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Abstract The effects of annealing on the digestibility,

morphology, and physicochemical characteristics of four

types of granular sweet potato starches [Yulmi (YM),

Yeonwhangmi (YHM), sweet potato starch from Samyang

Genex (SSPS), and commercial sweet potato starch

(CSPS)] were investigated. Annealing was performed at

55°C and 90% moisture content for 72 h. Morphology, the

branched chain distribution of amylopectin, and the X-ray

diffraction pattern remained unchanged during the annealing

process. The slowly digestible starch content in annealed

YM, YHM, and SSPS starches increased, but did not

change in annealed CSPS. The gelatinization temperatures

increased, but the gelatinization temperature range decreased

with annealing. The swelling factor and amylose leaching

decreased, while the close packing concentration increased.

Rapid Visco Analyser analysis revealed that annealed

starches possessed thermal stability and higher pasting

temperatures. It is suggested that the enhanced packing

arrangement formed during annealing impacts the digestibility

and physicochemical properties of sweet potato starches.

Keywords: annealing, digestibility, slowly digestible

starch, structural analysis, sweet potato starch

Introduction

Sweet potato [Ipomoea batatas (L.) Lam.] is the seventh

most important food crop in annual production in the

world. However, its role has changed dramatically, from a

staple food to a health food. Sweet potato is used as

powder, snack, sweet jelly, drink, source of starch (bread,

cakes, noodles, and confectioneries), source of ethanol, and

food coloring, as well as for other applications (1). At

present, orange-fleshed sweet potato is very popular in

Korea due to its sweet taste, appearance, and flavor

compared to the yellow-fleshed sweet potato. Among

various varieties, Yeonwhangmi (used in this study) is

known to be of high quality. Lee et al. (2), who developed

this variety, reported that steamed Yeonwhangmi has a

higher polyphenol content, which improves bioactivity in

humans and a higher degree of enzymatic browning. Its

total sugar content is higher than that of Yulmi (2), which

is another Korean sweet potato variety used in the current

study. Although the nutritional aspects of orange-fleshed

sweet potato have been reported, including the β-carotene

content (3), its physicochemical properties have rarely

been reported. Modification of orange-fleshed sweet potato

starch has not been attempted.

Raw starches are not widely utilized in the food industry

due to various disadvantages including low solubility; high

viscosity of starch gel at room temperature; poor thermal,

shear, and acid stability; and a high rate and extent of

retrogradation (4). In addition, there has recently been

much interest in the digestibility of starches. Therefore,

starches have been modified chemically, physically, and
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enzymatically to improve their functional properties and

induce low digestibility. Among various physical modifications,

annealing and heat-moisture treatments are considered to

be natural, easy to apply, economical, and non-toxic.

Moreover, starch granules remain intact after annealing

when with excessive (>60%, w/w) or intermediate (40%-

55%, w/w) amounts of water for a long period below the

gelatinization temperature and above the glass transition

temperature (5,6). Changes in various physicochemical

properties such as granular stability, crystalline perfection,

starch chain interactions within the amorphous and

crystalline domains of the granule, gelatinization temperatures,

granular swelling, and amylose leaching normally occur

after annealing (5-12).

For nutritional purposes, starch is generally classified

into rapidly digestible starch (RDS), slowly digestible

starch (SDS), and resistant starch depending on the rate of

digestion (13). SDS is digested completely but at a very

slow rate compared to RDS. The physiological effects of

SDS are helpful in prolongation of satiety and diabetes

control. Moreover, SDS can function as a longer, more

consistent source of systemic glucose (14). RS is defined

as the sum of starch and the products of starch degradation

not absorbed in the small intestine of healthy individuals.

Sajilata et al. (15) reported that RS can prevent colonic

cancer, has hypoglycemic and hypocholesterolemic effects,

inhibits fat accumulation, and increases the absorption of

minerals. Different annealing conditions have been used to

produce RS by physical modification (16). However, only

a few studies have assessed the generation of SDS by

annealing (17,18). Shin et al. (17) obtained sweet potato

starch by hydrothermal treatment in which the content of

SDS was doubled. Chung et al. (18) showed that the

annealing of several starches (corn, pea, and lentil) decreased

the SDS content in granular starches but increased the SDS

content after gelatinization. Therefore, the objectives of the

present study were to determine the changes in structure

and digestibility of granular sweet potato starches

following an annealing treatment, to compare the effects of

annealing on orange-fleshed sweet potato starch to those

on commercial sweet potato starches, and to determine the

relationship between the structure developed by annealing

and digestibility.

