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Abstract

Introduction: The most commonly consumed essential edible crop in many tropical countries
in Africa, South America, and Asia is Cassava (Manihot esculenta Crantz). There are limitations
on the utilization of cassava roots by processors, and they are also highly perishable and bulky.
Raw cassava starches are excessively weak in terms of their structure and functionality, hence,
limiting the diversity of industrial applications. The objective was to estimate the outcome of
gamma irradiation as an amending agent on raw cassava starch from three cassava types
(Ankra, Bosome nsia and TME419).

Materials and methods: Ankra, Bosome nsia and TME419 were the cassava varieties used for
the study. The cassava starch was extracted, and then modified using cobalt-60 source. The
administered doses were 5, 10, 15 and 20 kGy at a dose rate of 2.087 kGy/hr, and using zero as
the control. The physicochemical and functional properties of the raw and modified cassava
starches were evaluated using standard procedures.

Results: Gamma irradiation significantly reduced the amylose and carbohydrate contents as
well as the colour of cassava starch. Amylose content of Ankra, Bosome nsia and TME 419 were
14.45, 16.39 and 18.21%, respectively. Also, the irradiation reduced the amylose content from
20.21% (control) to 17.47,15.98,14.99 and 13.27% at 5-20 kGy, respectively. The carbohydrate
content of 44.44, 44.09 and 27.28% were recorded for Ankra, Bosome nsia and TME 419,
respectively. Further, the irradiation decreased the carbohydrate content from 48.08%
(control) to 45.63, 36.81, 34.94 and 27.54% at 5-20 kGy, respectively. The irradiation doses did
not significantly affect the emulsion capacity and stability, and bulk density. The swelling power
decreased as the radiation dose increased while solubility index, water and fat absorption
capacities and least gelation significantly increased with the radiation dose.

Conclusion: Therefore, gamma irradiation could be exploited to alter cassava starch for
industrial applications likewise a chemical modification.

Keywords: Gamma irradiation, Physicochemical, Functional, Cassava starch.

Introduction maize, cassava is acknowledged as the 3rd
crucial food basis in the tropics [2]. A
complex polymer found in large amounts
in many plant cereals, tubers, and roots is

Cassava (Manihot esculenta Crantz) is a
staple starchy crop with an excessive
commercial reputation [1]. After rice and
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called starch. The amylose chain, which
has alpha 1-4 links, and the amylopectin
chain, which has together a-(1-4) links
and a-(1-6) links, are two polymer chains
that combine to form starch. According to
Nwokocha et al [3], cassava starch
possesses exceptional qualities that are
useful for commercial applications,
comprising extreme paste viscosity and
clearness as well as good freeze-thaw
stability.

The concentric structure (hilum) of the
starch granule order is composed of
stellate levels with alternating crystalline
and amorphous regions. The main
components of the amorphous regions
are amylose chains and amylopectin-
branched sites. According to Copeland et
al. [4] and Varatharajan et al [5], the
duplicate helices of the amylopectin side
chains are primarily what make up the
crystalline portions of the lamellae.
Amylose makes up 10 to 30% of starch,
and amylopectin makes up 70 to 90%,
depending on the variety and the
botanical source.

Cassava starches can be modified for
industrial use since native forms of
cassava starch are unsuitable for such
purposes. Altered cassava starches are
now used in several food businesses to
advance their technological standards.
Different  physical and  chemical
procedures are being used to alter most
natural starches. Such alteration supports
molecular disorder, polymer breakdown,
molecular rearrangement, and chemical
group and polymer crosslinking [6]. Due
to the changes observed, problems
including solubility, retrogradation and
syneresis, shear stress resistance, and
thermal fragmentation are also improved.

To change the raw starch, safe and
environmentally friendly technologies are
needed. Incorporating new functional
groups into the starch polymer, including
carboxyl, acetyl, hydroxypropyl, amine, or
any other, is one way that starch is
chemically modified. This process has the

potential to leave products with
hazardous residues, rendering them
unfavourable to the environment [7].

Thermal technologies may also be
employed, but they have many
disadvantages, such as a higher rate of
starch degradation, and the products they
produce are more oxidized (have a high
concentration of -CHO and -COOH groups)
despite the wider range of potential
applications [8]. Diverse physical
approaches, including extrusion,
hydrothermal treatment, microwave, and
irradiation have been utilized to change
starch due to the aforementioned
difficulties through chemical and thermal
modification approaches [9].

