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Abstract: Cowpea starch is a non-conventional starch source. The use of green beans in
food applications has been limited due to high levels of antinutrients, long cooking times,
and high perishability. The objective of this study was to analyze the physicochemical
and functional properties of starch from cowpea beans during the green maturation
stage. The starch granules had oval and irregular shapes with an average diameter of
16.44 um. Cowpea bean starch had a high apparent amylose content (47%), indicating
its potential for use in bioplastic production. The absolute density was 1.39 g/mL,
and the phosphorus content was 0.008%. Its water absorption capacity (68.24 g/100g)
was higher than that of oil (53.35 g/100g), an ideal characteristic for applications in
baking and confectionery. Thermogravimetric analysis showed good thermal stability,
an essential parameter for use in canned products. The starch had a final viscosity of
4250 cP, a minimum of 3154 cP, and a high tendency to retrograde (1099 cP). The pasting
temperature was 78 °C, indicating resistance to swelling. In general, cowpea starch
exhibited attractive properties for applications in the bioplastics, baking, and canning
industries; however, it is not suitable for products that require a freezing process.
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et al. 2024). The main botanical sources used
in the production of starches are corn, cassava,

Biopolymers are macromolecules obtained from
natural sources through chemical processes or
biosynthesis by living organisms, which have
garnered attention due to characteristics such
as sustainability and biodegradability (Getahun
et al. 2024). The global biopolymer market is
on a rapid growth trajectory, with projections
indicating it will reach USD 10.70 billion by 2030
(Data Bridge Market Research 2025). Among them
are starches, biopolymers of great fundamental
importance for various applications (Singh et
al. 2024). Starch is one of the most structurally
important and economically relevant
polysaccharides on aglobal scale, with an annual
production exceeding 50 million tons (Rashwan

wheat and potatoes, with the vast majority being
produced from corn (Marta et al. 2023).
However, it is important to investigate
non-conventional sources of starches (such as
underutilized crops and agricultural residues)
as they offer unique chemical compositions
and functional properties (Singh et al. 2024), in
addition to regional availability, and cultural and
social importance of the starch source. Several
alternative sources, such as fruits, seeds, roots,
culms, and legumes have been studied and used
in processes over the last few years (Marta et
al. 2023). Unlike cereals and tubers, leguminous
plants are rarely processed for starch production.
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Thus, few studies are reported (Prazeres et al.
2021).

Pulses are edible dry seeds of leguminous
crops. Due to their rich nutritional composition,
their fractionation is being studied to obtain
components like proteins, fibers, and starches,
increasing their use as ingredients (Nagai &
Andrés 2023). In legume seeds, starch is the
most abundant carbohydrate reserve (Punia
et al. 2020), and it is commonly extracted
through dry or wet fractionation techniques
(Ren et al. 2021). The interactions between
starch and protein in legumes can complicate
starch extraction and increase processing costs.
However, legume starches possess unique
characteristics compared to conventional
starches derived from cereals and tubers (Punia
et al. 2020), such as enhanced thermal stability
(Mhaske et al. 2024), high amylose content (31-
49%), slow digestibility (which contributes to a
low glycemic index) (Pulse Canada 2025), and
superior gel properties (Dhull et al. 2024). Among
pulses, peas, lentils, and fava beans stand out
as the most commercially relevant sources for
fractionating substances such as starch (Ren et
al. 2021).

Several studies on the extraction and
characterization of bean starches have also been
conducted in recent years, focusing on various
bean varieties. These include mung bean (Huang
et al. 2024, Agvaandorj et al. 2025), black bean
(Vazquez-Leon et al. 2022), kidney bean (Punia et
al. 2020), red adzuki bean (Liu et al. 2023), white
and brown varieties of cowpea beans (Ashogbon
& Akintayo 2013) and mangalé bean (Prazeres et
al. 2021). The cowpea bean (Vigna unguiculata)
is one of the most consumed legumes in the
dry region of Northeast Brazil, whether in its dry
or green form. It has high nutritional quality,
being rich in proteins and minerals, and its main
composition is carbohydrates, representing 60%
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of the grain. Among the carbohydrates, starch
stands out (Oyeyinka et al. 2021).