Materials and Methods

Materials Korean native sweet potato cultivars, Yulmi

(YM) and Yeonwhangmi (YHM), were obtained from

Bioenergy Crop Research Center, National Institute of

Crop Science, Rural Development Administration. A sweet

potato starch (SSPS) was provided by Samyang Genex

(Daejeon, Korea), and a commercial sweet potato starch

(CSPS) was bought from a local market. The apparent

amylose contents were 27.3, 26.6, 26.5, and 26.6% for

YM, YHM, SSPS, and CSPS, respectively.

Starch isolation Washed sweet potato was peeled and

cut into cubes. Small pieces of sweet potato were ground

in a blender with 0.2% sodium hydroxide at full speed, and

was filtered through 35-, 50-, and 100-mesh sieves. The

suspended solution was centrifuged at 6,000×g for 10 min,

and the supernatant was decanted. This procedure was

repeated until no protein in supernatant was detected using

ninhydrin reaction (19). The starch layer was resuspended

in distilled water, shaken and centrifuged as described

above. For neutralizing the starch slurry, washing with

distilled water was repeated. Then, it was dried at 30oC in

a drying oven and passed through a 100-mesh sieve.

Preparation of annealed starch The initial moisture

contents of YM, YHM, SSPS, and CSPS were 10.8, 8.5,

11.5, and 12.3 %, respectively. Raw starches (5 g) were

weighed into glass containers. Then, moisture contents of

sweet potato starches was adjusted to 90% by adding

appropriate amounts of distilled water with 0.02% sodium

azide as a bacteriostatic agent. The glass containers were

sealed, stored at room temperature for 24 h for equilibration.

After equilibration, all samples were stored at 55oC in a

water bath for 72 h. All samples were recovered by

centrifugation at 1,500×g for 5 min and the supernatant

was poured off. The annealed starches were washed with

distilled water and air-dried at room temperature, ground

and passed through a 100-mesh sieve.

Microscopic observation Microscopic observations of

raw and annealed sweet potato starches was performed

using a scanning electron microscope (JSM 5410LV; JEOL

Ltd., Tokyo, Japan) as described by Shin et al. (17). Light

microscopy was conducted using a CSB-HP3 light

microscope (Sam Won Scientific, Seoul, Korea) equipped

with a polarizer. Images were captured using a digital

camera (E8400; Nikon, Tokyo, Japan).

Gelatinization properties using differential scanning

calorimetry (DSC) The gelatinization properties of starch

samples were determined using a differential scanning

calorimeter (Diamond DSC; Perkin-Elmer, Waltham, MA,

USA). Starch (10 mg) was weighed in a hermetic aluminum

pan, and 40 mL of distilled water was added. The sample

pan was sealed and kept at room temperature overnight.

DSC scan was made as the sample was heated from 30oC

to 130oC at a rate of 5oC/min. As a reference, an empty pan

was used.

X-ray diffraction and relative crystallinity X-ray
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diffraction analysis was performed using an X-ray

diffractometer (Model D5005; Bruker, Karlsruhe, Germany)

operating at 40 kV and 40 mA with Cu-Kα radiation of

0.15406 nm (nickel filter; time constant, 4 s). The sample

was scanned through 2θ range from 3o to 30o.

Relative crystallinty was calculated using Origin 5.0

(MicroCal, Northampton, MA, USA) according to the

following equation:

Relative crystallinity (%)= ×100

where, Aa is the area of amorphous region, and Ac is the

area of crystalline region.

Swelling factor Starch (100 mg) was suspended in 5 mL

of distilled water and incubated in a water bath at 30, 50,

60, 70, and 80oC for 30 min. After cooling the sample on

ice, 0.5 mL of blue dextran solution (5 mg/mL) was added.

