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Starch is a complex carbohydrate consisting of numerous glucose units joined by glycosidic bonds. According
to digestibility, starch has been categorized into rapidly digestible starch that takes 20 minutes after consumption
to be fully digested, slow digestible starch which takes between 20 and 120 minutes to be fully digested in
the small intestines, and resistant starch (RS) which resists digestion in the small intestine and undergoes
fermentation in the large intestines, hence producing beneficial products for the human health. The study was
carried out to compare the contents of RS in different starchy vegetables and analyze the physicochemical
properties such as moisture content, amylose content, swelling, and water absorption capacity (WAC) of the
chosen food samples and explain the relationship between the physicochemical properties and RS content of
the food samples. Potato starch recorded a high resistant starch content at 56.43%, while corn starch was low at
2.82% RS. There was a positive correlation between RS and amylose content. However, there was a negative
correlation between swelling capacity and WAC. The RS content of potato starch recorded the least swelling at
1.49 g/g compared to the high value of yellow sweet potatoes of 8.47 g/g. Water absorption capacity presented
a similar trend to swelling. In six out of the eight samples analyzed, a high amylose content in starchy foods was
an indication of high RS in the food, attributed to its long chain and double helices it forms after gelatinization.
A high RS content in foods leads to low swelling capacity and low WAC. Therefore, low swelling in potato
starch indicated a high RS content.

1. INTRODUCTION

growth of good microbial flora, and decrease in blood cholesterol
and postprandial blood glucose due to low glycemic index of high

Resistant starch (RS) is a current topic that has attracted the
attention of many researchers because of its effect on people’s
health as well as its functional properties in food processing. In the
last decade, the focus has been directed toward the importance of
RS in nutrition, not only for its low caloric content but also because
it has physiological effects similar to dietary fiber. The rise in the
cases of noncommunicable diseases in this era has been attributed
to poor dietary choices by individuals among many factors. The
incorporation of RS in commonly consumed foods may decrease
the incidence of noncommunicable diseases. In addition to that,
RS has a positive effect on the functioning of the digestive tract,
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RS foods [1] as well as prevention of colon cancers. Unlike fiber,
RS has fine particles and a bland taste; hence, it has been used as a
food ingredient with high consumer acceptability.

The majority of starchy foods are high in RS such as cereals,
legumes, and tubers. RS has been categorized into five different
groups based on its sources according to Dupuis ef al. [2]. RS
type 1 is physically inaccessible starch and is unavailable for
digestion due to physical constraints. It is a food ingredient in a
wide variety of conventional foods [1], and it is mainly found in
whole or partially ground cereal grains. Type II RS is a native
starch granule of selected botanical sources such as green bananas
and potatoes. The intact granules cannot be gelatinized due to
compact structure hindering enzymatic digestion [3]. Type III RS
is retrograded amylose and starch. The linear structure of amylose
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enhances its tendency to form double helices particularly near 4°C
with an adequate moisture content. The retrograded amylose has
high gelatinization temperatures up to 170°C and cooking cannot
dissociate it. Type IV RS is described as a group of starches that
have been chemically modified (conversion, substitution, or
cross-linking) and includes starches which have been etherized,
esterified, or cross-bonded with chemicals in such a manner as
to decrease their digestibility [1,4,5]. Type V RS entails starch
interaction with lipids to form amylose-lipid complexes which
entangles amylopectin restricting swelling of starch granules and
enzyme hydrolysis. Botanical sources determine the structure
and formation of RS type V. The enzyme resistance of amylose-
lipid complexes depends on the molecular structure of the lipid
and the crystalline structure of the single helices. RS type V has
potential health benefits in controlling postprandial glycemic and
insulinemic responses and preventing colon cancer. RS type V
shows the ability to reduce colon cancer development [6].

Incorporation of these high RS sources in daily food products
such as noodles, bread, cookies, and tortillas may improve the
health of individuals through the various benefits depicted by
the RS in the human body. Therefore, the objective of this study
was to determine the content of RS in some starchy food sources.
The chemical and physical properties such as moisture, amylose
content, swelling, and water absorption capacity (WAC) and how
they affect the content of RS in the food samples were analyzed.

