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Abstract: This study investigates the effect of different processing methods (boiling, baking, and frying)
on the functional properties, physicochemical characteristics and in vitro starch digestibility of two
sweet potato varieties: Guayaco morado and Toquecita. Thermal processing affected the rate of starch
digestion, focusing on parameters, such as total digestible starch (TDS), rapidly digestible starch (RDS),
slowly digestible starch (SDS), and resistant starch (RS), from which the hydrolytic index was
determined and allowed estimation of the glycemic index (pGI) to be derived from sweet potato intake.
Each cooking technique has a unique impact on sweet potatoes. For example, boiling maximizes starch
gelatinization (improving digestibility) but leaches water soluble nutrients, baking develops desirable
flavors and retains carotenoids, although high temperatures can form acrylamide and frying increases
resistant starch which reduces glycemic impact, it also leads to decreased starch solubility and creates
crisp textures but introduces excess calories and potential heat contaminants. Among the varieties
studied, Toquecita exhibited higher TDS (73.75 +0.18 g/100 g dw) and RDS (31.21 + 0.10 g/100 g dw)
in boiled samples, while fried samples showed a higher RS content (9.83 = 0.03) compared to Guayaco
morado. This difference reflects Toquecita’s lower amylose content and water absorption index. Both
varieties exhibited a lower glycemic index (pGl) in the raw state. However, among the processed
samples, the fried Guayaco morado variety displayed a lower pGI (64.15 £ 0.89). These results
emphasize the significant impact of cooking methods on the nutritional profile of sweet potato starch.
The findings suggest that boiling and baking are processes for enhancing starch digestibility, while
frying may diminish it. Overall, this study highlights the potential of sweet potatoes as a functional
food ingredient, particularly for diets with a moderate glycemic index.
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1. Introduction

The sweet potato (Ipomoea batatas) is a root vegetable that, within the group of roots and tubers,
ranks third in global importance, preceded by the potato and cassava [1]. Sweet potato is a globally
consumed tuber crop renowned for its moderate nutritional value, including its rich content of
carbohydrates, vitamins, and dietary fiber. Beyond carbohydrates, sweet potatoes are rich in functional
active ingredients that contribute to their nutraceutical properties.

These include dietary fiber (soluble and insoluble), which regulates digestion and moderates
glycemic responses [2]; antioxidants such as B-carotene (provitamin A) in orange-fleshed varieties and
anthocyanins (e.g., cyanidin and peonidin) in purple-fleshed types, which exhibit anti-inflammatory
and free-radical-scavenging activities [3]; micronutrients, including vitamin C, B vitamins, potassium,
and manganese, which support metabolic functions; phenolic compounds (e.g., chlorogenic acid) that
influence starch digestibility and offer cardioprotective benefits [4]. These bioactive components
interact with starch during processing, modulating its digestibility and nutritional impact. For instance,
anthocyanins in purple-fleshed varieties (e.g., Guayaco morado) can inhibit digestive enzymes, while
fiber forms matrices that slow starch hydrolysis[5].

Its adaptability to various climatic conditions and resistance to environmental stressors make it a
viable crop for addressing food security challenges, particularly in the context of climate change [6][7].
The roots are particularly valued for their carbohydrate content, which constitutes 25-30% of its total
composition, with 98% being easily digestible, making it a significant source of energy [8][9].
However, the digestibility of sweet potato starch, a key determinant of its nutritional value, can be
significantly influenced by processing methods, such as boiling, baking, and frying. Understanding
how these processes affect starch digestibility is crucial for optimizing the nutritional benefits of sweet
potatoes, particularly in the development of functional foods with moderate glycemic index (pGI)
properties.

Starch digestibility is a critical factor in human nutrition, as it directly impacts the rate at which
glucose is released into the bloodstream, influencing postprandial glycemic responses [10]. The
digestibility of starch is influenced by its structural composition, particularly the ratio of amylose to
amylopectin [11]. Different starch fractions have been classified according to their digestibility in the
small intestine, including rapidly digestible starch (RDS), slowly digestible starch (SDS), and resistant
starch (RS) [12][13]. SDS and RS are not fully digested in the small intestine; they pass to be fermented
in the colon. Many reviews have shown the positive health benefits of the SDS and RS [14]. The
processing methods can also influence the composition and behavior of the starch. Thermal processing,
such as boiling and baking, induces gelatinization, which disrupts the crystalline structure of starch
granules, making them more accessible to digestive enzymes and thereby increasing digestibility [15].
Conversely, frying can lead to the formation of RS and other complex compounds that may reduce starch
digestibility [16]. These changes in starch structure and digestibility have significant implications for
human health, particularly for individuals managing diabetes or insulin resistance, as foods with lower
pGI values are associated with slower glucose release and better glycemic control [17].

