

 

 

 

 

 

 



26 

 

26 

 

Table 1. Particule mean size of granules and amylose content of native and modified starches 

by High Hydrostatic Pressure (HPP), Autoclave and Fermentation; and pH of fermentation 

broth of native and fermented starches. 
 

* at 200 Mpa;  
** percentage of reduction or increase of native to modified starch 

 

Starch 

source 
Modification 

Mean size 

 

Amylose 

 

 

 

pH 

native –  

modified 

 starch 

Reference 

mean size 

(µm) 

 

native - 

modified  

starch 

 

 

% ** 

 

amylose 

(%) 

 

native –  

modified  

starch 

 

 

%**  

 

Sweet 

potato 

HPP 

(100, 200, 300 e 

400 Mpa; 
20 min, 25ºC) 

 

34.86- 14.95* 

 

56.80 

 

- 

 

- 

 

- 
Carballo 

Pérez, et al. 
[73]a 

Sweet 

potato 

Autoclave 

(1.1 Kgf.cm-2, 1 h, 

121ºC 

 

- 

 

- 

 

18.17-24.98 

 

37.50 

 

- 
Babu and 

Parimalavalli 
[18] 

Sweet 

potato 

Fermentation 

(natural of sour 

líquid) 

(24 h, 25ºC) 

 

12.81- 11.44 

 

 

10.69 

 

25.61- 24.27 

 

5,23 

 

- Deng, et al. 
[21]a 

Cassava 

Fermentation 

(natural in tank) 

(30 days, 35ºC) 

 

15.30- 13.90 

 

9.15 

 

- 

  

- Alvarado, et 

al. [77] 

Sweet 

potato 

Fermentation 
(natural in tank) 

(3,8 and 12 

months; 30ºC) 

 
- 

 
- 

 
29.40- 6.10 

 
79.25 

 
- 

Ye, et al. [79] 

Cassava 

Fermentation 

(natural) 

(20 days, 20ºC) 

 

- 

 

- 

 

20.00- 17.00 

 

15.00 

 

- Díaz, et al. [19] 

Sweet 

potato 

Fermentation 

(natural) 

(120 h, 30ºC) 

 

- 

 

- 

 

- 

 

- 

 

6.49- 4.50 Yuliana, et al. 
[21]b 

Cassava 

Fermentation 

(artificial: L. 

amylophyllus) 

48 h, 30ºC) 

 

 

- 

 

- 

 

- 

 

- 

 

6.16- 6.95 
Putri, et al. 

[78]a 

Cassava 

Fermentation 

(natural) 

(7 days, 40ºC) 

 

- 

 

- 

 

- 

 

- 

 

6.42- 4.95 
Paixão e 

Silva, et al. 
[78]b 

Cassava 

Fermentation 

(natural) 

(72 h, 25ºC) 

 
- 

 
- 

 
- 

 
- 

 
5.40- 4.60 Oyeyinka, et 

al. [41] 
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Table 2. Water Absorption Index (WAI) and Water Solubility Index (WSI) of native and 

modified starches by Heat Moisture Treatment (HTM), Autoclave and Fermentation. 

* at 60ºC; ** at 70ºC; *** at 80ºC; **** at 90ºC;  
1 percentage of reduction or increase of native to modified starch 

 

Regarding the thermal and pasting properties, some authors who used the HTM modification 

in sweet potato and cassava starches obtained a reduction of 30.60 - 69.14% in peak viscosity 

and 10.28 – 62.05% in gelatinization enthalpy, as well as an increase of 21,98 %, 13.98 %  

and 20,59 % in final viscosity, in pasting temperature and peak temperature respectively[72a, 

Starch 

source 
Modification 

WAI 

 

WSI 

 

 

Reference 

WAI 

(g.g-1) 

native – 
 modified  

starch 

 

%1 

WSI 

(%) 

native –  
modified  

starch 

 

%1 

Sweet 

potato 

HTM 

(6, 10 and 14 h, 80, 

100 and 120°C; 

15,20 e 25% of 

moisture) 

 

 

25.10- 15.30**** 

 

 

 

39.04 

 

 

15.70-31.90**** 

 

 

 

103.19 Jyothi, et al. [72]a 

Cassava 

HTM 

(6, 10 and 14 h, 80, 

100 and 120°C; 

15,20 e 25% of 

moisture) 

 

36.60- 19.70**** 

 

 

46.17 

 

22.30-48.20**** 

 

 

116.14 

Jyothi, et al. [72]a 

Sweet 

potato 

HTM 

(6 h, 100 °C; 

35% of moisture) 

 
12.00-10.0 **** 

 

 
16.66 

 
8.00-4.00**** 

 
50.00 Trung, et al. [72]b 

Sweet 
potato 

HTM  
(2 h, 100 °C; 

30% of moisture) 

 

21.01-6.71*** 

 

 

68.08 

 

11.44-2.69*** 

 

76.48 Huang, et al. [72]c 

Sweet 

potato 

Autoclave 

(1.1 Kgf.cm-2, 15 

to 60 min, 121ºC 

 

5.00-10.00* 

 

 

50.00 

 

2.00-8.00* 

 

 

300.00 Paixão e Silva, et al. 
[76]a 

Sweet 

potato 

Autoclave 

(1.1 Kgf.cm-2, 15 

to 60 min, 121ºC 

 

6.70-14.80* 

 

 

120.90 

 

1.00-9.00* 

 

 

800.00 Silva, et al. [76]b 

Sweet 
potato 

Fermentation 

(natural) 
(120 h, 30ºC) 

 

4.50-6.00** 

 

 

33.33 

 

21.00-13.00** 

 

 

38.09 Yuliana, et al. [21]b 

Cassava 
Fermentation 

(natural) 

(72 h, 25ºC) 

 

24.00-12.00** 

 

 

50.00 

 

- 

 

- Oyeyinka, et al. [41] 
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72b] (Tables 3 and 4).  Besides, the HPP method in sweet potato starch reduced the peak 

temperature by 1.62% and the gelatinization enthalpy by 3.8% [73a] (Table 4).  

 

Table 3 RVA parameters (pasting temperature, peak viscosity and final viscosity) of native and 

modified starches by High Hydrostatic Pressure (HPP), Heat Moisture Treatment (HTM), 

Autoclave and Fermentation 

 

Starch 
source 

Modification 

 

Pasting temperature 
 

 

 

Peak  
Viscosity 

 
 

 

Final  
Viscosity 

 
 

Reference 

PT1 (ºC) 

native – 
 modified  

starch 

%* PV2 (cP) 

native – 
 modified  

starch 

%* FV3 (cP) 

native – 
 modified  

starch 

%* 

 

Sweet 

potato 

Autoclave 

(1.1 Kgf.cm-2, 

1 h, 121ºC 

 

70.68- 50.07 

 

29.15 

 

4906.66 – 381.00 
 

 

92.23 

 

3558.33 – 581.50 

 

83.65 
Babu and 

Parimalava

lli [18] 

Sweet 
potato 

Autoclave 

(1.1 Kgf.cm-2, 
15 to 60 min, 

121ºC 

 

74.60- 82.00 
 

 

9.92 

 

- 

 

- 

 

2682.00 - 450.00 
 

 

83.22 
 

Paixão e 
Silva, et al. 

[76]a 

Sweet 

potato 

HTM 

(6, 10 and 14 
h, 80, 100 and 

120°C; 
15,20 e 25% 

of moisture) 

 

 
- 

 

 
- 

 

 
2723.00 – 873.50 

 

 

 
67.92 

 

 
- 

 

 
- Jyothi, et 

al. [72]a 

Cassava 

HTM 

(6, 10 and 14 
h, 80, 100 and 

120°C; 
15,20 e 25% 

of moisture) 

 

 
- 

 

 
- 

 

 
2826.50 – 872.00 

 

 

 
69.14 

 

 
- 

 

 
- Jyothi, et 

al. [72]a 

Sweet 
potato 

HTM 

(6 h, 100 °C; 
35% of 

moisture) 

 

71.50-81.50 

 

13.98 

 

1778.00 – 1074.00 
 

 

30.60 

 

1592.00 - 1942.00 

 

21.98 Trung, et 
al. [72]b 

Sweet 
potato 

Fermentation 

(natural of 
sour líquid) 

(24 h, 25ºC) 

 

79.50- 82.70 

 

4.02 

 

178.00 – 189.00 
 

 

6.18 

 

- 

 

- Deng, et al. 
[21]a 

Cassava 

Fermentation 

(natural in 
tank) 

(30 days, 

35ºC) 

 

 
61.60 – 62.00 

 

 
0.65 

 