The use of cowpea in food applications
has been limited, being mostly consumed in a
traditionalway. Thisis mainly due to high levels of
antinutrients and long cooking times (Oyeyinka
et al. 2021). Processing green cowpea beans for
starch extraction can therefore broaden their
industrial applications. Limited information is
available on the properties of bean starches,
such as cowpea bean starch, at the green
maturity stage. Green cowpea refers to the phase
when the pods are close to maturation, when
the accumulation of photosynthates ceases, and
the grains have a moisture content between 60%
and 70% (Sousa et al. 2015). There is evidence
that the degree of maturation of cowpea beans
may influence the molecular clustering of their
respective starch polymer chains. In a previous
study, strong internal bonds between molecules
and a higher degree of association between
the starch chains of green cowpea compared
to mature cowpea were observed (Salgado et
al. 2005). Processed and discarded green bean
seeds from industrial processing represent a
high-potential byproduct (Tassoni et al. 2020).
Thus, the extraction of starch from green
cowpea emerges as a sustainable valorization
alternative for this raw material.

Therefore, this article aims to extract and
characterize starch from cowpea in the green
maturation stage, in order to provide useful
information to determine possible industrial
applications. The evaluated parameters were
moisture, total lipids, ash, phosphorus content,
amylose, density, water and oil absorption
capacities, freezing and thawing stability,
morphology, thermal stability, and properties of
the starch paste.
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MATERIALS AND METHODS

Greencowpea(Vignaunguiculata)was purchased
at local markets in the city of Feira de Santana,
Bahia, Brazil. Maturity was assessed based on
the color of the beans. The chemical reagents
used were of analytical grade. Cowpea beans
were crushed in an industrial blender, model
LB-25 (Skymsen, Brusque, Brazil), with water in
the proportion of 2:1 (water:beans) for 5 min. The
material was pressed, permeated, and washed
with distilled water (4 times). At each washing, a
decantation step of 4 h was conducted at 25 °C.
The resulting material, without the supernatant,
was oven-dried at 40 °C for 24 h. The starch was
crushed in a knife mill, sieved through a 0177-
mm mesh, and stored at room temperature until
analyzed (Sathe & Salunkhe 1981).

Moisture, total lipids, ash and elemental
phosphorus content were determined as
described by Prazeres et al. (2021). Starch
absolute density was determined and calculated
by the methodology proposed by Schoch &
Leach (1964), using the Equation (1):

D (g/ml)=a‘ g a+b-c (1)

Where: a = starch weight in grams; b = weight
of the flask with xylene; c = weight of the flask
with xylene plus sample; d = density of xylene;
density of xylene = density / 20 °C: 0.860 (861
kg/m3).

The apparent amylose content was obtained
colorimetrically through absorbance (610 nm) in
a spectrophotometer model 600 plus (FEMTO,
Sao Paulo, Brazil). The amylose content was
calculated using a previously constructed
standard curve (Martinez & Cuevas 1989). 100 mg
of cowpea starch was weighed, and 1 mL of 96%
GL ethyl alcohol and 9 mL of 1 N NaOH solution
were added, followed by heating (100 °C). The
dispersed sample was transferred to a 100 mL
volumetric flask, and the volume was completed
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with distilled water. Into a 100 mL flask, a 5 mL
aliquot of the previous solution was pipetted,
and 1 mL of 1N acetic acid and 2 mL of 2% (w/v)
iodine solution (lodine-Kl solution) were added,
after which the volume of each volumetric flask
was completed with distilled water. Pure amylose
(Sigma) was used for the construction of the
standard curve. For water and oil absorption
capacities, ten milliliters of either distilled water
or soybean oil were added to 1 g of cowpea
starch, previously weighed in centrifuge tubes.
The aqueous suspension was stirred for 30 s
at 25 °C + 2 and allowed to stand for 30 min.
The tubes were closed, and the samples were
centrifuged in a centrifuge model Excelsa®4
280-R (Fanem, Sao Paulo, Brazil) for 15 min at
3018 g. The absorbed water and oil masses were
expressed as grams per 100 g of starch (g100 g”)
on dry basis. The density of the soybean oil used
was 0.92 g/mL. The methodology used was that
of Beuchat (1977), with adaptations. The water
and oil absorption capacities were calculated
using the Equation (2):

AC (g/100 g") = (wc - wd) x 100 (2)

Where: AC = absorption capacity (water or oil);
wc = weight of the tube with the sample after
centrifuging; wd = weight of the tube with the
dried sample.

