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Abstract

The present study aimed to add high resistant starch (RS) flours including black beans,
mung beans, green bananas and purple sweet potatoes as well as potato starch starches
into the macaroni formulation. The RS of the materials used was analyzed. The physical,
chemical, textural, qualitative and organoleptic values of macaroni products were
measured and determined. A significant difference (P<0.05) in RS content of food
ingredients was obtained, in which potato starch was the highest at 56.43% and black
turtle beans powder was at least 16.59%. Swelling and water absorption showed an
inverse relationship with RS content. The RS content of macaroni increased significantly
with the replacement of wheat flour with flours and starches of high RS content in their
formulation. The L* lightness and yellowness b*(+) of the macaroni were significantly
reduced with the high RS flours/starch in the formulation. Scanning electron microscopy
images showed an increase in pore sizes in macaroni with high RS flour in comparison
with the control sample. Analysing of sensory values by principal component analysis
(PCA) revealed that the sample from formulation M2 with 19.2% powder containing RS
substitute was a highly accepted product by the panellists with desirable properties. Food
processors have incorporated various highly nutritious foods in many conventional foods,
therefore, high RS flours and starch in macaroni have been shown to improve RS
consumption, which essentially has many health benefits.

Introduction

Non-communicable diseases are the major causes of

people for healthy foods. RS is the sum of starch and
products of starch degradation not absorbed in the small
intestine of healthy people and it enters the large bowel

high mortality rates in the current times in both
developed and developing countries. According to WHO
(2021), 71% of mortality is a result of non-
communicable diseases. Several factors contribute to
increased incidences of these diseases, including a
sedentary lifestyle, poor dietary choices, and genetic
factors. This challenge has prompted food technologists
to develop solutions for highly nutritious foods and
reduce the incidence of these conditions. Individuals
have acquired knowledge on the benefits of consuming a
diet high in resistant starch, which has influenced their
food choices. Resistant starch (RS) consumption
contributes to the proper functioning of the digestive
tract, increases the content of good microbial flora,
reduces blood cholesterol levels, and lowers the
glycemic index of food, hence managing type 2 diabetes
(Fuentes-Zaragoza et al., 2010; Jyoshna and Hymavathi,
2017). The importance of functional foods has been
emphasized, contributing to great awareness among
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where it is fermented by the microflora, with SCFAs as
major end products (Chung et al., 2011). RS occurs
naturally in many starchy food sources such as cereals,
grains, seeds, tubers, and legumes, and they have been
grouped into five categories based on their sources.
Therefore, adding RS as an ingredient in foods will
lower food’s overall glycemic index value because it
replaces existing readily absorbed forms of carbohydrate,
increasing food manufacturers' interest (Nugent, 2005).
The incorporation of high RS flours from mung beans,
black turtle beans, red kidney beans, green bananas, and
purple sweet potatoes increases the RS content of pasta
products. However, it affects the textural,
microstructural, and sensorial properties of the pasta
products (Petitot et al., 2010; Wu et al., 2015; Sun et al.,
2019). Food technologists need to balance the amount of
supplemented flour to achieve high RS pasta with
desirable physical properties. The research aimed to
incorporate high resistant starch flours from different
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starchy food sources in formulations of macaroni to
increase its RS content and identify the undesirable
effects of unconventional flours on the quality of
macaroni.

2. Materials and methods
2.1 Raw materials and ingredients

Starchy foods including purple sweet potato
(Ipomoea batatas) and green bananas flours were
prepared in the laboratory. Black turtle beans (Phaseolus
vulgaris), mung beans (Vigna radiata), potato starch and
wheat flour (Baker’s Choice, Vietnam) were purchased
at the supermarket, Can Tho city, Vietnam. Other
materials, including semolina (Bob's Red Mill, USA),
salt, eggs, and xanthan gum (Bob's Red Mill, USA) were
used. The purple sweet potatoes were cleaned with tap
water to remove soil, peeled and sliced into thin sheets of
2 mm, and then blanched for two mins in 100°C water
before drying in an oven at 65°C for 7 hrs until the
moisture content of the dried sample was around 6-7%
(Thuy et al., 2020). Green bananas were peeled and
immediately placed in a sodium metabisulfite (Na,S,05)
solution with a concentration of 200 ppm and left to soak
for 0.5 hrs to prevent polyphenol oxidation from
polymerizing naturally occurring polyphenols in the
banana. The sliced bananas of 2 mm thickness were
dried at 65°C for 7 hrs to 12% moisture content. Mung
beans, black beans and red kidney beans were dried at
65°C for 4 hrs to about 12% moisture content. The dried
samples were ground into flours and sieved through US
standard mesh No. 70 (212 pm) (Thuy et a/., 2020). The
sieved powder was placed in a sealed airtight container
and stored at 25°C for further use.

2.2Chemical reagents

Resistant starch (RS) assay kit (Megazyme, Bray,
Ireland) was used to measure the RS content of samples.
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amyloglucosidase (AMG) [12 mL, 3,300 U/mL, on
soluble starch (or 200 U/mL on p-nitrophenyl p-
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,
D-glucose standard solution (5 mL, 1.0 mg/mL in 0.2%
w/v), benzoic acid, and RS control. The chemicals used
in this study were of analytical grade.

2.3 Formulation of macaroni

The ingredients were mixed into four formulas of
macaroni while ensuring the total components are 100%.
The control sample of macaroni was formulated with
whole wheat flour. While, high RS flours were added to
the other samples, as presented in Table 1. The
quantification of the ingredients used to prepare pasta
products was based on a previous study (Thuy et al.,
2020). The macaroni product was designed by placing
the ingredients in a PHILIP pasta maker equipment
(China) and stirring for five mins, followed by 30 mins
of incubation. After tempering time, macaroni was
extruded from pasta maker equipment. The quality of the
products was analyzed.