2. MATERIALS AND METHODS

2.1. Materials

Two sweet potato varieties (purple and yellow) were purchased
from the Food Market in Can Tho city. Black beans (Phaseolus
vulgaris), red kidney beans (P. vulgaris), and mung beans (Vigna
radiata), corn starch, potato starch, and green bananas were
bought at Mega Mart, Can Tho city.

A RS assay kit (Megazyme, Bray, Ireland) was used to
measure the RS content of samples. Other materials included
pancreatic a-amylase (pancreatin, 10 g, 3 Ceralpha units/mg),
amyloglucosidase (AMG) [12 ml, 3,300 U/ml, on soluble starch
(or 200 U/ml on p-nitrophenyl f-maltoside*)], glucose peroxidase
(GOPOD) reagent buffer (50 ml pH 7.4), p-hydroxybenzoic
acid and sodium azide (0.09% w/v), GOPOD reagent enzymes
(glucose oxidase and peroxidase) and 4-aminoantipyrine, freeze-
dried powder, D-glucose standard solution (5 ml, 1.0 mg/ml in
0.2% w/v) benzoic acid, and RS control. All of the chemicals used
in this study were of analytical grade.

2.2. Preparation of Samples

The sweet potatoes were washed with tap water to remove soil,
peeled and sliced into thin sheets, and then blanched for two minutes
in 100°C water before drying in an oven at 65°C for 7 hours until the
moisture content of the dried sample was around 6%—7% [7]. Green
bananas were peeled and immediately placed in a sodium sulfite
(Na,S0,) solution with a concentration of 500 ppm and left to soak
for 30 minutes to prevent polyphenol oxidation from polymerizing
the natural occurring polyphenols in the banana skin. The sliced
bananas were dried at 65°C for 7 hours. Mung beans, black beans,

and red kidney beans were also dried at 65°C for 4 hours. The dried
samples were ground into powder and sieved through US standard
mesh No. 70 (212 um). The sieved powder was placed in a sealed
airtight container and stored at 25°C for further use.

2.3. Extraction of RS

For each sample, 100 £ 5 mg was weighed and placed in
propylene tubes, 4 ml of pancreatic a-amylase (4 ml of 10 mg/
ml) containing AMG (3 U/ml) was added to each tube, and the
mixture was vortexed and incubated in a shaking water bath at
37°C for 16 hours (150 strokes/minute) to hydrolyze digestible
starch. After the incubation period, the suspension was mixed
with 4 ml absolute ethanol (99% v/v) and vortexed to deactivate
the enzymes. RS was recovered as pellets by centrifugation at
1500 g for 10 minutes. The supernatant was decanted into larger
propylene tubes. The pellets were washed twice with 50% ethanol
to remove any traces of digested starch and the supernatant was
also decanted to propylene tubes according to the type of sample.

2.4. Measurement of RS

RS was adapted for each matrix using the Association of Official
Analytical Chemists (AOAC) Official Method 2002.02 with some
modifications [8]. The RS was extracted as pellets that were each
dissolved 2 ml of 2M Potassium hydroxide (KOH) during vigorous
stirring with a magnetic stirrer bar (8 x 12 mm) in an ice water bath
for 20 minutes. A sodium acetate buffer (8 ml of 1.2 M, pH 3.8)
was added to each tube with magnetic stirring, and 0.1 ml AMG
was immediately added (3,300 U/ml). The samples were mixed
and placed in a water bath maintained at 50°C for 30 minutes. The
samples with more than 10% RS content were transferred into 100
ml volumetric flask and the volume was adjusted to 100 ml with
distilled water and mixed well. A 10 ml aliquot of the solution
was centrifuged at 1,500 g for 10 minutes. For samples containing
lower than 10% RS, direct centrifugation of tubes was carried out
at 1,500 g for 10 minutes. After centrifugation, aliquots (0.1 ml) of
either diluted or undiluted RS supernatants were transferred into
glass test tubes (13 x 100 mm).