The methodology for Freeze-thaw cycle was
described by Lee & Yoo (2011) and is as follows:
Cowpea starch suspended in distilled water (5%
by weight) was heated to 95 °C under stirring
for 30 min and then cooled to 25 °C in a cold
water bath. Fifteen grams of the paste were
transferred to centrifuge tubes and subjected
to five freeze-thaw cycles. The samples were
frozen at -18 °C for 24 h, thawed at 30 °Cfor 1.5 h
and finally centrifuged at 3018 g for 30 min. The
supernatant released from the gel was weighed
and the extent of syneresis expressed as a
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percentage of liquid released per total sample
weight.

Supernatant water mass (g)
Gel mass (g) X100 (3)

Syneresis (%) =

The morphological study of cowpea bean
was developed as follows: The starch granule
samples were sputtered with gold for 2 min
in a sputtering unit, model DESK V (Denton
Vacuum, New Jersey, USA), and analyzed on a
scanning electron microscope, model JSM-
6610LV (JEOL, Japan), with a maximum voltage
of 30 kV. Infrared absorption spectroscopy
was performed in a Fourier transform infrared
absorption spectrometer, model Spectrum Two
(PerkinElmer, Waltham, USA), in the range from
4000 to 400 cm™.

The thermogravimetric analysis (thermal
analyzer model DTG-60; Shimadzu, Kyoto, Japan)
of the cowpea bean starch was conducted under
a nitrogen flow rate of 50 mL/min. Approximately
6 mg of cowpea starch was heated from 30 to
650 °C at 10 °C/min.

The starch paste properties were determined
on an RVA equipment (Newport Scientific,
Jessup, USA). Cowpea starch suspension at
10% concentration was heated to 50 °C for
1 minute, and then to 95 °C at 6°C/min for 5
minutes. The sample was then cooled to 50 °C
and several parameters were obtained (pasting
temperature, maximum, minimum and final
viscosities, viscosity breakdown and tendency
to retrogradation).

The parameters of moisture, lipids, ash,
phosphorus, amylose, absolute density and
grain diameter were submitted to analysis
of variance (ANOVA) at 5% significance level.
Origin 2021b software was used for statistical
treatment.
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RESULTS AND DISCUSSION

The moisture content of green cowpea starch
was 12.27 = 0.13%. Lower moisture levels
facilitate starch storage, as they allow for
room temperature storage and reduce the risk
of bacterial contamination (Ramli et al. 2020).
Schirmer et al. (2013) and Ramli et al. (2020)
found moisture contents of 24.8% for algae
starch and 13.0% for wheat starch, respectively.
Nguetcho et al. (2021) reported a range of 9.2%
to 11.3% for legume starches, including red bean
(11.25%), bambara groundnut (9.25%), yellow
bean (10.72%), and cowpea (10.22%).

The lipid content was 011 + 0.07, a value
considered low. Elevated lipid levels can result
in a starch paste with low clarity (as encountered
in cereal starches) and limit grain swelling (Chen
et al. 2003). The lipids on the starch surface are
monoacyl non-starch lipids that penetrate the
granules during maceration and wet milling,
common steps in extraction processes. Traces
of lipids occasionally reported in starches
from roots, tubers, and legumes correspond to
contaminating non-starch lipids. However, native
cereal starches contain lysophospholipids and
free fatty acids, being the only ones among the
main starches to exhibit these lipids (Morrison
et al. 1984).

Ash levels were 0.13%. Brazilian legislation
establishes a maximum ash content of 0.5%;
therefore, the starch under study meets the
standards set down for this parameter (Brasil
2005). The ash content corresponds to the
inorganic fraction of the starch. The lower
the ash content, the higher the quality of the
starch, due to the lower presence of inorganic
matter, which is directly related to the peeling
and washing steps of the rhizomes (Souza et al.
2019).