2.4 Determination of resistant starch and amylose
content

2.4.1 Resistant starch

RS test was adapted for each matrix using the
Association of Official Analytical Chemists (AOAC)
Official Method 2002.02 (Ang, 2011). The absorbance of
each solution was measured at 510 nm against a reagent
blank using a Beckman  Coulter = DU-800
spectrophotometer. The 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, creating a range of D-glucose standards, to

Other ~ materials included — pancreatic — a-amylase meagure absorbance, the 0.1 mL of D-glucose standard
(pancreatin, 10 g, 3 Ceralpha  units/mg), (0.1 mL) was mixed with 3.0 ml of GOPOD. RS content
Table 1. Four formulations of macaroni.
Ingredients MO(g) MO (%) Ml(g) Ml (%) M2(g) M2((%) M3 M3 (%)
Mung bean flour 0 0 12 2.82 16 3.76 20 4.7
Green banana flour 0 0 12 2.82 16 3.76 20 4.7
Black turtle bean flour 0 0 12 2.82 16 3.76 20 4.7
Purple sweet potato flour 0 0 12 2.82 16 3.76 20 4.7
Potato starch 50 11.74 45 10.57 40 9.39 35 8.21
Wheat flour 200 46.97 157 36.88 146 34.29 135 31.7
Semolina 40 9.39 40 9.37 40 9.38 40 9.39
Salt 2 0.47 2 0.47 2 0.47 2 0.47
Egg 65 15.26 65 15.27 65 15.27 65 15.27
Water 63 14.8 63 14.8 63 14.8 63 14.8
Xanthan gum 5.8 1.36 5.8 1.36 5.8 1.36 5.8 1.36
Total 425.8 100 425.8 100 425.8 100 425.8 100
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(% dry weight basis) was calculated as follows (Equation
1).
RS = mg/mL x mL x (162/180) x 100/MC (1)

Where RS is the mg of RS/100 mg sample (% dry
weight basis), mg/mL is obtained from calibration curve,
mL is the final volume, 162/180 is the factor to convert
free D-glucose, as determined, to anhydro-D-glucose as
occurs in starch, and MC is the moisture content of
sample.

2.4.2 Amylose content

Amylose content was measured using the method of
Ronoubigouwa et al. (2010). The absorbance was
measured using a Beckman Coulter spectrophotometer,
and amylose content was determined. The best linear
model selected was expressed by the following Equation
2 (R* = 96%). Absorbance 620 nm as recommended by
Ronoubigouwa et al. (2010)

Amylose content (%) = (5.83539+1.47157x In
(Ab620 nm))>

2.5 Swelling and water absorption capacity

2

The swelling capacity of the samples and water
absorption capacity (WAC) were determined according
to the method of Nyam et al. (2014).

2.6 Hardness testing

Texture attributes of macaroni were analyzed using a
Brookfield CT3 Texture Analyzer equipped with a 1,500
g load cell and software version 1.8 (Brookfield
Engineering Laboratories, Middleboro, USA).

2.7 Cooking quality analysis

The cooking quality was analyzed by measuring
cooking loss (%), rehydration rate (%), and volume
increase (%). A sample of 50 g of macaroni was placed
in 500 mL of boiling water for 4 mins. The 4 mins was
considered optimum cooking time, which was described
as the time needed to obtain complete gelatinization of
starch, the time it took for the white core to disappear.
The cooked pasta was separated from cook water by
strainer; the collected cook water was dried in an oven at
103°C for cooking loss (CL) determination using
Equation (3), by Wang and Ratnayake (2016).

Cooked macaroni was dried in an oven at 103°C for
20 hrs to estimate the rehydration rate (RR) by
measuring the weight of fresh cooked macaroni and its
weight after drying and calculated rehydration rate
according to Equation 4 by Kamolchote et al. (2010) and
the volume increase (%) was determined by comparing
the volume of cooked macaroni and fresh macaroni using
Equation 5 (Thuy ef al., 2020).

https://doi.org/10.26656/fr.2017.7(4).1029

) Weight of residue from cooking water (.
cL(w) = Vo9 f f g g)

- *x 100
Weight of noodle sample (g) (3)

: WEN(g)—OWN(g)
a e —
RR (%) OWN(g) x 100

4
Where WCN is the weight of cooked macaroni and
OWN is the original weight of macaroni.

. g Volume of cooked pasta—Velumes of uncookedpasta
Volume increase (%) = s £ s 2

x 100 (5)

Volume of uncooked pasta

2.8 Colour analysis

The colour of both cooked and uncooked macaroni
was measured on the hunter scale for L*, a*, and b*
using Minolta Chroma meter (CR 400 Konica Minolta,
Tokyo, Japan). A white standard plate calibrated the
Chroma meter. L* values described the black to white (0
-100), a* values showed redness (positive) and greenness
(negative), and b* values described yellowness (positive)
and blueness (negative). A total of ten measurements
were carried out on each sample.

2.9 Sensory evaluation

Quantitative Descriptive Analysis (QDA) and Check
All That Apply (CATA) were applied for sensory
evaluation. Sensory evaluation was carried out by ten
panellists aged 22 years old who consumed macaroni
often. The CATA questions were multiple-choice,
commonly used in marketing research, to reduce
responses. The questions contained a list of words where
the panellists select attributes that appropriately describe
the samples (Espitia-Lopez et al., 2019). The data was
recorded in binary format (0-attributes not ticked and 1-
attributes ticked) for CATA, and the rating scale of
intensities for QDA was from 0 to 5 (0 = attributes not
detected and 5 = attribute detected strongly).

2.10 Scanning Electron Microscopy

Cooked macaroni was dried in an oven at 60°C for
270 mins until the moisture content was about 8 to 10%.
Macaroni was cut by a razor blade cut, and the sample
was mounted onto brass stubs using double-sided carbon
conductive adhesive tape. A gold coating of (0.5
nanometers thick) was applied under an 8-9 Pascal
vacuum. The bulk sample was examined at 15 kV, the
sample distance to the 7 cm ejection glass, 230x%
magnifications using a JEOL model J550 scanning
electron microscope (Japan).

2.11 Statistical analysis

Statistical analysis was carried using
STATGRAPHICS Centurion XIX (USA). Results were
expressed as mean + standard deviation (SD). To
compare the mean values, One way ANOVA was used.
LSD was used at a 5% significance level to compare
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mean individuals. Sensory analysis was carried out using
XLSTAT 2014 for Principal Component Analysis (PCA)
and Check All That Apply (CATA).