Exactly 3.0 ml of GOPOD reagent was added to each test tube and
incubated in a water bath at 50°C for 20 minutes. The absorbance
of each solution was measured at 510 nm against a reagent blank
using a Beckman Coulter DU-800 spectrophotometer. Reagent
blank was prepared by mixing 0.1 ml of 0.1 M sodium acetate
buffer (pH 4.5) and 3.0 ml of GOPOD reagent. Standards were
prepared by mixing D-glucose (1 ml) with an appropriate amount
of water which created a range of D-glucose standards. The 0.1 ml
of D-glucose standard (0.1 ml) was mixed with 3.0 ml of GOPOD
to measure absorbance. RS content (% dry weight basis) was
calculated as follows:

RS (mg of RS/100 mg sample) = (mg/ml obtained from calibration
curve) X (ml final volume) x (162/180 factor to convert free
D-glucose, as determined, to anhydro-D-glucose as occurs in
starch) x (100/moisture content of sample).

2.5. Moisture Content

The moisture contents of the samples of mung bean powder, green
bananas, red kidney beans, black beans, potato starch, yellow
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sweet potatoes powder, corn starch, and purple sweet potato
powder were determined according to the method of AOAC [9].

2.6. Amylose Content

Amylose content was measured using the method of Ronoubigouwa
etal. [10]. The absorbance was measured using a Beckman Coulter
spectrophotometer and amylose content determined.

2.7. Swelling and WAC

The swelling capacity of the samples and WAC were determined
according to the method of Nyam et al. [11].

2.8. Statistical Analysis

The data obtained were analyzed using the analysis of variance
(ANOVA) and multiple range tests were used to determine the
significant difference between samples (p < 0.05). The software
used was STATGRAPHICS Centurion XVI. Standard deviation
was calculated using the following Equation (1):

Standard deviation: 5= m (1)

where x,, x,, ....., x_are the observed values of the sample items,
X is the mean value of these observations, and N is the number of

observations in the sample.

3. RESULTS AND DISCUSSION

3.1. Content of RS in Different Starchy Food Sources

The RS content of the samples is presented in Table 1. The high content
of RS was found in potato starch at 56.43%, and green banana was
second with 48.29% RS. Mung beans, purple sweet potatoes, black
beans, red kidney beans, and yellow sweet potatoes had 30.47%,
22.93%, 16.59%, 15.54%, and 9.44% RS, respectively. The lowest
RS content was 2.82% found in corn starch. The RS content of potato
starch obtained in the current study was lower than the 79.3% by
Chen et al. [12]. The RS content of green bananas in the current study
was comparable with the 48.88% found by Moongngarm et al. [13];
however, these results varied slightly from a study which obtained
52.7% RS content in raw green bananas [14], as well as Englyst et
al. [15], who also obtained RS content of green bananas of 54.2%
which was significantly higher than the current study. For black

Table 1: RS, amylose, and moisture contents of starchy foods.

Sample RS content (%)
1. Corn starch 2.82+£0.00°
2. Yellow sweet potatoes 9.44+1.87°
3. Red kidney beans 15.54 +0.51¢
4. Black beans 16.59 +0.70¢
5. Purple sweet potatoes 22.93 £ 0.35¢
6. Mung beans 30.47 £ 0.80°
7. Green bananas 48.29 + 0.66"
8. Potato starch 56.43 +0.78¢

beans, Fabbri et al. [16] found a high RS content of 31%; however,
Silva-Crystobal et al. [17] found a slightly lower result of RS in black
beans of 11.4% in comparison to this study. This difference may be
from varying growing conditions of black beans. Reddy et al. [18]
obtained the range of RS values in red kidney beans to be between
21.27% and 42.34%, and these values were significantly higher than
the amount of RS in the current study. However, Moongngarm (2013)
[19] found very low RS content in red kidney beans of 9.54% when
compared to the current study. Moongngarm [19] found the amount
of RS in mung beans to be 2.3%, while Eashwarage et al. [20] found
5.95% of RS in mung beans; these results were also low compared to
the results in the current study. The difference in RS content may have
been brought by different methods used in the measurement of RS
and varied growing regions of the beans. Two studies found the native
purple sweet potatoes to have 5.02% [21] and 3.06% [22] RS content,
which were quite low compared to the current study (22.93%). In a
general preview, the content of RS in five cultivars of sweet potatoes
ranged between 13.2% and 17.2% [23]. However, in a different study
carried out in Korea, the RS contents of sweet potato starches ranged
from 1.76% in Pungwonmi to 30.75% in Jeonmi [24]; these results
were in tandem with the RS content of both yellow sweet potatoes and
purple sweet potatoes. For a corn starch sample, a study by Chen ef al.
[12] found 7.83% RS which was very high compared to the current
study with 2.82% RS but another study found lower RS content of
corn starch from normal corn of 0.8% [25] and finally Raigond et al.
[26] mentioned RS content of normal corn starch to be 1.5% before
extrusion and it increased to 2.8% after extrusion.