Similar lipid and ash contents were
observed in black bean starch, with values of
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0.13% and 0.15%, respectively (Ambigaipalan et
al. 2011). Lipid and ash contents in kidney bean
starches have been reported in the literature,
ranging from 0.1% to 0.6% and from 0.1% to 0.7%,
respectively (Punia et al. 2020).

The phosphorus content for cowpea starch
was 0.008% (dry weight). Phosphorus contents
in starch vary from 0.003% (waxy maize starch)
to 0.09% (potato starch) (Jane et al. 1996). The
value found is close to those of other bean
starches (for example, black bean starch with
0.008% (Ambigaipalan et al. 2011), and mung
bean starch with 0.012% (Lim et al. 1994).
Phosphorus levels are related to phosphate
groups linked with amylopectin molecules
containing a slight negative charge and results
in Coulombic repulsion, which can contribute to
arapid swelling of the granules, greater viscosity,
clearer paste and low tendency to retrograde
(Chen et al. 2003). Phosphorus is an important
component of starches, existing in the form of
phosphate monoesters and phospholipids. Its
presence in the granules influences applications
in various sectors, such as food (bioplastics
for packaging), paper (coating adhesives), and
textiles (thickening) (Leonel et al. 2021).

Cowpea starch presented an absolute
density of 1.39 + 0.03 g/mL. Fuentes et al. (2019)
found densities of 1.34 g/mL and 1.22 g/mL for
corn and potato starches, respectively. Amorim
et al. (2021) obtained a native breadfruit starch
with a density of 1.47 g/mL. Marquezi et al.
(2016) found densities between 1.55 and 1.78 for
starches extracted from different common bean
cultivars. Starch density is extremely important
in technological applications, since it represents
the real volume occupied by the material
(Schoch & Leach 1964). The greater the density
of a starch, the shorter the retention time in
decanters and centrifuges. Therefore, density is
a parameter that economically influences the
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decision when choosing the starch source to be
processed (Nunes et al. 2009).

Amylose content performs a central role
that impacts on various physicochemical
parameters, such as: starch gelatinization and
retrogradation, and susceptibility to enzyme
hydrolysis (Mesquita et al. 2016). The apparent
amylose content of cowpea starch was 46.85
+ 1.25%. The result is within the range found
for amylose content in legumes, which varies
between 17% and 52% (He & Wei 2017). The
difference could be related to the stage of
maturation of the legume grains, geographical
origin or climatic conditions during the
development of the grains (Gani et al. 2017).
Starches with an amylose content of around
50% or more, such as the cowpea starch in this
study, are considered high-amylose starches
(Weber et al. 2009). High-amylose starches
gel easily, as the gelatinization process occurs
due to the rearrangement of the amorphous
regions within the hydrated granules, forming
new intermolecular interactions (Jiménez et al.
2012). Therefore, cowpea starch is suitable for
use as a polymeric matrix in the production
of bioplastics. It also has potential for the
production of gummies and foods such as
nuggets, providing crunchiness.

The native cowpea starch presented a
water absorption capacity (WAC) of 68.24 g/100
g. Lima et al. (2014) found a WAC of 175 g/100
g for native andu bean starch (Cajanus cajan
(L.)). Dhull et al. (2024) found a WAC of 54.6 g/100
g for mung bean starch, which is close to that
obtained in this study. The differences in the
WAC of starches can probably be attributed to
variations in their granular structures (Ali et al.
2016). The water absorption capacity of starches
depends on the number of pores, channels, and
cavities within the starch granule. Water enters
the internal region of the granules through
surface pores during hydration. Finally, the H,0
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molecules move to the amorphous region and
preferentially hydrate it over the crystalline
structure (Sarifudin et al. 2020). Studies indicate
that legume starches typically exhibit a water
absorption capacity below 1000 g/100 g starch
(Munjal et al. 2024).

