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A sample set of 18 sweet potatoes [Ipomoea batatas (L.) Lam] segmented into six registered cultivars and 12 new varieties were evaluated. The 142 tuberous roots were obtained from a sweet potato germplasm bank (BAG-sweet potato; -27.417713768824555 and -49.64874168439556), specifically from plants belonging to a sweet potato breeding program. All samples were characterized according to their morphology, instrumental pulp color, proximate composition, and total dietary fiber. The analytical results were submitted to parametric and non-parametric statistical tests for sample variance data comparison. Moreover, the screening of the cultivars and new varieties was performed by exploratory statistical analysis, factor analysis (FA), and principal component analysis (PCA). From the sixteen independent variables that characterized the samples, the exploratory FA identified thirteen that had a communality greater than 0.7, with 92.08% of assertiveness. The PCA generated 4 principal components able to account for 84.01% of the explanatory variance. So, among the six registered cultivars, SCS372 Marina and SCS370 Luiza showed the capability to be employed as cultivars for production. Among the 12 sweet potato new varieties, samples 17025-13, 17125-10, and 17117 met the requirements for patent and registration. These results will be useful to farmers who wish to use these sweet potatoes in the development of their crops.
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INTRODUCTION

Sweet potato [Ipomoea batatas (L.) Lam] is a tuberous root known worldwide as a valuable food crop. The plant belongs to the Convolvulaceae family, and it is the only specimen among its peers of the genus Ipomoea capable of producing tuberous roots that are consumed as a staple food and employed as industrial raw material in many processes (Meira et al., 2012; Mu et al., 2017; Singh, 2019).

Sweet potato is an important food crop for the food security of the inhabitants of tropical and subtropical countries. The consumption of its tuberous roots, as well as the plant leaves, can assist in mitigating negative health impacts caused by the high incidence of malnutrition, particularly among women, pregnant women, and children (Wadl et al., 2018; Amagloh et al., 2021; Gasura et al., 2021). Various studies report the beneficial effects that sweet potato components can have on human metabolisms, such as anti-inflammatory (Chen et al., 2019), anticancer (Li et al., 2013; Mohanraj and Sivasankar, 2014; Sugata et al., 2015), antidiabetic (Dutta, 2015; Yuan et al., 2017), and anti-obesity (Ju et al., 2011; Kim et al., 2020) effects. Notably, the consumption of orange-fleshed sweet potatoes is related to the vitamin A increase in the body (Van Jaarsveld et al., 2005; Low et al., 2007). So, researchers recommend the daily consumption of sweet potatoes to stimulate beneficial health effects (Wang et al., 2016; Alam, 2021; Amagloh et al., 2021).

Most varieties of sweet potatoes have a moisture content of 60–80%. Hence, total solids correspond to 20–40% of the total composition (Rose and Vasanthakaalam, 2011; Júnior et al., 2012; Ruttarattanamongkol et al., 2016; Sun et al., 2017; Heo et al., 2021). The average composition of the pulp includes 43.5% total starch, 2% protein, 0.4% lipids, 4.4% ash, and 49.7% total dietary fiber (Mu and Singh, 2019). Furthermore, the sweet potato cultivars known as color pulp varieties possess bioactive compounds in their composition, such as phenolic acids, anthocyanins, and carotenoids (Alam, 2021).

Agricultural data made available by the Food and Agriculture Organization (FAO) indicate that in 2019, sweet potatoes were produced in 109 countries, with China (mainland) standing out as the largest producer with a harvest of more than 51 million tons of tuberous roots. Among the main sweet potato producers in 2019 are the countries that make up the African and Asian continents, as well as the United States of America (Food and Agriculture Organization of the United Nations, 2021).

Some crop features such as economic prominence, high yield, and nutritional quality of the tuberous roots suggest further research for plant genetic improvement (Gasura et al., 2021). Furthermore, sweet potato genetic improvement programs aim to provide new plant varieties for the farmers, consumers, and industry with unique characteristics to satisfy the characteristic demands of each sector (Grüneberg et al., 2015; Mu et al., 2017; Cartabiano et al., 2020; Low et al., 2020).

In their extensive review, Katayama et al. (2017) highlighted several issues that sweet potato genetic breeding programs face, such as achieving new plant varieties that provide a higher production yield, good morphological characteristics, resistance to drought and climate change, adaptation to the management of direct planting, and resistance to pests that affect the crop and stored tubers. Regarding structural and nutritional composition, the tuberous roots should present morphological quality, higher nutrient content, total dietary fiber, starch, and bioactive compounds (Tanaka et al., 2017).

If the agricultural producer does not invest in farming new varieties of sweet potatoes, both consumers and the food industry will not find the tuberous roots produced by better quality plants (Federizzi et al., 2012). Therefore, studies that aim to assess different demands required by agents that work with sweet potatoes are essential. This is crucial to support a joint action plan to improve future crops (Labrada, 2009; De Jonge et al., 2021).

In general, farmers have difficulties in accessing scientific publications and information that can corroborate the quality of the new food plant varieties that arise from genetic improvement programs. Scientific communications that highlight research based on the different demands from the productive agricultural sector can mitigate that gap (Weltzien et al., 2019; Qaim, 2020). Published research reports should aim at providing support for the decision-making of growers related to the advantages of establishing sweet potato crops based on the use of new plant varieties (Katayama et al., 2017; Singh et al., 2021).

Likewise, the consumers of sweet potatoes have particular requirements regarding the nutritional quality of the roots, associated with shape and appearance. Furthermore, demanding nutritional consumers are also aware that sweet potatoes with colored pulp, especially orange-fleshed and purple-fleshed sweet potato, own bioactive compounds in their composition that are beneficial to their health (Truong et al., 2018; Ricachenevsky et al., 2019; Low et al., 2020; Mwanga et al., 2021).

Therefore, the purpose of this study was to provide information to support the farmer’s decisions to invest in the agricultural production of new sweet potato varieties. The main objective was to evaluate the morphological quality, pulp color differences, proximate composition, and the total dietary fiber content in patented cultivars and new varieties of sweet potatoes that were obtained by a genetic plant breeding program. The analytical results will be used for screening among the sweet potato crops.



MATERIALS AND METHODS


Sample Collection

Registered cultivars and new varieties of sweet potatoes from the 2020 harvest were developed by the Agricultural Research and Rural Extension Company – Ituporanga Experimental Station, Santa Catarina, Brazil. The tuberous roots were collected from the Active Sweet Potato Germplasm Bank (BAG-batata-doce; −27.417713768824555, −49.64874168439556). From 140 genotypes cultivated in the germplasm bank, 18 samples were subdivided into 6 registered cultivars, and 12 prominent new varieties were chosen. The sweet potatoes acquired were randomly harvested to avoid bias. Three plants of each cultivar were selected from the growing field, and the tuberous roots produced by each plant were used for the study. Table 1 shows the sample number, names, and quantity of tuberous roots evaluated per sample. It can be observed that all plants did not produce the same number of roots which could be related to genetic and environmental factors.


TABLE 1. New sweet potato varieties and registered samples.
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Sample Preparing

Sweet potato samples were collected and conditioned in unitary kraft paper before being transported to the Department of Food Science and Technology at the Federal University of Santa Catarina (UFSC, Brazil). The tuberous roots were cleaned and sanitized with sodium hypochlorite solution (200 ppm) and rinsed in distilled water followed by overnight drying at room temperature. Some tuberous root units from each sample were freshly analyzed, and others were vacuum-packed with embossed Nylon-Poli packaging (Registron, São Paulo, Brazil) followed by storage in a freezer at a temperature of −20°C.


Pulp Freeze-Drying

For specific analyses with tuberous roots on a dry basis, the samples at −20°C were fast transferred to an ultra-freezer (Nuaire Glacier Blue) (NuAire, Plymouth, United States) and stored at −55°C. Those samples were peeled, and the pulp was lyophilized with vacuum for 48 h (Terroni LS3000D) (Terroni Scientific Equipment, São Carlos, Brazil) at Multiuser Laboratory for Biological Studies (LAMEB, Brazil). After freeze-drying, the dried pulp was finely ground in a hammer mill, packed in falcon tubes, and stored in a desiccator at room temperature.




Morphological Analysis

Morphology was evaluated according to the protocol established by the Company of Warehouses and General Storehouses of São Paulo (CEAGESP, Brazil). Tuberous roots were examined according to morphological traits, the visual color of primary and secondary skin, weight (g), length (cm), and width (cm). Weight was obtained using a Marte A1600 semi-analytical scale (Marte Científica, São Paulo, Brazil) (±<0.01 g), and length and width were evaluated with a Digimess Stainless-Hardened caliper (Digimess Precision Instruments, São Paulo, Brazil) (Coordenadoria De Desenvolvimento Dos Agronegócios [CODEAGRO], 2014). The morphological descriptors of tuberous roots are in agreement with Huaman (1991).



Instrumental Color

The instrumental color assessment was performed in fresh samples using a portable Minolta CR-400 colorimeter (light source D65) (Konica Minolta Sensing Americas, New Jersey, United States). The following parameters were obtained: L* (Luminosity; 0 black and 100 white), a* (+a* = red; −a* = green) and b* (+b* = yellow; −b* = blue). The factors C* (saturation) and h° (hue angle) were obtained with equations 1 and 2, as recommended by Konica Minolta Corporation (1994). All instrumental color results were evaluated and interpreted using the CIELAB (Caivano and Buera, 2016) and CIEL*C*h (Konica Minolta Corporation, 2017) systems.
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Proximal Composition


Moisture

Initially, samples of fresh pulp were fragmented and submitted to the split technique to form the sample set. Analysis was performed according to the Association of Agricultural Chemists (AOAC) method 934.01 (Association of Agricultural Chemists [AOAC], 2005). The samples were crushed into 5 g and placed in a weighted crucible previously dried in an oven. The crucibles with the samples were subjected to drying at 105°C to constant weight. The samples were then removed, weighed, and moisture percentage was determined.



