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HIGHLIGHTS
e Sweet potato cooking promotes starch hydrolysis.
¢ Maltose will be formed from starch degradation during cooking.
o Cooking method affects the degree of starch hydrolysis.

¢ Microwave oven cooking resulted in limited starch hydrolysis.

Abstract: Sweet potatoes (SP) have gained attention in the media as foods recommended for healthy diets.
When preparing the roots for consumption, however, cooking methods do alter their chemical, physical and
nutritional properties. In order to assess the changes in carbohydrates of four SP accessions, after common
cooking treatments (pressure cooker, convection oven and microwave oven), the contents of sugars and total
starch, as well as the starch digestibility were evaluated. The pressure-cooked and convection oven-cooked
samples showed high levels of both total reducing sugars (TRS) and soluble reducing sugars (SRS). Among
the samples, white pulp sweet potatoes showed the highest starch contents. When cooked by microwave
oven without adding water the roots had higher contents of resistant starch (RS). The results demonstrate
deep transformations in the carbohydrate profile after cooking, with increase in maltose levels and
consequent reduction in starch levels.

Keywords: Ipomoea batatas; microwave oven; resistant starch; maltose.

INTRODUCTION

Sweet potatoes (SP) have been valued as nutritional and healthy food options since a study that was
carried out in vivo reported that the ‘Beauregard’ variety, when steam-cooked, oven-baked or microwave
oven-cooked behaved as a moderate glycemic index (Gl) food [1].
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Starch is the main component of SP storage roots and its digestibility calls attention to the nutritional
guality and healthy aspect of this tuber crop [2]. Studies upon in vitro digestibility of starch classify it as rapidly
digestible (RDS), slowly digestible (SDS) and resistant starch (RS), depending on the extension of digestion
as well as the time needed [3]. A diet including food with high amounts of RS as well as low Gl starch
associates with reduced risk of type 2 diabetes and cardiovascular diseases [4].

SP roots modify during thermal treatment, with important biochemical reactions that increase the
contents of soluble sugars (SS), mostly maltose [5]. Previous studies on cooking of starchy roots showed
that the enzymatic digestion of starch increases after its gelatinization and the RS level depends on the
employed cooking method [6; 7]. In addition, the genetic variability, the field and post-harvest management,
as well as the storage conditions can alter the physiology of the roots affecting the SS concentration [8; 9;
10; 11]. The alterations that take part by cooking SP roots can be checked with the in vitro starch digestibility
analysis [4]. Various cooking methods modify the chemical composition of starch-rich sweet potato roots,
rendering them more easily digestible [12].

In the present study the contents of SS as well as the starch digestibility (RDS, SDS and RS) after
different cooking methods (pressurized cooking, convection oven-cooking and microwave oven-cooking) of
four different sweet potatoes were analyzed.

MATERIAL AND METHODS

Four SP samples, two varieties (BRS Rubissol and BRS Amélia) and the other two bought in the local
commerce (Ponta Grossa PR, Brazil), presenting different colors for peel and pulp were studied (Table 1).
The two first are part of a project from the Agriculture Mechanization Laboratory from the State University of
Ponta Grossa (LAMA/UEPG) and were cultivated in an agroecological approach (2018/2019 harvest) [13].
The vines were planted by December 23, 2018 and the roots were harvested on April 21, 2019 after 120 d
cultivation.

Table 1. SP samples used in this study.

Identification Accession Peel color Pulp color
SP 14 Commercial 1 White white

SP 18 BRS Rubissol Purple white

SP 21 BRS Amélia Rose light orange
SP 22 Commercial 2 Purple purple

The enzymes Pancreatin from porcine pancreas (E.C. 3.2.1.1, 8 x USP specifications, P7545),
Amyloglucosidase from Aspergillus niger (E.C. 3.2.1.3, A7095, = 260 IU /mL) and Invertase (E.C 3.2.1.26 =
300 1U/mg) were from Sigma-Aldrich (St. Louis, USA); another Invertase (2000 SU) was from Novozymes
(Araucaria, Brazil); Total Starch Enzymatic Kit K-TSTA (AA/ AMG) and D-Glucose Assay Kit (GOPOD
Format) were both from Megazyme (Wicklow, Ireland); guar gum was from Sigma-Aldrich (St. Louis, USA).
Commercial grade cassava starch was bought in the local market. All other reagents were of analytical grade.

Cure of the SP Roots

The roots were washed with tap water and sanitized with sodium hypochlorite solution (200 ppm). After
that, the cure step was started in a BOD incubator (Tecnal, Piracicaba, Brazil), at 30 °C and 80 % relative
humidity for 7 d [13; 14]. The analyses were made with five units (roots) for each accession, weighing between
70 and 220 g each. The peeled roots and cut into pieces (1 cm x 5 cm/French fries shape), and 30 g portions
were stored refrigerated until analyzed.

Amylase Activity Testing

Amylase activity was tested after grating and processing the roots in a blender with phosphate buffer
(pH 7.0, 0.1 mM) at 4°C [15; 16; 17; 18; 19]. A 20 g grated root was processed in a blender with the buffer in
1:2 (w/v) proportion. After that, the suspension was mechanically stirred (15 min at 750 rpm) at 4 °C; the
soluble supernatant was recovered by centrifugation (3,000 x g / 10 min) and stored refrigerated until use.

Cassava starch was used as the substrate for testing the amylolytic activity. A 1 % (w/v) starch
suspension (pH 6.0, 100 mM citrate-phosphate buffer) was gelatinized in a boiling water bath for 20 min. The
hydrolysis was carried out after pipetting 0.5 mL of the gelatinized starch suspension into a centrifuge tube
that was put in a 40 °C water bath and adding 0.5 mL of the above-mentioned solution containing enzymatic
activity (40°C for 30 min). At the end of this period, the reaction was stopped by adding 1 mL of 0.1 mM
NaOH. The reducing sugars (RS) were analyzed by the Somogyi-Nelson method, adapted to the microplate
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reader. A calibration curve was built with maltose (2.92 x 10! to 5.84 x 10"t mM) [20]. One unit of enzymatic
activity was defined as the amount of extract able to produce 1 mmol of maltose per min under the described
reaction conditions [18].

