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Abstract: This study aims to evaluate the structural and techno-functional properties of native and 

modified cassava starches, focusing on the production of frozen cheese bun formulations. The structural 

and techno-functional properties of cassava starches, both native and modified, were evaluated via 

thermogravimetric analysis (TGA), scanning electron microscopy (SEM), energy-dispersive X-ray 

spectroscopy (EDX), X-ray diffraction (XRD), baking properties, as well as, resistance to freezing and 

thawing cycles. The native sample containing 17% of amylose had the highest expansion rate among 

the tested starches. In contrast, pre-gelatinized acetylated starches showed little expansion capacity. The 

starch samples displayed resistance to up to 2 freezing and thawing cycles. The XRD analysis showed 

that native and modified starches had high crystallinity and similar diffraction patterns. SEM images 

revealed that modified starches possess smaller particles (32 to 52 μm) with a greater surface area when 

compared to the native samples. Modified samples also displayed surface indentations, which would 

explain their greater water absorption potential. TGA analysis has shown a reduction (P<0.05) in the 

modified starches thermal stability. These data are relevant technological advancement of the cheese 

bun industry since choosing adequate starch is crucial to ensure the final product's quality in large scale 

industrial production. 

Keywords: Starch; thermal properties; scanning electron microscopy; energy-dispersive X-ray 
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1. Introduction 

Starch is composed of two fractions: amylose, which is made up of essentially α-(1→4) 

D-glucopyranosyl units and amylopectin, which is made up of a large number of short chains 

linked together at their reducing end side by an α-(1→6) linkage [1,2]. Starch is able to affect 

the texture, viscosity, gel formation, adhesion, binding, moisture retention, film formation, and 

homogeneity of a product. Non-food applications of starch include pharmaceuticals, textiles, 

alcohol-based fuels, and adhesives. Starch has also found a new place in the production of low-

calorie substitutes, biodegradable packaging materials, thin films, and thermoplastic materials 

with improved thermal and mechanical properties [3]. 

Commercially available starches and their derivatives are classified as cereal starch or 

as tuberous or root starch [4,5], and cassava (Manihot esculenta Crantz; Euphorbiaceae) is one 

of the major staple food crop s in many countries worldwide [6]. Cassava sour starch is 
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produced in Latin America, particularly in Brazil, Colombia, and Paraguay and is considered 

one of the staples of these countries' traditional rural industries. This kind of starch is used in 

the production of industrially processed snacks, and to make cheese buns such as pandebono 

and pan de yuca (Colombia), and "pão de queijo" (Brazil). These baked buns do not go through 

a yeast fermentation like wheat-based bread. In the case of cheese buns, the dough is baked 

immediately after kneading, with this being considered a very attractive feature, mainly in the 

market of gluten-free baked goods [7]. The starch market has been growing and improving in 

recent years, leading to the search for products with specific characteristics that meet the 

industry's requirements. The production of modified starches is an alternative that has been 

developed with the objective of overcoming one or more limitations that regular or native 

starches have, and thus, increase the polymer's usefulness. According to official data, the 

modified starch market is expected to grow 4.1% per year and is expected to be worth USD 

12.14 billion up to 2022 [8], indicating the high demand for these ingredients. 

The chemical, physical, enzymatic, and genetic modification of starch has been most 

promising, with a large number of new techniques. Osmotic-pressure treatment, multiple deep 

freezing, and thawing, as well as ozone-oxidized [3] and microwave-assisted [9], are capable 

of producing a variety of modified starches with numerous properties to be applied in the food 

industry. The modification process can increase the starch's resistance to continuous cycles of 

freezing and thawing, shear strength, increase stability at high temperatures, increase yields, 

improve gel characteristics (texture and consistency), and solubility in cold water, and reduce 

downgrading [3,7,10-14]. 

During the production of cheese buns, it is difficult to define what rheological 

characteristics the starch must possess, in order to maintain the dough's and, consequently, the 

bun's quality. In this context, this study seeks to evaluate the structural and techno-functional 

properties of native and modified cassava starches, via thermogravimetric analysis, scanning 

electron microscopy, energy-dispersive X-ray spectroscopy, X-ray diffraction, baking property 

and resistance to freezing and freezing and thawing cycles, focusing on their potential 

application in the production of frozen cheese bun formulations. 