Management of carbohydrate quality and quantity in our daily foods is an effective way to slow
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down the pandemic of diabetes around the world. The widely accepted method to categorize and rank
carbohydrate quality and quantity in foods is represented by the concept of glycemic index (pGI) [18].
This value is an important factor determining the postprandial glycemic response of available
carbohydrate in our daily foods. The pGl is used to classify dietary carbohydrates based on their impact
on the blood glucose response after intake of starch or sugar rich meals. According to this definition,
a diet with a lower pGI may result in slower rates of digestion and absorption, which may decrease the
rapid rise in postprandial hyperglycemia and insulin concentration, as well as subsequently have an
impact on the treatment of diabetes [19].The glycemic response of a food depends on factors such as
its particle size, degree of processing, cooking method, starch structure and the number of food
components (dietary fiber, protein, fat) present in it [20] .

Carbohydrate consumption has been continuously increasing during the last few decades,
especially among developing countries from Latin America, Asia and Africa [18]. However,
accumulating evidences have suggested that high consumption of carbohydrates is linked to the
postprandial hyperglycemia and occurrence of type 2 diabetes [21]. Therefore, knowledge of starch
digestibility on the nutritional characteristics of sweet potato and the current health benefits of RS and
SDS, can help for reducing malnutrition linked to cardiometabolic diseases [22]. Consequently, this
study determines functional properties, in vitro starch digestibility and the pGI of two sweet potato
varieties as a helpful tool for nutritionists to make an appropriate healthy diet recommendation and as
a basis for the development of foods with healthy properties.

2. Materials and methods
2.1. Materials

The Two varieties of sweet potato (Guayaco morado and Toquecita) were used in this study. The
Guayaco morado variety comes from the National Germplasm Bank of INIAP, Ecuador. The shape of
the tuberous root is long, irregular, or curved, with no surface defects; the skin thickness is
medium (2-3 mm). The predominant skin color is pale purple with no secondary color. The
predominant flesh color is pale purple, and the secondary color is white, which is distributed
throughout most of the flesh. The Toquecita variety was introduced from the International Potato
Center (CIP) in Peru, with the code CIP 440045 and under the collection number SPV55. The tuberous
root has an elliptical shape and shows superficial horizontal constrictions. The predominant skin color
is orange with medium intensity, and it does not show a secondary color. In the flesh, the predominant
color is orange with medium intensity, while the secondary color is a more intense orange, distributed in
thin rings near the skin [23].

2.2. Samples Preparation

The two sweet potato varieties underwent three heat treatments, cooking, baking, and frying.
Subsequently, they were dried and ground to obtain a representative sample. For each technique, 2 kg
of peeled roots were used. Cooking was carried out with distilled water at 91°C for 40 minutes,
complete gelatinization of the starch will be facilitated and water absorption in the granules will be
increased, increasing access to digestive enzymes. Baking was performed at 180 °C for 90 min in an
oven (Teka Hydroclean, Innova, Quito), This dry heat process promotes the Maillard reactions and
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caramelization. The evaporation of moisture concentrates the solids, while the controlled heat soak
partially gelatinizes the starch with limited water availability. For the frying process, the sweet potato
was sliced into 1 mm thick slices, which were fried in 13 L of edible maize oil (The Favorita, Ecuador)
at 120 °C for 18 min, in a vacuum fryer (Ckstaf55-013, Innova, Quito) equipped with a centrifuge [24].
Obtaining a crispy texture to the sweet potato and increasing resistant starch. For analysis, the two raw
varieties were sliced and lyophilized in a machine (LABCONCO, Kansas, USA) at —0.8 bar pressure,
then ground in an equipment (Retsch, Haan, Germany) to obtain a particle size of 100 mm and stored
at 4 °C in airtight glass containers.

2.3. Functional properties
2.3.1.  Water Absorption Index (WAI), Water Solubility Index (WSI), and Swelling Power (SP)

WALI, WSI, and SP of the raw and processed sweet potato flours were determined by the method
of Anderson et al. [25]

2.5 g of ground sample was placed in a centrifuge tube with 30 mL of distilled water at 30 °C.
The samples were incubated in a Sybron Thermolyne shaking bath (Dubuque, Lowa, USA) for 30 min,
then shaken in a Damon/IEC division centrifuge (Needham Hts., MA, USA) for 5 min. The supernatant
was separated, placed in Petri dishes and dried for 4 hours at 90 °C. [26] The gel weight was recorded.
The results were expressed as the average of 3 observations. WAI and WSI were calculated using the
following formulas [26].