 
835.00 – 777.00 

 

 

 
6.95 

 

 
844.00 - 522.00 

 

 
38.15 

Alvarado, 
et al. [77] 

Sweet 

potato 

Fermentation 

(natural in 
tank) 

(3,8 and 12 
months; 30ºC) 

 

 
78.60 – 78.80 

 

 
0.25 

 

 
5346.00 – 2246.00  

 

 

 
58.00 

 

 
3737.00 – 1237.00 

 

 
66.89 

Ye, et al. 
[79] 
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Sweet 
potato 

Fermentation 

(natural) 
(120 h, 30ºC) 

 
93.87 – 84.30 

 
10.20 

 
430.00 – 947.00 

 

 
120.00 

 
- 

 
- Yuliana, et 

al. [21]b 

Cassava 

Fermentation 
(artificial: L. 

amylophyllus) 
48 h, 30ºC) 

 

 
 

85.10 – 91.40 

 
 

7.4 

 
 

2169.60 – 1209.60  
 

 
 

44.25 
 

 
 

1984.00 – 1561.00 

 
 

21.32 
Putri, et al. 

[78]a 

Cassava 
Fermentation 

(natural) 

(7 days, 40ºC) 

 

63.37 – 61.22 

 

3.40 

 

3035.88 – 5540.76 

 

 

82.50 

 

2088.84 – 2529.36 

 

21.10 
Paixão e 

Silva, et al. 
[78]b 

Cassava 
Fermentation 

(natural) 

(72 h, 25ºC) 

 

74.00 – 75.00 

 

1.35 

 

5930.00 - 5210 
 

 

12.15 

 

3450.00 – 5260.00 

 

62.89 Oyeyinka, 

et al. [41] 

Cassava 

Fermentation 

(natural in 
tank) 

(15 to 90 days; 
25ºC) 

 

 
63.48 – 64.52 

 

 
1.64 

 

 
24000.00 – 10.000.00 

 

 

 
58.33 

 

 

 
- 

 

 
- 

Alonso-
Gomez, et 

al. [12] 

Cassava 

(tapioca) 

Fermentation 
(artificial: L. 

plantarum) 
24 h, 37ºC) 

 

 
 

65.00 – 65.80 

 
 

1.23 

 
 

1650.00 – 1218.30 
 

 
 

26.16 

 
 

1304.00 – 901.70 

 
 

30.85 
Qi, et al. 

[81]b 

Sweet 
potato 

Fermentation 

(artificial: L. 

plantarum) 
3 days, 37ºC) 

 

 

 

79.25 – 79.90 

 

 

0.82 

 

 

5227.20 – 4722.00 
 

 

 

9.67 

 

 

3219.60 – 3417.60 

 

 

6.15 
Liao and 
Wu [81]a 

1 PT= pasting temperature, 2 PV= peak viscosity, 3 FV= final viscosity; 
 *percentage of reduction or increase of native to modified starch 
 

 

Table 4. DSC parameters (peak temperature and gelatinization enthalpy-∆H) of native and 

modified starches by High Hydrostatic Pressure (HPP), Heat Moisture Treatment (HTM), 

Autoclave and Fermentation 

Starch 

source 
Modification 

 

Peak temperature 

 

Gelatinization enthalphy 

Reference 
Tp* 

(ºC) 
native – 

 modified  

starch 

 
%1 

∆H** 

(J.g-1) 
native – 

 modified  

starch 

 
%1 

Sweet 

potato 

HPP 

(100, 200, 300 e 

400 Mpa; 

20 min, 25ºC) 

 

78.59 - 77.32 

 

1.62 

 

0.79 - 0.76 

 

3.80 
Carballo Pérez, et al. [73]a 

Sweet 
potato 

Autoclave 
(1.1 Kgf.cm-2, 15 to 

60 min, 121ºC 

 

- 

 

- 

 

11.24 - 22.00 

 

95.73 Silva, et al. [76]b 

Sweet 

potato 

Autoclave 

(1.1 Kgf.cm-2, 15 to 

60 min, 121ºC 

 

73.35 - 86.00 

 

17.24 

 

- 

 

- Paixão e Silva, et al. [78]b 
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Sweet 

potato 

HTM 

(6, 10 and 14 h, 80, 

100 and 120°C; 

15,20 e 25% of 

moisture) 

 

 

- 

 

 

- 

 

 

10.70 - 9.60 

 

 

 

10.28 Jyothi, et al. [72]a 

Cassava 

HTM 

(6, 10 and 14 h, 80, 

100 and 120°C; 

15,20 e 25% of 

moisture) 

 

 

- 

 

 

- 

 

 

11.80 - 7.30 

 

 

38.13 Jyothi, et al. [72]a 

Sweet 

potato 

HTM 

(6 h, 100 °C; 

35% of moisture) 

 

71.88 - 86.65 

 

20.59 

 

12.36 - 4.69 

 

62.05 Huang, et al. [72]c 

Sweet 

potato 

Fermentation 

(natural of sour 

líquid) 

(24 h, 25ºC) 

 

77.77 - 78.66 

 

1.14 

 

8.22 - 4.49 

 

45.37 
Deng, et al. [21]a 

Sweet 

potato 

Fermentation 

(natural in tank) 

(3,8 and 12 
months; 30ºC) 

 

73.90 - 74.40 

 

0.67 

 

12.30 - 12.70 

 

3.25 
Ye, et al. [79] 

Cassava 

Fermentation 

(natural) 

(20 days, 20ºC) 

 

68.50 - 67.20 

 

1.89 

 

15.40 - 13.85 

 

10.06 Díaz, et al. [19] 

Cassava 

Fermentation 

(natural) 

(7 days, 40ºC) 

 

68.87 - 67.69 

 

1.71 

 

10.43 - 11.96 

 

14.67 Paixão e Silva, et al. [78]b 

Cassava 

Fermentation 

(natural) 

(72 h, 25ºC) 

 

72.00 - 80.00 

 

11.11 

 

4.00 - 3.00 

 

25.00 Oyeyinka, et al. [41] 

Cassava 

Fermentation 

(natural in tank) 

(15 to 90 days; 

25ºC) 

 

- 

 

- 

 

2.18 - 3.47 

 

 

 

59.17 
Alonso-Gomez, et al. [12] 

* Tp= peak temperature, **∆H= gelatinization enthalphy 
1percentage of reduction or increase of native to modified starch 
 

Although there are many works of HTM with autoclave, there are few studies with physical 

modification of sweet potato starch using an autoclave at low pressures (1.1 kgf. cm2, 121ºC) 

with different exposure times and moisture [18, 75].. 

As shown in Tables 2, 3 and 4, Paixão e Silva, et al. [76]a, Silva, et al. [76]b in their studies with 

modification of sweet potato starch using low pressure (1.1 Kgf. cm2, 121 ºC) they observed a 

50.00 – 120.90 % increase in the absorption index, a 300- 800 % increase in the water 

solubility index (Table 2), a 17.24% increase in peak temperature, a 95.73 % increase in 

gelatinization enthalpy (Table 4) and a 9.92% increase in pasting temperature (Table 3). Babu 
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and Parimalavalli [18]  also used low pressure in an autoclave to modify sweet potato starch 

and noticed a 37.50% increase of amylose content (Table 1), a 29.15% reduction in pasting 

temperature, a 92.23% reduction in peak viscosity, and an 83.65% reduction in final viscosity 

(Table 3). 

10. Modification of starch by spontaneous fermentation or "puba" production 

Modification of starch by fermentation is also an alternative method to chemical modification 

[12]. With the growing interest in green technology and the demand for starches with new 

features, the modification of starch using fermentation is promising for specific food 

applications. Fermentation has been commonly applied to the modification of cassava starch 

to improve functionality and can produce starches with characteristic flavors [41]. 

The growth of microorganisms in the fermentation medium, conditioned by the availability of 

nutrients, enables the production of enzymes and acids (such as lactic acid) that in turn alter 

the structure of the starch granules, their physicochemical properties [19] as well as their 

gelatinization behavior[77].   

Some results of the previous research with fermentation in sweet potato and cassava starches 

can be seen in Table 1. These results showed that the pH of the fermentative broth decreased 

from 5.40 – 6.49 to 4.50 – 4.95 [21b, 41, 78].  Similarly, there was a 5.23 – 79.25%  reduction in 

the amylose content of fermented starches[19, 21a, 79]. This table also shows a 9.15- 10.69 % 

reduction in the granule size in fermented sweet potato and cassava starches [21a, 77].  