2. Materials and Methods 

 2.1. Samples. 

Commercial samples of native cassava starches (Cassava starch 1 - CS1, 17% of 

amylose - Podium, Cabo de Santo Agostinho, PE, Brazil; Cassava starch 2 – CS2, 15% of 

amylose - O'linda, Nova Londrina, PR, Brazil), and modified cassava starches, obtained by 

acetylation and pre-gelatinized (Modified starch 1 - MS1, 11% of amylose - Ingredion, 

National Starch, Tamboara, PR, Brazil; Modified starch 2 – MS2, 9% of amylose - Ingredion, 

National Starch, Tamboara, PR, Brazil; Modified starch 3 – MS3, 12% of amylose - Podium, 

Cabo de Santo Agostinho, PE, Brazil) were characterized in terms of structural and techno-

functional properties and subsequently used to produce different formulations of cheese buns. 

2.2. Native and modified cassava starches structural properties. 

 2.2.1. Scanning electron microscopy (SEM). 

The morphology of the starches, both native as well as modified, were analyzed by 

scanning electron microscopy (SEM) technique using a JSM6510/JEOL model microscope 
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(JEOL instrument, Austin, EUA). The samples were mounted on SEM stubs with double-sided 

adhesive tape and coated with an approximate 20 nm gold layer using an SCD 0050/LEICA 

metallizer (LEICA instrument, California, EUA). Particle size was measured by the Size Meter 

software (version 1.1) using at least 50 particles for each experiment, while the software 

Statistica® 5.0 was used to calculate the particle size distribution. 

 2.2.2. Energy-dispersive X-ray spectroscopy (EDX). 

The chemical composition qualitative analysis of the starch samples was done using 

energy-dispersive X-ray spectroscopy (EDX) with a 6742A/Thermo-Scientific equipment 

attached to the JSM6510/JEOL scanning electron microscope. In addition, XPS mapping 

approach was used to study chemical elements dispersion on the surface of the sample. 

 2.2.3. X-ray diffraction (XRD). 

The characterization of the starches' physical structure (crystalline and/or amorphous) 

was performed via X-ray diffraction (XRD) using a Shimadzu XRD6000 diffractometer 

(Shimadzu, Kyoto, Japan) with CuKa radiation, from 10° to 80°(2θ) at 2ºmin-1. 

 2.2.4. Thermogravimetric analysis (TGA). 

Thermal analysis (TGA) of the different starch samples were performed in a TA Q500 

thermal analyzer (TA Instruments, New Castle, DE) with a synthetic air atmosphere and 

60 mL/cm flow rate. Samples were heated from room temperature to 600ºC with a heating rate 

of 10ºC/min. 

2.3. Techno-functional characteristics of native and modified starches. 

 2.3.1. Baking properties of starches. 

The baking properties of the starches were measured by weighing 12 g of starch sample 

and partially cooking it by adding 10 mL of boiling deionized water. This partially cooked 

starch was homogenized to produce a dough that was then molded into three small balls and 

baked on an electric oven (Turbogas V200 LIEME, São Paulo, Brazil) at 200°C for 25 min. 

After baking, the doughs were weighed and made impermeable by using paraffin, with their 

volumes determined by dropping the samples into graduated cylinders and measuring the 

volume of water displaced. The expansion rate was obtained by dividing volume by weight and 

was expressed as a specific volume (mL/g) [15]. 

2.3.2. Resistance to freezing and freeze-thaw cycles of starches. 

The starch samples were diluted in deionized water in a proportion of 8%, gelatinized, 

kept in boiling water, and shaken for 10 min. The gel was divided into three 50 g portions, 

stored in plastic packages and frozen (-18°C). The samples were submitted to three freezing 

cycles, each lasting 72 h. The first, second, and third cycles samples were frozen at -18°C and 

thawed at 45°C for 3 h [16]. 
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 2.4. Statistical treatment. 

 The results (n=3) were statistically treated by analysis of variance (ANOVA), followed 

by the averages differences comparison by the Tukey test, with a 95% confidence level, using 

the Statistic software 7.0 version. 