Water Activity

The water activity (Aw) was evaluated in fresh samples using the Aqualab 4TE Decagon® equipment (Meter Group, Pullman, WA, United States) which analyzes the dew point in a cooled mirror. The vapor pressure point of the fresh sample comes into equilibrium with the air in a closed chamber that contains a mirror. Detection is a result of water condensing on the mirror. Once in equilibrium, the relative humidity of the air in the chamber is equal to the water activity in the sample.



Fixed Mineral Residue

Fixed mineral residue (ash) determination was carried out according to AOAC method 930.05 (Association of Agricultural Chemists [AOAC], 2005). Aluminum crucibles previously tared and weighed containing 5 g of sample were placed in a muffle oven at 550°C for 6 h, until complete incineration. After that, the crucibles were cooled in a desiccator, weighed in an analytical balance, and the fixed mineral residue content was determined.



Total Proteins

Total protein analysis was performed according to the Kjeldahl technique described by the AOAC method 978.04 (Association of Agricultural Chemists [AOAC], 2005), with some adjustments. A 5 g portion of the lyophilized samples was added in a Kjeldahl digester tube followed by 2.5 g of copper sulfate and sodium sulfate (1:10) and 20 ml of sulfuric acid. The blank tube did not contain a freeze-dried sweet potato sample. The solution was heated at 180°C for 2 h and up to 400°C for about 3 h until complete digestion. The distillation took place with 25 ml of 50% NaOH, and the distilled product was collected with an Erlenmeyer flask containing 50 ml of 4% boric acid solution. The titration was performed with 0.1 N hydrochloric acid, and total proteins were determined.



Total Lipids

The determination of total lipids with Soxhlet equipment was performed with modifications by the AOAC method 930.9 (Association of Agricultural Chemists [AOAC], 2005) with modifications. A 5 g of lyophilized sample was placed on filter paper tied with degreased wool yarn, transferred to a cellulose cartridge, and stored in the equipment’s glassware. A flat-bottomed flask was preheated for 60 min at 105°C, cooled in a desiccator, and tared. Then, 160 ml of Hexane was added to the flask. The balloon was connected to the equipment and heated for 6 h for lipid extraction. Afterward, the flat-bottomed flasks containing the lipids were cooled in a desiccator and weighted with an analytical balance. Total lipids were determined according to the method.



Total Carbohydrates

The evaluation of total carbohydrates content in the samples was performed by the difference between 100 (total percentage of substances present in the sample) and the sum of the content fractions obtained for the parameters: moisture, ash, total proteins, and total lipids.




Total Dietary Fiber

Total fiber analysis was performed using an enzyme kit provided by Megazyme ® (Megazime, Wicklow, Ireland), according to the 32-05.01 method described by the American Association of Cereal Chemists (American Association of Cereal Chemists [AACC], 2010), with some adjustments. Briefly, 1 g samples were carefully weighed into falcon tubes, with the addition of 50 μl of 0.08 M phosphate buffer (pH 6), 50 μl of α-Amylase [Enzyme Commission Number (EC), 3.2.1.1], and placed in a water bath at 100°C for 15 min with continuous shaking. The tubes were removed and cooled in an ice bath followed by the addition of 100 μl of Protease (EC, 3.4.21.62) and placed again in a hot bath at 60°C for 30 min with constant agitation. Then, 200 μl of amyloglucosidase (EC 3.2.1.3) was added, followed by a 60°C water bath with stirring. In each sample, 225 ml of 95% ethanol preheated at 60°C were added, followed by 60 min of rest. Filtration took place in a 40/100 micro-Gooch crucible containing 0.1 mg of celite placed on an Erlenmeyer flask connected to a vacuum system. The beaker was washed with 78% ethanol, and two portions of 95% ethanol and acetone were added to the Gooch crucible residues. The crucibles were kept overnight in an oven at 103°C. One replicate (R1) was followed for protein analysis by the Kjeldahl method, and another replicate (R2) was followed for ash determination in a muffle oven at 525°C. Each analysis had a blank control without the sample. The total dietary fiber content was obtained by equation 3, and the blank value was measured by equation 4.
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Where: m1 = replicate weight 1; m2 = double weight 2; R1 = residue weight of replicate m1 (protein analysis); R2 = residue weight of the replicate m2 (ash analysis); A = ash weight of R2; p = weight of R1 proteins; B = blank value (equation 4);
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Where: BR = white residue; BP = protein replicate blank (BR1); BA = white ash replicates (BR2).



Statistical Analysis

The data collected in this work were statistically analyzed employing a licensed TIBCO Statistica ® Ultimate Academic version 14 software (Statsoft Inc, 2021) (TIBCO Software, Palo Alto, United States) and the free software RStudio version 3.6 “Planting of a Tree”’ (Rstudio Team, 2019) (RStudio, Massachusetts, United States). All analytical results were initially estimated by normality and homoscedasticity tests. The parametric data set was submitted to ANOVA and Tukey test (p < 0.05), where the mean and SD were used as estimators. Non-parametric data were evaluated by Kruskal–Wallis and Nemeny’s tests (p < 0.05), where the median and interquartile range were used as estimators. The sample screening was performed by the exploratory statistical methods factor analysis (FA) and principal component analysis (PCA).

Initially, the input dataset was standardized to match the conjecture related to the orthogonal factor model calculated by the correlation matrix. The standardization was done to mitigate the significant variability intrinsic to the raw results data, so each independent variable holds a variance equal to 1. Equation 5 was used for data standardization.
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Where: X = number to be standardized; X = mean of values; SD = standard deviation.

The standardized data were rotated using the Varimax raw method (Kaiser, 1958). The data rotation has the function of identifying the maximum collinearity between the input variables to obtain adequate patterns with high correlation for the factors (Forina et al., 2014). The FA was employed to reproduce the original variability embodied in the independent variable resulting in fewer random variables called factors. The factors estimated are linked to the initial input data variance by calculating linear models (Cruz and Topa, 2009; Alkarkhi and Alqaraghuli, 2019).

The FA was performed on the set of results acquired for the 16 independent variables that described the characteristics of the sweet potato cultivars and new varieties. All the 16 independent variables that feed the first FA are named: Weight (We), Length (Le), Width (Wi), Water activity (Wa), Moisture (M), Energy value (Ev), Total proteins (P), Total lipids (L), Total carbohydrates (Carb), Total dietary fiber (Tdf), Ashes (Ash), L*, a*, b*, C, and h°. The independent variables will be aggregated into new interrelated variable subsets and combined using grouping factors.

The estimation of the factor number for the exploratory FA was performed from the eigenvalues that have a value >1, according to the Kaiser criterion (Kaiser, 1958). The purpose is to preserve in the system the new dimensions that can reproduce the continuous variance information in the original independent variables. Thus, 5 factors were selected with eigenvalues of 3.83, 3.27, 2.46, 2.41, and 1.26.

The PCA by the correlation matrix was applied to evaluate the main independent variables as a function of the calculated factors. The method aims to throw light on the data variance and covariance structure through linear combinations. The linear combinations generated by the exploratory statistical test are described as principal components, and do not correlate with each other (Armanino et al., 1987; Forina et al., 2014).




RESULTS


Registered Cultivars and New Varieties Sweet Potatoes Morphology

The morphological analysis revealed that the weight and length of the tubers varied significantly (p < 0.05) among all samples (Table 2). The highest weight result was observed for SCS372 Marina with 443.82 g (329.25), and 17117 426.55 g (85.82). The values for the samples 17025-13 [331.97 g (116.54)], 17052 [325.79 g (230.34)], 17092-9 [386.13 g (300.11)], 17105-20 [388.87 g (438.91)], 17107-18 [417.89 g (443.63)], 17125-10 [415.8 g (209.14)], and 17162 [377.57 g (221.89)] were statistically similar (p < 0.05). The SCS367 Favorita [83.30 g (22.01)] has the lowest weight. The dissimilarity between SCS372 Marina and SCS367 Favorita was 81.23%.


TABLE 2. Morphological comparison between registered and new sweet potatoes varieties.
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The samples Darci (24.19 cm ± 2.68) and 17117 (22.97 cm ± 4.71) exhibited higher length, along with SCS369 Águas Negras (18.7 cm ± 4.89), SCS371 Katiy (19.95 cm ± 5.01), SCS372 Marina (20.50 cm ± 4.63), and the new varieties Leandro (21.63 cm ± 4.87), 17007-15 (19.56 cm ± 1.80), 17052 (18.89 cm ± 3.69), 17082-8 (22.08 cm ± 4.93), 17092-9 (21 cm ± 2.81), 17105-20 (20.84 cm ± 5.59), 17107-18 (21.78 cm ± 5.32), 17125-10 (20.33 cm ± 3.30), and 17162 (22.03 cm ± 5.71), which showed no significant difference (p < 0.05) for that physical variable. The cultivars SCS367 Favorita (12.43 cm ± 3.27), SCS368 Ituporanga (16.3 cm ± 2.39), and SC370 Luiza (16.2 cm ± 3.43) showed statistically similar results with the shortest lengths. The length difference between Darci and SCS367 Favorita was 48.61%.