The solution was gently vortexed, centrifuged at 3,000×g

for 10 min, and the absorbance of the supernatant was

measured at 620 nm. Swelling factor (SF) was calculated

as follows:

where, w is the sample weight, AS is the absorbance of the

supernatant, and AR is the absorbance of reference (without

starch).

 

Close packing and amylose leaching Close packing

(C*) and amylose leaching (AML) were determined by the

method of Eerlingen et al. (21) with slight modification.

Starch suspension (0.5% dry matter) was heated for 15 min

in a water bath at 80oC. After cooling on ice, the starch

sample was centrifuged at 2,400×g for 15 min. The

supernatant was transferred to other tube with a pipette for

the measurement of amylose content (21). The sediment

was weighed and C* was calculated as follows:

C* (%)=

For the determination of amylose content, supernatant

(1.0 mL) was taken into a 50.0 mL tube. After adding

0.1 M NaOH (0.5 mL), the sample was boiled for 3 min

and immediately cooled on ice. Following neutralization

with 0.1 M HCl (0.5 mL), 20.0 mL of potassium hydrogen

tartrate solution (5.0 g/L) and distilled water (27.5 mL)

were added. Then, 0.5 mL of an iodine solution (0.2 g I2

and 2.0 g KI/100 mL) was added. After thorough mixing,

the solution was kept at room temperature for 20 min. The

absorbance of the solutions was measured at 680 nm. Pure

potato amylose was used for the calibration curve.

Starch digestibility Starch digestibility was determined

following the method of Brumovsky and Thompson (16)

with slight modification. To prepare enzyme solution, 2 g

of pancreatin (P-7545, activity 8×USP/g; Sigma-Aldrich,

St. Louis, MO, USA) was added to 24 mL of distilled

water and stirred for 10 min. After centrifugation at 1,500×g

for 10 min, 20 mL of the supernatant was transferred into

a beaker containing 3.6 mL of distilled water and 0.4 mL

of amyloglucosidase (AMG 300L, activity 300 AGU/mL;

Novozymes, Bagsvaerd, Denmark). The enzyme solution

was stored in a shaking incubator at 37oC for at least 10

min prior to use. The enzyme solution was freshly prepared

for each batch of digestion.

Each starch sample (30 mg) was weighed into a 2-mL

microtube containing 0.75 mL of sodium acetate buffer

(pH 5.2) and a glass ball. Each tube containing starch and

buffer was stored in a shaking incubator at 37oC for

10 min. After storage, prepared enzyme solution (0.75 mL)

was added to each tube and all samples were incubated in

a shaking incubator with a shaking speed of 240 rpm at

37oC. The microtube was taken at certain time (10 and

240 min) and boiled for 10 min to stop enzyme reaction.

The hydrolyzed glucose content in the supernatant obtained

after centrifugation (5,000×g, 5 min) was measured using a

GOP-POD kit (BCS Co., Anyang, Korea).

Starch fractions were classified based on the rate of

hydrolysis. RDS and SDS fractions were measured after

incubation for 10 min and 240 min, respectively. The

undigested fraction after 240 min was determined as RS

fraction.

Pasting properties Pasting properties of starch suspensions

were measured with a Rapid Visco Analyser (RVA-3D;

Newport Scientific, Warriewood, Australia). The starch

suspension (8%, w/w) was equilibrated at 50oC for 1 min,

heated from 50oC to 95oC at a rate of 12oC/min, held at

95oC for 2.5 min, cooled to 50oC at the same rate, and held

at 50oC for 2 min. The paddle speed was 960 rpm for the

first 10 s, then 160 rpm for the remainder of the experiment.

Statistical analysis Experiments were conducted in

triplicate, and the mean value with the standard deviation

are reported. SigmaPlot for windows (version 10.0;

Chicago, IL, USA) was used for graphs.

Results and Discussion

Microscopic observation Scanning electron microscopy

revealed that these raw sweet potato starches had irregular,

oval, round, polygonal, spherical, and bell-shaped granules
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and there were no pores on their surfaces. The granule

shape rarely changed after annealing (data not shown).