3. Results and discussion

3.1 Chemical and physical characteristics of starchy
foods

The physical and chemical characteristics of starchy
foods flours used were measured and presented in Table
2. The results showed that the highest content of RS was
found in potato starch with 56.43%, green banana flour
was second with 48.29% RS. Mung bean flour and
purple sweet potato flour had an RS content of 30.47%
and 22.93% while the lowest RS content was 16.59%,
found in black beans flour. The RS content of potato
starch obtained in the current study was lower than the
79.3% by Chen et al. (2010). In the present study, the RS
content of green bananas was comparable with the
48.88% (Moongngarm et al., 2014). However, these
results varied slightly from a study that obtained 52.7%
RS content in raw green bananas of Langkilde et al
(2002). Englyst et al. (1992), also got RS content of
green bananas of 54.2%, which was higher than the
current study. Fabbri et al. (2016) found a high RS
content of 31%; however, Silva-Cristobal et al. (2010)
found a slightly lower result of RS in black beans of
11.4% in comparison to this study. Moongngarm (2013)
found the amount of RS in mung beans to be 2.3%, while
Eashwarage et al. (2017) found 5.95% of RS in mung
beans, lower than the results in the current study. Two
studies found the native purple sweet potatoes to have
5.02% (Zheng et al., 2016) and 3.06% (Yea et al., 2019)
RS content, which were relatively 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% (Senanayake et al., 2013). 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 (Kim et al., 2020); these results
were in tandem with the RS content of both yellow sweet
potatoes and purple sweet potatoes. Differences in RS
content among starches from various sources were
brought by chemical differences and physical or
structural characteristics such as granule shape and size,
crystallinity =~ pattern, molecular interaction, and

arrangement  (Kittipongpatana and Kittipongpatana,
2015). The difference in RS content also may have been
brought by different measurements and growing regions.
High RS content in food is a desirable property as it
exhibits functional properties and physiological health
benefits (Sajilata et al., 2006; Perera ef al., 2010).

The amylose content was significantly different
between samples. The highest amylose content was
found in potato starch (21.05%) and the lowest in mung
bean (14.97%). The amylose contents of green bananas,
purple sweet potatoes and black beans were in between.
The content of amylose in potato starch obtained was
slightly higher than the 17% obtained by Rosin et al.
(2002) and 18% by Svegmark et al. (2002), but it was
comparable with Vasanthan et al. (1999) at 19%—24%.
In another study, Jansky and Fajardo (2016) obtained a
25%-30% amylose content range in several varieties of
potato tubers. The amylose content of green bananas was
slightly lower than the results obtained by Li et al
(2018), with 21.3%. However, the study carried out by
Ravi et al. (2013) obtained different results on amylose
content in green bananas, with the highest being 36.87%
on one cultivar. Black beans were found to have the
highest amylose content at 45.4% and red kidney beans
at 32.4% (Du et al., 2014), which were extremely high
compared to the current study. The amylose content of
mung bean flour in a study by Kaur et al. (2011) 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 from different growing regions and
conditions. Figure 1 shows a relationship between the RS
content and the amount of amylose in flours.

Swelling capacity was known as the ability of starch
that absorb water and swell (Ojo et al., 2017). It is
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, protein,
lipids, amylopectin and particle size (Aprianita et al.,
2014). Amylose could strengthen the internal network
and reduce the swelling ability of starch powder due to
inter-associative forces within the amorphous and
crystalline domains (Kusumayanti et al., 2015). The

Table 2. The resistant starch content, amylose content, swelling capacity and water absorption capacity of some starchy foods.

Samples Moisture content  Resistant starch (%)  Amylose (%) SC (g/g) WAC (g/g)

Black beanflour 9.25+0.05% 16.59+0.70° 15.70+0.44° 5.46+0.72° 2.11£0.20°
Purple sweet potato flour 7.73+0.11° 22.93+0.35 17.04+0.41° 7.97+0.01° 4.63+0.10¢
Mung bean flour 8.85+0.11° 30.47+0.80° 14.97+1.24° 6.96+0.70° 1.57+0.43°
Green banana flour 9.32+1.01% 48.29+0.66" 19.60+2.34° 3.99+0.00" 1.75+0.00°
Potato starch 14.72+0.04° 56.43+0.78° 21.05+0.71° 1.49+0.01° 0.00+0.00°

Values are presented as mean+SD. Values with different superscripts within the same column are statistically significantly
different (p<0.05). SC: Swelling capacity, WAC: Water absorption capacity.
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analyzed results showed a significant difference in the
swelling ability of samples. Purple sweet potatoes had
high swelling powers of 7.97 g/g while black beans and
green bananas recorded 5.46 and 3.99 g/g, respectively.
Potato starch had the most negligible swelling of 1.49 g/
g. A study by Kusumayanti et al. (2015) found lower
swelling power in purple sweet potatoes at 3.67 g/g and
yellow sweet potatoes at 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) (Tortoe et
al., 2017), which was still slightly lower than the results
in this study. Ratnawati et al. (2019) obtained a slightly
high swelling power for mung beans at 10.52 g/g,
compared to the current study results. There was a
similarity in the results obtained by Pragati et al. (2014)
of 3.57 g/g swelling power of green bananas and 3.99 g/g
in this research. The blanching of purple before grinding
to powder may cause the 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 the high swelling
power of the sweet potatoes (Aprianita et al., 2014) and
high-water retention capacity as well as increasing the
gel structure of starch powder (Pragati et al., 2014).
Potato starch had the lowest increase in volume making
it difficult to measure the swelling capacity and WAC.
Despite that, it was found that the RS content in potato
starch was very high with a 56.43 g/100 g dry weight
basis, therefore incorporating potato starch into food
products such as macaroni could improve RS
consumption in individuals. Blanched purple sweet
potatoes had a higher swelling capacity compared to
unblanched attributing to increased amylose and
amylopectin leaching (Marta and Tensiska, 2017). The
high amylose content in potato starch led to low swelling
power. Swelling and WAC correlated since swelling was
influenced by the ability of starch to bind with water
molecules through hydrogen bonding.
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flowr potato flour flour
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RS/Amylose content (%)
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banana flour

m Resistant starch content Amylose content
Figure 1. RS and amylose contents in starchy food sources.
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3.2 Effect of starchy flour addition on the quality of
macaroni products