WAI (g) = (gel weight/(sample weight) x 100 (1)
WSI (%) = (Soluble weight (g) X V x 10/Sample weight) ()
SP (g) = (Gel weight/(Sample weight (g) bs — Soluble weight (g)) 3)

2.4. Physical-chemical analysis of the two varieties of sweet potato
2.4.1. Determination of moisture

The moisture content of each raw sweet potato variety was determined using the AOAC 925.09 [27].
The previously prepared samples (dried and ground sweet potato) were centrifuged and placed in an
oven at 50 °C for 30 minutes [28].

2.4.2. Amylose and amylopectin

The sample extract was prepared by dissolving 1 gram of previously obtained sweet potato sample
in 100 mL of a 6 M urea dimethyl sulfoxide (DMSO) solution, with continuous stirring at room
temperature (22 °C) for 24 hours; from this urea/DMSO stock solution, a 1 mL aliquot was accurately
measured and transferred to a 100 mL volumetric flask. Approximately 95 mL of distilled water was
then added, shaking the flask after each addition to ensure a homogeneous mixture. Then, 2 mL of I»-
KI solution (2 mg Iz, 20 mg KI/mL) was added. Finally, the contents of the flask were made up to 100 mL
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with distilled water. The absorbance of the solution was measured at 635 nm, 15 minutes after adding
the [.-KI reagent. The spectrophotometer was calibrated with water in the reference cell, using a blank
of UDMSO-Iz-KI solution in the sample cell [29].

2.4.3. Reducing sugars

The quantification of reducing sugars was executed utilizing the 3,5-dinitrosalicylic acid (DNS)
method as delineated by Dias et al. [30], albeit with certain modifications. This technique
fundamentally relies on the interaction between the reducing sugar and DNS, which man- ifests a
yellow hue that is subsequently converted into a reddish compound, specifically 3-amino, 5-
nitrosalicylic acid, through the oxidation of the monosaccharide reducing agent. An aliquot measuring
500 uL of the sample, comprising 5 g of maize flour that was homogenized in a blender with 20 mL
of distilled water, was combined with 500 4L of the DNS reagent solution, which consists of 10 g of
3,5-dinitrosalicylic acid, 2 g of phenol,0.5 g of sodium sulfite, and 10 g of sodium hydroxide, all diluted
to a final volume of 1 L in distilled water. The resultant mixture was subjected to heating at a
temperature of 100 °C for a duration of 5 minutes, followed by transfer to an ice bath for an additional
5 minutes [30].

Subsequently, an aliquot of 4 mL of a potassium sodium tartrate solution at 40% w/v
concentration was incorporated to stabilize the resulting color. The absorbance of the solution was
assessed at a wavelength of 540 nm. For the purposes of quantification, a calibration curve utilizing
glucose was constructed with concentrations ranging from 0.1 to 1.0 g L™ (r2 = 0.9977) [30].

2.4.4. Degree gelatinization

A mass of (0.2 g) of the sample was meticulously measured within a 50 mL beaker, followed by
the addition of 25 mL of distilled water and 0.1 g of a-amylase (> 5 units/mg solid), ensuring thorough
homogenization of the mixture. Subsequently, the beaker was positioned in a constant temperature
water bath maintained at 39 °C for a duration of 1.5 hours. The enzymatic activity of amylase was
terminated by the introduction of 1 mL of mol/L hydrochloric acid, after which the resultant mixture
was transferred to a 50 mL volumetric flask, calibrated to volume with distilled water, and
subsequently subjected to filtration through filter paper. A control was established utilizing distilled
water to which the enzyme solution was incorporated. Following this, 1 mL of the diluted sample
solution was introduced into a test tube, combined with 1.5 mL of DNS solution and 1 mL of distilled
water, and then subjected to heating in a boiling water bath for a period of 5 minutes, after which it
was promptly cooled to ambient temperature using cold water. Thereafter, 21.5 mL of distilled water
was added to each tube, followed by vigorous agitation of the mixture. The absorbance was quantified
at 540 nm, and this procedure was repeated thrice to derive an average value. The degrees of
gelatinization (DG) were computed utilizing the following formula [16]:

a= (A - B)/C x 100 (4)

where a signifies the degree of gelatinization, A denotes the reducing sugar content subsequent to the
precooking phase, B represents the reducing sugar content prior to the precooking phase, and C
indicates the reducing sugar content following complete pasting.[16].
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2.4.5. Total (TDF), Insoluble (IDF), and Soluble dietary fiber (SDF)

The dietary fiber, including TDF, IDF, and SDF was analyzed using Megazyme K-TDFR kit by a
Fibertec System 1023 (Foss Electric, Copenhagen, Denmark) according to AOAC Method 991.43 [31]

2.4.6. Total starch (TS)

The Soluble compounds of flour were removed along with the initial rinsing water, so starch was
determined from the free samples of water-soluble solids [32]. Thermostable a- amylase hydrolyses
starch into soluble branched and unbranched maltodextrins. Resistant starch in the sample was pre-
dissolved by stirring the sample with 2M KOH at approx. 40 °C, followed by neutralization with
sodium acetate buffer and hydrolysis with a-amylase [33]. Amyloglucosidase (AMG) quantitatively
hydrolyzed maltodextrins to D-glucose. It was oxidized to D-gluconate with the release of one mole
of hydrogen peroxide (H202) which was quantitatively measured in a colorimetric reaction employing
peroxidase and the production of a quinoneimine dye (AACC, Official Method 76-11) [24].