Cooking Methods

a) Pressurized cooking: small pieces (1 x 5 cm) of sweet potatoes (30 g) were put inside a domestic
pressure cooker with 3: 1 (v/ m) (water: root pieces) heated up to water boiling and then cooked for additional
2 min under pressure, making a 17 min total cooking time. After that the samples were drained and smashed
with a fork forming a puree that was stored until analyzed.

b) Convection oven cooking: small pieces (1 x 5 cm) of sweet potatoes (30 g) were packed in aluminum
foil and put inside a preheated domestic gas oven (200 °C for 20 min). After that the samples were smashed
with a fork forming a puree that was stored until analyzed.

¢) Microwave oven cooking: small pieces (1 x 5 cm) of sweet potatoes (30 g) were cooked inside proper
plastic bags in the microwave oven (Electrolux, Sdo Carlos, Brazil) at maximum power for 2 min. After that
the samples were smashed with a fork forming a puree that was stored until analyzed.

d) SP flour: small pieces of roots (60 g) were dried in an electric air-circulating oven (Tecnal - TE 394/1,
Piracicaba, Brazil) at 45 °C for 24 h. After that, the dried material was grinded in a rotor laboratory mill (Tec
Mill TE-633, Tecnal, Piracicaba, Brazil); the produced flour was sieved (80 mesh) and stored in hermetic
glass flasks until analyzed. This SP flour was considered a control (uncooked) for all the analyses.

Color

The color of the SP pulp before and after cooking processes was measured by using a portable
colorimeter (Mini Scan EZ, Hunter Lab, Reston VA, EUA). The color parameters (L*, a* and b*) were read
and the chrome value (C*) was calculated (Eq. 1); the color difference (AE) between uncooked (index 0) and
after cooking (index 1) was calculated (Eg. 2) as well as the Hue angle (h°) (Eqg. 3) [21; 22].

C* = (a*z + b*2)1/2 (1)
AE = ((L1*- LO¥)2 + (al*- a0%)2 + (b1*- b0*)2)2 )
He = tan™ (b¥/ar) 3)

Moisture

The moisture of the uncooked and cooked roots was determined by drying in a laboratory oven at 45 °C
for 6 h followed by additional drying at 105 °C until constant weight [22]. The absorbed or lost moisture was
calculated from the difference of the respective contents [24; 9].

Extraction and Quantification of Soluble Sugars (SS)

SS were extracted both from the raw and cooked sweet potatoes as described in previous studies [23;
9; 24] with modifications. The moist puree was weighed (2 g) into 50 mL Falcon tubes. Ethanol (5 mL) at
80 % (v/v) was added, the tube was vortexed and then heated in a water bath at 80 °C for 15 min. An
additional 5 mL ethanol (80 %, v/v) was pipetted, and the tube was vortexed; the suspension was centrifuged
(3,000 x g for 15 min). The supernatant fraction was collected in a 25 mL-volumetric flask. This procedure
was repeated once again with addition of 10 mL of ethanol 80 % (v/v), recovering the supernatant in the
same way. At the end the volume of the supernatant containing SS was adjusted to 25 mL with deionized
water. This extract was used for quantification of soluble reducing sugars (SRS) and glucose.

The amounts of SRS and total reducing sugars (TRS) were analyzed by the Somogyi-Nelson method
[25], adapted to the microplate reader [20]. Calibration curves were built with glucose (1.39 10* to 5.55 10
mM) and maltose (2.92 10 to 5.84 10t mM) and reading was performed in a Biotek Epoch microplate reader
(Agilent, Santa Clara, USA) at 510 nm. TRS were quantified after the hydrolysis by invertase (E.C 3.2.1.26,
20000 SU — Novozymes, Araucaria, Brazil). The results were expressed in percentage of sugar per gram of
the sample (dry basis). The moisture of each cooking process was taken into consideration for the dry basis
calculation.
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Total Starch (TS)

TS contents of the dried sweet potatoes and of the cooked roots were analyzed in the pellet from the
soluble sugar extraction process. The residues were hydrolyzed using the Megazyme enzymatic kit for total
starch determination [29], following the AOAC method 996.11 [22] and glucose quantification was made with
the GOD reagent at a microplate reader (510 nm). The results were expressed as the percentage of starch
per gram of sample (dry basis). In the case of in natura SP, total starch content was expressed in a moist
basis. The amount of starch that was converted to SS during the cooking methods was calculated by the Eq.
4 [25].

% Starch = [% starchcontroly - % Starchcookea)] / % Sstarchcontrol) (4)

In Vitro Digestibility of Starch

In vitro starch digestibility was assessed following Englyst and coauthors [29] method and Kingman and
Englyst [6] procedure. A 1 g sample (moist basis) was mixed with guar gum, glass peatrls, and pH 5.2 acetate
buffer. After temperature stabilization, an enzymatic solution was added, and aliquots were collected at
different time points (0, 20, and 120 minutes) for glucose analysis. Glucose quantification was done using
the GOPOD reactant, and total glucose was determined based on the control sample (SP flour) results. The
glucose values (GO, G20, G120 and TG) were considered for calculating the total starch (TS), rapidly
digestible starch (RDS), slowly digestible starch (SDS) and resistant starch (RS) (Eqg. 5 to 8).

TS=(TG)x 0.9 (5)
RDS = (G20 - GO) x 0.9 (6)
SDS = (G120 - G20) x 0.9 (7)
RS = (GT - G120) x 0.9 (8)

Statistical Analysis

The experiment used a completely randomized design with four SP accessions and three cooking
treatments. SS extraction was done in duplicates, and colorimetric readings were performed in triplicates.
Results were expressed as mean + standard deviation. The interaction between SP accessions and cooking
treatments was assessed using a factorial ANOVA with Tukey test applied for significant differences (p <
0.05). The statistical analysis was conducted using Action Stat-Pro software (Statcamp, Brazil, 2016).

RESULTS AND DISCUSSION

Color Analysis

This analysis evaluates SP pulp color behavior with different cooking methods. L*, a*, b*, C*, H° and
color difference (AE) values were obtained. The visual aspect of the sweet potatoes can be observed in
Figure 1.