Table 2 shows that natural fermentation under different conditions and sources can present 

different results regarding swelling and solubility, which Yuliana, et al. [21]b obtained a 33,33 

% increase in swelling and a 38,09 % reduction in solubility with fermented sweet potato 

starch, but Oyeyinka, et al. [41] obtained a reduction of 50.00% in swelling with fermented 

cassava starch. 
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Commonly in the northern regions of Brazil, fermented cassava flour, called “puba”, is widely 

used in artisanal cake making. The process is usually done by immersing the peeled roots of 

cassava in water for an average of seven days or until softening by natural fermentation, then 

washing the mass and exposing it to the sun to dry the flour [20]. The microorganisms 

associated with this type of fermentation are Lactobacillus, Streptococcus, Enterococcus, 

Leuconostoc, Pediococcus, and Lactococcus [78a].   

Studies with a spontaneous fermentation of cassava for seven days demonstrated that the 

process can slightly change the thermal properties and markedly the paste properties of its 

flour [78b]. The natural fermentation (for seven days) of corn starch has also been shown to 

alter its pasting properties. In addition to making the acidity characteristics of this component 

similar to those obtained by the natural fermentation of cassava starch [80]. 

However, recent studies using natural (or spontaneous) fermentation to modify sweet potato 

starch are rare in the literature, and the few that exist have reported depolymerization of the 

granular structure with modification of the thermal and pasting properties of their flours; thus 

suggesting that a greater number of researches being carried out to evaluate this method [21].  

Previous research presented in Tables 3 and 4, which aimed to modify sweet potato and 

cassava starches under various conditions (form of inoculation of the microorganism, time 

and temperature of fermentation) both by natural and artificial fermentation found an increase 

of 0.25 to 4.02% [12, 21a, 41, 77-78, 79, 81] or a reduction of 3.40 to 10.20% [21b, 78b] in  pasting 

temperature, an increase of 6.18 to 120.00% [21, 78b] or a reduction of 6.95 to 58.33 % [12, 41, 77-

78, 79, 81] in peak viscosity, an increase of 6.15 to 62.89%[41, 78b, 81a] or a reduction of 21.32 to 

66.89%[77-78, 79, 81b] in final viscosity (Table 3) , an increase of 0.67 to 11.11%  [21a, 41, 79] or a 

reduction of 1.71 to 1.89% [19, 78b] in peak temperature and an increase of 3.25 to 59.17% [12, 

78b, 79] or a reduction of 10.06 to 45.37%[19, 21a, 41]  in gelatinization enthalphy (Table 4). 



33 

 

33 

 

According to the data summarized in Tables 1, 2, 3, and 4, a divergence between the surveys 

can be observed. This can be explained due to the variations of the methodologies used for the 

different modifications presented here, as well as the type of cultivar of the sweet potato or 

manioc used and also the way of extracting the starch and or flour. 

11. Conclusion 

Since sweet potatoes and cassava are roots with high nutritional value and important sources 

of carbohydrates, their native starches have great potential to be modified by non-chemical 

methods such as low-pressure autoclave and natural fermentation. Future studies aiming at the 

modification of these starches by these methods are suggested to provide a scientific basis for 

this area of study. 
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Anexo I- Comprovante de envio de correção – Revista Starch 
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3 OBJETIVOS 

3.1 Objetivo geral 

Modificar os amidos nativos das BDBR, BDBE, BDR e BDL através do tratamento em 

autoclave a baixa pressão, realizar teste preliminar com a fermentação natural de mandioca, e 

em seguida modificar a BDL através deste mesmo método, com a finalidade de avaliar as 

características estruturais, térmicas, de pasta e tecnológicas dos seus amidos e /ou farinha 

modificados. 

3.2 Objetivos específicos 

• Extrair os amidos nativos das BDBR, BDBE, BDR e BDL; e analisá-los quanto à 

composição proximal, às propriedades estruturais, térmicas, de pasta, texturais e 

tecnológicas; 

• Modificar os amidos nativos das BDBR, BDBE, BDR e BDL pela autoclave a baixa 

pressão (1.1 kgf. cm2) e analisar os amidos modificados quanto às propriedades 

estruturais, térmicas, de pasta, texturais e tecnológicas; 

• Realizar a fermentação natural utilizando mandioca e avaliar as propriedades texturais, 

térmicas e de pasta da farinha fermentada; com a finalidade de testar preliminarmente a 

metodologia de fermentação; 

• Modificar a BDL pela fermentação natural, usando a metodologia ajustada, e avaliar a 

farinha modificada quanto às propriedades estruturais, térmicas, de pasta, texturais e 

tecnológicas; 
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CAPÍTULO 2 

 

 

Artigo-  Potencial de aplicação e propriedades tecnológicas de amidos de batatas doces 

coloridas 
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Abstract 

The objective of this study was to demonstrate the application potential of starches extracted 

from four varieties of colored sweet potatoes by determining their technological, thermal and 

pasting properties. The purple sweet potato (PSP) starch presented the largest mean diameter 

(14.2 µm). The white sweet potato (WSP), orange sweet potato (OSP), beige sweet potato 

(BSP) and PSP starches presented an inconspicuous triplet on the NMR. The WSP and OSP 

starches showed CA -Type and the BSP and PSP starches showed A-Type characteristics on the 

X - ray spectrum. The BSP and PSP starches showed the presence of peaks in amorphous 

regions on the FT-IR. The DSC thermogram of the BSP and PSP starches showed lower 

gelatinization energies and wider gelatinization temperature ranges (difference between the 

conclusion and onset temperatures). The viscoamylographic profiles of the WSP and OSP 

starches showed greater thermal stability. These technological properties demonstrate the 

potential application of these starches in sauces, snacks, instant soups, dairy desserts, yogurts 

and bread. 

Keywords: Ipomoea batatas L, C-Type starch, amylose content, gelatinization, solid state C13 

CP/MAS spectra, gel hardness. 
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Anexo II- Comprovante de publicação – Revista Starch 
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CAPÍTULO 3 

 

 

Artigo-  Amidos de batatas-doces de polpas branca e laranja modificados por 

autoclave 
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Carvalho Ferreira , Ana Lázara Matos de Oliveira e Jhonathan Raphael Andrade. 
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Abstract  

The objective of this research, using a Composite Central Rotational Design, was to evaluate 

whether the moisture and exposure time to a temperature of 121 °C and pressure of 1.1 kgf. cm2 

in an autoclave would be capable of modifying the morphological, thermal, functional and 

pasting properties of orange (OSP) and white (WSP)-fleshed sweet potato starches. The 

modification increased: the WAI at 60ºC of WSP starch and of WSI at 60ºC of OSP starch, the 

setback of WSP starch, the final viscosity of OSP starch and enthalpy for both, besides reduced 

the breakdown of OSP starch. The micrographs of modified starches showed cracks and on the 

surface of the granules, and pre-gelatinization of OSP starch, confirming that the moisture and 

exposure time affected their morphological, thermal, functional and pasting properties.  

Therefore, due the promising use the authors suggest future researches with WSP and OSP 

autoclaved starches to test technological applications. 

Keywords: Ipomoea batatas L; RVA; DSC; Water solubility and absorption; Scanning electron 

microscopy. 
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Anexo III- Comprovante de publicação – Revista Research Society and Development 
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CAPÍTULO 4 

 

 

Artigo-  Amidos de batatas-doces de polpas roxa e bege modificados por autoclave 
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PURPLE AND BEIGE-FLESHED SWEET POTATO STARCHES MODIFIED BY 

AUTOCLAVING 

 

 

 

Giselle de Lima Paixão e Silva, Juliana Aparecida Correia Bento, Luiz Artur Mendes Bataus, 

Manoel Soares Soares Júnior  e Márcio Caliari. 
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Abstract 

 In this study, the effects on the morphological, functional, pasting and thermal properties of 

purple and beige-fleshed sweet potato starches, resulting from the application of the physical 

autoclave method (at 121 ºC and 1.1 Kgf cm-2) under different moisture conditions and 

exposure times, were evaluated. The micrograph shows cracks on the surfaces of the starch 

granules exposed for 15 and 60 minutes with 30 % moisture. The maximum points on the 

response surface graphs showed that the treatment increased the initial and peak gelatinization 

temperatures, as well as the pasting temperature and the water absorption and solubility values. 

In relation to the pasting properties, there was a reduction in both the final viscosity and setback 

values of the autoclaved starches. Thus, the method proved to be useful for the modification of 

these native starches and for future research with their applications in different processed foods. 