2.5. Digestibility analysis:

The Starch digestibility was evaluated using the enzymatic assay kit (Resistant Starch Assay Kit),
the starch fractions were classified as RDS, SDS, and RS [27].

2.5.1.  The glycemic index (pGI)

The was calculated based on the hydrolysis rate of starch over 180 minutes, using the
methodology described by Goiii et al. [34] The formula used was:

plG = 8.198 + 0.862 HI (5)
2.5.2. Total digestible starch (TDS) and RS

The measurement of RS was determined using an enzymatic assay kit (Resistant Starch Assay
Kit), sweet potato flour samples were incubated with a mixture of pancreatic a-amylase and
amyloglucosidase in maleate buffer, pH 6.0, at 37 oC for up to 4 h with continual stirring [27].

Aliquots of the reaction solution were removed at 20 min to measure RDS, at 120 min to measure
SDS; (starch value at 120 min-starch value at 20 min), and at 240 min to measure TDS and RS. For
RDS, SDS, and TDS, 1.0 mL aliquots were removed while the suspension was stirred and transferred
to 20 mL of 50 mM acetic acid (to terminate the reaction) [35].

These solutions were mixed thoroughly and 0.1 mL aliquots were incubated with 0.1 mL of
amyloglucosidase AMG (100 U/mL) to hydrolyze the remaining traces of maltose to glucose which
was measured with glucose oxidase plus peroxidase, GOPOD reagent.

A nonlinear model was used to describe the kinetics of starch hydrolysis and the first order
equation was as following:

C = Coo(1 — e — kt) (6)
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where C (%) is the concentration at t (min), Coo (%) is the equilibrium concentration, K is the kinetic
constant and t is the time.

2.6. Statistical analysis

The All analyses were performed in triplicate; the results are given as the mean =+ standard
deviation. The data were analyzed by applying one-way ANOVA, using the INFOSTAT statistical
software package [36], to compare the means concerning sweet potato varieties and the effect of
cooking techniques on functional properties, physical-chemical characteristics and in vitro starch
digestibility. Tukey’s multiple range test was applied to determine significant differences at the 5% level.

3. Results and discussion
3.1. Functional properties

The effects of different processing methods (boiled, baked and fried) and raw roots on the WAI, WSI,
and SP of the two sweet potato varieties (Guayaco morado and Toquecita) are presented in Tablel.
Significant differences (p <0.05) were observed in the functional properties of the two sweet potato varieties.

3.1.1.  WAI

For the Guayaco morado variety, baking resulted in the highest WAI (4.31 = 0.06 g/100 g dw).
This method generates the greatest alteration of the starch crystalline structure, releasing amylose and
amylopectin and forming gelatinous networks, which maximizes water-holding capacity, followed by
boiling (3.57 + 0.02 g/100 g dw). While frying reduced water absorption capacity (3.23 + 0.07 g/100 g dw)
due to rapid dehydration and crust formation, in addition to oil penetration competing with water,
reducing WAL In contrast, the Toquecita variety exhibited higher WAI values overall, with baking
showing the most significant increase (5.94 + 0.20 g/g). These findings suggest that baking modifies
the starch structure, improving its water retention capacity, which could be due to the disruption of
crystalline regions and the formation of a starch gel network, which is consistent with previous studies
on starch gelatinization by Roa Acosta et al.[37]. A study by Chang et al. [38] showed that heat
treatments such as baking and boiling significantly improve the water solubility index (WSI) of
starches by promoting molecular interactions with water molecules.

3.1.2.  WSI

The WSI was maximized when baking in Guayaco Morado (25.68 + 0.79 g/100 g dw). The
process breaks the integrity of the granules, releasing soluble amylose/amylopectin chains and
dramatically increasing solubility. Frying obtained the lowest WSI (8.60 + 0.06 g/100 g dw) as it limits
water penetration. The thermally processed Toquecita variety showed no significant differences in
WSI between treatments, although all processed samples exceeded the values for raw roots. Notably,
the highest WSI in Toquecita was observed in fried roots (14.64 + 0.03 g/100 g dw). These results
indicate that thermal processing improves starch solubility by disrupting granule integrity, releasing
amylose and amylopectin chains, and increasing water accessibility [39]. In contrast, raw starch

AIMS Agriculture and Food Volume 10, Issue 3, 698-715.