Under polarized light, the retention of granule crystallinity

was observed by birefringence. All annealed starches

maintained their birefringence and showed similar intensities

of birefringence under polarized light (data not shown).

This suggests that there are only minor changes to the

organized structure and its orientation during annealing.

Studies of several starches have also shown no significant

changes in the birefringence of starch during annealing

treatments (5,18).

Gelatinization properties Among the raw sweet potato

starches, onset temperature (To), peak temperature (Tp), and

conclusion temperature (Tc) were highest in CSPS

followed by YM/YHM and SSPS (Table 1). Gelatinization

properties are normally affected by amylose content and

the distribution of amylopectin chains of different length

(22). There were no significant differences in chain length

distribution and amylose content among the samples (data

not shown). These results suggest that there are other

factors that affect gelatinization properties. A possible

reason for the different gelatinization parameters is the

varying amounts of imperfect crystallites with different

thermal stability. The gelatinization temperature range

(Tr=Tc−To) of raw SSPS was broader than for the other

starches, which could be due to the presence of crystallites

that are disordered at different temperatures. The ∆H was

the highest in SSPS followed by CSPS and YM/YHM.

Gelatinization enthalpy may be due to the melting of

imperfect amylopectin-based crystals, with potential

contributions from the crystal packing and helix melting

enthalpies (23). All sweet potato starches used in this study

had similar amylose contents (26.8%) and showed similar

amylopectin chain length distributions (data not shown).

Thus, they presumably had a different internal structure

with respect to the starch granules.

The To and Tp of all annealed starches were higher than

in the raw starches and the Tc of annealed starches was

slightly higher or similar to that of raw starches. Tr

decreased during annealing. The Tr value represents the

degree of heterogeneity of crystallites. Thus, the crystallites

in annealed starches displayed higher homogeneity than

raw starches. This can be been attributed to the perfection

of pre-existing crystallites (5). There was a more pronounced

increase in To than in Tp and Tc. This suggests that the

weakest crystallites were affected by annealing and were

made more stable during the annealing process. The

slightly higher or similar Tc values for annealed starches

compared to raw starches suggests that the strong crystallites

were unlikely to be affected by annealing. These results are

consistent with previous reports (5-9,11). The extent of the

increases in To and Tp was the highest in SSPS followed by

YM/YHM and then CSPS. ∆H decreased during annealing

in all starches except for CSPS. The decrease in the ∆H of

YM, YHM, and SSPS suggests that the double helical

structures in amylopectin-based crystals, which contain

loosely associated crystallite defects, were disrupted during

annealing. However, the increase in the ∆H of CSPS may

have been due to the increased extent of the helical

structure after annealing. This could be caused by the

differences in the packing structures among sweet potato

starches during biosynthesis. Annealing appears to allow

the partial melting of some crystallites and a general

realignment of starch chains in the amorphous phase.

Therefore, weak crystallites or crystallite defects in the

original packing structures of YM, YHM, and SSPS were

likely to have melted and to have not readily realigned

Table 1. Gelatinization parameters of raw and annealed sweet potato starches

Sample1) To (
oC) Tp (

oC) Tc (
oC) Tr (

oC) ∆H (J/g)