Keywords:  physical treatment, autoclaving starch, pasting behavior, Ipomoea batatas L; 

gelatinization; scanning electron microscopy. 
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Anexo IV- Comprovante de publicação – Revista Starch 
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CAPÍTULO 5 
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Abstract 

Cassava (Manihotesculenta Crantz) is used in various applications and recipes worldwide. The 

natural fermentation of this root flour produces the “puba”, a typical food from the north of 

Brazil. The evaluation of the qualities of the puba flour is little explored, thus, this study aimed 

to evaluate the pH (of the fermentation liquid), the texture of cassava pieces after a fermentation 

process, puba flour instrumental color parameters and its thermal and pasting properties. The 

pH and the force decreased with the incubation time. Puba flour from 3 to 7 days had the highest 

lightness, being good for food application. “a” and “b” values showed that the roots tended to 

a light blueish green due to post-harvest degradation and fermentation. The results of DSC 

analyses demonstrated that there was no significant difference in the gelatinization initial 

temperature between days 1 to 7, as well, no significant changes were observed in gelatinization 

peak temperature, conclusion temperature and gelatinization enthalpy. For the paste properties, 

the viscosity peak and breakdown slightly increased, and no significant changes as observed in 

final viscosity, setback and paste temperature on the days of fermentation.  Therefore, the 

fermentation conditions (size of the pieces), the microorganisms (intrinsic of the material), and 

the time of seven days was not enough to promote drastic changes in the granules of cassava 

starch. 

Keywords: Manihot esculenta Crantz; Puba; cassava flour; cassava texture; starch 

modification.
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Anexo V- Comprovante de publicação- Revista Journal of Food Science and Technology 
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CAPÍTULO 6 

 

 

Artigo-  Amido modificado por fermentação natural em batata-doce de polpa laranja 
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Abstract 

This study aimed to modify starch via the spontaneous fermentation of orange -fleshed sweet 

potato for a period of 0, 4, 8, 12, 16 and 20 days and evaluated the effects of this process in this 

starch. In Brazil this flour naturally fermented from manioc is described as “puba”. Thus, the 

results of “puba” from the orange -fleshed sweet potato fermented for 12 days showed increases 

in the amylose content, luminosity, gelatinization enthalpy, final paste viscosity and gel 

hardness but the absorption capacity and water solubility were reduced. Using SEM, the 

consumption of non-starchy materials and depressions on the surface of the granules resulting 

from the fermentation could be seen. The FT-IR, X-ray and NMR analyses showed that no new 

functional groups were formed, and there were no changes in the crystallinity pattern (showing 

the same native CA- pattern) or molecular arrangement, respectively. Therefore, the sweet potato 

“puba” flour showed production viability due to the advantageous changes in its technological 

characteristics, as well as the potential to be studied for further food applications. 

Keywords: Ipomoea potatoes L.; puba; spontaneous fermentation; solid state C13 CP/MAS 

spectra; amylose; FT-IR; 

1. Introduction  

The sweet potato (Ipomoea potatoes L.) belonging to the Convolvulaceae family is a 

tuberous root grown in several countries [1]. The different varieties show yellow, orange, 

purple, red, beige and white colored pulps due to their phenolic and pigment contents [2]. It is 

considered to be of great nutritional and functional importance due to the contents of 

bioactive carbohydrates, proteins, lipids, carotenoids, anthocyanins, phenolic compounds and 

mineral acids, that contribute to its health benefits with antioxidant, hepatoprotective, anti-

inflammatory, anti-tumor, anti-diabetic, anti-microbial, anti-obesity and anti-aging effects [3].  
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The orange-fleshed sweet potato contains a mixture of phenolic acids 

(hydroxycinnamic acids) and stands out for its high B-carotene content and, consequently, its 

pro-vitamin A activity [3-4]. Thus, its flour is considered to be of high nutritional value and can 

be used as the whole flour and in the enrichment of food products such as bakery products [5]. 

Starch is the main component of sweet potatoes (from 50 to 80%) [6] and has been 

extensively investigated for food applications or otherwise [7]. It may have limitations for food 

applications due to its technological characteristics, such as the water retention capacity, for 

example. One way of modifying this component could be via fermentation, which, besides 

being less aggressive to the environment than chemical modifications [8], enables an 

improvement in the physical-chemical properties [9] and favors product development [10].   

Another advantage that modification by natural fermentation has over chemical 

modifications is that it produces healthier starch or flour free of chemical reagents, and can 

therefore be used as an ingredient in food formulations, unlike the products of chemical 

modifications where the resulting starch is classified as an additive [11].  

In addition, modification by natural fermentation can be considered more practical due 

to the fact that it staggers the proliferation of the microorganisms involved. This is 

conditioned by the availability of nutrients throughout the process, with the production of 

microbial enzymes and organic acids which alter the structure of the starch granules giving 

them specific functional properties [12].  

Lactic acid bacteria are the dominant organisms in natural fermentations. They use 

substrates such as proteins and soluble sugars, producing lactic acid and amylolytic enzymes 

which degrade the granules and hydrolyze short amylose chains and the amorphous regions of 

amylopectin [13]. “Puba” is an example of flour obtained from the natural fermentation of 

cassava, and widely used in bread making [14]. The natural fermentation process that occurs 

during the manufacture of “puba” leads to the hydrolysis of the starch present in the cassava 
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pieces, enhancing the development of typical flavors, aromas, appearance and texture [14-15].  

Several previous studies have also reported the viability of fermentation as a way of 

modifying different starch sources, using microorganisms such as Lactobacillus plantarum 

[16], Saccharomyces cerevisiae [17], Lactobacillus fermentum, Lactobacillus delbrueckii [18] and 

Rhizopus oligosporus [19], inducing depolymerization of the granular structure. 

However, there are few studies on the modification of the starch or flour of the sweet 

potato via natural fermentation [13, 20]. Natural fermentation can promote degradation of the 

flour / starch components, which can alter the porosity and surface characteristics of the 

granules and thus modify the properties [13]. Furthermore, Ye, et al. [21] observed a reduction in 

the average molecular weight, as well as a reduction in the length of the amylopectin chains in 

starch extracted from fermented sweet potato flour, and indicated that the molecular structure 

could be altered by spontaneous fermentation. Finally, it should be noted that studies 

involving the modification of orange-fleshed sweet potato via spontaneous fermentation, 

aiming at the production of sweet potato “puba” type flour, are very scarce in the scientific 

literature. 

Considering the above, and the viability of spontaneous fermentation as a tool to 

modify starches / flours, this study aimed to produce an orange-fleshed sweet potato “puba” 

type flour via natural fermentation, and evaluate the effects of the process on the physical, 

functional and structural properties of the starch present in the flour during the fermentation 

process. 

2. Materials and methods  

2.1 Materials 

About 30 kg of sweet potatoes (Ipomoea potatoes L.) of the orange-fleshed variety 

BRS amélia, were donated by a producer located at a latitude of 16º57'44”S and longitude of 
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49º13'41” W. The potatoes were transported in polypropylene bags to the Laboratory where 

they were processed. 

2.2 Modification by natural fermentation 

The sweet potatoes were modified by natural fermentation according to Paixão e Silva, 

et al. [14] with adaptations. The potatoes were washed, peeled, immersed for 15 minutes in a 

sodium metabisulfite solution (5 g L-1 of water) and cut into approx. 1 cm thick slices. 

Portions of approximately 750 g of these sliced sweet potatoes were placed in eighteen 3000 

mL plastic containers, 1400 mL of distilled water added to each, then closed and maintained 

in an air circulation oven at 40 ºC for times of 0 (native flour, designated as “original flour”), 

4, 8, 12, 16 and 20 days of natural fermentation with 3 repetitions of each, giving a total of 18 

samples. At the end of each fermentation period, the pH of the fermentation broth was 

determined using a potentiometer (Tecnal, TEC-51, Piracicaba, Brazil) and the samples then 

drained and dried in an air circulation oven at 50 ° C to a final humidity of about 12%. They 

were subsequently crushed in an industrial blender and mini crusher to produce the flour and 

then sieved through a 60 mesh (0.250 mm) sieve.  

2.3 Instrumental color 

The instrumental color of the flour was determined using a colorimeter (Bankinh 

Meter Minolta, BC-10, Ramsey, USA) calibrated with a white porcelain surface. The results 

were expressed in values of L * (luminosity: zero = black and 100 = white), and the 

chromaticity coordinates of a * (- 80 to zero = green, zero to 100 = red) and b * (-100 to zero 

= blue, zero to 70 = yellow). 

2.4 Amylose content 

The amylose content was determined according to the methodology described by Martínez 

and Cuevas-Perez [22] with readings taken at 620 nm using a spectrophotometer (Bel 107 
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Photonic, SP2000UV, Piracicaba, Brazil). A standard curve was prepared using pure amylose 

solutions (potato amylose, Sigma-Aldrich, Darmstadt, Germany) with concentrations ranging 

from 8 to 60 g 100 g-1, and the amylose content of each sample determined using the equation 

(y = 23.950 x - 0.008; R2 = 0.9993). 