The macaroni products were shown in Figure 2.
According to visual appearance, control samples of
macaroni (MO0) maintained yellow colour caused by
ingredients in the formulation. Adding starchy flour to
the macaroni products altered the colour by darkening it.
Macaroni in the formula M3 was darker than M1 due to
the high percentage of starchy flour. The darkened
colour of the macaroni was attributed to an increase in
supplementary starchy flours, which have a naturally
dark colour, especially black bean flour and mung bean
flour. The ingredients used in macaroni products each
had their specific functionality in pasta. Gluten protein in
wheat flour enabled dough formation due to its
viscoelastic  properties, while semolina provided
excellent ductility after heat treatment and a stable
yellow colour (Messia et al., 2021). Potato starch was a
source of RS, fillers, and binders and formed a starch-
protein network structure with gluten, which was
conducive for improving the hardness of the noodles
(Tao et al., 2020). Xanthan gum was used as a thickener,
as it increased the volume and improved the texture and
stability of dough, as well as lightness and yellow colour
in pasta and favours the process of rehydration (Javaid et
al., 2018). Eggs created stable emulsions, enhanced gel-
forming properties, and helped increase macaroni
flavour, colour, texture, and nutritional value. In
addition, eggs and wheat flour formed a strong protein
network.

Figure 2. Macaroni products: (A) Uncooked macaroni and (B)
cooked macaroni. MO: control sample, M1: 21.84%, M2:
24.42%, and M3: 28.18% high RS flours.

3.3 Effect of starchy flour addition on the resistant
starch content of macaroni

Table 3 shows the proportion of starchy flour added
to pasta formulations and the RS content before and after
cooking pasta. A significant difference (P<0.05) in the
RS content between macaroni samples was shown with
the RS content had an increasing trend as the content of
starchy flour increased. The MO control sample had an
RS content of about 11.40%, while the samples M1, M2
and M3 tended to gradually increase to 14.06%, 18.62%
and 23.23%, respectively. In this study, amylose content

© 2023 The Authors. Published by Rynnye Lyan Resources
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has been shown to correlate with the resistant starch
content of starchy food positively. Analysis of amylose
content in macaroni indicated an increasing trend as
starchy flour percentage increased.

Table 3. The RS and amylose content of pasta according to the
proportion of starchy flour.

Formulation RS content (%) Amylose content (%)
MO 11.40+0.06° 16.59+0.16°
M1 14.06+0.14° 17.36+0.10°
M2 18.62+0.38° 17.71£0.08°
M3 23.23+0.38¢ 19.00+0.16°

Values are presented as meantSD. Values with different
superscripts within the same column are statistically
significantly different (p<0.05).

3.4 Effect of starchy flour on physical properties of
macaroni

The results showed significant differences in the
hardness with the highest recorded in M3 with 57.08 g
force, formulation M2 had 44.83 g force, third was M1
with 40.25 g force and the least controlled sample MO
with 31.0 g force of hardness (Table 4). The results
indicated supplementation of starchy flour in macaroni
impacted the hardness of macaroni. Our results were in
agreement with the study of Wu et al. (2015) where the
hardness increased with the addition of starchy flour.

Starch characteristics, protein content, and quality
play a significant role in the texture of cooked pasta
(Smewing, 2016). The content of amylase has influenced
the hardness of macaroni. As the percentage of RS
increased so did amylose content and consequently the
hardness of macaroni (Baik and Lee, 2003; Wu et al.,
2015). Another reason for the increase in hardness could
be high levels of insoluble fibres in the flours
incorporated from high RS foods. When incorporated
into the dough system, there was a competition in water
absorption between fibre and wheat flour. It interfered
with the gluten network and increased the hardness of
macaroni (Victoriano et al., 2020).

Cooking losses in macaroni were also measured
(Table 4). It was observed that there were not many
significant differences in the cooking loss of macaroni.
The cooking loss in macaroni ranged between 4.51% in
the MO control sample and 4.95% in M3. The higher
cooking loss shown in M3 may result from the leaching

of many soluble solids from macaroni into the cooking
water. Kuen et al. (2017) reported that the addition of
starchy flours increased cooking loss due to the inability
of less gluten to hold too much dietary fibre particles,
resulting in some fibre dissolving in water during the
cooking process. Since the cooking loss was also less
than 12%, according to Fu (2008), therefore the
macaroni produced had acceptable cooking quality
among consumers.

There was no significant difference (P<0.05) in
rehydration rate among samples MO, M1 and M2,
however, sample M3 was significantly different from the
rest of the samples. Sample MO presented the highest
rehydration rate with 58.76%, followed by M2 with
58.35%, the third was M1 with 58.25%, while the least
rehydration rate was in M3 with 55.12%. The linear
structure of amylose in M1, M2 and M3 may have
decreased the breakdown viscosity, requiring a longer
time for water penetration (Tangthanantorn et al., 2021).

The results obtained in the current study showed that
the formulas MO and M2 of macaroni had a 100%
increase in volume while M1 and M3 had 93.75% and
93.53%, respectively. The high-volume increase is a
desirable property of pasta products by consumers. The
low volume increase shown in M1 and M3 may have
resulted from the high cooking loss. The degree of
volume increase during boiling of pasta was affected by
starch gelatinization and protein hydration related to the
size of starch (Kang et al., 2017).

The effect of a subsequent percentage increase in the
amount of starchy flour supplemented on the colour of
macaroni was shown in Table 5. There was a significant
difference in the mean L* of the four formulations of
macaroni. The control M0 had the highest lightness with
L* of 70.5+£5.23, while a decrease in L* was evident in
formulations M1 which had 55.4+4.30, M2 had
53.345.12, and lastly, M3 was the least with 50.0+6.68.
The bright colour of the control sample resulted from
wheat flour and eggs used in the formulation. In contrast,
the starchy flour incorporated in M1, M2, and M3
resulted in the darker colour of macaroni. The redness
recorded with a* in raw macaroni increased with an
increase in high RS flour, for yellowness recorded by b*,
control formulation (M0O) had the highest value with
26.7+2.58, and the least of 8.8+1.99 was in formulation 3

Table 4. The hardness, cooking loss, rehydration rate and volume increase of macaroni.