It is acknowledged that radiation
technology has the potential to change
raw starches to improve their solubility
and enzymatic digestion, and increase
their suitability for use in the food sector.
The application of gamma radiation plays
an important role in the starch alteration
procedure. According to Abu et al. [2] and
Bao et al. [10], breaking down of starch
polymers by gamma irradiation causes a
continuous decrease in the molecular
weight of amylose and amylopectin as
well as decreased viscosity, increased
solubility, and increased acidity with
increasing radiation dose. Bao et al. [10]
reported that higher radiation doses
increase the crystallinity of wheat and rice
starches and decrease potato starch.
According to Lee et al [11], and Bao et al.
[10], gamma irradiation upsurges the
gelatinization enthalpy of bean starch
while reducing that of rice, corn, wheat,
and potato starches. A decreased or no
contrast in starch digestibility was
detected at lower doses, but the advanced
doses of gamma irradiation limited starch
digestibility [12]. Radiation processing is
known to result in radiolytic product

formation or radiation-degraded
products (RDPs).
Furthermore, MacArthur and

D'Appolonia [13] investigated how three
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hard red spring wheat cultivars' starch
characteristics were affected by low-dose
gamma irradiation. Additionally, isolated
starches were reported to have been
damaged, as evidenced by changes to
highest viscosity, core viscosity values,
and water binding capacity. Reduced
starch solubility was observed along with
a reduction in swelling power, which was
linked to the molecular breakdown of
starch granules. The decline in swelling
power with diminished solubility of
starch was documented and ascribed to
the molecular breakdown of starch
granules. Abu et al. [14] reported that
black-eyed pea flour and paste at 2, 10,
and 15 kGy had starch-associated useful
properties like swelling power, gel
strength, and viscosity significantly
decreased. These reductions were dose-
dependent and attributable to radiation-
induced degradation of starch. The
radiation-induced decrease in swelling
and gel strength was attributable to a
reduction in viscosity owing to starch
degradation. Tran et al. [15] also indicated
that the microstructure of irradiated
cassava starch remained unchanged
despite the deformed starch granules.
Cassava varieties bred and released
purposely for industrial utilization are
limited due to the quality of starch.
However, cassava starch with its
increasingly diverse industrial
application in Ghana and globally
demands the modification of the starch of
cassava. In overcoming some challenges
associated with the chemical modification
of starches, it is imperative to apply
gamma irradiation in the modification of
cassava starch. The goal of this study was,
therefore, to evaluate the qualitative
characteristics of cassava starch after
gamma irradiation.

Materials and Methods

Sample and sample preparation

Cassava varieties used for the study were
Ankra, Bosome nsia, and TME419. They
were obtained from the Municipal
Agriculture Development Unit of the
Ministry of Food and Agriculture (MoFA)
at Pokuase in the Greater Accra Region.
All three cassava varieties were cleaned
and peeled. The flesh cassava was sliced
into 1 mm thickness, and then dipped in
water (water: slices; 3: 1 w/w) at 30 °C for
24 h, as described by Bradbury [16]. The
cassava slices were then washed twice
with potable water and dehydrated using
an air oven (Gallenkamp, United
Kingdom) at 50 °C for 24 h. The
dehydrated cassava slices were ground in
a household blender (Binatone-BLG-
605SS, China) and screened using a sieve
of size 0.425 mm. The flour was vacuum-
packed, and stored at room temperature
(30£4 °C) for further analysis. The gamma
irradiation of cassava starch was done at
the Radiation Technology Centre, Ghana,
and a Cobalt-60 source was used. The
administered doses were 5, 10, 15 and 20
kGy at a dose rate of 2.087 kGy/hr. Non-
irradiated cassava starch was used as the
control.

Determination of moisture content

AOAC [17] was used to analyze the
moisture content. Two grams (MO) of
cassava starch sample (done in
triplicates) were weighed into pre-dried
moisture tins that had been cooled. The
samples were then dried for 1 h in an air
oven (Gallenkamp, United Kingdom) at
130 °C. The dried samples were then
cooled in a desiccator and weighed (M1).
The average mass of the three masses was
used to calculate the moisture content of
the cassava starch. The moisture content
expressed as a percentage was calculated
as follows:
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MO0-M1

Moisture content = x 100 (1)

Determination of fat content

The Soxhlet extraction method was
used to estimate the fat content of cassava
starch based on AOAC [17]. About 5 g of
cassava starch was placed in the thimble
and accurately weighed. A small dried
cotton wool was plugged into each
thimble. The pre-dried boiling flask was
weighed, and the cassava starch was
placed in the Soxhlet extractor. The
boiling flask, Soxhlet flask, and condenser

were assembled. About 350 ml of
petroleum ether was put in the flask.
Several glass boiling beads were added,
and extraction was done for about 4 h ata
rate of 5 or 6 drops (condensation) per
second by heating the solvent in a boiling
flask. The boiling flask containing the
extracted fat was dried in an air oven
(Gallenkamp, United Kingdom) for 30 min
at 100 °C. After, it was cooled in a
desiccator, and then weighed. Percent fat
was calculated as:

%Fat(

wt (sample wt)

Determination of protein content

The Micro-Kjeldahl method based on
AOAC [17] was used, and the crude
protein content of cassava starch was
calculated. One gram of the cassava starch
sample was weighed into a digestion flask.
Ten grams of catalyst mixture
(K2S04+GSe) and 20 ml of H2S04 were
added, and the mixture was boiled briskly
for about 2 h until the solution became
clear. The solution was allowed to cool
and the volume made up to 100 ml by
adding distilled water in a volumetric

%N

wt) __ (wtof boiling flask+extract)— (wt of boiling flask)

__ (Vol. of Acid — Vol. of Blank) x 0.01 x 14 x 100 x 100

X 100 (2)

flask. A solution of 10 ml was taken into a
flat bottom flask and about 15 ml of 40%
NaOH was added to make the content
strongly alkaline. The content was
collected with 10 ml of 2% boric acid
solution containing 2-3 drops of mixed
indicator (methyl red and bromo-cresol
green) in a flask. About 50 ml distillate
was collected and 0.01 NHCI was titrated
against the 50 ml distillate (the obtained
purple colour indicated the endpoint).
Blank determination was also done on the
reagents. The following formula was used
to calculate the per cent nitrogen (%N)
and the protein content:

1gx100x 10

Protein (%) = %N x 6.25

Determination of ash content and pH

Ash and pH were determined using
AOAC [17]. In determining the total ash
content, 5 g of cassava starch (triplicate)
was weighed into porcelain crucibles. The
crucibles containing the cassava starch
were placed in a high-temperature muffle
furnace (Carbolite, England), and heated
for 6 h at 600 °C. The ash content (dry
basis) was calculated as:

Ash (%) =

x 100 (3)

(4)

Mass of ash

Mass of dry cassava starch x 100 (5)

The pH was determined by weighing a
triplicate of cassava starch (5 g dry basis)
into a beaker. It was then mixed with 20
ml of distilled water, and the resulting
suspension was stirred for 5 min and left
to settle for 10 min. The pH of the water
phase was measured using a calibrated
pH meter (edge HI2002, Hanna
Instruments).
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Analyzing the amylose content

The spectrophotometric standard
procedure (ISO 6647) was used to
calculate the amylose content (percentage
weight/weight) of cassava starch [18].
About 100 mg of cassava starch and 9 ml
of 1 M NaOH and 1 ml of 95% ethanol
were mixed. The mixture was heated in a
boiling water bath for 10 min to
gelatinize. It was then put in a volumetric
flask after chilling, and 100 mL of distilled
water was added. A 5 mL portion was then
added to 1 mL of 1 M acetic acid and 2 mL
of iodine solution (0.2 % 12, 2 % KI). The
solution was diluted with distilled water
to 100 ml, and allowed to remain for 10
min. Spectrophotometric quantification
was carried out at 620 nm with a
Shimadzu UV-Vis Spectrophotometer
(Model UV-1601), utilizing quartz cells
with a 10 mm path length and two
iterations of the multipoint working curve
technique. For each replicate, two
decisions were made on different test
parts derived from the same sample.
Using purified amylose as the standard, a
formula derived from the standard curve
was used to establish the apparent
amylose content. The acquired amylose
values should coincide with the
dependent relative variables used later to
build and validate the developed
calibration.

Determination of total carbohydrate

The total carbohydrate content of
cassava starch was estimated using the
method of Hedge and Hofreiter [19]. One
hundred milligrams of cassava starch was
homogenized in hot ethanol (80%) to
remove sugars. The obtained residue was
retained after centrifugation using
MedGroup Multipurpose High-speed
Centrifuge (MSLZL19). Hot ethanol (20%)
was used to wash the residue until the
washing did not produce colour with the

Anthrone reagent. The residue was then
well-dried over a water bath. To the
residue, 5 ml of water and 6.5 ml of 52%
perchloric acid were added. Starch was
extracted at 0 °C for 20 min, and the
supernatant ~ was  retained  after
centrifugation. The extraction was
repeated with fresh perchloric acid. The
supernatants were pooled after the
centrifugations to make up to 100 ml. To
0.2 ml of the supernatant, 0.8 ml of
distilled water was added. Standards
were prepared by taking 0.2, 0.4, 0.6, 0.8,
and 1 mL of the working standard, after
which the volume was made up to 1 mL in
each tube with water. About 4 ml of the
Anthrone reagent was added to each tube.
The reaction mixture was heated for 8
min in a boiling water bath. The mixture
was cooled rapidly, and the green colour
intensity was read at 630 nm using a
Shimadzu UV-Vis Spectrophotometer
(Model UV-1601). Glucose content in the
cassava starch was determined using the
standard graph. The total carbohydrate
content was expressed as a percentage by
multiplying the value by a factor of 0.9.