3. Results and Discussion 

3.1. Cassava starches structural properties.  

Each starch granule is a semi-crystalline system, consisting of crystalline and 

amorphous regions. The characteristics of the different crystalline structures present in the 

starch granules have been widely studied via X-ray diffraction (XRD). Figure 1 shows the 

diffraction patterns for modified (A, B, and C) and native (D) cassava starches. 

 
Figure 1. X-ray diffraction patterns of MS1 (A), MS2 (B), and MS3 (C) pre-gelatinized acetylated modified 

cassava starches and CS1 and CS2 (D) native starches. 

Starches generally have a crystalline nature attributed to the organization of the 

amylopectin molecules within the granule. The starch can be classified according to its 

diffraction pattern informs A, B, and C, of which A and B are present in cereals and form C, 

considered as a mixture of the above with predominance of A, is found in the majority of tubers, 

legumes, and seeds, where cassava starches are included [17].  

The diffraction patterns presented in Figure 1 for the modified starches (MS1, MS2, 

and MS3) were similar, with a stronger peak in 2θ at 19º, and a peak of lower intensity at 35º. 

MS2 (Figure 1B) also showed a low-intensity peak at 48°. The peaks intensity for the 3 

modified starches was homogeneous, and no difference in crystallinity among the modified 

starches could be distinguished.  
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The diffraction pattern for native cassava starch showed peaks in 2θ at approximately 

11.5°, 15°, 18°, 23°, 26°, 32° and 38.6° (Figure 1D), indicating a C-type crystallinity pattern 

[18]. Schlemmer et al. [19] found diffraction patterns (2θ ~ 15º) and B (2θ ~ 17º and 23º) values 

for starch films. Also, they described this diffraction pattern as being type C, corroborating 

with the present study's results. 

The native starches granules (CS1, Figure 2D) and (CS2, Figure 2E) displayed particles 

with spherical, oval, and oval-truncated shapes, with linear or star hilum occupying the center 

of the grain, in accordance to Monroy et al. [18] and Leonel [20]. The particles of these two 

starch samples (CS1 and CS2) are well grouped, with clusters formed by tens of granules. The 

native cassava starch particles diameter for the CS1 and CS2 samples ranged from 3.8 to 

23.7 μm (15.2 μm average) and from 3.2 to 25 μm (18.4 μm average), respectively. The 

diameter values were similar to those reported by Defloor et al. [21] from 3 to 32 μm, by Leonel 

[20] between 15 to 20 μm and by Cereda et al. [22] of 20 μm. 

 
Figure 2. SEM images of MS1 (A), MS2 (B), and MS3 (C) pre-gelatinized acetylated cassava modified starches 

and CS1(D) and CS2 (E) native cassava starches. 

For three modified starches, the SEM images (Figure 2A, 2B and 2C) showed similar 

particles with fragmented granules showing indentations on the surface and sizes varying from 

1.7 to 63 μm (32 µm average) for the MS1 sample, from 1.4 to 167 μm (48 µm average) for 

the sample MS2 and 2.7 to 184 μm (51.74 µm average) for the MS3 sample. These 

characteristics are probably caused by the acetylation and pre-gelatinization processes.  

The smaller diameter particles found in the modified starches (< 1.4 μm) are suspended 

in air, causing fog when the starch is transferred from one place to another, as well as providing 

an increase in the contact surface and water absorption, something which is very beneficial in 

the case of cheese bun dough. In addition, the indentations found in the surface of the granules 

facilitate water permeation, leading to an increased capacity of water absorption at lower 

temperatures when compared to the native starches. 

These structural analyses made it possible to understand the effects of the acetylation 

and pre-gelatinization processes in cassava starches since there is a lack of scientific work in 

this area. 
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The Energy-dispersive X-ray spectroscopy (EDX) technique allows for the 

investigation of the chemical elements found in several sample types. Its characterization 

capacity is related, in large part, to the unique atomic structure of each element, so that the 

emitted X-rays, identify specific elements, thus allowing a punctual chemical analysis of the 

sample constituents [23]. The dispersive energy spectroscopy (EDX) images for the modified 

starches (Figure 3A, 3B, and 3C) showed that carbon and oxygen were the main constituents. 