2.5 Differential scanning calorimetry (DSC) 

The thermal properties were determined using a Differential Scanning Calorimeter - 

DSC (TA Instruments, Q20, Newcastle, United Kingdom). The sample (2 mg on a dry weight 

basis) was placed in an aluminum container suitable for the equipment and 6 μL of distilled 

water added. The sample container was sealed in a specific press, maintained at 25 ° C for 12 

h, and then heated in the range from 40 to 120 ° C at a rate of 10 ° C min-1. The gelatinization 

enthalpy (ΔH) and the temperatures at the beginning (To), the peak (Tp) and the end of 

gelatinization (Tf) were obtained from the thermogram produced by the calorimeter using the 

TA Universal Analysis application software (TA Instruments, Newcastle, UK). 

2.6 Water solubility index (WSI) and water absorption index (WAI) 

The water solubility and absorption (WSI and WAI) indices were determined 

according to Anderson, et al. [23]. Samples of 0.1 g of flour were placed in centrifugation 

tubes, 10 ml of distilled water added, stirred in a water bath for 30 minutes at temperatures of 

60 ºC, 70 ºC and 80 ºC, and centrifuged at 3000 rpm for 15 min. The supernatant was poured 

into a previously weighed Petri dish and evaporated in an oven at 105 ºC. The WAI was 

calculated according to Equation 1, and the result expressed in g. gel (g of dry matter) -1, and 

the WSI according to Equation 2, and the result expressed in g. 100 g-1 or %. 

WAI= 
Gel weight

Sample weight (d b)
                                         Equation 1 

WSI=(
Evaporated waste weight

Sample weight (d b)
100)                   Equation 2 
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2.7 Pasting properties 

The pasting properties were evaluated using a Rapid Visco Analyzer (RVA) (Perten, 

RVA 4500, Huddinge, Sweden). 2.5 g samples were added to 25 mL of distilled water in an 

RVA capsule, the suspensions obtained maintained at 50 ° C for 1 minute, heated to 95 ° C at 

a heating rate of 9.5 ° C min-1, maintained at this temperature for 2.5 minutes, cooled to 50 ° 

C at a rate of 11.84 ° C min-1 and maintained at 50 ° C for 2.5 minutes. The properties 

determined were: the pasting temperature, peak viscosity, final viscosity, break viscosity and 

tendency to retrograde, all expressed in cP. 

2.8 Gel hardness  

After the RVA analyzes, the flour samples were held in the refrigerator overnight and 

the gel strength subsequently determined at 25ºC using a texturometer (TA HD Plus Micro 

Stable Systems, Surrey, England) with the following parameters: 20 mm cylindrical probe, 

test speed of 0.5 mm s-1, pre-test speed of 1.0mm s-1, post-test speed of 10.0 mm s-1, contact 

force of 10 g.f. and probe penetration distance of 8 mm [24]. 

2.9 Scanning electron microscopy (SEM) 

The granule morphology was determined using a Scanning Electron Microscope (Jeol, 

JSM - 6610, Tokyo, Japan). The samples were sprinkled onto a double-sided adhesive carbon 

tape, placed in the aluminum container of the microscope and coated with a gold film (350 Å 

thick) to allow for the reading of the optical sections of the granules. Photographs were taken 

in triplicate with up to x3000 magnification. 

2.10 Fourier transform infrared (FT-IR) spectroscopy 

To prepare the tablets, approximately 1 mg of the sample was mixed with 100 mg of 

KBr, and this mixture compressed between two plates under high pressure (approximately 8 
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ton.) until a translucent tablet was formed. The equipment (Bomem Hartmann & Braun, MB 

102, Quebec, Canada) was operated in the region from 400-5600 cm – 1, with 12 sweeps and 4 

cm – 1 resolution [25]. 

2.11 Nuclear magnetic resonance (NMR) spectroscopy  

NMR (C13) was used (Bruker Avance III spectrometer), where 200 mg of each sample 

was packed into a 4 mm diameter cylindrical zirconium oxide rotor. The rotor was rotated at 7 

kHz at the magic angle of (54.7 °) [26] and the spectrum was acquired and processed using the 

Bruker TopSpin 3.5 software. 

2.12 X-ray diffraction 

X-ray diffraction was carried out using an X-ray diffractometer (Bruker D8 Discover) 

operating under the following conditions: monochrome radiation in a copper anode tube 

coupled to a Johansson monochromator for Kα1 radiation, operating at 40kV and 40mA, 

Bragg Brentano θ-2θ configuration, one-dimensional Lynxeye detector, and a 2θ range from 

5º to 80º with 0.01º intervals. The samples were rotated at 15 rpm during the measurements. 

The degree of crystallinity was estimated quantitatively according to Nara and Komiya [27] 

(equation 3). 

Dc (%)= Ac/(Ac+Aa)                                                         Equation 3 

Where Dc (%) is the degree of crystallinity; Ab: the area of the crystalline region of the X-ray diffractogram; and 

Aa: the amorphous area of the X-ray diffractogram. 

2.13 Statistical analysis 

All the analyses were carried out in triplicate and the data expressed as the mean ± standard 

deviation. The results were subjected to an analysis of variance using the Statistic 10.0® 

software. The differences between the means were evaluated by the Tukey test and the 

significance accepted at the level of p <0.05. 
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3. Results and Discussion  

3.1 Instrumental color, amylose content and pH 

The fermentation liquid showed a reduction in pH (from 7.00 to 4.24) as the 

incubation time increased (Table 1). A reduction in pH was also observed for the natural 

fermentation of cassava after seven days (pH = 3.89) [14], and for the natural fermentation of 

wheat starch after 3 days (pH = 3.13) [9a]. This acidification of the fermentation medium was 

expected and was associated with the production of acids (lactic, citric, succinic and butyric) 

by the fermentative microorganisms [13-14, 16b, 28] and their consumption of the available soluble 

components (sugars and amino acids) [29].  

Table 1: Amylose content, pH of fermentation liquid and intrumental color parameters of 

original and fermented orange-fleshed sweet potato flours 

Treatment Amylose1  pH2 L*2 a*2 b*2 

original 16,68 ± 0.69 d 7,00 ± 0.10a 79,36 ± 0.68 c 21,46 ± 1.30 a 23,81 ± 0.36 a 

4 days 19,98 ± 0.19 c 5,24 ± 0.08b 80,95± 1.43 c 21,32 ± 2.23 a 24,34 ± 1.45 a 

8 days 23,52 ± 0.30 ab 3,92 ± 0.19c 87,06 ± 3.62 ba 14,19 ± 1,29 b 19,27 ± 3.57 a 

12 days 24,80 ± 0.33 a 4,01 ± 0.43c 89,63 ± 0.28 a 15,64 ± 0,35 b 19,15 ± 3.68 a 

16 days 23,63 ± 0.51 ab 4,39 ± 0.47c 86,28 ± 1.24 a 16,26 ±2,51 b 20,92 ± 3.77 a 

20 days 23,38 ± 0.61 b 4,24 ± 0.19c 84,64 ± 0.61 b 12,50 ± 2.29 b 23,75 ± 2.34 a 

1 %; 2 dimensionless; Different letters in the same column show statistical difference by the Tukey (p<0.05). 

Regarding the amylose content, there was a significant increase (p <0.05) in the flour 

fermented for 12 days (16.68 to 24.80%) as compared to the original flour, followed by a 

reduction during the following 20 days (Table 1). This increase was associated with the 

degradation of other components such as proteins and simple sugars, and the consequent 

concentration of the starch [30]. Ye, et al. [21] studied the natural fermentation of sweet potato 

starch for a period of 12 months, and observed that comparing the native starch with the 
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fermented starch, there was no difference in the total starch and lipid contents, but that the 

protein content decreased significantly, indicating degradation of this component. Batista, et 

al. [9]b and [16b] also found an increase in the amylose contents of canary seed starch (from 

29.76 to 32.17) and potato starch (from 25.00 to 28.50) fermented for different times. On the 

other hand, the reduction observed in the fermented flour after 20 days was related to 

degradation of this component by the microorganisms present in the fermentation medium [20]. 

As for the instrumental color parameters, the value of L* increased significantly (p 

<0.05), presenting a maximum value in the flours fermented for 8, 12 and 16 days, followed 

by a decrease in luminosity in the product obtained on the 20th day of fermentation (Table 1). 