705

granules maintain a compact crystalline structure that limits water penetration, thereby reducing
solubility. This allows correlation between starch molecular structure and rheological behavior,
guiding the development of ingredients with predictable functionalities [39].

3.1.3. SP

SP of starch is a measure of its ability to absorb water, swell, and change its structure during
cooking or heat treatment [40]. This parameter was higher in the baked (15.40 g/g dw) and fried (14.64
g/g dw) Toquecita variety, possibly due to the higher amylopectin content in this variety, a compound
that is more soluble in water and allows greater absorption [40]. Another factor that could have influenced
in this result, is the granule size, according to Wei et al.[41], large starch granules (27-30 um) have higher
viscosity, which suggests a greater water absorption capacity, while smaller particles (14—16 um) show
lower viscosity. These findings are consistent with previous studies, which have shown that thermal
processing can significantly alter the physicochemical properties of starch [15][42]. A study carried
out by Shi et al. [43] emphasized that thermal treatments like baking and frying enhance SP by
disrupting hydrogen bonds within starch granules, allowing for greater water uptake.

Table 1. Starch functional properties of two varieties of raw and processed sweet potato.

Parameter Varieties

Guayaco Morado Toquecita

Raw Boiled Baked Fried Raw Boiled Baked Fried
WAI 3.43 £0.02% 3.57+0.02¢ 4.31+0.06° 3.23+0.07 3.55+£0.01 3.64+0.01° 5.94 £0.20* 3.56 £ 0.06°
WSI 14.10£0.01°  17.09+0.01° 25.68+0.79°  8.60+0.06° 1022+0.01 13.41£0.01° 13.86+0.14° 14.64 +0.68°
SP 4.01£0.01% 4.31+£0.01% 5.40 +£0.58° 3.21£0.52°  3.95+£0.01° 420+£0.01* 1540+0.91* 14.64 +0.68°

Different letters in the same row indicate significant differences (p < 0.05). WAI= Water Absorption Index, WSI = Water Solubility Index, Swelling
Power = SP. *WAI, WSI and SP data are expressed as g/100 g dw.

3.2. Physicochemical characteristics

The physicochemical characteristics of two sweet potato varieties, including moisture content,
TS, amylose, amylopectin, reducing sugars, degree of gelatinization, soluble fiber (FS), and insoluble
fiber (FI), are presented in Table 2. Significant differences (p < 0.05) were observed in the above-
mentioned parameters of the two sweet potato varieties.

3.2.1. Moisture Content

The moisture content was significantly higher in boiled samples for both varieties, with values of
14.35 g/100 g for Guayaco morado and 15.30 g/100 g for Toquecita. These contents are attributed to
water absorption during the boiling process. In contrast, the frying process resulted in the lowest
moisture content, with values of 11.60 g/100 g for Guayaco morado and 12.26 g/100 g for Toquecita,
due to water evaporation during frying.

These results are consistent with previous studies carried out by Shi et al [44] who reported that
the moisture content in boiled potato samples increased by 15% compared to raw samples, while fried
samples showed a 20% reduction in moisture content. These findings suggest that the cooking method
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has a significant impact on water retention in foods.
322. TS

Both varieties experienced variation in TS content due to the effect of thermal processing. In
Guayaco Morado, TS increased with the boiled and baked processes, but decreased with the frying
process. In this regard, [45] indicates that partial starch decomposition can occur due to the effect of
high processing temperature or the cooking time is too long. The degradation of starch during thermal
processing is a well-documented phenomenon. A study by Chen et al. [45] found that TS in corn
samples decreased by 10-15% after frying, which is consistent with our findings. Additionally,
prolonged heat exposure during frying can cause the breakdown of starch chains, resulting in a
reduction in TS content. In Toquecita variety, TS increased with the boiling, baking and frying
processes, which could be attributed to its chemical composition. These results highlight the
importance of considering the cooking method when evaluating the nutritional content of foods.

3.2.3. Amylose and Amylopectin

Amylose content decreased significantly in both varieties after thermal processing; in Guayaco
Morado, amylose decreased from 29.53 g/100 g in raw samples to 12.83 g/100 g dw in boiled samples.
Toquecita variety showed the lowest amylose content in boiled samples (5.61 g/100 g dw).
Amylopectin content showed an inverse trend to amylose. In Guayaco morado, amylopectin increased
from 70.40 g/100 g dw in raw samples to 87.15 £0.04 g/100 g in boiled samples. The Toquecita variety
showed similar behavior, with the highest amylopectin content in boiled samples (94.35 g/100 g dw).