However, width did not show significant variation among the samples. The new variety 17105-20 showed the highest result of 5.22 cm ± 1.37, which was significantly similar (p < 0.05) to SCS372 Marina (5.06 cm ± 1.01), 17025-13 (5.04 cm ± 1.23), SCS368 Ituporanga (5.02 cm ± 1.10), SCS369 Águas Negras (4.63 cm ± 1.30), SCS370 Luiza (4.66 cm ± 0.92), and the new varieties Darci (4.69 cm ± 1.58), 17007-15 (4.42 cm ± .97), 17052 (4.87 cm ± 0.85), 17082-8 (4.68 cm ± 0.81), 17092-9 (4.49 cm ± 0.81), 17105-20 (5.22 cm ± 1.37), 17107-18 (4.84 cm ± 0.9), 17117 (4.53 cm ± 1.04), 17125-10 (4.65 cm ± 1.45), and 17162 (4.82 cm ± 0.62). The SCS367 Favorita (2.81 cm ± 0.7) and Leandro (3.65 cm ± 0.31) exhibited the lowest thickness values and were statistically similar. Thickness results had a 46.16% of variation between highest and lowest value.

Overall, morphological characteristics of the samples (Table 2) were appraised as large, with round shape, elliptical oblong to elliptical and large thickness. Skin visual color was mostly light brown for the superficial skin and cream for the secondary skin. The root surfaces were predominantly irregular, ranging from smooth samples to samples with slight constrictions and protruding veins.



Pulp Instrumental Color

Table 3 shows the results obtained from the pulp fraction instrumental color of all the samples analyzed. The set color of pulp samples exhibited remarkable differences, but the color scope ranges between white, yellow, orange, and purple.


TABLE 3. Instrumental pulp color of registered and new varieties of sweet potato cultivars.
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The new variety 17092-9 showed the highest result for luminosity with a L* 85.19 (0.79), which was significantly different (p < 0.05) from the lowest values of samples SCS370 Luiza 27.9 (1.83) and 17007-15 57.37 (0.9). There was a statistical similarity for the instrumental color a* parameter values between 17007-15 [32.28 (2.01)] and SCS370 Luiza [30.83 (1.42)]. The lowest value recorded for a* was 17162 [−5.3 (1.26)]. Furthermore, the parameter b* 17007-15 [48.21 (0.87)] exhibited the highest result which was statistically similar only to SCS367 Favorita [47.31 (1.88)] which in turn was statistically similar to Darci [23.3 (0.77)]. Darci and SCS370 Luiza [−8.42 (1.42)] were significantly similar (p < 0.05).

Saturation parameter C* was highest for 17005-15 [58.02 (1.82)] and SCS367 Favorita [51.21 (1.4)] which were statistically similar. In addition, SCS367 Favorita was similar to SCS371 Katiy [24.91 (2.6)], 17092-9 [24.37 (0.28)], SCS369 Águas Negras [24.27 (0.79)], and Darci [23.54 (0.77)]. On the other hand, SCS370 Luiza [344.74 (3.48)] had the highest h° value statistically similar (p < 0.05) to 17092-9 [99.69 (0.63)], which in turn was similar to 17117 [59.04 (0.93)]. The lowest value for this parameter was for 17007-15 [56.51 (1.46)], which did not show a significant difference for 17117.



Proximal Composition and Total Dietary Fiber

Sweet potato samples showed a significant difference (p < 0.05) for all independent variables as illustrated in Table 4. The water activity was close to 1 for all samples. Samples SCS370 Luiza (0.99 ± 0.01), SCS368 Ituporanga (0.99 ± 0.01), SCS371 Katiy (0.99 ± 0.01), SCS372 Marina (0.99 ± 0.01), 17007-15 (0.99 ± 0.01), 17052 (0.99 ± 0.01), 17092-9 (0.99 ± 0.01), 17117 (0.99 ± 0.01), and 17125-10 (0.99 ± 0.01) exhibited the highest values, which did not differ statistically (p < 0.05) from SCS367 Favorita (0.98 ± 0.01), SCS369 Águas Negras (0.98 ± 0.01), Leandro (0.98 ± 0.01), 17025-13 (0.98 ± 0.01), and 17082-8 (0.98 ± 0.01). In contrast, the sweet potato new variety named 17162 (0.97 ± 0.01) exhibited the lowest value for water activity.


TABLE 4. Proximal composition and total dietary fiber content in registered and new varieties of sweet potato cultivars.
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Moisture content showed variations among all the samples. Sample 17162 had the highest percentage (83.32 ± 1.9) and was statistically similar to samples SCS369 Águas Negras (83.13 ± 0.7), 17117 (82.96 ± 1.24), Leandro (82.41 ± 1.62), SCS367 Favorita (81.64 ± 1.21), 17052 (81.33 ± 0.89), 17125-10 (81.21 ± 0.45), SCS371 Katiy (80.77 ± 0.68), Darci (80.55 ± 0.04), SCS368 Ituporanga (80.16 ± 0.61), and 17105-20 (80.15 ± 1). The lowest results for moisture content were recorded for 17025-13 (76.28 ± 0.86), statistically similar (p < 0.05) to SCS372 Marina (76.92 ± 1.43), 17107-18 (77.75 ± 2.23), 17092-9 (78.48 ± 0.5), 17007-15 (79.32 ± 0.88), 17082-8 (79.58 ± 1), and SCS370 Luiza (79.68 ± 0.8). The difference between the highest and lowest moistures was 8.45%.

The proximal composition data of the sweet potato cultivars and new varieties enable estimation of the total energy value in kilocalories (Kcal), according to the Atwater conversion values (Nichols, 1994; Welsh, 1994). Variety 17025-13 (88.43 ± 3.65) had the highest variable energy and was statistically similar to SCS372 Marina (87.78 ± 4.79), 17107-18 (83.48 ± 9.23), 17092-9 (81.6 ± 1.88), 17007-15 (80.17 ± 4.47), SCS368 Ituporanga (78.16 ± 1.84), SCS371 Katiy (75.78 ± 4.97), SCS370 Luiza (75.32 ± 1.79), 17082-8 (74.89 ± 4.26), and 17125-10 (74.46 ± 1.54). In contrast, the new variety 17162 (60.96 ± 8.06) exhibited the lowest energy, followed by 17117 (62.46 ± 4.43), SCS369 Águas Negras (66.14 ± 5.27), SCS368 Favorita (67.42 ± 5.13), Leandro (68.81 ± 8.84), Darci (70.3 ± 0.41), 17105-20 (71.23 ± 3.72), 17052 (71.69 ± 2.77), and also 17125-10, 17082-8, SCS370 Luiza and SCS371 Katiy.

The results for total protein (on a dry basis) revealed that samples 17007-15 (7.35 ± 0.12) and 17052 (7.04 ± 0.15) had the highest content. The lowest value was observed in SCS372 Marina (1.45 ± 0.16). For total lipids, all sweet potatoes had a low content, which is characteristic of tuberous roots, so SCS368 Ituporanga (1.77 ± 0.14) stood out from the others and was significantly different (p < 0.05) from 17162 (0.82 ± 0.15) and 17107-18 (0.66 ± 0.04).

The variant SCS372 Marina (18.42 ± 1.52) exhibited the highest content for total carbohydrates and was statistically similar to 17025-13 (17.38 ± 0.45) and 17107-18 (16.68 ± 2.56). The lowest values for total carbohydrates belonged to 17052 (8.08 ± 1.11), 17162 (8.67 ± 2.08), 17007-15 (8.85 ± 1.06), SCS369 Águas Negras (9.47 ± 0.44), Leandro (9.53 ± 0.92), 17117 (9.55 ± 1.44), and Darci (11.45 ± 0.3) without any significant differences.

The results for total dietary fiber revealed that cultivar SCS372 Marina (12.6 ± 1.26) had the highest value, followed by samples 17025-13 (10.59 ± 2.82), 17107-18 (10.2 ± 1.26), 17082-8 (9.7 ± 1.24), 17092-9 (8.1 ± 1.89), SCS371 Katiy (8.08 ± 1.98), 17007-15 (7.67 ± 1.91), SCS370 Luiza (7.4 ± 1.89), 17117 (7 ± 2.06), 17125-10 (6.85 ± 1.76), SCS369 Ituporanga (6.58 ± 1.62), and 17105-20 (6.48 ± 1.59), which did not show statistical differences (p < 0.05) among themselves. Samples Darci (4.44 ± 1.57), SCS368 Favorita (4.45 ± 0.86), 17162 (4.66 ± 1.39), 17052 (4.77 ± 1.76), Leandro (4.78 ± 1.39) and SCS369 Águas Negras (5.62 ± 1.62) had the lowest values.

Ash content was the highest for the new variety 17007-15 (3.77 ± 0.25), followed by 17105-20 (3.26 ± 0.07), both similar to each other according to statistical analysis. The cultivar SCS371 Katiy (1.51 ± 0.45) exhibited the lowest ash content, together with SCS369 Águas Negras (1.53 ± 0.14), 17125-10 (1.65 ± 0.1), and Leandro (1.74 ± 0.08).



Factor Analysis and Principal Component Analysis

The morphological, colorimetric, and physicochemical analyses carried out for the cultivars and new varieties of sweet potatoes aimed to elucidate their physical structure and composition. The variance observed in the results was pointed out by statistical inference methods and revealed intrinsic differences in samples as the independent variable. However, for sample screening, other statistical methods had to be applied to the data. So, the results were subjected to the FA exploratory statistical analysis. Supplementary Table 1 presents the correlations between independent variables.