Figure 1. The visual appearance of cooked sweet potatoes: (a) pressure cooker, (b) convection oven, and (c) microwave
oven.

Among the sweet potatoes, SP18 (uncooked) had the highest L* value (L* = 83.19), while SP22 (cooked
in the microwave oven) had the lowest (L* = 1.44). This indicates that sweet potatoes with white pulp had the
highest L* values, while colored sweet potatoes had the lowest L* values, both uncooked and cooked [8].

Cultivar SP14 (white peel and pulp) showed no difference in L* value between uncooked and cooked in
a pressure cooker and convection oven. However, other samples' pulp colors differed when comparing raw
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and cooked roots. For a* value, SP14 and SP18 (both white pulps) displayed a greenish color after cooking.
SP18 showed no difference in this parameter when cooked in a microwave oven compared to its raw state.
SP14, SP18, and SP21 exhibited elevated yellow color (b*) with a tendency to brown after cooking, unlike
their raw counterparts. Hou and coauthors [8] also observed increased b* values in orange-flesh sweet
potatoes due to non-enzymatic browning (Maillard reaction) during oven-cooking at high temperatures.

Initially, the purple-flesh SP22 sample showed a negative b* value, indicating a tendency towards a blue
color. Surprisingly, after microwave oven cooking, the b* value changed to positive, unlike with other cooking
methods. Lan Phan and coauthors [30] explain that purple-flesh sweet potatoes contain cyanidin and
peonidin anthocyanins, responsible for red and blue colors, respectively. The change in the b* value suggests
possible anthocyanin degradation during microwave cooking of SP22.

After cooking, chrome values increased for SP14 and SP21, irrespective of the cooking method. SP18
showed increased chrome value only with microwave-oven cooking, while SP22 exhibited this behavior with
pressure cooker use. The hue angle (h°) for SP14 and SP22 shifted by 180° after cooking, with SP14
changing quadrants between cooked and uncooked samples. In SP22, this change was observed only with
microwave cooking, in line with findings in purple-flesh SP [31].

After cooking, all sweet potatoes displayed a significant difference (p < 0.05) in color (AE). Previous
studies by Tang and coauthors [12] examined color changes in SP flours based on different thermal
treatments, considering temperatures and cooking periods. Additionally, Xu [32] investigated colored sweet
potatoes cooked using various methods, attributing color changes to reduced levels of naturally occurring
phenolic compounds, carotenoids, and anthocyanins.

Moisture

Table 2 shows moisture contents of cooked samples, with significant differences (p < 0.05). Uncooked
roots' moisture content ranged from 50% to 71% for SP22 (purple flesh) and SP21 (orange flesh),
respectively. Orange flesh sweet potatoes generally have the highest moisture content, as consistent with
literature [33].

Table 2. Moisture contents of sweet potatoes (in natura and after thermal treatments).

Sample Treatment Moisture (%) AM(%)*
SP14 In natura (roots) 60.87 £1.019 -
Control (flour) 12.46 + 0.3! 79.52£0.04¢
Pressure-cooker 68.24+0.744 -12.11 £ 1.221
Convection oven 53.41 +0.40" 12.25+0.66f
Microwave oven 47.76 + 0.81k 2154 +1.33¢
SP18 In natura 65.52 +0.11 ¢ -
Control 11.38 £+ 0.03m 82.64 + 0.04 @
Pressure-cooker 72.32+0.76 ¢ -10.38+ 1.161
Convection oven 63.88 + 0.26 ¢ 2.50+0.39h
Microwave oven 51.13+0.30 21.95+0.46¢
SP21 In natura 71.28 +1.29¢ -
Control 11.03 +0.02'm 84.52 +0.022
Pressure-cooker 74.86+1.25° -5.02 + 1.751
Convection oven 49.97 + 0.04 K 29.90+0.061¢
Microwave oven 61.56+0.59 1 13.65 + 0.83f
SP22 In natura 51.35+1.911 -
Control 9.47 +0.03 ™ 81.55 + 0.05 be
Pressure-cooker 77.69 + 0.602 -51.29+1.17k
Convection oven 50.51 + 0.58i 1.64+1.13h
Microwave oven 48.28 + 0.35 5.98 +0.68 9

Note: * Negative value indicates water absorption during cooking. Small superscript letters in the same column indicate
significant differences (p < 0.05) by the Tukey test.

The pressure cooker speeds up cooking but may extract soluble solids (sugar and color pigments) [34],
leading to water absorption by the roots. Absorption levels varied from 5% to 51% (SP21 and SP22,
respectively), corresponding to raw roots with the highest and lowest moisture contents.

Convection oven cooking resulted in water loss, ranging from 1.64% to 29.9% (SP22 and SP21,
respectively), despite using aluminum foil wrapping. Previous studies on oven-cooked SP showed losses of
21.38% and 12% for orange and purple pulp varieties, respectively [23; 30]. This method involves indirect
convection cooking through hot air contact with the food surface [8].
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Microwave oven cooking heats food faster from the inside out [35]. In our study, small pieces of purple-
flesh sweet potatoes (SP22) lost 6% of their weight, while no significant difference in moisture loss was
observed for SP14 and SP18 during microwave cooking. Chen and coauthors [36] attributed water loss to
mass transfer and moisture content during microwave cooking, reporting an 8% moisture loss in purple-
fleshed sweet potatoes compared to fresh roots.

TRS, SRS and glucose percentages are expressed as reducing sugar and as glucose (m/m, dry basis)
(Table 3).

Table 3. Sugar percentages of four SP accessions after thermal treatments: dried flour (control), pressure-cooked,
convection oven-cooked, and microwave oven-cooked.