YM Raw 64.9±0.4 73.2±0.0 79.7±0.3 14.8±0.1 9.3±0.2

Annealed 72.1±0.1 76.4±0.1 81.0±0.2 8.9±0.1 7.8±0.2

∆T
2) 7.2±0.4 3.2±0.1 1.3±0.4 -5.9±0.1 -1.5±0.3

YHM Raw 62.4±0.6 73.8±0.4 80.1±0.2 17.8±0.5 9.3±0.3

Annealed 70.0±0.4 77.2±0.6 81.9±0.4 9.9±0.6 8.2±0.5

∆T 7.6±0.7 3.4±0.7 1.8±0.4 -7.9±0.8 -1.1±0.6

SSPS Raw 57.2±0.2 68.1±0.3 78.2±0.8 21.0±0.8 14.8±0.6

Annealed 70.7±0.1 74.4±0.1 78.9±0.3 8.1±0.3 12.0±0.7

∆T 13.5±0.2 6.3±0.3 0.7±0.9 -12.9±0.9 -2.8±0.9

CSPS Raw 67.1±0.3 74.2±0.5 83.2±0.5 16.1±0.7 12.0±0.7

Annealed 72.2±0.2 78.3±0.4 83.9±0.2 11.8±0.1 16.1±0.4

∆T 5.1±0.4 4.1±0.6 0.7±05 -4.3±0.7 4.1±0.8

1)YM, Yulmi; YHM, Yeonwhangmi; SSPS, sweet potato starch produced by Samyang Genex; CSPS, commercial sweet potato starch
2)
∆T denotes the degree of difference in onset temperature (To), peak temperature (Tp), conclusion temperature (Tc) gelatinization temperature
(Tr), and enthalpy (∆H) before and after annealing treatment, calculated by subtracting the values for annealed starch from those for raw
starch.
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whereas those in CSPS likely realigned more easily, and

these realigned crystallites had a more ordered structure

than those in raw CSPS. Many researchers have reported

conflicting results regarding changes in ∆H after annealing

treatment (5,7,8,18,24,25). These studies have suggested

that the extent of change in ∆H after annealing depends on

the annealing conditions and the origin of the starch.

X-ray diffraction pattern and crystallinity The X-ray

diffraction patterns and the relative crystallinities of raw

and annealed sweet potato starches are shown in Fig. 1 and

Table 2, respectively. Starch can be classified into A, B,

and C types based on the X-ray diffraction pattern.

According to Hizukuri et al. (26), X-ray diffraction peaks

at 5.5, 15, 17, and 22o or 23o are characteristic of C type

starch that is common to most sweet potato starches. They

also sub-classified C type starch into Ca, Cb, and Cc types

on the basis of their resemblance to either type A, B, or an

intermediate type between A and B, respectively. According

to this classification, raw YM and YHM are Ca type

starches. The X-ray diffraction patterns of raw SSPS and

CSPS allowed them to be classified as Cb and Cc types,

respectively. After annealing, the X-ray diffraction pattern

remained unchanged.

The relative crystallinities of raw starches were similar.

Relative crystallinity can be influenced by the content ratio

of amylose to amylopectin, average amylopectin chain

length, and crystallite size (4). After annealing, the relative

Table 2. Relative crystallinity of sweet potato starches before
and after annealing

Sample1) Relative crystallinity (%)

YM Raw 25.5±0.1

Annealed 23.5±0.3

YHM Raw 29.7±0.4

Annealed 28.5±0.3

SSPS Raw 25.5±0.1

Annealed 23.2±0.2

CSPS Raw 24.9±0.2

Annealed 26.7±0.3

1)YM, Yulmi; YHM, Yeonwhangmi; SSPS, sweet potato starch
produced by Samyang Genex; CSPS, commercial sweet potato
starch

Fig. 1. X-ray diffractograms of raw and annealed sweet potato starches. YM, Yulmi; YHM, Yeonwhangmi; SSPS, sweet potato
starch produced by Samyang Genex; CSPS, commercial sweet potato starch
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crystallinities of annealed YM, YHM, and SSPS slightly

decreased, but the relative crystallinity of annealed CSPS

slightly increased. This is consistent with the ∆H results.

Vermeylen et al. (27) reported that a slight decrease in

crystallinity might be a reflection of crystallite disruption

or reorientation. The increase in ∆H and relative

crystallinity of CSPS after annealing may have been due to

an increase in crystal perfection or the formation of new

crystallites. The increase in crystallinity during annealing

might also be influenced by the enhanced ordering of the

amylose-lipid complex (11,25). However, the peak

intensity at 19.5o, which is characteristic of the amylose-

lipid complex, was rarely changed by annealing in the

present study.