Formulation Hardness (g-force) Cooking loss (%) Rehydration rate (%) Volume increase (%)
MO 31.0£8.24° 4.512+0.20° 58.76+0.31° 100.00£0.00°
M1 40.25+4.24% 4.795+0.05° 58.28+0.59° 93.75+1.76%
M2 44.83+7.8° 4.605+0.30° 58.35+0.66° 100.00+0.00?
M3 57.08+7.4° 4.953+0.10° 55.12+0.89° 93.53+5.61%

Values are presented as mean+SD. Values with different superscripts within the same column are statistically significantly

different (p<0.05).
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Table 5. Colour measurement of uncooked and cooked macaroni.

Sample Formulation L* a* b*

MO 70.5 £5.23° 4.6+1.65° 26.7+2.58°

Uncooked macaroni Ml 55.4+4.30™ 7.0£1.15° 11.0£2.31°
M2 53.3+£5.12% 6.84+0.63° 11.6£1.71°

M3 50.0+6.68" 9.3+1.25° 8.8+1.99%

MO 89.845.07° -1.240.79* 25.843.30

Cooked macaroni Ml 78.5+3.34 3.4+0.70° 6.40+1.07°
M2 76.043.62%° 3.9+1.29° 5.70+1.34%

M3 72.6+6.43* 5.40+0.52° 4.80+1.14°

11

Values are presented as mean+SD. Values with different superscripts within the same column are statistically significantly
different (p<0.05) for uncooked and cooked macaroni. L*: lightness, a*: redness (+) and green (-), and b*: yellowness (+) and

blue ().

(M3). The yellowness was from eggs, wheat flour in MO,
and the darker colour in M3 was from starchy flour.
Cooking of macaroni resulted in increased lightness L*
to 89.845.07 in MO and 72.6+6.43 in M3. The redness
generally decreased after cooking, while yellowness
slightly reduced after cooking.

Colour is an important parameter of the acceptability
of food products by consumers (Morris, 2018). Lightness
is an indispensable characteristic of macaroni that is
known as a perception of high quality. Colour
parameters (L*, a* b*) of uncooked and cooked
macaroni changed significantly with the addition of these
flours. According to Zhao et al. (2005) and Wood
(2009), the lightness L* of all spaghetti products
containing legume flours decreased significantly
(P<0.05), which is in agreement with the results in this
study. As a result of cooking macaroni, the lightness
increased while redness and yellowness decreased.
Similar results were obtained by Petitot et al. (2010).
The dark colour of the subsequent macaroni formulations
resulted from the specific colour of the bean flours and
purple sweet potatoes used in their formulations. An
increase in protein content in noodles darkens the
noodles, explaining the darkening of macaroni in the
current study (Morris, 2018).

3.5 Effect of starchy flour addition on the organoleptic
value of macaroni

Principle component analysis (PCA) was used to
outline the relationship between the various attributes
used in the study of macaroni and the effect of starchy
flour addition on the pasta products (Figure 3). The
analysis was carried out on cooked macaroni. The PCA
revealed that three principal components (PCs) (F1-F3)
explained the variance among the data, and the first two
PCs (PC1 and PC2) accounted for 93.01% of the total
variation (Figure 3A). PC1 accounted for 75.25%, and
PC2 accounted for 17.76% of the variance. A control
sample of macaroni was characterized by a yellow
colour, salty and egg smell, while M1, M2, and M3 were
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characterized by green colour, purple colour, cooked
bean smell, and sweetness. Acceptability lies between
MO and M2, as shown in Figure 3B.
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4 + Purple
9 ) L M2 Cooked
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Figure 3. Principal Component Analysis (PCA) of (A) various
attributes of macaroni formulated with high RS flour and (B)
Check All That Apply (CATA) analysis of macaroni. MO:
control sample, M1: 21.84%, M2: 24.42%, and M3: 28.18%
high RS flours.

3.6 Morphological properties of macaroni by Scanning
Electron Microscopy

The microstructure of pasta was observed using
SEM to expound the effects of high RS flour addition on
macaroni (Figure 4). The formulation M2 was the
preferred sample based on sensory analysis. The SEM
showed that in the control sample, MO majority of the
starch was still visible on the surface of macaroni, while
in M2, due to the addition of high RS flour, some starch

© 2023 The Authors. Published by Rynnye Lyan Resources



12 Too and Thuy / Food Research 7 (4) (2023) 5 - 15

escaped showing perforations, making the pore sizes of
the control MO sample (Figure 4A) smaller than the M2
sample (Figure 4B).

The obtained morphological structure of macaroni
may result in loosely bound fibres from starchy flours
dissolving in water, leaving air spaces (Kuen ef al.,
2017). The variation in the appearance of structures
between the control sample MO and M2 because of the
difference in pasting degrees of starches, the ratio of
amylose and amylopectin from the starchy flour

supplemented (Guo et al., 2006). Gluten and starch in
MO of macaroni supported protein network responsible
for stability hence smaller pores, while in M2, reduced
gluten due to starchy flour addition resulted in starch
being exposed, irregular shape, and larger pores (Sun et
al., 2019).

Figure 4. Scaﬁning electron microscopy (SEM) of (A) control
macaroni sample (M0) with 100% wheat flour and (b) M2
with 24.42% high RS flour.

4. Conclusion

The variation in the amount of RS in starchy foods
was due to differences in size, shape, and arrangement of
granules in the specific raw food. High amylose content
in the foods indicated high resistant starch content, while
low swelling and water absorption capacity was a typical
characteristic of high resistant starch foods. The high
resistant starch food improves RS consumption but also
affects the quality of foods that incorporate them. The
addition of high starchy flour in noodle and macaroni
formulations increased the content of resistant starch in
the pasta products. Achieving desirable pasta quality
entailed an appropriate proportion of high RS flour in the
corporation in the formulation. The future works will be
expounded on the application of high RS flour in various
other food products and their effect on nutrient content
of the food. In addition, in vitro and in vivo digestibility
of starchy foods with high RS flour should also be
carried out to determine the effect of high RS flour on
the glycaemic index of the food products, in an
environment that resembles the human digestive system.