The Supplementary Table 1 numerical value analysis suggests the clustering of the 16 independent input variables into two groups, the first group formed by We, Le, and Wi, which are related to the morphology of the samples. The other group was formed by Wa, M, Ev, P, L, Carb, Tdf, Ash, L*, a*, b*, C*, and h°, which describes the proximal composition, total dietary fiber content, and instrumental pulp color. Thus, the sample correlation matrix eigenvalues were obtained. The eigenvalue represents the importance that each new factor has concerning the explanatory variability of the data set. The eigenvalues results are presented in Supplementary Table 2.

It is possible to assess by Supplementary Table 2 that the 5 factors combined explained 82.64% of the total variation intrinsic to the input data. Factor 1 explained 23.93% of the data variability, while Factor 2 explained 20.42%, Factor 3: 15.35%, Factor 4: 15.04%, and Factor 5: 7.91%. The Supplementary Table 3 displays the relationship between the response variables obtained during the analyses and the 5 factors calculated by FA.

According to Supplementary Table 3, the factor loadings correlation between the 5 factors and the 16 input independent variables were observed. The M, Ev, Carb, and Tdf had a high relationship with Factor 1 (23.93% of the variability) and they correlate with each other on this factor. The L* and a* are related to each other and correlated with Factor 2 (20.42% of the variability). Variables b* and h° had a loading value related to Factor 3 (15.35% of variability). The Wa and ash were correlated and linked to Factor 4 (15.04% of the variability). The We and Le morphology variables have a loading value linked to Factor 5, with 7.91% of the total explanatory variance.

The Supplementary Figure 2 shows the Scree-plot with eigenvalues obtained for every 16 independent variables and confirms the adoption of the 5 factors for the first exploratory FA (Kaiser, 1958). The Supplementary Table 4 presents the independent variable communality values with relation to the new factors. According to the Kaiser–Merkin–Olkin (KMO) adjustment criterion (Kaiser, 1970), the communality value for each variable concerning the last factor (Factor 5) must be >0.7. Due to the lower load observed for Width (0.65), P (0.42), and L (0.68), a second exploratory FA was performed to verify the adequacy of the input data.

The second exploratory FA was performed with the suppression of the variables with the lowest communality from the input dataset (Width, P, and L). The first exploratory FA was able to identify 13 independent variables that summarize the preliminary information related to the original variability. Thus, a new exploratory FA was performed with only the 13 variables with great communality, namely: We, Le, Wa, M, Ev, Carb, Tdf, Ash, L*, a*, b*, C, and h°. Supplementary Table 5 shows the sample correlations obtained for the 13 independent variables of the second exploratory FA. Thus, 5 factors were used again in which each factor had an eigenvalue >1 (Kaiser, 1958). The factor eigenvalues of the second exploratory FA increased to 3.63, 2.99, 2.42, 1.87, and 1.05. Figure 1 presents the 13 input variables of the second FA, and the Supplementary Table 6 illustrates the results of the five factors cumulative percentage.
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FIGURE 1. Second exploratory factor analysis: three-dimensional distribution of independent variables as a function of Factors 1, 2, and 5.


The PCA was performed for the independent variables with greater communality pointed by FA. The We, Le, Wa, M, Ev, Carb, Tdf, Ash, L*, a*, b*, C*, and h° variables were used as the random input vector. The raw data were previously standardized by equation 5 to obtain independent variables centered on zero, with an approximate variance of 1. The Supplementary Table 5 illustrates the correlations between the 13 independent variables, and Supplementary Table 9 presents the mean and standard deviation.

For the PCA test, a maximum number of 4 principal components (PC) capable of synthesizing and describing the explanatory variability of the input data was selected. The eigenvalues for the 4 PCs were 3.63, 2.99, 2.42, and 1.87. Supplementary Table 10 presents the eigenvalues, and Supplementary Table 11 illustrates the 4 PCs scores as a function of each 13 independent variables.

According to Supplementary Table 10, PC 1 had a total explanatory variance of 27.96%, while PC 2 had 23.03%, PC 3 18.60%, and PC 4 explained 14.42%. Supplementary Table 11 indicates that PC 1 can be interpreted as a dimension that associates the samples’ independent variables of nutritional quality. Considering the high scores for PC 1 (Supplementary Table 11), it is possible to affirm that M, Ev, Carb, Tdf had a higher positive correlation. The a* color parameter also tends to PC 1.

The PC 2 and PC 3 represent dimensions of comparison between independent variables related to the samples’ proximate composition and color analysis. The highlights estimated by the scores are due to the color parameters, notably the L* with the highest correlation for PC 2. In contrast, parameters b* and C were correlated to PC 3. But PC 4 stood out as being an index of the morphological quality of sweet potato tuberous roots. Clustered with the independent variables of morphology, there were also attributes related to proximate composition. The highlighted scores for PC 4 emphasize the independent variables We, Le, Wa, and Ash.

In conformity with Supplementary Table 11, it is possible to evaluate the weighting coefficients calculated between the independent variables and the PCA main components, which have numerically balanced values. This aspect is linked to the balanced distribution of total explanatory variance among the components. Thus, the principal explanation is focused on PC 1 and PC 4, which clustered independent variables of greater interest. Therefore, PC 1 and PC 4 can be interpreted as indexes that describe the nutritional quality and morphological aspects of the samples.

The Supplementary Table 9 confirms that the independent variables hold a variance of approximately 1, and there is no direct dominance of any specific variable. So, the influence source of the distinction between the coefficient values arrives from the correlation between the independent variables. The Supplementary Table 12 illustrates the 4 PC score results for the PCA as a function of the 18 sweet potato samples (Table 1).

The Supplementary Table 12 indicates the relationship between samples and the 4 PCs calculated by the test. The samples with the highest individual scores for a specific PC were directly correlated with the analytical results observed for the characterization of independent variables (Tables 2–4). A closer evaluation reveals that the independent variables M, Ev, Carb, Tdf, and a* tend toward PC 1, an index of sweet potato samples’ nutritional quality, and the scores of these variables for PC 1 (Supplementary Table 11) were −0.8, 0.75, 0.67, 0.77, and 0.59. So, the samples that had the highest results related to these specific variables are 17162, 17025-13, SCS372 Marina, SCS370 Luiza, and 17007-15 (Table 4), which hold a high score with PC 1 with results −3.47, 3.15, 3.88, 3.11, and −2.55, respectively (Supplementary Table 12).

Considering the PC 4 an index related to the morphology of the samples, the clustered variables were Le, We, Ma, and Ash, with scores −0.71, −0.53, −0.65, and −0.65 (Supplementary Table 11). Tables 2, 4 show significant results for sweet potato samples Darci, SCS372 Marina, and 17005-15, with scores 1.77, −1.33, and −2.23 (Supplementary Table 12), respectively.

The Supplementary Figure 4 illustrates the eigenvalue percentage of each 13 independent variable. Moreover, Supplementary Table 13 shows the variables’ communality values about the 4 PC. The Supplementary Table 13 evaluation confirms the adjustment obtained with the second exploratory FA (Supplementary Table 8), with the objective of grouping multicollinearity independent variables. The Supplementary Figure 4 confirms the quality of the model as a function of the principal components’ total explanatory variance percentage.

Figure 2A shows the dispersion of independent variables as a function of PC 1 and PC 2, which together hold 51% of the data explanatory variability. Variables a*, Wa, Ash, h°, and C* are clustered in the upper right quadrant. Isolated in the upper left quadrant and tended to PC 2 is M. In the lower right quadrant are the variables Tdf, Ev, Carb, and b*, and in the lower left quadrant are the variables We, Le, and L*. It is possible to observe the formation of two critical clusters that explain the data. First, there is a cluster in the lower right quadrant concerning the nutritional quality of the samples that gather Tdf, Ev, and Carb. Independent variables We and Le are clustered in the lower left quadrant, representing the morphological quality of sweet potatoes. Both clusters have a low relationship with PC 2, but they are distinguished by the association with PC1, higher for the nutritional cluster and lower for the morphological cluster.
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FIGURE 2. Principal component analysis (PCA) distribution of independent variables: (A) PC1 × PC2, (B) PC1 × PC3, and (C) PC1 × PC4.


Figure 2B illustrates the independent variables’ dispersion according to PC 1 and PC 3. Again, the upper right quadrant groups the instrumental color parameters C*, b*, and a* in this set. In the upper left quadrant are the M. In the lower right quadrant are the variables Tdf, Ev, Carb, along with Wa, Ash, and h°, and in the lower left quadrant are the variables We and Le. Finally, on the abscissa axis is the variable L* with low adherence to PC 1 and null for PC 3. Moreover, Figure 2C shows a new dispersion between the variables, which in the upper right quadrant are Ev, Carb, a*, and h°. In the lower right quadrant are clustered Tdf, C, Wa, Ash, and b*, and in the lower left quadrant are the variables We, Le, L*, and M.

The independent variable clustering observed in Figure 3 can be correlated with the dispersion of the dependent variables (samples), which is presented in Figure 3. Figure 3 is also correlated with Supplementary Table 12, especially with the arrangement of each sample in the scatter plot. Due to the size of sweet potato names, the graphic was composed of the sample numbers that were previously described in Table 1. Regarding the analysis of the PCA’s dispersion, the orientation was given to fully immersed samples in a specific quadrant.
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FIGURE 3. PCA Distribution of samples: (A) PC1 × PC2, (B) PC1 × PC3, and (C) PC1 × PC4. Note | Numbers are related to specific samples mentioned in Table 1.