As for the chromaticity a*, there was a reduction in the flours fermented for more than 8 days, 

but there was no significant difference between the original and fermented flours for the b* 

values (Table 1). In short, the final product became lighter, less reddish and remained yellow, 

that is, it presented a light orange color. In the research carried out by Deng, et al. [20], the a* 

and b* color parameters of fermented yellow flesh sweet potato starch did not change, but the 

value of  L* increased from 93.06 to 95.01. Lu, et al. [31] also found an increase in the value of 

L* from 89.95 to 92.22 with the fermentation of rice flour. The increase in luminosity was 

related to a purification of the starch and a reduction in the pigment and ash contents 

promoted by the fermentation [30].  

With regard to product quality, any pigment present in the flour or starch will be 

transferred to the products and may negatively affect acceptability of the product developed 

[20], therefore the fermented flour presented improvements in relation to the product in natura, 

since when added to products it will cause less change in color. 
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3.2 Thermal properties  

There was no statistical difference (p> 0.05) between the original flour and the flours 

fermented for 4, 8 and 20 days for the initial gelatinization temperature (To) (Table 2). The 

lowest value was obtained after 12 days of fermentation (67.33ºC) and the highest after 16 

days of fermentation (76.58ºC). Similar values for the To of fermented sweet potato starches 

were reported by Deng, et al. [20] and by Ye, et al. [21]; and higher values were reported by 

Amajor, et al. [5] (87.5 and 89.0 ºC) for different processing times and conditions. 

Table 2. Thermal properties (DSC) of original and fermented orange-fleshed sweet potato 

flours 

Treatment* To1 Tp1 Tc1 ∆H2  

original 70,43 ± 0.33b 77,86 ±0.00b 86,47 ± 0.63a 6,42 ± 0.16d 

4 days 69,98 ± 0.55b 77,22 ±0.00d 85,81 ± 0.33ac 9,88 ± 0.34c 

8 days 69,42 ± 0.28b 77,07 ± 0.00e 85,02 ± 0.50bc 11,74 ± 0.38bc 

12 days 67,33 ± 0.52c 76,76 ± 0.02f 85,12 ± 0.67ac 12,54 ± 0.39b 

16 days 76,58 ± 0.43a 80,73 ± 0.02a 85,85 ± 0.54ab 14,66 ± 1,52a 

20 days 70,17 ± 0.24b 77,81 ± 0.00c 84,46 ± 0.16c 10,73 ± 0.13bc 

1 ºC; 2 J/g. * To ‘‘onset’’ initial temperature, Tp ‘‘peak’’ temperature, Tc ‘‘conclusion’’ temperature, ∆H 

gelatinization 

Enthalpy. Different letters in the same column show statistical difference by the Tukey (p<0.05). 

With respect to the peak temperature, the values decreased in relation to the original 

for all the other days except the 16th day, which showed the highest value (80.73 ºC) (Table 

2). In their studies on the natural fermentation of rice flour, Lu, et al. [31]] also observed a 

decrease in Tp (from 77.10 to 75.97 ºC) after 6 days of fermentation. Finally, there was no 

difference in the gelatinization completion temperature between the original and days 4, 12 

and 16, with a reduction on days 8 and 20 (Table 2). Approximate values for Tc (from 81.73 

to 82.78 ºC) were obtained for the fermented sweet potato starches [20]. In general, the 
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gelatinization parameters are influenced by the molecular architecture of the crystalline region 

of the starch granules [32], and the gelatinization property of the starch may be related to the 

size and shape of the granule, amylose and phosphorus contents, length of the amylopectin 

chain and the sizes of the crystalline regions [8]. 

The gelatinization enthalpy showed an increase up to the 16th day (this being the 

highest value), and there was then a reduction on the 20th day (Table 2). It is worth 

mentioning that, initially, the flour had a high content of non-starchy components (proteins 

and soluble sugars), which decreased significantly with fermentation, as they were consumed 

by the microorganisms, so that the starch became more concentrated, a fact also observed by 

Lu, et al. [31]. Finally, the unconsumed lipid possibly formed complexes with the amylose [9b, 

33], causing an increase in gelatinization enthalpy, but on the 20th day the energy needed for 

gelatinization was reduced, which can be explained by the increased degradation of the starch 

granule caused by the higher concentration of metabolites in the fermentation medium [30-31], 

and consequently better conditions for microbial attack [8]. The gelatinization enthalpy value 

reflects the loss of molecular order within the starch granule after gelatinization, and is also 

influenced by the degree of crystallinity [34] .  The degradation of the starch granule promotes 

a weakening of the granular structure, which results in a lower value for the enthalpy of starch 

gelatinization [35]. 

3.3 Pasting properties and gel hardness 

The pasting properties were significantly affected (p <0.05) by fermentation (Table 3). 

Other studies also observed that fermentation promoted changes in these properties for the 

starches of sweet potato [21], rice [18, 31], cassava [14, 16a] and corn [36]. The viscosity parameters 

(peak viscosity, final viscosity, setback and breakdown) increased significantly (p <0.05) up 

to the twelfth day of fermentation, and then showed reductions with further increases in the 
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fermentation time (Table 3) . These results were equivalent to those in previous reports on 

sweet potato and potato flours [13, 17b]. Regarding the pasting temperature, there was a 

significant difference (p <0.05) between the original and the flour fermented for 20 days. This 

variation in the pasting temperature (74.74 to 76.12ºC) was close to that obtained by Ye, et al. 

[21] for fermented sweet potato flour (78.5 to 79.6 ºC). 

Table 3. Pasting properties (RVA) of original and fermented orange-fleshed sweet potato flours 

Treatment* 

Peak 

Viscosity1 Breakdown1 

Final 

Viscosity1 Setback 1 

Pasting 

Temperature2 Hardness3 

original 260,16±49.9 d 187,44±42,79 e 86,28±15,51d 18,12±5,25 d 74.74 ±0.39b 0,05±0.01c 

4 days 1067,52±13,92c 640,56 ±81,01d 612,00±111,98c 189,00±23,34 c 75.50±0.44ab 3,14±0,81b 

8 days 7551,12±549,47b 4161,00±525,03b 5234,88±425,44b 1844,64±379,21b 74.86 ±0.09b 3,96±0.31ab 

12 days 9302,52±1180,29a 5261,16 ±357,79a 6447,84±415,78a 2642,16±327,04a 74.35±0.46b 4,79±0.68a 

16 days 6785,04±679,84b 3865,56±440,09bc 4774,56±922,32b 1719,96±486,71b 75.28±0.70ab 4,19±0,69ab 

20 days 6696,00±442,95b 3319,20±215,75c 4954,68±860,49b 1577,88±353,88b 76.12±0.19a 3,81±0,33ab 

1 cP; 2 ºC; 3 N. *Different letters in the same column show statistical difference by the Tukey (p<0.05). 

The increase in the viscosity parameters may have been related to the consumption of 

flour components (proteins, sugars, ash) during fermentation, which promoted a concentration 

of the starch in the fermented flour [13, 31]. On the other hand, the reduction observed in the 

viscosities of the fermented flours after 16 and 20 days, was possibly associated with the 

degradation of the starch granules of the orange-fleshed sweet potato. The literature has 

reported that fermented starches undergo a partial depolymerization process caused by the 

fermentative environment [9b, 16a], and this hydrolysis starts mainly in the amorphous region of 

the starch granules [17a, 33]. This result is in line with the observed reduction in the amylose 

content and in the gelatinization energy.  

Regarding gel hardness, there was a significant increase (p <0.05) in the value obtained for 

the flour fermented for more than 8 days as compared to that obtained for the original  flour 
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(Table 3), indicating that fermentation increased the strength of the gel.  Xu, et al. [16]b, Ye, et 

al. [21], Yuan, et al. [36] also observed increased gel hardness after the fermentation of potato 

starch, sweet potato starch and rice starch, respectively. This increase in hardness can be 

attributed to the starch concentration followed by the effect of granule degradation, where the 

short amylopectin chains in the amorphous region were hydrolyzed, reducing the density of 

their branches, whereas the mobility of the long amylopectin chains would be increased, 

favoring increased gel strength [36].  

3.4 Water solubility and swelling power index 

In the solubility analysis, both the temperature (of the analysis) and the fermentation 

time significantly influenced (p <0.05) the results, an increase in temperature showing an 

increase in solubility followed by a decrease (at 80ºC), and the fermentation time also 

contributing to a reduction in the water solubility of the flour (Figure 1). 