The reduction in amylose content during boiling is consistent with the findings of [46], who
reported that starch gelatinization under moist heat conditions leads to the release of amylose from
starch granules, resulting in a less compact structure. The increase in amylopectin content during
thermal processing aligns with the results of [47], who demonstrated that starch granule disruption
during gelatinization enhances the availability of amylopectin for analytical detection. These findings
suggest that thermal processing significantly alters the amylose to amylopectin ratio, which can impact the
functional properties of starch, such as viscosity, gel formation and the quality of processed food products.

3.2.4. Reducing Sugars

Reducing sugars increased significantly (p < 0.05) with thermal processing, particularly in boiled
and baked samples. For Guayaco morado, reducing sugars increased from 1.35 g/100 g in raw samples
to 43.25 g/100 g in boiled samples. The Toquecita variety showed similar trends, with the highest
reducing sugar content in baked samples (36.20 g/100 g). This increase could be due to enzymatic
activity and the thermal decomposition of starch, leading to a higher sugar content. These results align
with the studies of [48], who reported that boiling and baking promote the breakdown of starch into
reducing sugars, while frying reduces the content of these compounds, due to caramelization [49], as
observed in Guayaco Morado, that showed a low content of reducing sugars in the fried samples.
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3.2.5. Gelatinization Degree (GD)

GD was highest in boiled and baked samples, reaching 96.75 % in boiled Guayaco morado and
94.97 % in baked Toquecita. This confirms that water and heat are essential for starch gelatinization.
In fried samples, GD was significantly lower (12.86 %) in Guayaco morado, likely due to reduced
water availability during frying.

These results are supported by research from Majzoobi et al. [50] who demonstrated that
gelatinization is highly dependent on water availability and heat, with boiling and baking providing
optimal conditions for starch granule disruption. Conversely, frying limits gelatinization due to the
lack of sufficient water, as noted by Dehghannya et al. [51], who reported 15 % decrease in the degree
of gelatinization of fried potato starch.

3.2.6. Soluble and Insoluble Fiber

SDF decreased slightly with thermal processing; For Guayaco morado, SDF decreased from
3.03 g/100 g dw in raw samples to 2.44 g/100 g dw in baked samples. Similar behavior was shown by
Toquecita variety with SDF 2.04 g/100 g dw. This reduction may be due to direct decomposition,
dissolution in water or chemical alterations caused by the thermal processing of sweet potato. Heat can
break down the structures of soluble fibers, such as hemicellulose and pectin’s, which are sensitive to
heat. These soluble fibers disintegrate or are transformed into simpler compounds under elevated
temperatures, which reduces their amount in the final sweet potato [52].

IDF exhibited slight changes with the heat treatments, in Guayaco Morado IDF varied between
10.51 g/100 g dw in raw samples to 12.03 g/100 g dw in baked samples, while in Toquecita variety,
FDI increased 22.59 % with respect to raw sweet potato, indicating that IDF may undergo variations
in its structure and content depending on the type of heat treatment and specific conditions of moisture.
In general, IDF tended to be more stable during heat processing. These results are consistent with
studies by Li et al. [53], who found that SDF is more sensitive to heat, while IDF remains stable due
to its structural integrity[54][52].

3.2.7. TDF

The TDF varied significantly (p< 0.05) between varieties and heat treatments. TDF in Guayaco
Morado varied from 5 g/100 g dw in raw roots to 12 g/100 g dw in fried roots. TDF in Toquecita varied
from 7.69 % in boiled roots to 23 % in fried roots. The change of TDF in roots depends on several
factors, including both intrinsic characteristics of the sweet potato itself, growing and processing
conditions. Some of the most relevant factors are cooking, boiling or frying. In this research, it was
shown that heat affects the amount and composition of dietary fiber, especially soluble fiber. Heat
processing may have affected the solubility of the fiber and the water holding capacity, which modified
its content in the sweet potato. Likewise, the use of water in cooking extracted some soluble fiber,
especially through the boiling technique. The high frying temperature applied to the Toquecita variety
possibly solubilized dietary fiber and caused its decrease to 10 g/100 g dw.
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3.3. Starch Digestibility and Glycemic Index
Starch digestibility and the pGI of the two sweet potato varieties, were evaluated under different
thermal processes (boiled, baked, and fried). The results presented in Table 3, show significant

differences (p < 0.05) in TDS, RDS, SDS, RS, and pGI.

Table 2. Physico-chemical characteristics of two varieties of raw and processed sweet potato™.