The absorption capacity in oil (ACO) for
the cowpea bean starch was 53.35 g/100g.
Mendes et al. (2015), found an ACO value for
mango seed starch (59.78 g/100g) similar to that
found for the native starch in this study. ACO
is an important functional property, influencing
flavor, texture, and mouthfeel. It is attributed to
the physical entrapment of oil within proteins
and non-covalent bonds, such as those involved
in lipid-protein interactions (Wang et al. 2020).
As starch does not possess apolar groups,
the oil absorption is only a result of physical
containment and depends on the form and size
of the starch (Ali et al. 2016). Starch is the main
oil-absorbing component in many fried foods,
such as potato chips and wheat dough. The
evaporation of water from starchy foods during
frying leads to the development of a porous
surface, thereby promoting oil absorption (Chen
et al. 2019). Due to concerns related to obesity
and cardiovascular diseases, it is important
to reduce the oil content in fried foods. Oil
absorption is modulated by the formation of a
starch-lipid complex, which, due to its denser
structure, prevents oil penetration (Luo et al.
2023).

Therefore, as noted, WAC is greater than ACO.
Starches with greater water absorption capacity,
such as the one studied, are recommended
for products in segments such as bakery and
pastry, as they allow for the manipulation of the
functional properties of doughs (Tatiana et al.
2021).

The freeze-thaw stability reflects the ability
of starch gel to resist rough and successive
physical changes of temperature (Saho &
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Njintang 2023). Cowpea starch showed low
syneresis in the first 24 hours of analysis, with
an increase in the amount of water released in
the second cycle (48 h) and third cycle (72 h),
followed by a reduction in the fourth cycle (96
h) and a trend of increase in the last storage
cycle (120 h), totaling 8.89% of water released
over the 120-hour period - a value considered
high (Figure 1).

Srichuwong et al. (2012) also observed a
significantincrease in syneresis in the third cycle
for mung bean starch (from 42.8% to 64.5%) and
lotus seed starch (from 52.6% to 62.4%). Molecular
reorganization during the first two freeze-thaw
cycles may have led to a more fragile structure,
due to possible freezing damage, resulting in a
significant increase in water release in the third
cycle. The high syneresis commonly observed
in legume gels results from their high amylose
content, as evidenced by green cowpea starch
in this study. Amylose is unstable in water, and
it accelerates in the initial gelification stage,
provoking hardness when the gels are cooled or
stored (Betancur et al. 2001) and expelling water
from between adjacent chains (Keskin et al.
2021). Starches with higher amylopectin content
exhibit lower syneresis, owing to their branched
molecular structure (Takeiti et al. 2007).

32
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Freeze Thaw Cycles

Figure 1. Stability of cowpea starch gel.
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The low stability of green cowpea starch gel
under these conditions suggests that it is not
adequate for use in food systems that involve
freezing processes. As a suggestion for future
studies, it is recommended to use modification
methods to improve the stability of cowpea
starches during freeze-thaw processes. Physical
and enzymatic methods have been preferred
over chemical ones due to the absence of
chemical residues after starch modification
(Saho & Njintang 2023). Enzymatic reactions can
produce amylopectin clusters with high freeze-
thaw stability, providing greater water solubility
and high-level food stability to starches (Woo
et al. 2021). Physical modifications, such as
partial gelatinization, can promote the release
of soluble starchy chains, which reassociate,
resulting in a more stable gelled structure.
Additionally, the addition of hydrocolloids can
enhance the effect of physical modifications,
forming polymeric networks with starch (Zhang
& Lim 2021).

Vv WD12mm 000
UME - IF / UFBAgE
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The scanning electron microscope
showed that the cowpea starch granules were
predominantly ovoid and irregular. The grain
surface was smooth and without fissures
or cracks, which showed that the granules
were whole and undamaged (Figure 2). These
characteristics are consistent with previous
findings concerning other legume starches
(Reddy et al. 2017). Morphological differences
between starches are attributed to biological
origin, amyloplast biochemistry and the plant
physiology (Ma et al. 2017). The average grain
diameter was 16.44 + 3.82 um, within the range
found for other legumes, such as black beans
(6.61-52.48 um), red beans (11.5-60.3 pm),
mangald beans (17.33 + 1.65 pm) and faba bean
cotyledon (22.8 + 6.7 um) (Du et al. 2014, Ma
et al. 2017, Prazeres et al. 2021, Nilsson et al.
2022). Paste viscosity, thermal transitions and
functional properties of starch granules, are
strongly connected with starch grain size (Reddy
et al. 2017).