Sample Treatment TRS (%) * SRS (%) Glucose (%)

SP14 Control 11.97 + 060 I 2.86 + 034 ¢ 059 + 0.05 fg
Pressure cooker 32.38 + 500 |bede 1885 + 249 b 325 + 0.58 be
Conventional oven  31.56 + 3.37 cde 22.32 + 178 a 178 + 0.26 d
Microwave oven 19.54 + 545 oni 4.09 + 0.69 ¢ 1.40 + 0.17 de

SP18 Control 14.62 + 120 i 0.75 + 0.06 f 0.18 + 0.01 9
Pressure cooker 38.96 + 240 ° 10.55 + 165 <« 145 + 0.45 de
Conventional oven  25.74 + 3.02 efon 13.52 + 182 ¢©¢ 0.90 + 0.09 ef
Microwave oven 25.95 + 4.88 ©f 2.72 + 045 ¢ 0.60 + 0.07 fg

SP21 Control 23.16 + (052 fon 11.97 + 019 ¢ 2.72 + 0.25 ¢
Pressure cooker 48.90 + 415 a 23.53 + 165 a 422 + 0.56 a
Conventional oven  30.33 + (093 de 18.20 + 044 b 153 + 0.16 de
Microwave oven 34.95 + 496  bed 11.94 + 178 ¢ 3.83 + 0.64 ab

SP22 Control 19.08 + 1.23 hi 4.18 + 017 ¢ 0.62 + 0.07 fg
Pressure cooker 37.86 + 284 | be 17.36 + 207 b 167 + 0.22 d
Conventional oven  20.28 + 3.10 foni 12.11 + 229 ¢ 130 + 0.10 de
Microwave oven 26.38 + 129 ¢f 7.87 + 184 9 191 + 0.21 d

Note: Data shown as mean + SD (n=6). Different superscript capital letters in the same column indicate statistical
differences (p<0.05) by the Tukey test. *Sum of glucose, sucrose and maltose

The sugar composition varied significantly among the four sweet potatoes studied, and it also changed
after cooking the roots, in line with previous research [8;9;37; 25; 38]. SP21 (orange fleshed) had the highest
sugar content in its raw state, and this remained true after pressure-cooking. In contrast, SP18 (white pulp
and purple peel) had the lowest sugar content when cooked using a microwave oven. Overall, pressure-
cooked sweet potatoes exhibited the highest sugar contents, while microwave cooking resulted in the lowest
sugar values (SRS) for all samples, including SP21 and SP22 (orange pulp and purple pulp, respectively).

Wei and coauthors [26] reported varying sugar contents based on the flesh color of sweet potatoes, with
orange-fleshed varieties having higher sugar levels than purple-fleshed ones. The literature documents the
presence of sucrose, glucose, and fructose in raw sweet potato roots. Maltose, however, is typically reported
only in cooked roots [9; 37; 39; 10; 25; 38]. According to Lai and coauthors [9], sucrose represents 49% to
92% of total sugars in raw roots, while after cooking, maltose constitutes 50% of the total sugars.

SP sticks quickly cooked in a microwave oven may leave raw starch partially uncooked [40]. In contrast,
cooking whole sweet potato roots leads to more extensive starch hydrolysis with the formation of dextrins
and maltose. The increase in maltose occurs in two steps [5; 41]: the first involves starch gelatinization and
a-amylase activity, followed by the action of B-amylase at temperatures between 60 and 70 °C.

The moisture contents of the sweet potatoes in our study might have influenced the results, as starch
gelatinization relies on sufficient water presence for completion [42]. The moisture level of the samples and
starch hydrolysis are directly related to the sugars present in cooked sweet potatoes. Conversely, higher raw
starch and greater water loss through evaporation lead to lower sugar contents in the cooked SP roots.

Pressure-cooking significantly increased sugar contents for all samples compared to their uncooked
counterparts. Moisture content plays a crucial role in starch gelatinization. The slower cooking process with
gradual temperature rise and cooking time might have contributed to higher starch hydrolysis levels [24;8;
37]. Both pressure-cooking and convection-oven cooking promoted the increase of SS (p < 0.05) in all
samples, consistent with previous studies [8; 38].

In our study, glucose content increased in all samples compared to the raw roots, with the highest
increase observed for SP18 when pressure cooked (+705%). However, no difference in glucose level was
detected for SP22, similar to the findings reported by Chan and coauthors [25] for sweet potatoes. The sugar
content after cooking generally depends on the sweet potato variety and the cooking method [43; 24].
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Our results indicate that microwave cooking resulted in the lowest sugar levels, while pressure cooking
led to the highest starch conversion (increase in maltose/soluble reducing sugar). Convection oven-cooking
(40 - 50 min) also showed a high degree of starch conversion (high levels of TRS/SRS), consistent with a
previous report [34].

Total Starch

Starch comprises the main portion of SP dry matter [43; 44; 45; 46], while protein content accounts for
2 - 5%. A significant portion of these root proteins consists of amylolytic enzymes (a- and -amylases), with
B-amylases making up about 5% of the soluble proteins in fresh SP roots [47; 18].

Table 4 presents the TS contents measured in the different accessions from our study, including
uncooked in natura samples and those after cooking procedures. It also provides information on dry matter
and the starch conversion to reducing sugars.

Table 4. Total starch (% m/m, dry basis), starch conversion to reducing sugars (% m/m) and dry matter (% m/m) for the
four SP accessions and cooking methods.

Sample Treatment Dry matter Total starch Starch conversion
(%) (% db) * (%)
SP14 In natura* 39.13 = 1.01 9 31.80 <+ 0.89 A -
Control 8754 = 0.21 b 81.27 + 2.27 a -
Pressure cooking 31.76 + 074 i 4191 + 0.87 e 4842 + 1.07 b
Convection oven 4659 + 040 f 4764 + 239 cde 4138 <+ 361 cde
Microwave oven 5224 = 081 ¢ 5490 <+ 1.55 ¢ 3245 = 1.90 e
SP18 In natura* 3448 + 0.11 i 28.00 + 0.85 B -
Control 88.62 + 003 a 8119 + 246 a -
Pressure cooking 2768 + 076 k 5071 + 277 cd 3755 + 3.41 cde
Convection oven 36.12 + 026 " 6554 + 098 b 19.27 + 121 f
Microwave oven 4887 + 030 d 4455 + 357 d 4513 + 440
SP21 In natura* 2872 = 1.29 k 18.86 + 0.26 ¢ -
Control 8897 + 020 2 65,68 + 0.92 b -
Pressure cooking 2514 + 125 ! 4118 + 0.67 e 3731 + 176 cde
Convection oven 50.08 + 0.04 <« 4526 + 431 d 3110 + 6.57 ef
Microwave oven 3844 + 059 9 4479 + 1.81 de 3181 = 276 e
SP22 In natura* 4865 + 191 d 34,08 + 0.28 A -
Control 9053 + 037 =2 70.05 + 0.58 b -
Pressure cooking 2231 + 060 ™ 2777 + 144 e 6036 + 206 AP
Convection oven 4949 + 058 d 2530 £ 1.63 f 6389 + 232 A
Microwave oven 51.72 + 0.35 e 46.22 + 0.98 de 3403 + 1.40 De

Note: *Total starch values of the in natura samples are shown in wet basis. Different superscript low letters in the same
column indicate statistical difference (p < 0,05) by the Tukey test.