Differences in RS content among starches from various botanical
sources were brought by not only chemical differences but also
physical or structural characteristics such as granule shape and
size, crystallinity pattern, molecular interaction, and arrangement
[27]. High RS content in food is a desirable property as it exhibits
functional properties as well as physiological health benefits [ 1,28].

3.2. Moisture Content

The moisture content of samples affects RS content in the sample.
There was similarity between the moisture content of yellow sweet
potatoes and potato starch, however, they were significantly different
from moisture content of purple sweet potatoes and mung bean
(Table 1). Yellow sweet potatoes had the highest moisture content of
16.7%, followed by potato starch at 14.72%, yellow sweet potatoes
had 11.86%, red kidney beans had 10.34%, and black beans, corn

Amylose content (%) Moisture content (%)
24.73 £ 0.63* 9.46 £ 0.05%
20.04 = 0.08" 16.7 +0.05°
15.48 £ 0.37¢ 10.34 £ 0.10®
15.70 + 0.44¢ 9.25+0.05%
17.04 +£0.41¢ 7.7+0.11°
14.97 + 1.24¢ 8.85+0.11°
19.60 + 2.34° 9.31+1.01®
21.05+0.71° 14.72 + 0.04°

Values are expressed as the mean + SD. Values with different superscripts are significantly different per column (p < 0.05). RS: Resistant starch
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starch, green bananas, mung beans, and purple sweet potatoes had
9.25%, 9.46%, 9.31%, 8.85%, and 7.7%, respectively. The moisture
content was used in calculating the RS content.

3.3. Amylose Content

The amylose content in starchy foods affects starch digestion rate,
blood glucose, and insulin responses to these starchy foods [29] because
amylose polymers have less surface area and more intramolecular
hydrogen bonds, decreasing accessibility of o-amylase to the
molecules. The ratio of the two major polysaccharide components,
amylose and amylopectin, affects the textural and thermodynamic
characteristics of a particular starch [30]. The principle involved
in the determination of apparent amylose content was based on the
ability of amylose to bind to iodine, giving a blue color complex.
The reaction was monitored using a spectrophotometer to measure
the absorption of light [10]. The amylose content of the samples was
significantly different (p <0.05) between samples. The results in Table
1 presented the amylose content of potato starch and corn starch to be
21.05% and 24.73%, respectively. The amylose contents of yellow
sweet potatoes, green bananas, purple sweet potatoes, black beans,
and red kidney beans were 20.04%, 19.60%, 17.04%, 15.70%, and
15.48%, respectively. The lowest amylose content was in mung beans
at 14.97%. The content of amylose in potato starch obtained was
slightly higher than the 17% obtained by Rosin ez al. [31] and 18% by
Svegmark et al. [32] but it was comparable with Vasanthan et al. [33]
at 19%—24%. In another study, Jansky ez al. [34] obtained a range of
25%-30% amylose content in several varieties of potato tubers. The
amylose content of corn starch obtained in the current study differed
from that determined by the study by Mir et al. [35] where they
obtained a range of between 24.74% and 30.32% of amylose content.
In a different study, the amylose content of corn starch was 24.8%
and potato starch 20.5% [36] which were also comparable with this
study. The amylose content of green bananas was slightly lower than
the results obtained by Li e al. [37] with 21.3% amylose content.
However, the study carried out by Ravi et al. [38] obtained different
results of amylose content in green bananas with the highest being
36.87% on one cultivar. Soison et al. [39] found slightly lower results
of amylose content in yellow sweet potatoes but similar results for
purple sweet potatoes ranging from 16.5% to 18.5% compared with
the current study. Black beans were found to have the highest amylose
content at 45.4% and red kidney beans at 32.4% [40], which were
extremely high compared to the current study. Hoover et al. [41] also
recorded high amylose content in beans of between 21.2% and 65%.
The amylose content of mung bean flour in a study by Kaur et al. [42]
was high at 29.9%-33.6% compared to this study. The difference in
amylose content of the tested samples in this study from that reported
in the previous study may have resulted due to different growing
regions and conditions. Figure 1 shows a relationship between the RS
content and the amount of amylose in a specific sample.