Figure 2. Scanning
electron micrograph
(SEM) (1000X) of
native cowpea
starch (granule size
range: 1113 - 27.84
pm).
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The starch was analyzed using FTIR to
evaluate the existence of functional groups and
elucidate the structure. The spectrum for cowpea
starch (Figure 3) showed absorption bands at
754,906, 993, 1180, 1449, 1600, 1640, 2923 and 3276
cm”, confirming its polysaccharidic nature (Wang
etal.2018).The broad band at3276 cm™ represents
a complex stretching vibration that contains free
hydroxyl and inter- and intra-molecular groups
(Reddy et al. 2017). The band observed at 2923
cm™ corresponds to the hydrogen stretching
vibration and the bonds (C-H) associated with
the glycopyranose ring (Moo-Huchin et al. 2015).
The water absorbed by the starch appears on
the spectrum as a medium band between 1640-
1650 cm™ (Jamir & Seshagirirao 2017). This band
is a result of the vibrations of water molecules in
the non-crystalline region (Xiong et al. 2017). The
peaks observed between 754 and 993 cm™ were
due to group O-H hydrogen bonding, skeletal
mode vibrations of the a-1.4 glycosidic bond and
C-C stretching, respectively (Reddy et al. 2017).
In the fingerprint region, characteristic starch
peaks were identified at 1146, 1080, and 993 cm’
' corresponding to the vibration of the glucose
C-O-C bond, and at 906, 927, 861, 754, 695 and 539

024 3276 1146 '/927
y oo m |/
‘/\ N\ ’\/_,r
ol T
906
1180
xX 2923
< 02- , A 539
s 1449 754
c
8
g
2 -0.4 1
©
[
-0.6
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4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm™)

Figure 3. FTIR spectra of cowpea starch.
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cm’, corresponding to the pyranose ring (Moo-
Huchin et al. 2015).

The thermic behavior of cowpea starch was
investigated by thermogravimetric analysis. The
TG curves show that decomposition occurred
in three principle steps of mass loss. The first
mass loss occurred between 60-100 °C, which
is associated with dehydration and volatile
compounds loss (Hornung et al. 2017). In this
step, there was a humidity loss of + 13%, a value
similar to that found in the humidity analysis
(12.27%), confirming the event as dehydration.
The TG/DTG curves for cowpea starch are
presented in Figure 4.

The second step is attributed to the
degradation of the organic sample, specifically
amylose and amylopectin, which occurs between
320 °C and 338 °C, and in this step the sample
presented a mass loss of approximately 63%.
The third step was attributed to carbonization
and ash formation, which generally occurs at
temperatures above 550 °C (Nogueira et al. 2018).
The carbonization of cowpea starch occurred at
a temperature of 584 °C, and the ash formation
(9%) at 650 °C.

The narrow and long peak of the DTG curve
indicates that a rapid degradation reaction

100

80+

1
'
N

Deriv. weight (%/°C)

1
'
N

20+

0 T T T T T T T T
0 100 200 300 400 500 600 700
Temperature (°C)

Figure 4. Cowpea starch profile on the TG (---), DTG
(---) curves.
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occurs between 300 and 338 °C. The temperature
of cowpea starch thermal decomposition was
319.93 °C. As a result, cowpea starch has good
thermal stability since it does not decompose at
190 °C (Sharlina et al. 2017). Thus, cowpea starch
shows potential for use in the canning industry.
Canning is a preservation process that involves
heating, filling, and sealing containers. The
coldest part of the food must reach at least 120
°C for 20 minutes or 145 °C for a few seconds.
During can filling and heating, starches are
employed to control product thickness (Nguyen
Starch 2025).