Figure 3A congregates PC 1 and PC 2 (with 51% of the explanatory variability) and shows that these principal components resulted in a greater grouping of samples. In the upper right quadrant are samples SCS70 Luiza and 17007-15. In the upper left quadrant are samples SCS367 Favorita, SCS369 Águas Negras, 17052 and 17117. In the lower right quadrant, it is possible to observe the cluster of samples SCS372 Marina, 17025-13, 17107-18, and 17082-8, and in the lower-left quadrant is 17125-10, 17105-20, and 17162. The samples that were scattered between two quadrants are SCS368 Ituporanga, SCS371 Katiy, Darci, Leandro, and 17092-9.

Figure 3B is composed of PC 1 and PC 3 (46.57% of the explanatory variability). In the upper right quadrant with positive scores for both principal components (Supplementary Table 12) are 17025-13 and 17007-15. In the upper left quadrant, a positive score for PC 3 and a negative for PC 1 stands SCS367 Favorita, 17117, 17105-20, 17052. In the lower right quadrant are SCS372 Marina and SCS370 Luiza. In the lower left quadrant are SCS368 Ituporanga, Leandro, SCS369 Águas Negras and Darci. The samples that fall into more than one quadrant are SCS371 Katiy, 17082-8, 17092-9, 17107-18, 17125-10, and 17162.

Figure 3C shows PC 1 and PC 4 (42.38% of the explanatory variability). This PCA scatter plot is critical because it presents the dimensions that aggregate the nutritional quality (PC 1) and morphological quality (PC 4) samples index. Figure 3C, shows 17025-13 and SCS370 Luiza in the upper right quadrant. In the upper left quadrant are Darci and 17105-20. In the lower right quadrant are 17007-15, 17107-18. Thus, in the lower left quadrant are samples 17125-10, 17117, SCS369 Águas Negras and 17052. In this dimensional chart, the samples distributed in more than one quadrant are SCS367 Favorita, SCS368 Ituporanga, SCS371 Katiy, SCS372 Marina, Leandro, 17082- 8, 17092-9, and 17162.




DISCUSSION


Morphological Aspects of Sweet Potatoes Samples

The tuberous root morphological characteristics varied within the samples and among the new varieties. Nonetheless, the mean results presented in Table 2 follow the morphological pattern that was observed in the sample crop. Sweet potato morphology variability may be linked to factors such as seasonality, crop farming management, climatic conditions, and natural plant characteristics (Karuri et al., 2010; Abdissa et al., 2012).

The independent variable weight is the main attribute for the rural producer’s decision to grow specific varieties of sweet potato as it is directly related to crop yield. Srinivas and Nedunchezhiyan (2021) cited variables that influenced Indian rural producers on the adoption of technologies capable of benefiting sweet potato production. The authors listed in their work several production technology variables that were associated with an opportunity for a possible increase in sweet potato agricultural productivity in different regions of India. An opinion survey revealed that the sweet potato varieties of high yield have a significant role in increasing productivity. The authors then developed a mathematical model to describe the main variables which are related to the increase in technology adoption, and plant variety increased acceptance quotient.

Mugumaarhahama et al. (2021) indicated that the incentive to use sweet potato varieties from improved plants is an alternative to increasing agricultural productivity. The work identified variables related to the decision to use improved crops by rural producers in the Democratic Republic of Congo. Certain factors such as schooling, income, the available area for cultivation, and labor may contribute to the increased adoption of improved sweet potato cultivars. The authors conclude that there is an urgency to stimulate higher sweet potato production in the evaluated regions and that the adoption of better cultivation practices in conjunction with improved sweet potato cultivars can contribute to this challenge. It is worth mentioning that the work is aligned with the African Union’s Agenda 2063 in terms of increasing productivity, sustainability, and food security, which highlights the importance of research on the topic.

Among the sweet potato samples evaluated in the study, cultivars SCS372 Marina and 17117 had the highest weight compared to the other roots. Samples 17025-13, 17052, 17092-9, 17105-20, 17107-18, 17125-10, and 17162 showed statistically similar results (Table 2). However, the cultivar SCS367 Favorita had the lowest weight, and its roots are naturally small. These data indicate that tuberous roots from the new variety of sweet potato plants had satisfactory weight compared to the registered cultivars.

Length results revealed that Darci and 17117 had the longest roots, and their values were similar to SCS369 Águas Negras, SCS371 Katiy, SCS372 Marina, Leandro, 17007-15, 17052, 17082-8, 17092-9, 17105-20, 17107-18, 17125-10, and 17162. The cultivars SCS367 Favorita, SCS368 Ituporanga, and SC370 Luiza had the shortest roots.

In terms of width, SCS372 Marina and 17025-13 had the widest roots although they were significantly similar (p < 0.05) to SCS368 Ituporanga, SCS369 Águas Negras, SCS370 Luiza, and the new varieties Darci, 17007-15, 17052, 17082-8, 17092-9, 17105-20, 17107-18, 17117, 17125-10 and 17162. In addition, the SCS367 Favorita showed the narrowest roots, and its result was statistically similar (p < 0.05) to Leandro.

Most of the tuberous roots evaluated were appraised as large, with rounded shapes, elliptical-oblong to elliptical, and relatively thick. In addition, most samples had light brown superficial skin and cream color for the secondary skin. The surfaces of most of the tuberous roots were considered irregular, ranging from smooth to samples with constrictions and protruding veins on their surface. Therefore, sweet potato morphological aspects should be considered for screening the new varieties, since the roots that do not display desirable attributes could be rejected by the consumers during their commercialization. That could lead to the product being discarded and consequently, a decrease in farmer profitability. Individual information about each sample can be observed in Table 2 and Supplementary Figure 1.

In similar studies, Veasey et al. (2007) evaluated the phenotypic and morphological diversity of 74 sweet potato cultivars collected from 30 crops among the São Paulo municipalities of Iguape, Ilha Comprida, and Cananéia, jointly with four commercial cultivars. The authors confirmed that farmers from the evaluated municipalities produced sweet potatoes with a large morphological variation. Therefore, it was recommended that the farmers use healthy sweet potato plants that could be obtained from specialized seed suppliers.

Moulin et al. (2012) used phenotypic descriptors to characterize the morphology of tuberous roots and leaves of 46 sweet potato genotypes produced in Rio de Janeiro. The authors reported that the genetic similarity dendrogram was able to organize the genotypes into 5 distinct groups based on their morphological characteristics. The work emphasized that rural producers in Rio de Janeiro produced sweet potatoes with broad genetic diversity.

The morphological quality, agricultural management, and productivity of new sweet potato plants were essential factors directly related to increasing the supply potential of the crop (Neiva et al., 2011; Oliveira et al., 2015). Thus, the use of selected high-quality plants and good agricultural practices could improve the physical and morphological characteristics of sweet potato plants (Júnior et al., 2009; Rós et al., 2014).



Sweet Potatoes Pulp Color Profile

Food color is a significant sensory attribute related to intrinsic quality characteristics and product acquisition. Its assessment is also associated with consumer habits surrounding consumption and selection of different food crops (Stich, 2016). Table 3 shows the results obtained from the instrumental color of the pulp fraction of samples.

Based on parameter L* (luminosity), 17092-9 had the highest value which was significantly different (p < 0.05) from that of SC370 Luiza and of 17007-15. However, SC370 Luiza and 17007-15 which had the lowest values were significantly similar. It is worth mentioning that cultivar SCS370 Luiza had a dark purple pulp, a characteristic that is directly related to the low value registered for luminosity. Thus, according to color parameter a* samples 17007-15 and SCS370 Luiza had the highest values, as the lowest was recorded for 17162. The 17007-15 exhibited the highest result for parameter b* and it was statistically similar only to SCS367 Favorita which in turn was statistically similar to Darci. Indeed, Darci and SCS370 Luiza parameter b* results were significantly similar (p < 0.05).

The highest result for C* was recorded for 17005-15 which was statistically similar to SCS367 Favorita which in turn was similar to SCS371 Katiy, 17092-9, SCS369 Águas Negras, and Darci. The evaluation of h° revealed that purple-fleshed SCS370 Luiza had the highest result which was statistically similar (p < 0.05) only to 17092-9 which in turn was similar to 17117. The lowest result observed to h° was for 17007-15 which is similar to 17117. The pulp color of each sweet potato sample can be accessed in Supplementary Figure 1.

Tang et al. (2015) analyzed the bioactive compounds, antioxidant activity, and the instrumental color of five sweet potato varieties with colored pulp (white, yellow, orange, light purple, and dark purple). The roots were subjected to different cooking methods but one of each was kept raw. All samples were lyophilized before the analytical tests. Among the color results reported, the light purple and dark purple samples had great variation. The L* values did not show a great difference between the white, yellow, and orange samples, with small differences between the parameters a* and b*. In comparison, among the 18 samples analyzed, it is possible to subdivide into groups of white color (SCS369 Águas Negras, SCS371 Katiy, Leandro, and 17092-9), cream (Darci, 17082-8, 17125-10, and 17162), yellow (SCS368 Ituporanga and 17052), orange (SCS367 Favorite, SCS372 Marina, 17007-15, 17025-13, 17105-20, 17107-18, and 17117), and purple pulp (SCS370 Luiza). Thus, the group of white pulp was similar for L* close to the value 80, a* show negative values, and b* show similarity close to the value 20. The cream and yellow groups were similar to L*, but with negative a* and higher values of b*. The orange pulp group was slightly lower in L* (results between 57.37 and 79.14), but most were higher in a* and b*.