Sodium, chlorine, and calcium elements were found in the three modified starches, whereas 

silicon was present in MS1 and MS3 samples. These differences are caused by factors such as 

planting, soil, climate, and harvesting process, as well as the particularities regarding the 

methods used in order to obtain different pre-gelatinized acetylated modified starches. For two 

native cassava starches, the dispersive energy spectroscopy (EDX) images showed similarity 

to the constituent elements of the starches, with carbon, oxygen, sodium, silicon, and calcium 

is present. Carbon and oxygen were the main constituents of these samples (Figure 3D). 

 
Figure 3. Survey spectra for pre-gelatinized acetylated modified starches surface MS1 (A), MS2 (B) and MS3 

(C) and native starch surface CS (D). 

The TG curves for both modified starches and native starches (Figure 4) showed three 

stages of mass loss, with the first one (25-110°C), characterizing an endothermic peak, related 

to the moisture loss and the starch' dehydration, while the other two were attributed to amylose 

and amylopectin thermal decomposition. For the first exothermic event (250-350°C), the 

highest mass loss in the order of 70% due to starch degradation and, the second exothermic 

event (400-500°C) was attributed to the oxidation of partially decomposed organic material, 

which was caused by synthetic air flowing through the system. 

These results are similar to those reported by Guinesi et al. [24]. They observed three 

events in the thermogravimetric analysis of cassava starch, with mass loss and dehydration in 

https://doi.org/10.33263/BRIAC111.74007409
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC111.74007409  

 https://biointerfaceresearch.com/ 7406 

the first stage, followed by two stages of decomposition. The degradation curves (TGA) using 

a nitrogen atmosphere, 20 mL/min flow rate, and 20ºC/min heating rate showed a second mass 

loss of 66.8% for cassava starch between 308-374ºC. 

The TGA results indicated that the starch modification processes caused a reduction in 

the water amount in sample MS1 (Figure 4A) and sample MS2 (Figure 4B), but not in sample 

MS3 (Figure 4C). The two samples of native starch presented a considerable difference to the 

amount of water, with 11 and 5.1% of moisture for CS1 and CS2 starches, respectively. These 

values are directly related to the starch's ability to retain water during dough production, 

contributing directly to the viscosity of the cheese bun dough, in this case. A significant 

reduction in the thermal stability (Tonset) of the MS2 and MS3 modified starch samples (Table 

1) was observed when compared to the native starches, which is mainly associated with the 

sample's chemical composition and the modification processes. 

 
Figure 4. TGA thermograms for the modified starches MS1 (A), MS2 (B) and MS3 (C) and the native starches 

CS1 (D) and CS2 (E) obtained under the air atmosphere at a heating rate of 10°C/min. 

Table 1. Thermal properties (thermogravimetric analysis) of the modified and native starches. 

Starches Moisture (%)* Tonset (ºC)** Tmax (ºC)*** Residues at 600ºC (%) 

MS1 4.73 262 310 1.2 

MS2 6.5 246 292 0.3 

MS3 10.8 247 292 1.5 

CS1 11.0 263 303 0.5 

CS2 5.1 270 305 0.1 
* Mass loss at 105°C;  
** temperature where 2% mass loss occurs after 105°C;  
*** temperature of the first thermal decomposition peak. 

The MS1 modified starch sample displayed very similar thermal stability to native 

starch samples. The residue content (ash content) at 600°C, a temperature associated with the 

last decomposition step, showed different values, with no correlation found between the 

samples. This could be related to the last decomposition step since due to its intensity may 

cause fluctuations on the ash content. Lawal [25] attributed the starch granules disintegration 

at high temperatures with the breakdown of some amylopectin bonds. According to Aggarwall 

https://doi.org/10.33263/BRIAC111.74007409
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC111.74007409  

 https://biointerfaceresearch.com/ 7407 

et al. [26], heat treatment in starches usually leads to its depolymerization when the applied 

temperature exceeds 300°C. 

3.2. Techno-functional characteristics of starches and cheese bun formulations. 

The native and modified starches presented significant differences (P<0.05) for the 

expansion index (Table 2), and the native starches CS1 and CS2 presented the highest specific 

volumes of 7.5 and 6.7 cm³/g, respectively. 