The starch paste properties were affected
by amylose, lipid and phosphorus content as
well as by the length of amylopectin branch
chains (Mesquita et al. 2016). Peak viscosity,
which is the capacity of the starch to swell
without physical breakdown, was 5129 cP. Hamid
et al. (2015) explained that a higher value for
peak viscosity is attributed to a higher level
of amylose content. The results obtained for
cowpea starch paste properties are presented
in Figure 5.

The minimum viscosity was 3154 cP, a value
similar to that reported for water chestnut
starch, 3258 cP. Normally the minimum viscosity
is characterized by a decline in starch viscosity
after peak viscosity is achieved, due to granule

6000 - - 100
Peak viscosity = 5129 cP

5000

4000

Viscosity (cP)
8
38
1
Temperature (°C)

2000

1000

0 2 4 6 8 10 12 14
Time (min)

Figure 5. Viscoamylography of cowpea starch paste.
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breakdown at high temperature (95 °C) (Wang et
al. 2018). Minimum viscosity was followed by a
reduction in viscosity known as break viscosity,
and the value for cowpea starch was 1978 cP. The
break viscosity measures the cooked starch’s
susceptibility to disintegration. The higher the
break viscosity the lower the capacity of starch
to tolerate heating and sheer stress (Hamid et
al. 2015). The break viscosity is influenced by the
extent of amylose leaching, friction provoked by
swollen granules and competition between the
leached amylose and the remaining granules for
available water (Hamid et al. 2015).

At break viscosity, the dilated granules
burst and the amylose molecules are leached.
As the temperature drops (50 °C), amylose
molecules and the leached amylopectin tend
to reassociate, resulting in starch retrogradation
(Wang et al. 2018). The high retrogradation value
of cowpea starch (1099 cP) is consistent with
its high amylose content. In a study involving
cowpea flour conducted by Hamid et al. (2015),
it was reported that the high retrogradation
tendency of the sample indicated its suitability
for food products such as gluten-free oriental
noodles.

The final viscosity was 4250 cP, a value
similar to that found for corn starch (4173 cP)
and superior to purple bean starch (2569 cP).
This parameter is used to measure the affinity
to retrogradation of starches. The rise in final
viscosity is attributed to the aggregation of
amylose molecules that occurs during cooling
(Wang et al. 2018).

On the other hand, variations in the final
viscosities among cultivars may be linked to
variations in amylose content. It seems that
starch with high amylose content reassociates
more readily than starch with high amylopectin
content. This occurs because linear chains
(amylose molecules) can orient themselves
in parallel (Wang et al. 2018). The pasting
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temperature of cowpea starch was 78 °C, similar
values were reported for other bean starches,
varying between 76.6 and 77.8 °C. The high
temperature of bean starch paste indicates
that this starch possesses greater resistance to
swelling and rupture (Du et al. 2014).

CONCLUSIONS

The origin of the starch source, the high apparent
amylose content, resistance to swelling and
high gelatinization temperature suggest a
considerable amount of resistant starch. The
starch had an apparent amylose content of 46%
and a high retrogradation content, which may
be correlated. The starch showed good thermal
stability with degradation at a temperature of
319 °C. The FTIR spectra of the starch confirms
its carbohydrate nature. The starch had a high
viscosity peak value and resistance to pasting
temperature. Regarding industrial applications,
green cowpea bean starch has potential in
the canned food industry (due to its thermal
stability), the baking industry (due to its higher
water absorption capacity), and the bioplastics
industry (due to its high amylose content).
However, this starch is not suitable for products
that require a freezing process (due to high
syneresis). Future research should focus on
modification methods, especially physical or
enzymatic, to improve the freeze-thaw stability
of cowpea starches.

As a suggestion for future research, we
recommend the use of ultrasonic technology
as an alternative to conventional methods for
extracting starch from cowpea. This technique
leverages acoustic cavitation to disrupt starch-
protein interactions and remove impurities,
such as micrometer-scale fibers, thereby
enabling more sustainable extraction with
reduced processing times (Pasumarthi et al.
2025). In addition to improving starch purity, this

GREEN COWPEA STARCH: EXTRACTION & INSIGHTS

approach may enhance both the economic and
environmental viability of the extraction process.
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