In Table 5 the results of amylase activity of SP extracts are shown. One unit of enzymatic activity (U)
was defined as the capacity of the extract to hydrolyze a 1 % (m/m) cassava starch dispersion (pH 6.0) at
40 °C /30 min, with soluble reducing sugar formation. The soluble reducing sugar was measured as maltose
equivalent (1 U means 1 mmol of maltose per min per g of SP, in wet basis).

Table 5. Amylase activity of in natura SP roots.

Sample Amylase activity U (mmol/min)/g (wb)
SP14 3.68 + 0.08b
SP18 3.02 + 0.15b
SP21 2.90+0.13b
SP22 10.00 + 0.11a

Note: Different superscript low letters in the same column
indicate statistical difference (p < 0.05) by the Tukey test;
wb: wet basis

The total starch contents (wet basis) of the two commercial samples in natura were 18.8% and 34.1%
for SP21 and SP22, respectively, representing 63.08% (SP21) and 68.29% (SP22) on a dry basis (SP flour).
Therefore, on a dry weight basis, there was no significant difference between samples SP21 (orange flesh)
and SP22 (purple flesh), as well as between samples SP14 and SP18 (white flesh). In China, SP varieties
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have been reported to have total starch contents in the range of 53-63% (dry basis), while sweet potatoes
cultivated in Turkey showed values from 49-65% for total starch (dry basis) [45; 44].

After cooking the roots, a decrease in total starch contents was observed. Sample SP22 in natura, after
being cooked using a convection oven or a microwave oven, exhibited starch contents of 70.05% (db),
25.30% (db), and 46.22% (db), respectively, representing a reduction of roughly 30-60%. The decrease in
starch contents after cooking sweet potatoes has been previously reported [44; 45; 48], and the
time/temperature relationship influences the conversion degree. Starch conversion is favored by its
gelatinization, promoted by the presence of water and the required temperature rise [44]. Hydrogen bonds
relax, creating space for water/enzyme solution [7] particularly B-amylases, which catalyze the conversion of
starch to maltose.

In our study, only pressure cooking involved the addition of water. The results demonstrated a decrease
in starch contents ranging from 20% to 60%, and SRS increased from approximately twice (SP21) up to
1,400 times (SP18) for this thermal treatment. The highest amylase activity corresponded to the highest value
of starch conversion (Tables 4 and 5). As a consequence, more starch presence led to higher amylolytic
activity and, consequently, the formation of maltose during cooking.

SP22 had the highest amylase activity and exhibited the greatest starch degradation level among all the
tested cooking methods, while the other three accessions did not show significant differences in amylase
activity. Additionally, the decreases in TS content after cooking were lower for samples SP14, SP18, and
SP21 compared to SP22.

The level of B-amylase was found to be dependent and influenced the starch degradation level [49] and
sweetness of the cooked roots [25]. Sweet potatoes with low starch contents and low B-amylase levels hardly
changed the starch percentage after steam-cooking and did not show detectable pulp texture changes.

The accessions in our study exhibited different behaviors regarding their rapidly digestible starch (RDS),
slowly digestible starch (SDS), and resistant starch (RS) levels across various cooking methods
(control/uncooked, pressure-cooked, convection-oven cooked, and microwave oven cooked) (Table 6).

Table 6. RDS, SDS and RS contents of SP roots after cooking by different methods.

Sample Treatment RDS (%) SDS (%) RS (%)

SP14 Control 10.01 + 3.75 ! 13.82 + 5.12 e 76.17 + 5.28 a
Pressure cooking 51.64 + 1066 b 18.76 £ 7.42  cde 2959 + 376 ¢
Convection oven 45.39 + 210 cd 24.42 + 9.02 be 30.20 + 8.26 ef
Microwave oven 20.89 + 252 fgh 33.47 + 194 a 45.64 + 3.00 cd

SP18 Control 12.67 + 2.74 hi 15.31 + 2.68 de 72.03 + 2.08 a
Pressure cooking 25.27 + 3.09 fg 19.77 + 402 bde 5496 + 371 @ Pe
Convection oven 60.61 + 7.69 ab 14.52 + 2.09 de 24.87 + 945 f
Microwave oven 35.60 + 5.63 de 14.40 + 344 de 50.00 + 442 be

SP21 Control 8.23 + 2.29 ! 22.77 + 5.36 bed 69.00 + 4.69 a
Pressure cooking 36.21 + 3.58 de 1644 £ 280  cde 4735 + 531 b
Convection oven 15.22 + 3.38 i 27.49 + 224 ab 57.29 + 272 b
Microwave oven 30.54 + 5095 ef 33.47 + 173 a 35.99 + 593 (de

SP22 Control 16.45 + 2.98 ghi 15.19 + 2.69 de 68.36 + 5.53 a
Pressure cooking 58.09 + 4.20 ab 12.68 + 387 ¢ 29.22 + 3.6. ef
Convection oven 64.16 + 5.02 A 13.37 + 1.93 e 22.47 + 414 f
Microwave oven 30.54 + 595 abc 33.47 + 1.73 e 35.99 + 593 ef

Note: Different superscript low letters in the same column indicate statistical difference (p < 0.05) by the Tukey test.

The in vitro digestibility of starch showed significant differences among the different accessions. Our
findings align with previous data [50]. SP flours (control) exhibited high levels of RS, ranging from 68.36% to
76.17% in samples SP22 and SP14, respectively. These results are consistent with a previous study [3],
which reported RDS between 6% and 8%, SDS from 10% to 16%, and RS from 77% to 80% for SP flours
from China analyzed without cooking.