Pilon et al. (2021) evaluated the bioactive compounds, physical characteristics, and physicochemical composition of eight sweet potato genotypes from Embrapa-Hortaliças (Brazil). With regard to color, samples were grouped into orange, cream, and yellow-fleshed sweet potato, together with two control samples. The orange pulp samples showed results for the L* parameter with values between 71.71 and 76.08, and the cream and yellow group resulted in L* above 80. The orange pulp samples also showed C* values between 48.58 and 51.47, which was higher than the other samples. The results for h° had significant differences between the samples of the same color group, and the cream samples presented higher results than the others (h° 95.03–103.22). These data reported by the authors are in agreement with the values observed for the groups with similar pulp colors (Table 3). On the other hand, the result of h° is smaller than the value observed for the purple pulp sample SCS370 Luiza. Furthermore, the authors communicated that the highest levels of total carotenoids and total phenolic compounds were evaluated for the group of orange-fleshed sweet potatoes.

The occurrence of different colors in sweet potato pulp is linked to the presence of several bioactive compounds that act as pigments, such as anthocyanidins (red/purple), β-carotene (orange), and flavonoids (yellow/orange). In addition to providing color to the food, the bioactive compounds are able to beneficially contribute to the consumer’s metabolism (Mohanraj, 2018; Albuquerque et al., 2019; Amoanimaa-Dede et al., 2020; Alam, 2021).

Notably, color is an attribute of great importance for food products in general. The preference for consumption is related to sensory aspects, and color plays a vital role in the food’s visual appeal. The color of sweet potatoes can be correlated with their physicochemical properties, microbiological quality, and maturation conditions. So, management conditions can directly affect the color aspect in the post-harvest and storage stages. Furthermore, the color impact can be observed in the economic circumstances that involve crop commercialization, as the sweet potatoes that do not have expected quality colors tend to be rejected (Pathare et al., 2013; Prato and Nascimento, 2019; Amoanimaa-Dede et al., 2020).



Proximal and Total Dietary Fiber Composition

The proximate composition characterization of foods is fundamental to product quality. These characteristics affect consumption, food trade and industrialization, research projects, product development, and decision-making related to collective health actions (Egan et al., 2007). Information regarding the food composition is directly involved in ensuring quality and safety. Therefore, centesimal characterization can benefit consumers concerning food intake options and assist in developing new products (Roe et al., 2017; Mu and Singh, 2019).

The water activity of the samples was all close to the maximum value of 1.00, which is in conformity with the nature of this kind of food (Wojslaw, 2012; Mu and Singh, 2019). The registered cultivars SCS370 Luiza, SCS368 Ituporanga, SCS371 Katiy, SCS372 Marina, and the new varieties 17007-15, 17052, 17092-9, 17117, and 17125-10 had the highest values which were statistically similar to SCS367 Favorita, SCS369 Águas Negras, Leandro, 17025-13, and 17082-8. Sample 17162 had the lowest value for water activity.

Regarding moisture, 17162 had the highest content which was statistically similar to cultivars SCS367 Favorita, SCS368 Ituporanga, SCS369 Águas Negras, and SCS371 Katiy, and for the new varieties Darci, Leandro, 17052, 17105-20, 17117, and 17125-10. The lowest moisture percentages were observed for samples SCS370 Luiza, SCS372 Marina, 17007-15, 17025-13, 17082-8, 17092-9, and 17107-18. Moisture is a critical parameter for the samples’ proximate composition and is directly correlated with the dry matter content of the crop and its shelf life (Damodaran and Parkin, 2017).

The proximal composition data of the sweet potato cultivars and new varieties enabled estimation of the total energy value in kilocalories (Kcal), according to the Atwater conversion values (Nichols, 1994; Welsh, 1994). Sample 17025-13 had the highest variable energy result which was statistically similar (p < 0.05) to cultivars SCS368 Ituporanga, SCS370 Luiza, SCS371 Katiy, and SCS372 Marina, and 17007-15, 17082-8, 17092-9, 17107-18, and 17125-10. But the lowest energy result was registered for samples SCS368 Favorita, SCS369 Águas Negras, SCS370 Luiza, SCS371 Katiy, Darci, Leandro, 17052, 17082-8, 17105-20, 17117, 17125-10, and 17162.

Sweet potatoes naturally have a low content of proteins and total lipids in their pulp (Habtemariam, 2019; Mu and Singh, 2019). Among the samples analyzed 17007-15 had the highest protein content that was followed by 17052 which was statistically similar. The lowest protein content was recorded for cultivar SCS372 Marina. Results for total lipids revealed that SCS368 Ituporanga had the highest content which was significantly different (p < 0.05) compared to new varieties 17162 and 17107-18. The sample 17007-15 has the highest ash content which result was statistically similar to 17105-20. However, the cultivars SCS371 Katiy, SCS369 Águas Negras, and new varieties Leandro and 17125-10 have the lowest result for this parameter.

The variant SCS372 Marina had the highest content for total carbohydrates followed by 17025-13 and 17107-18. However, the samples SCS369 Águas Negras, Darci, Leandro, 17052, 17007-15, 17117, and 17162 had the lowest content in which its results were statistically similar. For total dietary fiber, results showed that registered cultivar SCS372 Marina was followed by SCS369 Ituporanga, SCS370 Luiza, and SCS371 Katiy, and the new varieties 17007-15, 17025-13, 17092-9, 17082-8, 17105-20, 17107-18, 17117 and 17125-10 which were statistically similar. The lowest results were recorded for SCS368 Favorita, SCS369 Águas Negras, Leandro, Darci, 17052, and 17162.

Dietary fiber plays an important role in the nutritional composition of sweet potatoes. Among its definitions, dietary fiber can be understood as a structural polysaccharide produced by plants that when consumed can resist the endogenous enzymes present in the digestion, which has beneficial effects on human health (Jha et al., 2017; Tiwari and Cummins, 2021). It can be subdivided into soluble and insoluble dietary fiber by means of its solubility. Soluble dietary fiber includes some carbohydrates such as pectin, plant gums, and glucomannan. The insoluble dietary fiber group includes cellulose, hemicellulose, lignin, and chitin (Mu and Singh, 2019).

Rose and Vasanthakaalam (2011) compared the centesimal composition of four sweet potato cultivars in Rwanda, in which two cultivars had yellow pulp and the other two had white pulp. Among all results, moisture content ranged from 62.58 to 64.34%, and the values of total proteins and total reducing sugars were higher for the yellow pulp varieties (the highest values were 0.91 and 2.5, respectively). In addition, the results of crude fiber and ash content were also superior in the yellow pulp samples. The authors informed that the cultivation of yellow pulp sweet potato (especially Kwizekumwe) became interesting since these cultivars were nutritionally superior to the others evaluated. Among the sweet potato registered samples evaluated in the study, SCS370 Luiza and SCS372 Marina have colored pulp, dark purple, and yellowish/orange, respectively.

Alam et al. (2016) estimated the proximal composition, total carotenoids, and total polyphenols in nine orange-fleshed sweet potato cultivars from the Tuber Crops Research Center in Bangladesh. Among the reported results, moisture varied between 70.95 and 72.96%, total protein 1.91–5.83%, total lipid 0.17–0.63%, crude fiber 0.3–0.53%, ash 1.17–1.29%, and total carbohydrates 21.1–24.5%. The authors indicated that the sweet potato cultivars analyzed had a satisfactory content for proteins and carbohydrates, but were low for total lipids. The conclusion suggests that the consumption of orange-fleshed sweet potatoes should be encouraged in Bangladesh as a way of mitigating malnutrition problems.

Santos et al. (2019) evaluated the centesimal and mineral composition of 48 samples of white-fleshed sweet potato, divided between samples from conventional and organic cultivation. The quality of the analytical results was corroborated by statistical tests including principal components analysis and hierarchical cluster analysis. Regarding the proximate composition, the results for the samples of conventional and organic cultivation were for moisture 72–72%, ash 0.87–0.9%, total proteins 1.5–1.4%, total lipids 0.63–0.54%, and total carbohydrates 24.8–23.9%. The authors point out that the results observed with the principal component analysis and hierarchical cluster analysis tests did not show the significant statistical difference, which was suitable for classifying the samples into two distinct groups according to the cultivation method applied for the production of the tuberous roots.

In this context, Arshad et al. (2021) developed a comparative study between Pakistani white-fleshed sweet potato and potato cultivars regarding the proximate composition, mineral content, pulp color, bioactive compounds, as well as antioxidant activity. The samples were lyophilized before the analytical characterization. Among the results published in the study, the white-fleshed sweet potato sample showed maximum moisture contents of 5.57%, ash 1.79%, total lipids 0.86%, total proteins 5.56%, crude fiber 2.06%, and nitrogen-free extract (total carbohydrates) of 83.17%. The authors conclude in their work that the white-fleshed sweet potato had a higher proximate composition, mineral and antioxidant activity when compared to the white-fleshed potato.