Conflict of interest

The authors declare no conflict of interest.

https://doi.org/10.26656/fr.2017.7(4).1029

References

Ang, P.T. (2011). Adaptation and Validation of Existing
Analytical Methods for Monitoring Prebiotics
Present in Different Types of Processed Food
Matrices.  Retrieved from  website:  https://
digitalcommons.unl.edu/foodscidiss/15.

Aprianita, A., Vasiljevic, T., Bannikova, A. and Kasapis,
S. (2014). Physicochemical properties of flours and
starches derived from traditional Indonesian tubers
and roots. Journal of Food Science Technology, 51
(12), 3669-3679. https://doi.org/10.1007/s13197-012
-0915-5

Baik, B.K. and Lee, M.R. (2003). Effects of starch
amylose content of wheat on textural properties of
white salted noodles. Cereal Chemistry, 80(3), 304-
309. https://doi.org/10.1094/CCHEM.2003.80.3.304

Chen, L., Liu, R., Qin, C., Meng, Y., Zhang, J., Wang,
Y. and Xu, G. (2010). Sources and intake of resistant
starch in the Chinese diet. Asia Pacific Journal of
Clinical Nutrition, 19(2), 274-282.

Chung, H.J., Donner, E. and Liu, Q. (2011). Resistant
starches in foods. In Moo-Young, M. (Ed.)
Comprehensive Biotechnology. Vol. 4, 2™ ed., p.
527-534. Netherlands: Elsevier. https://
doi.org/10.1016/B978-0-08-088504-9.00309-3

Du, SK., Jiang, H., Ai, Y. and Jane, J.L. (2014).
Physicochemical properties and digestibility of
common bean (Phaseolus vulgaris L.) starches.
Carbohydrate Polymer, 108(8), 200-205. https://
doi.org/10.1016/j.carbpol.2014.03.004

Eashwarage, 1.S., Herath, HM.T. and Gunathilake,
K.G.T. (2017). Dietary fiber, resistant starch, and in-
vitro starch digestibility of selected eleven
commonly consumed legumes (mung bean, cowpea,
soybean, and horse gram) in Sri Lanka. Research
Journal of Chemical Sciences, 7(2), 1-7.

Englyst, H.N., Kingman, S.M. and Cummings, J.H.
(1992).  Classification and measurement of
nutritionally important starch fractions. European
Journal of Clinical Nutrition, 46(Suppl. 2), S33-50.

Espitia-Lopez, J., Rogelio-Flores, F., Angel-Cuapio, A.,
Flores-Chavez, B., Arce-Cervantes, O., Hernandez-
Leéon, S. and Garza-Lopez, P.M. (2019).
Characterization of sensory profile by the CATA
method of Mexican coffee brew considering two
preparation methods: Espresso and French press.
International Journal of Food Properties, 22(1), 967
-973. https://
doi.org/10.1080/10942912.2019.1619577

Fabbri, A.D., Schacht, R.W. and Crosby, G.A. (2016).
Evaluation of resistant starch content of cooked
black beans, pinto beans, and chickpeas. NFS

© 2023 The Authors. Published by Rynnye Lyan Resources



Too and Thuy / Food Research 7 (4) (2023) 5 - 15 13

Journal, 3, 8-12.

1-nfs.2016.02.002

Fu, B.X. (2008). Asian noodles: History, classification,
raw materials, and processing. Food Research

https://doi.org/10.1016/

International, 41(9), 888-902. https://
doi.org/10.1016/j.foodres.2007.11.007
Fuentes-Zaragoza, E., Riquelme-Navarrete, M.J.,

Sanchez-Zapata, E. and Pérez-Alvarez, J.A. (2010).
Resistant starch as functional ingredient: A
review. Food Research International, 43(4), 931-
942. https://doi.org/10.1016/j.foodres.2010.02.004

Guo, M., Ou, Z. and Wei, H. (2006). Inspecting
ingredients of starches in starch-noodle based on
image processing and pattern recognition. In 18"

International Conference on Pattern Recognition, p.
877-880. Hong Kong, China: IEEE

Jansky, S. and Fajardo, D. (2016). Amylose content
decreases during tuber development in potatoes.
Journal of the Science of Food and Agriculture, 96
(13), 4560-4564. https://doi.org/10.1002/jsfa.7673

Javaid, A.B., Xiong, H., Xiong, Z., Soomro, A. H.,
Ahmad, 1., Nawaz, A. and Ullah, 1. (2018). Effects of
xanthan gum on cooking qualities, texture, and
microstructures of fresh potato instant noodles.
Journal of Food Measurement and Characterization,
12(4), 2453-2460. https://doi.org/10.1007/s11694-
018-9862-9

Jyoshna, E. and Hymavathi, T.V. (2017). Review of
studies on effect of resistant starch supplementation

on glucose and insulin. Journal of Pharmacognosy
and Phytochemistry, 6(3), 55-58.

Kamolchote, S., Seng, T.T., Gonzélez, J. and Hou, G.G.
(2010). Quality assurance programs for Instant
Noodle production.In Hoboken, N.J. (Ed). Asian
noodles: science, technology, and processing, p. 363-
392. United Kingdom: John Wiley and Sons. https://
doi.org/10.1002/9780470634370.ch15

Kang, J., Lee, J., Choi, M., Jin, Y., Chang, D., Chang,
Y.H. and Lee, Y. (2017). Physicochemical and
textural properties of mnoodles prepared from
different potato varieties. Preventive Nutrition and
Food Science, 22(3), 246-250.