In addition to the genetic effect, the cooking methods also influenced the variation of the digestibility
profile. The highest RDS percentage was observed in SP22 after convection oven cooking. Conversely, the
highest levels of SDS were found in SP14 and SP21 after microwave oven cooking. As for RS, the highest
concentration was found in SP21 cooked in the convection oven. Our results have revealed opposite profiles
for the same cooking treatment. Convection oven cooking promoted the highest level of RDS for SP22
(purple-fleshed), whereas it led to the highest RS percentage for SP21 (orange-fleshed). Microwave oven
cooking was linked to higher SDS and RS percentages for all the accessions. Pressure cooking resulted in
increased RS for SP18 and SP21, while convection oven cooking was associated with increased RS in SP21.
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SP21 was the only variety with RS values higher than RDS and SDS in all cooking treatments. It is an
orange-fleshed variety, similar to 'Beauregard,’ the most popular variety of this color, which has been
extensively studied for its glycemic index [1; 51; 11].

Despite the effects of cooking methods on SP accessions, RS was reduced in all cases compared to the
uncooked control samples (SP flour). Xu and coauthors [38] reported a decrease in RS contents in freeze-
dried flours of purple-fleshed sweet potatoes after being cooked by microwave oven and steam cooked.

Cui and Zhu [52] analyzed the amounts of RDS, SDS, and RS in SP flours and found significant
differences between the studied varieties. Gelatinized starch from the cooked flours showed higher
percentages of RDS and lower levels of SDS and RS. The cooking method has a profound influence on the
RS content, as demonstrated in fried sweet potato chips [53].

The higher RDS in the cooked samples was associated with starch conversion, SRS, TRS, and color
(AE). In other words, the increase in RDS depended on all parameters that promoted an increase in free
glucose. On the other hand, RS levels were positively influenced by factors opposite to RDS, such as AM,
dry matter, total starch, amylase activity, enzymatic efficiency, and L*. These parameters were related to the
starch content of the roots.

CONCLUSION

The cooking methods had varying effects on sweet potatoes. Microwave oven-cooked samples showed the
least differences in TRS and SRS levels compared to the control, indicating that this method resulted in the
lowest changes in sugar composition. When the convection oven method was used, TRS content in SP22
did not differ from the control. Pressure cooking led to high levels of TRS and SRS. White-fleshed sweet
potatoes had higher starch contents compared to colored pulp samples. SP22 exhibited the highest
enzymatic activity, while the other accessions did not differ significantly. In terms of the in vitro digestibility of
starch from the cooked sweet potato samples, significant differences were observed in the values of RDS,
SDS, and RS for all cooking methods and accessions studied. Within this current study, we have illustrated
that utilizing a microwave oven is the most effective approach for attaining reduced starch digestibility and
increased resistant starch (RS) content.

Funding: This research received financial support from CNPq, grant number 304260/2019-3 and from CAPES.
Acknowledgments: The authors express their gratitude to the Agriculture Mechanization Laboratory/State University
of Ponta Grossa (LAMA/UEPG) for generously providing two SP samples utilized in this research. Additionally, heartfelt
thanks are extended to C-LABMU for granting access to their invaluable scientific equipment. ACB and DB thank to
CAPES for their scholarships. IMD and LGD serve as research fellows funded by CNPqg and express their gratitude for
the provided support.

Conflicts of Interest: The authors declare no conflict of interest.

REFERENCES

1. Allen JC, Corbitt AD, Maloney KP, Butt MS, Truong V-D. Glycemic Index of Sweet Potato as Affected by Cooking
Methods. Nutri. J. 2012; 6:1-11. DOI: 10.2174/1874288201206010001.

2. LuP, LiX, Janaswamy S, Chi C, Chen, L, Wu Y, Liang Y. Insights on the structure and digestibility of sweet
potato starch: Effect of postharvest storage of sweet potato roots. Int. J. Biol. Macromol. 2020; 145: 694-700.
DOI: 10.1016/j.ijbiomac.2019.12.151.

3. Jiang Q. et al. Morphology, structure and in vitro digestibility of starches isolated from Ipomoea batatas (L.) Lam.
by alkali and ethanol methods. Int. J. Biol. Macromol. 2019; 125:1147-55, DOI: 10.1016/j.ijjbiomac.2018.12.172.

4. Edwards CH, Cochetel N, Setterfield L, Perez-Moral N, Warren FJ. A single-enzyme system for starch digestibility
screening and its relevance to understanding and predicting the glycaemic index of food products. Food Func.
2019; 10:4751-4760. DOI: 10.1039/C9FO00603F.

5. Damir, AA. Effect of heat penetration during cooking on some physico-chemical properties and microstructure of
sweet potatoes. Food Chem. 1989; 34(1): 41-55. DOI: 10.1016/0308-8146(89)90032-0.

6. Kingman SM, Englyst HN. The influence of food preparation methods on the in-vitro digestibility of starch in
potatoes. Food Chem. 1994: 49(2):181-6. DOI: 10.1016/0308-8146(94)90156-2.

7. Patterson MA, Fong JN, Maiya M, Kung S, Sarkissian A, Nashef N, Wang, W. Chilled Potatoes Decrease
Postprandial Glucose, Insulin, and Glucose-dependent Insulinotropic Peptide Compared to Boiled Potatoes in
Females with Elevated Fasting Glucose and Insulin. Nutrients. 2019; 11(9):2066. DOI: 10.3390/nu11092066.

8. HouF, Mu T, Ma M, Blecker C. Sensory evaluation of roasted sweet potatoes influenced by different cultivars: A
correlation study with respect to sugars, amino acids, volatile compounds, and colors. J. Food Process. Preserv.
2020; 4:1-10. DOI: 10.1111/jfpp.14646.

Brazilian Archives of Biology and Technology. Vol.66: €23230872, 2023 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.
24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Bedin, A.C.; et al. 10

Lai YC, Huang CL, Chan CF, Lien CY, Liao WC. Studies of sugar composition and starch morphology of baked
sweet potatoes (Ipomoea batatas (L.) Lam). J. Food Sci. Technol. 2013: 50(6):1193-9, DOI: 10.1007/s13197-011-
0453-6.