Modified starch MS1 has the largest expansion capacity (4.3 cm³/g), approximately 1.5 

times higher than other modified starches (Table 2). This is probably due to the smaller particle 

size of this starch (from 1.7 to 63 μm and 32 μm average), resulting from the modification 

process. The modified starches displayed little expansion potential, but a large capacity to 

absorb water to form more compact and viscous gels. The opposite, however, was observed in 

the samples of native starches. Thus, buns made using only native cassava starch tend to be 

more compact since there is less water available to be transformed into steam. 

Table 2. Baking property and loss of water of starches. 

Starches 
Specific volume  

(cm³/g) 

Loss of water (%) 

1st cycle 2nd cycle 3rd cycle 

MS1 4.3c ± 0.18 0a 0c 6.4c ± 0.58 

MS2 2.8d ± 0.12 0a 0c 0 c 

MS3 2.3d ± 0.22 0a 2.7b ± 0.58 7.2c ± 2.5 

CS1 7.5a ± 0.48 0a 11.4a ± 1.5 26.3a ± 2.4 

CS2 6.7b ± 0.14 0a 0c 14.7b ± 2.1 

* Means ± standard deviation followed by the same letter/column do not differ statistically at the 95% confidence 

level (Tukey's test).  

By adding the modified starches with a high water retention capacity, there will be a 

higher amount of steam available during baking for the gel to inflate and the product to expand. 

However, when used in excess, the product may overexpand, creating hollow spaces and 

damaging the final product's quality. The use of starches with low expansion properties results 

in a product with a dough that is compact and "chewy". In addition, the bun's crust may be dry 

and dark, making the product less attractive to the consumer. The combination of native and 

modified starches is interesting for the industry since they have distinct characteristics and, 

when associated, can complement the growth and standardization of cheese buns, mainly in 

regards to the crust as well as the bun's internal texture. 

Regarding the freezing and freeze-thaw cycle of starches (Table 2) no significant 

difference was observed in the first one (P<0.05). However, differences between the starches 

were observed in the second and third freezing and freeze-thaw cycles, with the native starch 

CS2 and the modified MS2 displaying lower rates of water loss. Thus, these two starches would 

be better suited to be used to produce frozen cheese buns, considering their resistance to 

freezing and freeze-thaw cycles. The information available in the literature [27] is similar to 

the findings of the present study, with a trend towards greater water release percentage during 

the 2nd and 3rd cycle of freezing and freeze-thaw cycles.  

In the industrial process of producing frozen cheese buns, the product is subjected to 

freezing. The consumer can then thaw it. At this point, it is possible that the starch 

retrogradation phenomenon occurs, which is characterized by water loss and fragmentation of 

the starch's structure, leading to undesirable modifications in the product. 
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4. Conclusions 

 The native (15 and 17% of amylose) and modified cassava starches (9, 11 and 12% of 

amylose) presented distinct responses for expansion properties, resistance to freezing cycles, 

crystallinity, granular structure, elemental constitution, and thermal behavior. Cassava starch 

samples with 17% of amylose had the highest expansion index among the tested samples. In 

contrast, the pre-gelatinized acetylated ones showed little expansion capacity. However, they 

presented a higher water absorption capacity, forming more viscous and compact gels. The 

mixing of the two types of starch resulted in a dough with high water absorption capacity, good 

specific volume, and a more standardized final product, since the gels formed by the pre-

gelatinized acetylated starches tend to maintain their rounded shape during baking. 

 All evaluated starches displayed resistance to up to 2 freezing and thawing cycles, with 

the modified starch with 9% of amylose being the only one that did not show any water loss 

when submitted to 3 freezing and thawing cycles. The XRD analysis pointed out that the 

modified starches possessed similar diffraction patterns among themselves. The same was also 

observed with the native starches, these showing high crystallinity. SEM images revealed that 

modified starches possess smaller granules and greater surface area than the native starches, as 

well as surface indentations, which explains their greater water absorption capacity. Elemental 

analysis showed that carbon and oxygen are the major constituents of all starches. The presence 

of sodium, chlorine, calcium, and silicon was also detected in all starch samples at varying 

amounts. The thermal behavior of the native and modified starches presented similarities and 

3 distinct stages, with MS1 presenting the lowest moisture content among the analyzed 

starches. There was thermal stability reduction on MS2 and MS3 starches when compared to 

native starches. 
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