Parameter Guayaco Morado Toquecita

Raw Boiled Baked Fried Raw Boiled Baked Fried
Moisture 11.30 £ 0.28° 14.35£0.07° 13.30 £ 0.28° 11.60 +£0.14%  11.80+£0.14%  15.30+0.14° 14.45+0.07° 12.26 + 0.08¢
Amylose 29.53+0.08°  12.83+0.01°  13.45+£0.06° 14.40+0.03° 18.82+0.02® 5.61+0.08" 8.95 + 0.03¢ 9.89 +0.13f

Amylopectin 70.40 £0.02"  87.15+0.04  86.49+0.04° 8551+0.11"7 81.11+0.09¢ 9435+0.01°  91.02+0.01° 90.01 £ 0.02¢

Reducing 1.35+0.06" 4325+0.01°  32.48+0.04° 6.92+0.05 1.82+0.01# 8.22 +0.04° 36.20£0.07° 12.22 +0.05¢
sugars

Gelatinization - 96.75+0.05*  71,91+0.04° 12.86+0,01° - 17.73£0.05¢  94.97 +£0.05° 28.78 £ 0.04¢
degree

TS 72.58£0.55°  77.49+0.58*  77.17+0.13*  60.14£0.44°  4595+0.49¢  77.52+0.00°  71.92+0.24° 76.21 £ 0.05°
SDF 3.03 +£0.08° 2.96+0.01* 2.44+0.01% 2.33 +£0.04° 2.45+0.01% 2.53£0.03" 2.12 +0.04¢ 2.04 £ 0.02¢
IDF 10.51+£0.018  13.38+0.10°  12.03+0.03¢ 11.46+0.01" 11.86+0.01° 14.54+0.05* 13.48+0.03" 12.69 +0.01¢
TDF 13.54+0.01°  16.34+0.019  1447+0.01® 13.79+0.01°  14.31.01* 17.07£0.01*  15.60 +0.01° 14.73 £0.01¢

SDF = Soluble Dietary Fiber, IDF = Insoluble Dietary Fiber, Total Dietary Fiber = TDF. Different letters in the same row indicate significant differences (p <0.05).

Data are expressed as g/100 g dw. *Roots dehydrated and powdered.

33.1. pGI

pGlI is a key indicator for assessing how quickly carbohydrates in a food are converted into
glucose in the body. pGI in Guayaco Morado varied significantly depending of the thermal treatment
applied, with the lowest value in fried roots (64.15) and the highest in boiled roots (76.77) (Table 1).
About it, [55] during cooking (boiling, baking, etc.), heat and water break down the crystalline structure of
starch, which facilitates its digestion and absorption in the intestine. Toquecita variety showed similar
behavior, with the highest pGI (74.70) in baked roots and lowest value (73.57) in fried roots.

These results correlated with the lower SDG, sugar content, WAI, WSI and SP and higher
amylopectin, conditions that predominate in fried sweet potatoes and are in line with previous studies
by Nagy et al. [55] who indicate that frying reduces pGI due to the formation of more complex
structures [56]. Indicate that chemical composition and heat treatment influence the pGI of food and
they suggest choosing an appropriate cooking method such as boiling to modulate the pGI.

3.3.2. TDS

TDS is a key indicator of the fraction of carbohydrates that the body can assimilate. In Guayaco
Morado and Toquecita TDS was higher in boiled samples (72.14 and 73.75 g/100 g dw). These results
correlate (1> = 0.91) with the highest amylopectin content in the boiled roots and could be due to heating
with water breaks the crystalline structure of starch, increasing its digestibility. In contrast, frying
reduced TDS in both sweet potato varieties, possibly due to the combined effect of retro degradation,
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lipid complexation, dehydration and fat barrier, which reduces digestible starch, despite the partial
gelatinization of starch due to frying [56]. These results are consistent with the studies conducted by
Wang et al. [57],where the analysis of corn starch subjected to dry heating showed higher digestibility
levels due to the reduction in molecular weight, the particles have greater flexibility and deformability.

3.3.3. RDS

RDS refers to the fraction of starch that is rapidly broken down and absorbed in the
gastrointestinal tract, which can have an impact on blood glucose levels. The highest RDS values
(23.48 and 31.21 g/ 100 g dw) corresponded to the Guayaco Morado and Toquecita processed by
cooking in water (boiled). This evidences the effect of cooking increasing starch digestibility, since
heat alters its molecular structure, making it more accessible to digestive enzymes, [58]. Starch from
fried roots showed lower values (18.72 and 27.62 g/100 g dw), which correlated with the lower degree of
starch gelatinization and amylopectin content. These results are consistent with studies indicating that
thermal treatments favor the breakdown of crystalline starch structures, increasing its digestibility, while
frying reduces digestibility due to lower starch gelatinization and formation of lipid-starch complexes [59].