Kaur, M., Sandhu, K.S., Singh, N. and Lim, S.T. (2011).
Amylose content, molecular structure,
physicochemical properties, and in vitro digestibility
of starches from different mung bean (Vigna radiata
L.) cultivars. Starch-Stirke, 63(11), 709-716. https://
doi.org/10.1002/star.201100053

Kim, H.J., Woo, K.S., Lee, HU., Nam, S.S., Lee, BW.,
Kim, M.Y., Lee, Y.Y., Lee, Y.J.,, Kim, M.H. and
Lee, B. (2020). Physicochemical Characteristics of
Starch in Sweet Potato Cultivars Grown in Korea.

https://doi.org/10.26656/fr.2017.7(4).1029

Preventive Nutrition and Food Science, 25(2), 212-
218. https://doi.org/10.3746/pnf.2020.25.2.212

Kittipongpatana, O.S. and Kittipongpatana, N. (2015).
Resistant starch contents of native and heat-moisture
treated jackfruit seed starch. The Scientific World
Journal, 2015, 519854. https://
doi.org/10.1155/2015/519854

Kuen, N.H., Hamid, M.A., Mamat, H., Akanda, J.H. and
Ahmad, F. (2017). Effect of chickpea and okara
composite flours on the quality of instant noodles. In
Proceedings of the 1st International Conference on
Social, Applied Science and Technology in Home
Economics (ICONHOMECS 2017). Amsterdam,
Netherlands: Atlantis Press. https://doi.org/10.2991/
iconhomecs-17.2018.43

Kusumayanti, H., Handayani, N.A. and Santosa, H.
(2015). Swelling power and water solubility of
cassava and sweet potatoes flour. Procedia
Environmental Sciences, 23, 164-167. https://
doi.org/10.1016/j.proenv.2015.01.025

Langkilde, A.M., Champ, M. and Andersson, H. (2002).
Effects of high-resistant-starch banana flour (RS2)
on in vitro fermentation and the small-bowel
excretion of energy, nutrients, and sterols: an
ileostomy study. The American Journal of Clinical
Nutrition, 75(1), 104-111. https://doi.org/10.1093/
ajen/75.1.104

Li, Z., Guo, K., Lin, L., He, W., Zhang, L. and Wei, C.
(2018). Comparison of physicochemical properties
of starches from flesh and peel of green banana fruit.
Molecules, 23(9), 2312. https://doi.org/10.3390/
molecules23092312

Marta, H. and Tensiska, T. (2017). Functional and
amylographic properties of physically-modified
sweet potato starch. KnE Life Sciences, 2(6), 689-
700. https://doi.org/10.18502/kls.v216.1091

Messia, M.C., Cuomo, F., Falasca, L., Trivisonno, M.C.,
Arcangelis, E.D. and Marconi, E. (2021). Nutritional
and technological quality of high protein pasta.

Foods, 10(3), 589. https://doi.org/10.3390/
foods10030589
Moongngarm, A., Tiboonbun, W., Sanpong, M.,

Sriwong, P., Phiewtong, L., Prakitrum, R. and
Huychan, N. (2014). Resistant starch and bioactive
contents of unripe banana flour as influenced by
harvesting periods and its application. American
Journal of Agricultural and Biological Sciences, 9
3), 457-465. https://doi.org/10.3844/
ajabssp.2014.457.465

Moongngarm, A. (2013). Chemical compositions and
resistant starch content in starchy foods. American
Journal of Agricultural and Biological Sciences, 8

© 2023 The Authors. Published by Rynnye Lyan Resources


https://doi.org/10.1155/2015/519854
https://doi.org/10.1155/2015/519854

14 Too and Thuy / Food Research 7 (4) (2023) 5 - 15

(2), 107-113.
ajabssp.2013.107.113

Morris, C.F. (2018). Determinants of wheat noodle
colour. Journal of the Science of Food and
Agriculture, 98(14), 5171-5180. https://
doi.org/10.1002/jsfa.9134

Nugent, A.P. (2005). Health properties of resistant
starch. Nutrition Bulletin, 30(1), 27-54. https://
doi.org/10.1111/j.1467-3010.2005.00481.x

Nyam, K.L., Leao, S.Y., Tan, C.P. and Long, K. (2014).
Functional properties of roselle (Hibiscus sabdariffa
L.) seed and its application as bakery product.
Journal of Food Science and Technology, 51(12),
3830-3837. https://doi.org/10.1007/s13197-012-0902
-X

Ojo, M.O., Ariahu, C.C., and Chinma, E.C. (2017).
Proximate, functional and pasting properties of
cassava starch and  mushroom  (Pleurotus
pulmonarius) flour blends. American Journal of
Food Science and Technology, 5(1), 11-18. https://
doi.org/10.12691/ajfst-5-1-3.

Perera, A., Meda, V. and Tyler, R.T. (2010). Resistant
starch: A review of analytical protocols for
determining resistant starch and of factors affecting
the resistant starch content of foods. Food Research
International, 43(8), 1959-1974. https://
doi.org/10.1016/j.foodres.2010.06.003

Petitot, M., Boyer, L., Minier, C. and Micard, V. (2010).
Fortification of pasta with split pea and faba bean
flours: Pasta processing and quality evaluation. Food
Research International, 43(2), 634-641. https:/
doi.org/10.1016/j.foodres.2009.07.020

Pragati, S., Genitha, I. and Ravish, K. (2014).
Comparative study of ripe and unripe banana flour
during storage. Journal of Food Processing and
Technology, 5(11), 1000384. https://
doi.org/10.4172/2157-7110.1000384

Ratnawati, L., Desnilasari, D., Surahman, D.N. and
Kumalasari, R. (2019). Evaluation of
physicochemical, functional, and pasting properties
of soybean, mung bean, and red kidney bean flour as
an ingredient in biscuit. /OP Conference Series:
Earth and Environmental Science, 251, 012026.
https://doi.org/10.1088/1755-1315/251/1/012026

Ravi, 1. and Mustaffa, M.M. (2013). Starch and amylose
variability in banana cultivars. Indian Journal of
Plant  Physiology,  18(1),  83-87.  https://
doi.org/10.1007/s40502-013-0014-2

Ronoubigouwa, M.A.A., Zhongli, P., Wada, Y. and
Yoshida, T. (2010). Two alternative methods to
predict amylose content in rice grain by using
ristimulus CIELAB values and developing a specific

https://doi.org/10.3844/

https://doi.org/10.26656/fr.2017.7(4).1029

Color Board of starch-iodine complex solution. Plant
Production Science, 14(2), 164-168.