Figure 1. Water Solubility Index (WSI)  (g. 100 g-1) of original (standard) and fermented 

orange-fleshed sweet potato flours at different temperatures. Different letters at the same 

temperature  show statistical difference by the Tukey test (p <0.05). 
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Other studies also observed an increase in the solubility of sweet potato, rice and corn 

starches, fermented naturally or artificially (for 1 to 21 days), with an increase in the analysis 

temperature (60-70-80 ° C) [20, 31, 36-37]. The rise in temperature weakens the intramolecular 

bonds, such that weak forces (such as Van der Waals forces) relax and cause the starch 

granules to absorb water and swell; and as a result, the lower molecular weight amylose 

solubilizes and is leached into the medium. The low hydration capacity of the amylopectin-

rich portion is due to the penetration restriction, limiting the swelling and solubility capacity 

of these fractions. This behavior explains the loss of the radial organization of the 

amylopectin and amylose chains, where the interruption of the molecular order of the granules 

is irreversible [26, 38]. On the other hand, the decrease in solubility observed at temperatures 

above 80ºC is explained by the fact that when starch is subjected to the action of thermal 

energy above its pasting temperature, (about 74.74ºC, Table 3), the rate of water absorption 

decreases due to the lower retention capacity of the water molecules, indicating a breakdown 

of molecular integrity [26, 39].  

Marcon, et al. [15]a highlighted the fact that amylose and amylopectin are hydrolyzed 

into smaller molecules during the starch fermentation process, thus leading to the exudation of 

amylose, which, consequently, reduces the density and solubility of the starch, and this is 

associated with a decreased solubility of the fermented flours. Another factor that may have 

contributed to a reduction in this property of the flour, was the reduction in the non-starchy 

components (proteins, sugars), consumed during the fermentation process. These results are in 

line with what was observed in the RVA and DSC analyses. 

Similar to the solubility, the swelling power was significantly influenced (p <0.05) by 

both the temperature and the fermentation time, whereby an increase in the temperature of the 

analysis showed an increase in the WAI. Other studies also showed an increase in WAI with 

an increase in the analysis temperature (60-70-80ºC)[9b, 13, 20]. 
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Figure 2. Water Absorption Index (WAI)  (g. g-1) of original (standard) and fermented 

orange-fleshed sweet potato flours at different temperatures. Different letters at the same 

temperature  show statistical difference by the Tukey test (p <0.05). 

In addition, a longer fermentation time reduced the water absorption capacity of the 

flour at all analysis temperatures (p <0.05) (Figure 2). This reduction in WAI of the fermented 

flours may be associated with the formation of an amylose-lipid complex, which is insoluble 

in water and restricts swelling [9b, 33], and the fact that the proteins present in the flour, which 

favor an increase in the WAI [40], were being consumed by the fermentative microorganisms 

[31]. Results to the contrary were obtained in previous studies with sweet potato and English 

potato starches, that demonstrated a significant increase in WAI, with or without spontaneous 

fermentation, with incubation times of 1 to 5 days [13, 16c, 17b, 20]. However, these studies 

involved the modification of the starch, not the flour, which justifies the differences in the 

results, because when working with pure starch, other non-starchy components, such as 

proteins, free sugars and lipids, are not available, and hence amylose-lipid complexation, for 

example, is not possible. 
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3.5 SEM 

All samples showed large and small sized granules with polygonal, oval, semi-

spherical and spherical shapes, in agreement with previous studies with starch from different 

varieties of sweet potato [7b, 7f, 32, 41]. 

In the original sample (Figure 3A), the presence of cell wall material from the flour 

adhered to the starch granules can be seen. In Figure 3D, after 20 days of treatment, the 

granules appeared to have the cleanest surfaces, indicating the consumption of these flour 

components during fermentation.  

 

Figure 3. Scanning electron microscopy (SEM) of original (A), and fermented orange-fleshed 

sweet potato flours at day 8 (B), day 12 (C) and day 20 (D). Arrows indicate depressions caused 

by acids produced by bacteria. 
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The presence of proteins and lipids on the surface of starch granules before fermentation, as 

well as their reduction after fermentation, was also observed in the studies of Batista, et al. [9]b, 

Yuliana, et al. [13]. The presence of depressions could also be seen in Figures 3B, 3C and 3D 

after 8, 12 and 20 days of treatment, respectively, demonstrating the degradation of the starch 

surface by the acids produced by the fermentative bacteria. Zhao, et al. [9]a, Xu, et al. [16]b, 

Deng, et al. [20], [31], Reyes, et al. [35], Li, et al. [37] also verified the presence of cracks and holes 

in the fermented starch granules resulting from the corrosion caused by the metabolites 

produced by the microorganisms.  

These results are in line with the observed reductions in gelatinization energy, peak 

viscosity and water absorption capacity of the flours fermented for 16 and 20 days, in which 

the reduction of the non-starchy components and granule degradation are more visible. The 

changes demonstrated by SEM, in the pasting and gelatinization properties, show that 

fermentation alters the starch granule as well as its chemical components, and thus modifies 

the technological properties of the sweet potato flour. 

3.6 FT-IR  

As shown in Figure 4, the absorption peaks of the characteristic groups in the region 

from 500 to 4000 cm-1 were similar for both the fermented flours and the original flour. Thus, 

no new absorption peaks were observed in the spectra of the fermented flours, indicating that 

fermentation did not produce new functional groups and did not alter the primary structure of 

the sweet potato flour. Similar results were obtained for fermented sweet potato, cassava and 

potato starches [16c, 16d, 21].   
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Figure 4. Fourier transform Infrared (FT-IR) spectrum of original (day 0) and fermented 

orange-fleshed sweet potato flours (day 8, day 12 e day 20).  

The broad peak obtained at 3394, 3397, 3412 and 3397 cm-1 after 0, 8, 12 and 20 days 

respectively refer to the OH cluster; the small peak obtained at 2927, 2930, 2927 and 2927, 

cm-1 refers to the stretching vibration of the CH2 bond of the glucose molecule, while the peak 

obtained at 1650, 1645, 1644 and 1641 cm-1 refers to the vibrations of the OH group of the 

water present in the molecule [42]. The peaks shown at 1160, 1157, 1160 and 1160 cm-1 

respectively, at 1083, 1080, 1083 and 1080 cm-1 respectively and at 1020, 1020, 1023 and 

1020 cm-1 respectively, are related to the stretching vibrations of the C ̶ O  ̶C and C ̶ O  ̶H 

groups of the glycosidic bonds [7d]. According to Cai, et al. [43]a, Huang, et al. [43]b peaks 

between 1047 and 1000 cm-1 are related to ordered (crystalline) regions and peaks at 1022 cm-
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1 are related to the amorphous region of the granule. Finally, a peak was observed at 860 cm-1 

and according to Bento, et al. [38], bands between 864 and 770 cm-1 are associated with the 

vibrations of the C-O-H and C-O-C groups of glycids, which confirms the presence of α-type 

bonds in the starch molecules. 

3.  X-ray diffraction 

The X-ray analysis was carried out to evaluate the structural properties (degree of 

crystallinity) of the starch present in the original and fermented orange-fleshed sweet potato 

flour. The starch granules have semi-crystalline structures with different polymorphic forms, 

which are classified into types A, B, C and V. Those of type A have intense peaks at 2θ = 15 

°, 17 °, 18 ° and 23 °; and type B at 2θ = 5.6 °, 15 °, 17 ° and 22 °. On the other hand, the 

characteristics of the type C crystalline structures, are a mixture of those of types A and B, 

and can be classified as CA, CB or CC according to the proportion of types A and B, and type 

CC has typical peaks at 2θ = 5.6 ° , 15 °, 17 ° and 23 °. Those of type CB have two discrete 

peaks at 2θ = 22 and 24 º and those of type CA have a peak at 2θ = 18º [44]. Finally, type V 

starches show intense peaks at 2θ = approximately 5.8°, 12.3° and 20.4°, this type of starch 

being observed when the amylose is complexed with lipids [45]. 

All the samples of orange-fleshed sweet potato flour showed a CA-type crystalline 

pattern (Figure 5), which is in accordance with a previous study that identified a CA-type 

crystallinity pattern for the granules of the fresh starch of orange-fleshed sweet potato [41b]. 

Other studies with sweet potato starches also found a CA-type crystalline pattern [7a, 34]. The 

natural fermentation used to produce orange-fleshed sweet potato flour did not promote 

changes in the crystallinity pattern observed on the X-ray, that is, the fermented flour 

maintained the CA-type crystallinity pattern. Ye, et al. [21] also found no changes in the 

position of the 2θ diffraction angle due to spontaneous sweet potato fermentation. Some 
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studies with the fermentation of cassava starch have reported changes in the crystallinity 

pattern, and have associated these with the botanical origin, extraction and type of drying [12].  