3.3.4. SDS

SDS is the starch fraction that is digested and absorbed at a slower rate in the gastrointestinal tract.
This type of starch has a smaller and more gradual impact on blood glucose levels compared to RDS, [60].
The highest SDS values (36.14 and 39.92 g/100 g dw) were recorded in boiled Guayaco Morado and
Toquecita. These results show that cooking at 91 °C can preserve the starch structure, which increases
its resistance to digestion. Another factor that influenced this result was the higher content of soluble
fiber in the boiled roots; this component is capable of forming gels that interfere with the action of
digestive enzymes, favoring the slow release of glucose. The carotenoid of Toquecita may also have
influenced starch digestion, by partially inhibiting the action of digestive enzymes, causing a slower
release of glucose. These findings are consistent with studies showing that thermal treatments such as
boiling and baking increase the proportion of SDS, while frying reduces it due to the formation of a
physical barrier that reduces the rate of starch digestion, [61].

3.3.5. RS

RS is a fraction of starch that is not digested in the small intestine, but passes to the large intestine,
where it can be fermented by intestinal bacteria. RS has several health benefits, such as improving
intestinal health and regulating blood glucose levels,[5]. This parameter reached the highest value
(6.63 g/100 g dw) in the baked Guayaco Morado and the fried roots of Toquecita (9.83 g/100 g dw). As
mentioned above, in frying the proportion of non-gelatinized starch is higher, this is minimally
digestible, which increases the RS content in fried sweet potato, underlining the correlation and
potential to control starch digestibility through proper management of cooking methods to avoid the
rapid increase in the glycemic index and the maintenance of postprandial glycemia. Another factor
that influenced the RS values of the two sweet potato varieties was the dietary fiber in the baked and
fried roots, because fiber can form a matrix around the starch that makes it more difficult to digest [62].
In the plantain study, Kim et al [5], observed that cooking methods that promote RS formation, such
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as post-cooking cooling or certain thermal processes, significantly increased this type of starch,
contributing to the beneficial effects on metabolic health and glucose regulation. These results
reinforce the importance of careful preparation to enhance RS content and take advantage of its
benefits, as shown by our observation of increased RS in sweet potato roots when baked or fried, where
the lower degree of gelatinization and food structure favor resistance to digestion in the small intestine.

Table 3. Glycemic Index and starch digestibility of two varieties of raw and processed sweet potato.

Parameter Varieties

Guayaco Morado Toquecita

Raw Boiled Baked Fried Raw Boiled Baked Fried
pGI 65.97 +0.49° 76.77+0.69°  73.25+0.48"  64.15+£0.89°  65.76 = 0.66° 73.96£0.95°  74.70 £0.04®  73.57+0.42°
TDS 65.11 £ 0.20f 72.14 £0.22° 70.54+£021° 57.23+0.23¢ 43.40+0.39" 73.75+0.18* 67.43 +£0.37¢ 66.38 £ 0.08°
RDS 13.12 + 0.09# 23.48+0.07¢ 21.43+0.17° 18.72+0.28" 8.55+0.23" 31.21 +£0.10° 29.41 +£0.54° 27.62 £ 0.36°
SDS 26.18 £ 0.41°¢ 36.14+£0.01°  34.67+0.34% 2502+0.25 21.82+041" 39.92+£0.25  37.70£0.29° 3559 +0.52%
RS 7.46 +0.34° 5.35+0.36° 6.63+0.34°  291+021¢ 2.55+0.10° 3.77£0.18°  449+0.12¢¢  9.83£0.03°

Different letters in the same row indicate significant differences (p < 0.05). Data are expressed as g/100 g dw. pGI= Glycemic Index, TDS = Total Digestible

Starch, RDS = Rapidly Digestible Starch, Slowly Digestible Starch = SDS, Resistant Starch = RS.
4. Conclusions

This study presents a comprehensive approach for the characterization of Guayaco Morado and
Toquecita sweet potatoes under three thermal processing methods (cooking, baking, and frying), which
had a significant and differentiated impact on the functional properties and starch digestibility of the
two sweet potato varieties. These two varieties present improved functional characteristics, such as
water absorption rate (TAA), water solubility index (WSI), and powder fluffiness (PP), which correlate
with a higher degree of starch gelatinization and amylopectin content. These changes also resulted in
an increase in TDS, RDS, and SDS, confirming that moist and dry heat cooking improves digestibility.
However, cooking does not limit starch gelatinization or reduce digestible starch content, but rather
significantly increases RS, particularly in the Toquecita variety, indicating potential benefits for
glucose control and intestinal health. Toquecita, characterized by a low amylose content and a higher
amylopectin content, showed greater swelling capacity, solubility, and starch digestibility in all
treatments. From an industrial perspective, boiled and baked sweet potato flours may be suitable for
formulating purees, baby foods, and instant products, while fried sweet potato, thanks to its RS content,
can be used in foods that promote metabolic health.
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