Takahata Y. Varietal Differences in Storage Root Quality and Physiological Factors in Sweetpotato. Jpn. Agric.
Res. Q. 1995: 29(4):215-21.

Zaccari F, Cabrera M, Saadoun A. Glucose Content and In Vitro Bioaccessibility in Sweet Potato and Winter
Squash Varieties during Storage. Foods. 2017: 6(7):48, DOI: 10.3390/foods6070048.

Tang Y, Cai W, Xu B. Profiles of phenolics, carotenoids and antioxidative capacities of thermal processed white,
yellow, orange and purple sweet potatoes grown in Guilin, China. Food Sci Hum Wellness. 2015: 4(3):123-32.
DOI: 10.1016/j.fshw.2015.07.003.

Paracchini ML, Justes E, Wezel A, Zingari PC, Kahane R, Madsen S, Scopel E, Hérault A, Bhérer-Breton P,
Buckley R, Colbert E, Kapalla D, Sorge M, Adu Asieduwaa G, Bezner Kerr R, Maes O, Néegre T. Agroecological
practices supporting food production and reducing food insecurity in developing countries. A study on scientific
literature in 17 countries. Ispra: Publications Office of the European Union, 2020: 77 p. (JRC Technical Reports,
121570). doi: 10.2760/82475

Huang CL, Liao WC, Chan CF, Lai YC. Storage performance of Taiwanese sweet potato cultivars. J. Food Sci.
Technol. 2014: 51(12):4019-25.DOI: 10.1007/s13197-013-0960-8.

Jackson DM, Harrison HF, Jarret RL, Wadl PA. Color analysis of storage roots from the USDA, ARS sweet potato
(Ipomoea batatas) germplasm collection. Genet. Resour. Crop. 2018: 65(4):1217-36. DOI: 10.1007/s10722-018-
0609-6.

Hagenimana V, Simard RE, Vézina LP. Amylolytic Activity in Germinating Sweetpotato (Ipomoea batatas L.)
Roots. J. Am. Soc. Hortic. Sci. 1994; 119(2):313-20. DOI: 10.21273/JASHS.119.2.313.

Morrison TA, Pressey R, Kays SJ. Changes in a- and 3-amylase during Storage of Sweetpotato Lines with
Varying Starch Hydrolysis Potential. J. Am. Soc. Hortic. Sci. 1993; 118(2):236—42. DOI:
10.21273/JASHS.118.2.236.

Nandutu A, Carasco J, Hagenimana V. Using sweet potato amylase extracts for the determination of starch in
foodstuffs. J. food technol. Afr. 2000: 5(2):66-9.

Tavano OL, Fernandes-Lafuente R, Goulart AJ, Monti R. Optimization of the immobilization of sweet potato
amylase using glutaraldehyde-agarose support. Characterization of the immobilized enzyme. Process Biochem.
2013; 48(7):1054-8. DOI: 10.1016/j.prochio.2013.05.009.

Vajravijayan S, Pletnev S, Mani N, Pletneva N, Nandhagopal N, Gunasekaran K. Structural insights on starch
hydrolysis by plant f-amylase and its evolutionary relationship with bacterial enzymes. Int. J Biol Macromol. 2018;
113:329-33. DOI: 10.1016/j.ijbiomac.2018.02.138.

Shao Y, Lin AHM. Improvement in the quantification of reducing sugars by miniaturizing the Somogyi-Nelson
assay using a microtiter plate. Food Chem. 2018; 240:898—903. DOI: 10.1016/j.foodchem.2017.07.083.
Hunterlab. C. L*a*b* Color Scale. Insight on Color. 2008; 8(7):1-4.

AOAC. Official Methods of Analysis of AOAC International. 2006.

Hou F, Mu T, Ma M, Blecker C. Optimization of processing technology using response surface methodology and
physicochemical properties of roasted sweet potato. Food Chem. 2019a; 278:136-43. DOI:
10.1016/j.foodchem.2018.11.034.

Chan CF, Chiang CM, Lai YC, Huang CL, Kao SC, Liao WC. Changes in sugar composition during baking and
their effects on sensory attributes of baked sweet potatoes. J. Food Sci. Technol. 2014; 51(12):4072-77. DOI:
10.1007/s13197-012-0900-z.

Wei S, Lu G, Cao H. Effects of cooking methods on starch and sugar composition of sweet potato storage roots.
Plos One. 2017; 12(8):1-10. DOI: 10.1371/journal.pone.0182604.

Somogyi M. Notes On Sugar Determination. J. Biol. Chem. 1952; 195(1):19-23.

Megazyme. Total StarchAssay Procedure, 2017.

Englyst HN, Kingman SM, Cummings JH. Classification and measurement of nutritionally important starch
fractions. In: Eur. J. Clin. Nutr. 1992 Oct; 46(Suppl 2):S33-50.

Lan Phan KT, Chittrakorn S, Tai HP, Ruttarattanamongkol K. Effects of Cooking Methods on the Changes of Total
Anthocyanins, Phenolics Content and Physical Characteristics of Purple-Fleshed Sweet Potato (Ipomoea batatas
L.) Grown in Vietham. Int J Adv Sci Eng Inf Technol. 2018; 8(1):227. DOI: 10.18517/ijaseit.8.1.3384.

Thi Lan Khanh P, Chittrakorn S, Rutnakornpituk B, Phan Tai H, Ruttarattanamongkol K. Processing effects on
anthocyanins, phenolic acids, antioxidant activity, and physical characteristics of Viethamese, purple-fleshed
sweet potato flours. J. Food Process.Preserv.2018; 42(9):1-10. DOI: 10.1111/jfpp.13722.

Xu Y. Bioactive compounds and biological activity of extracts from Virginia-grown sweet potatoes affected by
different cooking methods. J. Food Meas. Charact. 2018; 12(4):2591-7. DOI: 10.1007/s11694-018-9876-3.
Cartier A, Woods J, Sismour E, Allen J, Ford E, Githinji L, Xu Y. Physiochemical, nutritional and antioxidant
properties of fourteen Virginia-grown sweet potato varieties. J. Food Meas. Charact. 2017; 11(3):1333—-41. DOI:
10.1007/s11694-017-9511-8.