3.4. Swelling Capacity

Swelling capacity represents the measure of the ability of starch to
absorb water and swell in various starch materials [43]. It provides
evidence of interactions between the water molecules and the starch
chains in the crystalline and amorphous region of the starch. Several
factors affect the swelling power of starch powders such as amylose,
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Figure 1: RS and amylose contents in starchy food sources.

protein, lipids, amylopectin, and particle size [44]. Amylose may
strengthen the internal network and reduce the swelling ability of
starch powder due to interassociative forces within the amorphous and
crystalline domains [45]. The results obtained showed a significant
difference (p < 0.05) in the swelling power of samples when analyzed
by ANOVA. Yellow sweet potatoes and purple sweet potatoes had high
swelling powers of 8.47 and 7.97 g/g, respectively, while mung beans,
red kidney beans, black beans, and green bananas recorded 6.97, 5.49,
5.47 and 3.99 g/g, respectively. Corn starch and potato starch had
the least swelling of 1.49 g/g each (Table 2). A study carried out by
Kusumayanti ef al. [45] found lower swelling power in purple sweet
potatoes of 3.67 g/g and yellow sweet potatoes of 3.57 g/g compared
to this study. The difference resulted from different sources of sweet
potatoes and pretreatment (blanching) applied to sweet potatoes in
the current study before measuring the swelling. Twelve varieties of
Ghanian sweet potatoes obtained a range of swelling power between
4.6 and 5.9 g/g with a significant difference (p <0.001) [30] which was
still slightly lower than the results in this study.

Ratnawati et al. [46] obtained a slightly high amount of swelling
power for mung beans and red kidney beans at 10.52 and 10.09
g/g, respectively, compared to the results of the current study.
There was a similarity in the results obtained by Pragati et al. [47]
of 3.57 g/g swelling power of green bananas at 3.99 g/g in this
research. Blanching of purple sweet potatoes and yellow sweet
potatoes before grinding to powder may have caused leaching of
amylose which contributed to the high number of hydrogen bonds
formed between the very long-branch chains of amylopectin and
water, which led to high swelling power of the two sweet potatoes
[44] and high water retention capacity as well as increasing the gel
structure of starch powder [47].

Potato and corn starches are solubilized in distilled water, which
made it difficult to measure the swelling capacity and WAC of
the two samples. Despite that, it was found that the RS content in
potato starch was very high with a 55.88/100 g dry weight basis
while that of corn starch was the least with a 2.8/100 g dry weight
basis. Therefore incorporating potato starch into food products
such as noodles could improve RS consumption of individuals
while corn starch can be used for functional properties not
because of RS content. The reason for blanching was to retain
the desirable color of sweet potatoes. The pregelatinized sweet
potatoes had a swelling capacity higher than native sweet
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Table 2: Swelling capacity, water absorption capacity and resistant starch of starchy food sources

Samples Swelling capacity (g/g) WAC (g/g) R(Sg/clo ‘;lotge)n t
1. Corn starch 1.49+0.01° 0.0° 2.82 +0.00°
2 Yellow sweet potatoes 8.47+0.02° 4.87 +£0.26° 9.44 +1.87°
3 Red kidney beans 5.49+0.70¢ 1.48 £0.09¢ 15.54 +0.51¢
4 Black beans 5.46 +0.72° 2.11+0.20¢ 16.59 +0.70¢
5. Purple sweet potatoes 7.97+£0.01° 4.63 +0.10° 22.93 +0.35¢
6 Mung beans 6.96 +£0.70¢ 1.57 +£0.43« 30.47 £ 0.80°
7 Green bananas 3.99 +0.00° 1.75+0.00* 48.29 + 0.662
8 Potato starch 1.49+0.01° 0.0 56.43 £0.78"