In their review work, Amagloh et al. (2021) highlight that the increase in the consumption of foods containing dietary fiber is related to the decrease in the prevalence of chronic non-communicable diseases by stimulating beneficial effects on the consumer’s health. The authors report that sweet potato is a food rich in fiber in which the content of this nutrient can reach 3 g in 100 g of fresh weight. Regardless of the variety, sweet potato is reported to be beneficial for patients with type 2 diabetes mellitus due to its dietary fiber content and moderate glycemic index. This information corroborates the results for the total dietary fiber analysis obtained in the study. Based on the cultivar SCS372 Marina, the total fiber content on a dry basis was 12.6 g ± 1.26, which on a fresh basis is around 2.90 g in 100 g of pulp.

These data were in agreement with the results found in the present study. It is noteworthy that the analyzes of water activity and moisture were performed on the fresh portion of the 18 sweet potato samples, and these values ranged from 0.97–0.99 and 76.28–83.32%, respectively. The analyzes of total proteins, total lipids, ash, total dietary fibers, and total lipids were performed with the lyophilized pulp. In general, the values observed for the proximal composition of the sweet potato cultivars and new varieties used in this study were similar, or even higher to other results reported in the literature (Júnior et al., 2005, 2012; Universidade Estadual De Campinas [UNICAMP], 2011; Melo et al., 2011; Universidade Federal De São Paulo [USP], 2020).



Screening of Sweet Potato Cultivars and New Varieties

The realization of the first FA was necessary to verify which input independent variables did not hold an adequate communality value, so they could be removed from the input data. For this reason, it was necessary to carry out a second FA to corroborate the independent variables with greater communality. As a result, the second exploratory FA was able to compute 92.08% of the explanatory variability of the input data, which corroborate analysis best fit. Thus, Factor 1 explains 27.96% of the data variability, while Factor 2 explains 23.04%, Factor 3 18.61%, Factor 4 14.42%, and Factor 5 8.06%. Supplementary Table 7 shows the relationship between the variables and factors obtained in the second exploratory FA, and Supplementary Figure 3 illustrates the eigenvalues of the variables used in the second FA.

According to Supplementary Table 7, the second exploratory FA reveals that M, Ev, Carb, and Tdf are related to Factor 1 and correlated to each other. The parameters L* and a* are related to Factor 2. Variables b*, C*, and h° are related to Factor 3, and Wa and Ash are correlated to Factor 4. Finally, the morphology variables We and Le have a high relationship with Factor 5.

Factor 1 has the highest explanatory rate of the secondary FA, which is described as an index related to the nutritional quality of sweet potato cultivars and new varieties. The independent variables aggregated to Factor 1 hold great importance for the consumers which desire nutritious foods. Factors 2, 3, and 4 can be interpreted as a comparison index between the instrumental color parameters and the proximal composition attributes. However, Factor 5 has great relevance for the study, which aggregates We and Le morphology variables. These variables are essential for agricultural producers who intend to grow sweet potatoes with economic goals. The financial value of the sweet potato crop is based on the total weight in tons of its production. The coefficient clustering graph for the 13 variables of the second exploratory FA as a function of the 1 × 2 × 5 Factors is presented in Figure 1.

The Supplementary Figure 2 confirms that the five Factors generated in the second exploratory FA hold an eigenvalue above 1 (Kaiser, 1958). Furthermore, according to the Scree-plot Eigenvalue Diagram Criterion (Cattell, 1966; Woods and Edwards, 2011), the number of factors to be kept in the factor analysis must stand before the inflection point of the factor curve, which is in accordance with Supplementary Figure 3. The elbow is observed after Factor 5, which corroborates the agreement of the analysis.

The Supplementary Table 8 illustrates the communality values of the 5 Factors generated in the second FA with the 13 previously established input variables. Supplementary Table 8 also confirms the adequacy of exploratory FA according to independent variables of more significant communality along with the calculated factors. The communality of the 13 independent variables used in the second FA has values >0.7 in the column of the fifth factor.

It can be observed that We, Le, Wa, M, Ev, Carb, Tdf, Ash, L*, a*, b*, C*, and h° are associated with the total explained variance relative to the samples dependent variable. It is precisely these 13 variables that were submitted as input data for the PCA. Thus, the second exploratory FA explained 92.08% of the variability embedded in the input data. The non-explanatory percentage of the model is 7.92%, which is related to the specific variance of the input data incorporated in the random error of the model.

Regarding the results of the PCA test, it is possible to notice that the We and Le variables have an approximate communality score of 0.7 (0.66 ≈ 0.7) in the column of PC 4 (Supplementary Table 13). It is noteworthy that these two independent variables related to the morphology of the samples derive as a direct demand from rural producers who plant and sell sweet potatoes. Agronomic traits are some elements that influence the farmer’s decision to choose the sweet potato varieties to be planted (Kassali, 2011; Prakash et al., 2018). The sweet potato morphological quality is also related to product acceptance by consumers. Therefore, these independent variables are related to crop economic value. This circumstance corroborates the presence of the We and Le independent variables at this stage of exploratory statistical analysis. Figure 2 illustrates the dispersion of independent variables as a function of the principal components calculated by the PCA.

It is noteworthy that in Figure 3, graph (A) has 72.22% of the samples fully immersed within some quadrant. Graph (B) has 66.66% of the samples within some quadrant, whereas graph (C) has 55.55%. Among the information that derives from Figures 2, 3, it is essential to track the positions of the independent variables of most significant interest and make the cross-reference with the sample distribution.

The independent variables with the greatest significance are clustered by Carb, Tdf, and Ev as the nutritional quality index and We and Le as the morphology index. A careful evaluation reveals that the SCS372 Marina and 17025-13 samples own a dispersion relationship with the variables related to nutritional quality. At some point in their dispersion, the samples SCS370 Luiza, SCS372 Marina, 17125-10, and 17117 have a relationship with the independent variables that make up the morphological attributes of the samples.




CONCLUSION

The 18 sweet potato samples were analyzed for their morphology, pulp color, proximal composition, and total dietary fiber content. Out of the 16 independent variables, the exploratory factor analysis identified 92.08% of assertiveness the 13 independent variables with communality >0.7. The PCA generated 4 PC to clarify 84.01% of the data’s explanatory variance. Among the 6 cultivars registered, the SCS372 Marina and SCS370 Luiza have the aptitude to be recommended to farmers for crop production. From the 12 sweet potato new varieties, 17025-13, 17125-10, and 17117 showed high potential to be patent and registration, for in the future be available to farmers. Moreover, analytical results corroborate the nutritional quality of sweet potato cultivars and new varieties applied in the study.
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Number Name Roots analyzed Codification

by sample
1 SCS367 Favorita 18 27465*
2 SCS368 Ituporanga 11 27464*
3 SCS369 Aguas Negras 9 27463*
4 SCS370 Luiza 13 32952*
5 SCS371 Katiy 10 32953*
6 SCS372 Marina 9 32954*
7 Darci 6 New variety
8 Leandro 3 New variety
g 17007-15 8 New variety
10 17025-13 9 New variety
11 17082-8 6 New variety
12 17092-9 5 New variety
13 17105-20 e New variety
14 17107-18 5 New variety
16 17125-10 5 New variety
16 17052 6 New variety
17 17117 74 New variety
18 17162 B New variety

*Sweet potatoes registered in National Cultivars Registry, of The Department of
Agriculture, Livestock and Food Supply, Brazil.
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Sample Weight Length Width Visual pulp Morphological traits
X(IQR) X + SD X + SD color

SCS367 Favorita 83.30 (22.01) 12.43 £ 3.27° 2.81+0.70° Yellow Small, long, elliptical to round; surface with few constrictions;
primary-skin: light brown; secondary-skin: light orange.

SCS368 ltuporanga  307.90 (224.39)* 16.30 + 2.39%° 5.02 +1.102 Yellow Large, oblong; smooth surface; primary-skin: yellow; secondary-skin:
light yellow.

SCS369 Aguas 302.81 (182.88)* 18.70 + 4.89% 4.63 + 1.302 White Large, obovate to elliptical; smooth surface; primary-skin: red;

Negras secondary-skin: cream.

SCS370 Luiza 246.49 (86.91)*+ 16.20 + 3.43% 4.66 + 0.922 Purple Medium to small, round-elliptical; smooth surface; primary-skin: purple;
secondary-skin: purple.

SCS371 Katiy 306.64 (156.47)+ 19.95 +£5.01%  3.93 +0.65% White Large, long elliptical; surface with slight horizontal constrictions;
primary-skin: brown; secondary-skin: cream.

SCS372 Marina 443.82 (329.25) 20.50 + 4.63% 5.06 +£1.01%  VYellowish/  Large, round elliptical; smooth surface; primary-skin: light brown;

orange secondary-skin: orange.

Darci 314.72 (392.87)* 2419 +2.682 4.69 + 1.582 White Large, elliptical to oblong; surface with slight longitudinal grooves;
primary-skin: light purple; secondary-skin: cream.

Leandro 265.68 (146.06)* 2163 +4.87%  3.65+0.313 White Large, elliptical; surface with small veins; primary-skin: light brown;
secondary-skin: cream.

17007-15 263.74 (82.03)+ 19.56 + 1.80% 4.42 +0.972 Orange Large, elliptical; surface with veins and constrictions; primary skin:
brown; secondary-skin: orange.

17025-13 331.97 (116.54)* 16.20 + 3.63%° 5.04 +£1.232 Orange Large, round; surface with slight constrictions; primary-skin: purple;
secondary-skin: cream.

17052 325.79 (230.34) 18.89 + 3.69% 4.87 +£0.85° Yellow Medium, round elliptical; surface with slight horizontal constrictions;
primary-skin: orange; secondary-skin: light orange.