Ridley SC, Lim M, Heenan S, Bremer P. Evaluation of sweet potato cultivars and heating methods for control of
maltose production, viscosity and sensory quality. J. Food Qual. 2005:28(2):191-204. DOI: 10.1111/j.1745-
4557.2005.00013. x.

Brazilian Archives of Biology and Technology. Vol.66: €23230872, 2023 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45,

46.

47.

48.

49.

50.

51.

52.

53.

Bedin, A.C.; et al. 11

Tao Y. Structural changes of starch subjected to microwave heating: A review from the perspective of dielectric
properties. Trends Food Sci. Technol. 2020:99(8):593-607. DOI: 10.1016/j.tifs.2020.02.020.

Chen Y, XuY, Cao Y, Fang K, Xia W, Jiang Q. Combined Effect of Microwave and Steam Cooking on
Phytochemical Compounds and Antioxidant Activity of Purple Sweet Potatoes. Food Sci. Technol. 2017;
23(2):193-201. DOI: 10.3136/fstr.23.193.

Nicoletto C, Vianello F, Sambo P. Effect of different home-cooking methods on textural and nutritional properties
of sweet potato genotypes grown in temperate climate conditions. J. Sci. Food Agric. 2018; 98(2):574-81. DOI:
10.1002/jsfa.8499.

XuY, ChenY, Cao Y, Xia W, Jiang Q. Application of simultaneous combination of microwave and steam cooking
to improve nutritional quality of cooked purple sweet potatoes and saving time. Innov Food Sci Emerg Technol.
2016; 36:303-10. DOI: 10.1016/j.ifset.2016.07.014.

Picha DH. Sugar Content of Baked Sweet Potatoes from Different Cultivars and Lengths of Storage. J. Sci. Food.
1986; 51(3):845-8. doi: 10.1111/j.1365-2621.1986.tb13950.x.

Lewthwaite SL, Sutton KH Triggs CM. Free sugar composition of sweet potato cultivars after storage. N. Z. J.
Crop Hortic. Sci. 1997;25(1):33-41. DOI: 10.1080/01140671.1997.9513984.

Sawai J, Nakai T, Hashimoto A, Shimizu M. A comparison of the hydrolysis of sweet potato starch with beta-
amylase and infrared radiation allows prediction of reducing sugar production. Int. J. Food Sci. Technol. 2004:
39(9):967—-74. DOI: 10.1111/j.1365-2621.2004.00865. x.

Wu DT. Physicochemical characteristics and antioxidant activities of non-starch polysaccharides from different
kiwifruits. Int. J Biol Macromol. 2019; 136:891-900. DOI: 10.1016/j.ijbiomac.2019.06.142.

Aina AJ, Falade KO, Akingbala JO, Titus P. Physicochemical properties of twenty-one Caribbean sweet potato
cultivars. Int. J. Food Sci. Technol. 2009; 44(9):1696—704. DOI: 10.1111/j.1365-2621.2009.01941. x.

Dincer C, Karaoglan M, Erden F, Tetik N, Topuz A, Ozdemir F. Effects of Baking and Boiling on the Nutritional and
Antioxidant Properties of Sweet Potato [I[pomoea batatas (L.) Lam.] Cultivars. Plant Foods Hum Nutr. 2011;
66(4):341-7. DOI: 10.1007/s11130-011-0262-0.

Hou F, Mu T, Ma M, Blecker C, Sun H. Cultivar selection as a tool for nutritional and functional value
enhancement of roasted sweet potato. J. Food Process.Preserv. 2019b; 43: 43:€14200. DOI: 10.1111/jfpp.14200.
Bach D, Bedin AC, Lacerda LG, Nogueira A, Demiate IM. Sweet Potato (Ipomoea batatas L.): a Versatile Raw
Material for the Food Industry. Braz. Arch. Biol. Techn. 2021; 64:€21200568. doi: 10.1590/1678-4324-
2021200568

Hesam F, Tehrani RT, Balali GR. Evaluation of -amylase Activity of Sweet Potato (Ipomoea batatas) Cultivated in
Iran. J. Food Biosci. Technol. 2015; 5(2):41-8.

Wang TC, Chen BY, Shen YP, Wong JJ, Yang CC, Lin TC. Influences of superheated steaming and roasting on
the quality and antioxidant activity of cooked sweet potatoes. Int. J. Food Sci. Technol. 2012; 47(8):1720-7. DOI:
10.1111/j.1365-2621.2012.03026. x.

Nakamura Y, Kuranouchi T, Ohara-Takada A, Masuda R, Kumagai T, Katayama K. Maltose generation by beta-
amylase and its relation to eating quality of steamed storage roots of sweet potato cultivars, including recently
developed varieties in japan. Jpn. Agric. Res. Q: JARQ. 2018; 52(1):7-16. DOI: 10.6090/jarq.52.7.

Zhang Z, Wheatley CC, Corke H. Biochemical changes during storage of sweet potato roots differing in dry matter
content. Postharvest Biol. Technol. 2002; 24(3):317-25. DOI: 10.1016/S0925-5214(01)00149-1.

Odenigho A, Rahimi J, Ngadi M, Amer S, Mustafa A. Starch digestibility and predicted glycemic index of fried
sweet potato cultivars. Funct. food health dis. 2012; 2(7):280. DOI: 10.31989/ffhd. v2i7.83.

Cui R, Zhu F. Physicochemical and functional properties of sweetpotato flour. J. Sci. Food Agric. 2019;
99(10):4624-34. DOI: 10.1002/jsfa.9702.

Santos TPR, Fernandes DS, Borges CV, Leonel M, Lima GPP. Orange-fleshed Sweet Potato Chips: Processing
Effect on Carotenoid Content and Resistant Starch and Sensory Acceptance. Braz. Arch. Biol. Techn. 2021;
64:(e21200512). doi: 10.1590/1678-4324-2021200512

© 2023 by the authors. Submitted for possible open access publication under the terms and
‘@ @ @ \conditions of the Creative Commons Attribution (CC BY NC) license

(https://creativecommons.org/licenses/by-nc/4.0/).

Brazilian Archives of Biology and Technology. Vol.66: €23230872, 2023 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