AML, SF, and C* Studies regarding AML and SF have

provided information regarding the extent of interaction

between starch chains in the amorphous and crystalline

domains of raw granules (18,25). AML at 80oC decreased

with annealing. The extent of this reduction was greatest in

SSPS followed by YM, YHM, and CSPS (Table 2). Low

values indicated that only a fraction of amylose had

leached out. Many researchers have reported that a

reduction in AML after annealing may be due to additional

interactions between amylose-amylose and/or amylose-

amylopectin and an enhanced ordering of amylose-lipid

complexes (5,11,18,25). As mentioned above, the peak

intensity of amylose-lipid complexes in the X-ray pattern

rarely changed after annealing. This suggests that the

change in the amount of amylose-lipid complex was not

the main reason for the decrease in AML after annealing

and that the additional interactions between the amylose

and amylopectin chains could be the main reason for the

increase in AML. During annealing, imperfect and weak

crystallites are easily melted and then reassociated (4).

During reassociation, they may interact with amylose and/

or amylopectin. Therefore, new crystallites formed by

reassociation could decrease AML after annealing. However,

newly formed crystallites in annealed starches may have a

less ordered structure and packing energy. This does not

apply to CSPS, because only the ∆H and crystallinity of

CSPS increased upon annealing.

The swelling of starch granules may begin in the bulk,

relatively mobile amorphous fraction and in the more

restrained amorphous regions immediately adjacent to

crystalline regions (28). In the present study, SF increased

as temperature increased up to 80oC, but decreased upon

annealing (Fig. 2). At 80oC, the decrease in SF of annealed

YM, YHM, SSPS, and CSPS was 7.1, 5.1, 4.2, and 2.5%,

respectively. This decline upon annealing was likely due to

Fig. 2. Swelling factors of raw and annealed sweet potato starches. YM, Yulmi; YHM, Yeonwhangmi; SSPS, sweet potato starch
produced by Samyang Genex; CSPS, commercial sweet potato starch
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interplay among several factors, such as an increase in

crystal perfection, the formation of new crystallites through

interactions between starch chains (amylose-amylose,

amylose-amylopectin, and amylopectin-amylopectin), and

an increase in crystallite size and crystallite reorientation

(5,11).

After annealing, C* increased because of the strong

decrease in swelling power caused by annealing (20). The

higher C* of annealed starch indicates that it needs a larger

number of granules to fill the total space compared to raw

starch. Therefore, the swollen granules of annealed sweet

potato starches used in this study may be smaller than

those of raw starch. These results are consistent with the

results of the SF.

Digestibility The in vitro digestibility of raw and annealed

starches is presented in Table 4. After annealing, the

changes in the digestibility of YM, YHM, and SSPS were

similar. Annealing increased RDS and SDS levels but

decreased RS content. However, the digestibility of CSPS

was not significantly different before and after annealing.

Starch-degrading enzymes mainly attack the amorphous

regions of starch granules in the initial period. Subsequently,

if some crystalline regions are exposed, the enzymes attack

the exposed crystalline region (29). In YM, YHM, and

SSPS, the amorphous region increased after annealing. At

the same time, crystalline defects, which are more resistant

to starch-degrading enzymes than are amorphous regions,

appeared to melt during annealing (based on the results of

DSC and X-ray diffractometry). A possible reason for the

increased RDS content is the easy and rapid attack on the

amorphous region and melted crystalline defects during the

initial period of digestion. The increase in SDS content and

the decrease in RS content could be due to the loss of some

α-helical structures and the crystalline region. These

changes could also be attributed to the partial gelatinization

of starch during annealing. However, as stated above, after

annealing, all annealed sweet potato starches retained their

birefringence under polarized light microscopic observation.

The partial or full swelling and gelatinization of starch

granules are indicated by the loss of birefringence, that is,

the disappearance of Maltese cross. Therefore, the swelling

or gelatinization during annealing could be negligible in

our study.

Unlike the other samples, the annealed CSPS had higher

∆H and crystalline perfection. Chung et al. (18) reported

that annealing decreases the SDS content and increases the

RS content of corn, pea, and lentil starches. This discrepancy

could be due to the differences in starch source, digestive

enzyme source, and method of digestibility measurement

(25).

Pasting properties Figure 3 shows Rapid Visco Analyser

(RVA) viscosity curves for raw and annealed sweet potato

starches. The starch pasting properties are influenced by

the interplay among various factors including granule

swelling, amylose leaching, starch crystallinity, and the

branch chain length distribution of amylopectin (28).