Values are expressed as the mean + SD. Values with different superscripts are significantly different per column (p < 0.05)

WAC: Water Absorption Capacity, RS: Resistant starch

potatoes, probably because the increase in swelling was related
to the increasing amount of amylose and amylopectin leaching of
the starch granules [48]. A high amylose content in potato starch
and corn starch powders led to very low swelling power as shown
in Table 2 on amylose content. The protein content in the flour
samples may have resulted in lower swelling power by being
embedded in the starch granules forming a stiff matrix that limits
water access into the granules [44]. As shown in Figure 2, the
negative correlation between RS content and swelling capacity
was observed. Potato starch which had the highest RS content
recorded the least swelling while yellow sweet potatoes with one
of the least RS recorded the highest swelling power.

3.5. Water Absorption Capacity

WAC is useful in determining the ability of flour to take up water
and swell and improve the quality of food. It is of importance to food
processing as it improves the yield of food, the shape of food and
uniformity of the food products [49]. The results showed that yellow
sweet potatoes and purple sweet potatoes had the highest water
absorption capacities of 4.8 and 4.6 g/g, respectively, followed by
black beans with 2.1 g/g, and the least amount of WAC was recorded
by green bananas, mung beans, and red beans in a decreasing order
of 1.74, 1.57, and 1.48 g/g, respectively. There was no significant
difference in the mean of the WAC of red kidney beans, mung beans,
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m Resistant starch content (%) ™ Swelling capacity (g/g)

Figure 2: Effect of RS content on swelling power of starchy foods.

and green bananas, while black beans had no significant difference
in WAC compared to mung beans and green bananas. However,
the results of the WAC of yellow sweet potatoes and purple sweet
potatoes were comparable. In comparison to the results in Table 2 (as
mentioned above), Ngoma ez al. [49] found the WAC of pretreated
sweet potatoes was significantly (p < 0.05) high at 1.63 to 2.03 ml/g
compared to the control sample at 1.44 ml/g but the results were
generally very low compared to this study. The high WAC recorded
for yellow sweet potatoes and purple sweet potatoes may have resulted
from high polar amino acids residue of proteins having a high affinity
for water molecules. Carbohydrates and proteins have hydrophilic
parts which are charged side chains and polar sides; therefore, they
are major constituents which increase the WAC of flours [49]. The
water absorption capacities of mung beans and red kidney beans were
3.18 and 4.39 g/g, respectively, according to Ratnawati et al. [46],
which were slightly higher than the results obtained in this study.
The results of the WAC of green bananas of 1.74 g/g in Table 2 were
consistent with those reported by Fontes ez al. [50] for green bananas
of 1.19 g/g. Figure 3 shows the relationship between WAC and RS
content. It is evident that the WAC has a negative correlation with RS
content. The samples high in RS had the lowest WAC. The swelling
power showed a similar trend to WAC with yellow sweet potatoes
and purple sweet potatoes recording the highest value while potato
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Figure 3: Relationship between WAC and RS.
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starch and corn starch recorded the lowest values; these values were
consistent with results obtained by Hernandez-Fernandez et al. [51]
on the impact of fertilization on physicochemical and functional
properties of cassava starch. Swelling and WAC were correlated
since swelling was influenced by the ability of starch to bind with
water molecules through hydrogen bonding. The increased swelling
of the starch granules rupture is caused by intermolecular hydrogen
bonding in the area of amorphous regions occurring at temperatures
below 70°C [48]. The strong correlation of swelling power and WAC
is shown in Figure 4.

4. CONCLUSION

The amylose content of starchy food had a strong correlation with
RS, and the high amount of amylose resulted in a high amount
of RS content in food attributed to the linear chain of amylose
that resists digestion by pancreatic enzymes. On the other hand,
swelling power had an inverse relationship with RS content
with foods high in RS depicting low swelling power and low
WAC. These properties of low swelling power and low WAC
are undesirable in food processing; therefore, a balance in the
proportion of RS sources ought to be found before replacing it in
formulations used to make food products.
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