 

 

Figure 5. X-ray spectra of  original (black line, degree of crystallinity (Dc)=20.26%) and 

fermented orange-fleshed sweet potato flours at 8 days ( red line, Dc = 21.70%), 12 days (blue 

line, Dc = 22.71%) and 20 days (green line, Dc = 21.89%). 

On the other hand, the formation of an amylose-lipid complex (2θ = 20º) was 

identified, which was more evident in flours fermented for more than 8 days (Figure 5).  

Batista, et al. [9]b also observed stronger peaks at 2θ = 20º, typical of amylose-lipid 

complexation, in fermented canary seed starches. 

In fermented flours (days 8, 12 and 20) peaks at 2θ = 12.3 ° could also be seen, and at 

5.8 ° (only in flour fermented for 12 days), characteristic of type V starch. Fermentation may 
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have increased the concentration of granules with the type V crystallinity pattern, due to the 

higher concentration of lipids in fermented flours and their consequent complexation with 

amylose molecules. 

The degree of crystallinity of fermented flours (8 days = 21.70%; 12 days = 22.71% 

and 20 days = 21.89%) was significantly (p <0.05) higher than that of the unfermented flour 

(20.26%), however the fermentation time did not influence the proportion of crystalline areas. 

These results agree with the thermal properties [pasting, WAI and WSI] observed. 

3.7 NMR 

NMR13C CP/MAS in the solid state can be used to quantify the molecular order of the 

starch granule, via the evaluation of the molecular packaging of the double helices in the 

crystalline regions. The NMR13C CP/MAS spectra of type A starches differ from those of 

type B and type V starches in that they have a triplet for the C-1 peak, with a chemical 

deviation of ~ 100 ppm, whereas type B starches have a doublet and type V a singlet. In 

addition, the height and width of the peak are also indicative of the molecular order of the 

starch. This difference is attributed to the specific arrangement of the crystals in the granules 

[46].  Type C starch shows a mixed pattern of types A and B, depending on the relative 

proportions of the polymorphs in the sample [34], where C-1 usually has a triplet if the type A 

crystalline structure is predominant, or a doublet if the type B crystalline structure is 

predominant [43a]. 

The fermented flours did not show substantial differences in their NMR13C CP/MAS 

spectra, when compared to those of the unfermented flour (Figure 6). Peaks were observed in 

the 65 ppm region for C-6; the signal at about 75.3 ppm corresponds to the overlapping peaks 

of C-2, C-3 and C-5, and the signal at approximately 85 ppm is associated with C-4. Finally, 
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the anomeric carbon (C-1) of all the samples was identified as a discrete triplet in the peak at 

about 104.3 ppm. The fact that the samples of fermented flours showed C-1 similar to that of 

the native starch as observed by [41b], indicates that the modification had no effect on the 

molecular packaging of the double helices in the crystalline regions. Furthermore, the 13C CP 

/ MAS spectra are similar to those described for starches in the literature [7b, 34, 43a].  

 

 

Figure 6. Nuclear magnetic resonance (NMR) spectrum of original (A) and fermented orange-

fleshed sweet potato flours at day 8 (B), day 12 (C) and day 20 (D).  
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The results obtained agree with that found in the x-ray spectra, since the presence of 

the triplet in the anomeric carbon region confirmed that it is starch with a CA-type crystallinity 

pattern. However, it is worth mentioning that this is the first NMR evaluation report of 

fermented sweet potato flour. 

4 Conclusion 

In this study, the natural fermentation of orange-fleshed sweet potatoes significantly altered 

the thermal, pasting, solubility and swelling properties of the flour, demonstrating that the 

natural fermentation process for 12 days promoted a concentration of the starch by reducing 

the non-starch material, which was consumed by the microorganisms (visualized by SEM), 

producing a lighter colored fermented flour, with lower water solubility and reduced water 

absorption capacity, higher peak viscosity, and greater gelatinization enthalpy, due to the 

formation of lipid-amylose complexes. On the other hand, fermentation did not produce new 

functional groups as could be observed by FT-IR, did not alter the crystallinity pattern as 

visualized by x-ray diffraction, and had no effect on the molecular packaging as shown by 

NMR.  

Thus, the natural fermentation of orange-fleshed sweet potatoes is advantageous and provides 

improvements in the technological quality of the flour, which can enable and improve its use 

by the food industry. 

Finally, considering the positive results obtained from the microbiological (and not chemical) 

modification of sweet potato flour of organic origin, the authors suggest that this sweet potato 

“puba” could be used in future studies as an ingredient of food products. 
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CONSIDERAÇÕES FINAIS 

 
 

Na caracterização dos amidos nativos de batatas doces coloridas, os mesmos 

apresentaram grânulos heterogêneos com formas esférica, semiesférica, poligonal e superfície 

lisa. Os amidos nativos das BDR e BDBE mostraram padrão de cristalinidade do tipo A e os 

amidos das BDBR e BDL do tipo CA. 

No termograma e no perfil viscoamilográfico os amidos nativos das BDBR e BDL 

demonstraram maior estabilidade térmica do que os amidos nativos das BDBE e da BDR, sendo 

que estas últimas apresentaram picos em regiões amorfas na espectroscopia de infravermelho.   

A modificação por autoclave desses quatro amidos demonstrou degradar a estrutura 

granular. Através da microscopia eletrônica de varredura de pontos específicos do delineamento 

central rotacional (37.5 minutos, 20% e 30% de umidade; 15 e 60 minutos e 30 % umidade) foi 

possível observar a presença de arranhões, rachaduras e depressões nos grânulos dos amidos 

autoclavados; bem como a pré-gelatinização dos amidos das BDL e BDR.   

O processo de autoclave alterou as propriedades tecnológicas dos amidos modificados, 

apresentando a tendência de aumento da solubilidade e intumescimento em água, de aumento 

da dureza e a de redução da transparência dos géis dos amidos.  

Os valores máximos das superfícies de resposta (dos modelos que foram significativos) 

para os parâmetros das propriedades térmicas e de pasta mostraram que a autoclave aumentou 

a entalpia de gelatinização e o setback do amido da BDBR, aumentou a entalpia de gelatinização 

e a viscosidade final do amido da BDL, reduziu a viscosidade final e o setback do amido da 

BDR, e aumentou as temperaturas inicial, de pico e de pasta do amido da BDBE.  
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Desta forma, a modificação física por autoclave apresentou-se vantajosa devido à 

variedade de possibilidades de aplicações destes amidos modificados dependendo do 

processamento e do alimento em que será adicionado.  

No que diz respeito à modificação por fermentação natural, o teste preliminar realizado 

com a mandioca foi importante para planejar e executar a metodologia com a batata-doce. No 

teste realizado com a mandioca, o processo fermentativo reduziu o pH e textura dos pedaços 

das raízes.  A farinha de mandioca fermentada apresentou ligeiras alterações nas propriedades 

térmicas e de pasta, o que poderia estar relacionado às condições de fermentação, os 

microrganismos (intrínsecos ao material) e tempo de sete dias que não foram suficientes para 

promover mudanças drásticas nos grânulos.  

Já a modificação por fermentação natural da batata doce de polpa laranja alterou 

significativamente as propriedades de pasta, térmicas, de solubilidade e intumescimento de sua 

farinha. Sendo que o processo de fermentação natural por 12 dias promoveu a concentração do 

amido pela redução do material não amiláceo consumido pelos microrganismos ( que pôde ser 

visualizado nas micrografias);  produzindo uma farinha fermentada mais clara, com menor 

solubilidade e absorção, com maior viscosidade de pico e com maior entalpia de gelatinização, 

(devido à formação do complexo lipídeo-amilose). Entretanto, a fermentação não produziu 

novos grupos funcionais na espectroscopia de FT-IR (fourier transform infrared) não alterou o 

padrão de cristalinidade no raio-x, nem apresentou efeito no empacotamento molecular na 

espectroscopia de NMR (nuclear magnetic resonance). 

Logo, a fermentação natural de batata doce de polpa laranja apresentou-se vantajosa e 

pode proporcionar melhorias para a qualidade tecnológica da farinha, viabilizando e 

aprimorando a sua maior utilização pela indústria de alimentos.  

Ainda, pela relevância destas alterações provocadas, nos amidos e/ou nas farinhas das 

batatas doces, tanto por autoclave quanto por fermentação natural, e em substituição aos 
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modificados quimicamente, pesquisas futuras com a finalidade de testar estes produtos 

modificados em várias aplicações industriais (como em molhos, alimentos infantis, snacks, 

sopas, cremes e massas) são sugeridas.  