17082-8 314.93 (264.44)* 22.08 + 4.93% 4.68 +0.812 Yellow Large, long elliptical; smooth surface; primary-skin: light orange;
secondary-skin: cream.

17092-9 386.13 (300.11)* 21.00 + 2.818 4.49 +£0.812 White Large, long oblong; surface with light veins; primary-skin: light brown;
secondary-skin: cream.

17105-20 388.87 (438.91)* 20.84 + 5.50% 5.22 +£1.37% Light Orange Large, long oblong; veined surface; primary-skin: light brown;
secondary-skin: cream.

17107-18 417.89 (443.63)* 21.78 + 5.328 4.84 +£0.902 Light Orange Large, long oblong; smooth surface; primary-skin: light purple;
secondary-skin: light orange.

17117 426.55 (178.39)* 22,97 +4.712 4.53 +1.042 Orange Large, long oblong; surface with slight vertical and horizontal
constrictions; primary-skin: brown; secondary-skin: orange.

17125-10 415.80 (209.14)* 20.33 & 3.30% 4.65 £ 1.452 White/ Large, round to round elliptical; surface with slight vertical constrictions;

yellowish primary-skin: brown; secondary-skin: cream.
17162 377.57 (221.89)" 22,08 + 5,718 4.82 +0.622 Yellow Large, long oblong to irregular elliptical; surface with slight veins and

constrictions; primary-skin: light purple; secondary-skin: cream.

Different symbols in the weight column show significant differences between samples with 95% certainty by Kruskal-Wallis/Nemenyi tests. Different letters in length and
width columns show significant differences between samples with 95% certainty by ANOVA/Tukey. X(IQR), median and Interquartile Range. X + SD, mean and standard

deviation.
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Samples L* a* b* (] he
X(IQR) X(IQR) X(IQR) x(IQR) X(IQR)

SCS367 Favorita 71.63 (1.36) 19.59 (0.89) 47.31 (1.88pt 51.21 (1.40p% 67.52 (1.75)
SCS368 Ituporanga 83.54 (1.36) —3.98 (0.34) 31.61 (0.66) 31.86 (0.70) 97.23 (0.11)
SCS369 Aguas Negras 84.10 (1.45) —3.04 (0.53) 24.08 (0.73) 24.27 (0.79)% 97.24 (1.06)
SCS370 Luiza 27.90 (1.83) 30.83 (1.42)* —8.42 (2.28)* 31.96 (1.93) 344.74 (3.48)*
SCS371 Katiy 81.79 (3.05) —2.50 (0.38) 24.78 (2.66) 24.91 (2.60)* 95.83 (1.56)
SCS372 Marina 79.14 (1.21) 3.53(1.18) 42.70 (0.87) 42.88 (0.81) 85.23 (1.56)
Darci 83.40 (2.07) —4.08 (0.80) 23.30 (0.777* 23.54 (0.77) 100.08 (1.82)
Leandro 82.90 (1.15) —3.56 (0.35) 28.86 (0.92) 29.08 (0.95) 97.26 (0.56)
17007-15 57.37 (0.90)* 32.28 (2.01)" 48.21 (0.87)" 58.02 (1.82)* 56.51 (1.46)'t
17025-13 71.04 (3.31) 24.15 (1.29) 43.39 (1.80) 49.66 (0.96) 60.91 (2.28)
17052 83.89 (2.18) —3.47 (1.41) 41.57 (1.42) 41.63 (1.39) 94.64 (1.92)
17082-8 82.80 (0.87) —0.75 (0.15) 42.80 (0.78) 42.81(0.78) 91.76 (0.70)
17092-9 85.19 (0.79)" —4.05 (0.32) 24.03 (0.23) 24.37 (0.28)* 99.69 (0.63)*
17105-20 72.55 (1.26) 14.15(1.81) 39.79 (0.28) 42.15 (0.80) 70.46 (2.17)
17107-18 74.57 (2.58) 17.66 (4.07) 4111 (2.77) 44.74 (4.30) 66.18 (3.29)
17117 65.46 (0.35) 24.93 (1.13) 40.82 (1.07) 47.95 (1.38) 59.04 (0.93)*
17125-10 83.81(2.90) —3.71(1.88) 42.45 (1.58) 42.54 (1.48) 95.53 (2.69)
17162 84.94 (2.85) —5.30 (1.26)F 31.75(1.35) 32.01 (1.32) 99.34 (2.47)

Different symbols in a column show significant differences between samples with 95% certainty by Kruskal-Wallis and Nemenyi tests. X(IQR), median and

interquartile range.
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Sample Water activity Moisture (%) Energy value Total proteins Total lipids Total Total dietary Ashes
X + SD X + SD (kcal.100 g~ ) (9.100g~ ' DM) (9.100g~ 1 DM) carbohydrates fiber (9.100g~ ' DM)
X + SD X + SD X+ SD (9.100g~ ! DM) (9.100g~ ' DM) X + SD
X + SD X + SD
SCS367 0.98 + 0.01abed 81.64 4 1.21abcde 67.42 4 5.13°de 2.60 & 0.10N 1.01 & 0.4580° 11.98 + 1.20%f 4.45 + 0.86° 2.77 4 0.170cde
Favorita
SCS368 0.99 + 0.018bcd 80.16 & 0.61abcdefg 78.16 + 1.84¢abed 2.24 4+ 0.22) 1.77 £0.142 13.30 + 0.56% 6.58 + 1.6220 2.52 4 0.130de
ltuporanga
SCS369 Aguas 0.98 + 0.018bcd 83.13 + 0.70% 66.14 4 5.27% 4914 0.11b° 0.95 + 0.423%© 9.47 + 0.44°79 562 + 1.62P 1.53 +0.140
Negras
SCS370 Luiza 0.99 + 0.012 79.68 = 0.80Pedefah 75.32 4 1.792bode 3.60 + 0.09¢f 1.07 4 0.528° 12.81 & 1.02% 7.40 £ 1.892° 2.83 + 0.15P%d
SCS371 Katiy 0.99 + 0.018bcd 80.77 + 0.6gabcdef 75.78 4 4.978bcde 3.12 4 0.10fN 0.99 + 0.543%° 13.61 + 0.23% 8.08 + 1.982° 1.51 £ 0.45"
SCS372 Marina 0.99 + 0.018bcd 76.92 + 1.43%" 87.78 £ 4797 1.45 + 0.16K 0.92 + 0.23%° 18.42 + 1.522 12.60 + 1.262 2.28 4 0.130f
Darci 0.98 + 0.01%d 80.55 = 0.04abodef 70.30 & 0.41bcde 3.87 + 0.15% 1.00 = 0.03a° 11.45 + 0.30%f9 4.44 £1.57° 3183+ 0.11P
Leandro 0.98 + 0.01@bcd 82.41 + 1.628bcd 68.81 4 8.84bcde 522 +0.10P 1.09 =+ 0.5280¢ 9.53 + 0.92¢f9 4.78 +£1.390 1.73 £ 0.08fdh
17007-15 0.99 + 0.018abcd 79.32 4 0.889%fh 80.17 + 4.47230cd 7.35 4 0.122 1.71 + 0.08% 8.85 + 1.069 7.67 £1.912 3.77 £ 0.252
17025-13 0.98 + 0.018bcd 76.28 + 0.86" 88.43 + 3.652 2.57 £ 0.441 0.95 + 0.153° 17.38 =+ 0.45% 10.59 =+ 2.822° 2.81 + 0.08Pd
17052 0.99 + 0.013%° 81.33 4 0.892bode 71.69 & 2.77bode 7.04 +0.152 1.24 + 0.268° 8.08 +1.119 477 £1.76° 2.30 4 0.034f
17082-8 0.98 + 0.014bcd 79.58 + 1.000defoh 74.89 4 4.268cde 4.43 £ 0.20%d 0.89 + 0.13%b° 12.28 + 1.380%f 9.70 + 1.248 2.81 4 0.350cd
17092-9 0.99 + 0.01abed 78.48 + 0.50°fdh 81.60 & 1.88%¢ 3.18 4 0.14fdn 1.09 & 0.098° 14.76 + 0.77bcd 8.10 + 1.8 2.49 + 0.26°d
17105-20 0.98 + 0.01bed 80.15 + 1.00abodefg 71.23 4 3.720cde 2.90 + 0.159" 0.97 + 0.08%° 12.72 £ 0.88% 6.48 + 1.5970 3.26 + 0.07%
17107-18 0.98 + 0.018@0cd 77.75 & 2.23%h 83.48 +9.23% 2.70 + 0.40M 0.66 + 0.04° 16.68 + 2.563° 10.20 =+ 1.26%° 2.20 + 0.0319
17117 0.99 + 0.018bcd 82.96 + 1.248b¢ 62.46 + 4.43° 3.31 4+ 0.17¢0 1.22 + 0.238° 9.55 + 1.44°79 7.00 + 2.06%° 2.95 + 0.05P°
17125-10 0.99 + 0.018 81.21 & 0.458%0de 74.46 + 1.548bcde 21140158 1.19 + 0.288° 13.82 + 0.720d 6.85 + 1.76%° 1.65 £ 0.109"
17162 0.97 £ 0.019 83.32 4 1.902 60.96 + 8.06° 472 £0.47b° 0.82 + 0.15b° 8.67 + 2.08' 4.66 + 1.39° 2.46 4 0.230de

Different letters in the same column show significant differences between samples with 95% certainty by ANOVA and Tukey tests. DM, dry matter. X 4

t SD, mean and standard deviation.
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