Rosin, P.M., Lajolo, F.M. and Menezes, E.W. (2002).
Measurement and characterization of dietary
starches. Journal of Food Composition and Analysis,
15(4), 367-377. https://doi.org/10.1006/
jfca.2002.1084

Sajilata, M.G., Singhal, R.S. and Kulkarni, P.R. (2006).
Resistant starch—a review. Comprehensive reviews in
Food Science and Food Safety, 5(1), 1-17. https://
doi.org/10.1111/j.1541-4337.2006.tb00076.x

Senanayake, S.A., Ranaweera, K.K.D.S., Gunaratne, A.
and Bamunuarachchi, A. (2013) Comparative
analysis of nutritional quality of five different
cultivars of sweet potatoes ([pomea batatas (L) Lam)
in Sri Lanka. Food Science and Nutrition, 1(4), 284-
291. https://doi.org/10.1002/fsn3.38

Silva-Cristobal, L., Osorio-Diaz, P., Tovar, J. and Bello-
Pérez, L.A. (2010).  Composicionquimica,
digestibilidad de carbohidratos, y capacidad
antioxidante de variedades Mexican ascocidas de
frijol negro, garbanzo, y lenteja. Cyta—Journal of
Food, 8(1), 7-14. https://
doi.org/10.1080/19476330903119218

Smewing, J. (2016). Navigating noodle texture: taking
the rheological route. Cereal Foods World, 61(3), 92
-95. https://doi.org/10.1094/CFW-61-3-0092

Sun, K.N., Liao, A.M., Zhang, F., Thakur, K., Zhang,
J.G., Huang, JH. and Wei, Z.J. (2019).
Microstructural, textural, sensory properties and
quality of wheat—-yam composite flour noodles.
Foods,  8(10), 519.  https://doi.org/10.3390/
foods8100519

Svegmark, K., Helmersson, K., Nilsson, G., Nilsson,
P.O., Andersson, R. and Svensson, E. (2002).
Comparison of potato amylopectin starches and
potato starches—influence of year and variety.
Carbohydrate Polymers, 47(4), 331-340. https://
doi.org/10.1016/S0144-8617(01)00174-6

Tangthanantorn, J., Wichienchot, S. and Sirivongpaisal,
P. (2021). Development of fresh and dried noodle
products with high resistant starch content from
banana flour. Food Science and Technology, 42,
€68720. https://doi.org/10.1590/fst.68720

Tao, C., Wang, K., Liu, X. and Gou, E. (2020). Effects
of potato starch on the properties of wheat dough and
the quality of fresh noodles. CyTA-Journal of Food,
18(1), 427-434, https://
doi.org/10.1080/19476337.2020.1768152

Thuy, N.M., Chi, N.T.D., Huyen, T.H.B. and Tai, N.V.
(2020). Orange-fleshed sweet potato grown in Viet
Nam as a potential source for making noodles. Food

© 2023 The Authors. Published by Rynnye Lyan Resources



Too and Thuy / Food Research 7 (4) (2023) 5 - 15 15

Research, 4(3), 712-21. https://doi.org/10.26656/
fr.2017.4

Tortoe, C., Akonor, P.T., Koch, K., Menzel, C. and
Adofo, K. (2017). Physicochemical and functional
properties of flour from twelve varieties of Ghanaian

sweet potatoes. [International Food Research
Journal, 24(6), 2549-2556.

Vasanthan, T., Bergthaller, W., Driedger, D., Yeung, J.
and Sporns, P. (1999). Starch from Alberta potatoes:
wet-isolation and some physicochemical properties.
Food Research International, 32(5), 355-365.
https://doi.org/10.1016/S0963-9969(99)00096-4

Victoriano, L.G., Vera, N.G., Simental, S.S., Hernandez,
J.P., Lira, A.Q. and Martini, J.P. (2020). Quality
properties of doughs and noodles using chayotextle
(Sechiemedule) flours. Food  Science and
Technology, 41, 158-166. https://doi.org/10.1590/
fst.30219

Wang, H. and Ratnayake, W.S. (2016). Great Northern
bean could improve the nutritional value of instant
noodles. Cereal Chemistry, 93(2), 156-161. https://
doi.org/10.1094/CCHEM-06-15-0133-R

World Health Organization (WHO). (2021). Health
topics- non communicable diseases. Retrieved on
December 25, 2021 from WHO website:https://
www.who.int/health-topics/noncommunicable-
disecasest#tab = tab

Wood, J.A. (2009). Texture, processing, and
organoleptic  properties of  chickpea-fortified
spaghetti with insights to the underlying mechanisms
of traditional durum pasta quality. Journal of Cereal
Science, 49(1), 128-133. https://doi.org/10.1016/
7.J€s.2008.07.016

Wu, F., Meng, Y., Yang, N., Tao, H. and Xu, X. (2015).
Effects of mung bean starch on quality of rice
noodles made by direct dry flour extrusion. LWT-
Food Science and Technology, 63(2), 1199-1205.
https://doi.org/10.1016/j.1wt.2015.04.063

Yea, C.S., Addelia Nevara, G., Muhammad, K., Ghazali,
H.M. and Karim, R. (2019). Physical properties,
resistant starch content, and antioxidant profile of
purple sweet potato powder after 12 months of
storage. International Journal of Food Properties,
22(1), 974-984. https://
doi.org/10.1080/10942912.2019.1620765

Zhao, Y .H., Manthey, F.A., Chang, S.K., Hou, H.J. and
Yuan, S.H. (2005). Quality characteristics of
spaghetti as affected by green and yellow pea,
lentils, and chickpea flours. Journal of Food Science,
70(6), s371-s376. https://doi.org/10.1111/j.1365-
2621.2005.tb11458.x

Zheng, Y., Wang, Q., Li, B., Lin, L., Tundis, R., Loizzo,

https://doi.org/10.26656/fr.2017.7(4).1029

MR., Zheng, B. and Xiao, J. (2016).
Characterization and prebiotic effect of the resistant
starch from purple sweet potato. Molecules, 21(7),
932. https://doi.org/10.3390/molecules21070932

© 2023 The Authors. Published by Rynnye Lyan Resources


about:blank#tab=tab_
about:blank#tab=tab_
about:blank#tab=tab_