Jacobs et al. (9) reported that both the formation of a

tightly packed array of swollen and deformable granules

and the leaching of amylose can contribute to the

development of viscosity in starch paste during heating.

Peak viscosity and breakdown, which reflect the swelling

power and fragility of swollen granules, respectively, were

highest in YM followed by YHM, SSPS, and CSPS. As an

indicator of the tendency for retrogradation, CSPS had the

highest setback value (747 cp) and YM had the lowest

(552 cp). The higher setback value suggests the presence of

a more extensively hydrogen-bonded network structure

formed by the interactions among long amylopectin chains

(DP 37-50) during the cooling cycle (25). YM and YHM

had sharp peaks and high breakdown values, implying

granule fragility at higher temperatures and shear rates.

Annealing decreased peak viscosity and setback but

increased pasting temperature. The peaks were not well

Table 4. Relative amounts of RDS, SDS, and RS in raw and
annealed sweet potato starches

Sample1) RDS (%) SDS (%) RS (%)

YM Raw 20.0±2.2 34.2±2.2 45.8±0.0

Annealed 28.3±0.5 44.8±0.6 26.9±0.1

YHM Raw 22.0±0.6 35.4±0.4 42.6±0.1

Annealed 29.3±0.3 45.3±0.8 25.4±0.6

SSPS Raw 14.2±0.7 38.5±0.2 47.4±0.9

Annealed 20.6±0.2 46.5±0.6 32.9±0.6

CSPS Raw 5.0±0.1 30.9±1.0 64.1±1.0

Annealed 5.6±0.2 32.2±1.4 62.2±1.2

1)YM, Yulmi; YHM, Yeonwhangmi; SSPS, sweet potato starch produced
by Samyang Genex Co.; CSPS, commercial sweet potato starch

Table 3. Amounts of amylose leaching (AML) and close
packing concentrations (C*) of sweet potato starches before
and after annealing 

Sample1) AML C* (%)

YM Raw 60.7±1.5 3.3±0.5

Annealed 40.2±1.7 6.7±0.1

YHM Raw 62.4±1.0 3.2±0.0

Annealed 46.3±2.3 5.7±0.1

SSPS Raw 49.9±1.5 4.2±0.1

Annealed 23.2±1.3 7.2±0.3

CSPS Raw 39.8±0.9 4.8±0.1

Annealed 25.4±0.9 7.3±0.4

1)YM, Yulmi; YHM, Yeonwhangmi; SSPS, sweet potato starch produced
by Samyang Genex; CSPS, commercial sweet potato starch



30 Song et al.

defined. The final viscosities of annealed YM, SSPS, and

CSPS were lower than those of the raw starches, whereas

annealed YHM had a higher viscosity than raw starch. The

pasting temperature of all annealed starches increased by

4.75, 3.95, 8.05, and 5.45oC in YM, YHM, SSPS, and

CSPS, respectively. Hydrothermal treatment may make the

granules resistant to deformation by strengthening the

intragranular binding forces (8). Higher pasting temperature

and lower peak viscosity and breakdown may be due to

enhanced crystallinity and limited starch swelling and

structural disintegration, which significantly contributes to

starch viscosity (30). In annealed YHM, the increased final

viscosity was probably a consequence of swollen gelatinized

granules being more rigid, which significantly contributes

to high cold viscosities (31). Therefore, annealing increased

the paste stability and gelatinization temperature. This

result is consistent with previous studies (5,8,9).

Regarding a potential industrial application of the annealed

sweet potato starch, because the annealing process can

decrease granular swelling and amylose leaching and

increase heat and shear stability, which are all desirable

properties for preparing good quality noodles, it can be of

use in the manufacturing of noodles containing sweet

potato starch (4).

In conclusion, the annealing process enhanced the

packing arrangement in sweet potato starch granules and

thus affected their physicochemical properties and digestibility

by increasing the SDS content, although the extent of its

influence varied depending on the cultivar. Our results will

help lead to the development of new foods containing a

healthy functional starch ingredient from orange-fleshed

sweet potato.
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