Determination of colour

The colour meter (Color Tec PCMTM
Color Tec Associates, Inc., 28 Center
Street, Clinton, N]J 08809) was used to
assess the colour of cassava starch. The
colour was measured as lightness (Lx),
redness/greenness (ax*), and
yellowness/blueness (b*). The tool was
initially standardized (L*=97.95, a*= -
0.14, b*=1.64) with a Business Xerox 80
g/m?2 white paper with 136 CIE whiteness
D 65 [20].

Determination of emulsification properties

The emulsification property of the
cassava starch was analyzed using the
technique of Beuchat [21].

15|Page



L K Asare, & B. Darfour

Int. J. Adv. Biol. Biomed. Res. 2024, 12(1), 11-27

Vol. of water after homogenization - Vol. of water before homogenization

Emulsion capacity (%) =

Vol. of water before homogenization

The volume of water after the time

Emulsion stability (%) =

X 100 (6)

The initial volume of water

Determination
capacity (WAC)

The approach of Sathe and Salunkhe
[22], as restructured by Adebowale et al.
[23] was used to estimate WAC. The
proportion of the volume of the
supernatant to the original volume of
water injected into the cassava starch,
expressed as a percentage was used to
determine the WAC (%).

of water absorption

Determination of least

concentration (LGC)

gelation

LGC was investigated using the method
described by Abbey and Ibeh [24]. The
LGC was analyzed as the concentration at
which cassava starch in the inverted test
tubes did not slip or fall.

Determination of fat absorption capacity
(FAC)

FAC was calculated with the procedure
outlined by Beuchat [21]. FAC was defined
as the amount of fat that was absorbed by
cassava starch as a proportion of the
initial fat volume.

The volume of supernatant

Fat Absorption Capacity (FAC) (%) =

X100 (7)

The initial volume of oil added.

Determination of bulk density

Bulk density was analyzed using the
procedure described by Narayana and
Narasinga [25].

Weight of tcahe cassava starch in a test tube

Bulk density =

Determination of swelling power (SP) and
solubility index (S1)

Swelling power and solubility index
were calculated using the modified
method of Leach et al. [26]. About 1 g of
cassava starch was weighed into a
previously weighed 50 mL centrifuge
tube, and 40 mL of distilled water was
added. The suspension was stirred
uniformly and gently to prevent the
rapture of cassava starch granules. The
suspension  was heated in a

Volume of the measured cassava starch in a test tube

(8)

thermostatically controlled water bath
(OLS200 Grant, England) at 85 °C for 30
min, with constant stirring. Upon
removing the tube from the water bath it
was wiped and allowed to dry and cool to
ambient temperature. The supernatant
was then poured into a weighed crucible
and dried in an air oven (Gallenkamp,
United Kingdom) at 105 °C. The weight of
the dried supernatant after cooling and
the weight of the sediment paste were
used to calculate the solubility and
swelling power, respectively.
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Weight of dried supernatant

Solubility index =

Weight of cassava starch sample

100 9)

Weight of sedimented cassava starch paste

Swelling power =

Data analysis

Three separate experiments were
performed with a factorial design. The
major variations in radiation dose and
cassava varieties were identified using
MANOVA. Separate analyses were
performed on the radiation dose and
cassava variety data. Significant means
were separated using Fischer's LSD Test
at P < 5%. Also, principal component
analysis (PCA) was performed.

Results and Discussion

Effects of radiation dose and variety on
physicochemical properties of cassava
starch

Radiation dose and varietal effects on
the nutritional composition of cassava are
presented in Tables 1 (a and b). The ash
and protein contents showed no
significant difference (P = 0.05)
concerning the radiation dose applied, but
for the wused varieties there were
significant differences. Oluwole et al. [27]
reported that cassava had a protein
content of between 2 and 3% which
corroborates the results in Table 1. Ash is
the inorganic residue left after heating a
biological material in the presence of
oxidizing agents. As a result, "ash content”
refers to a measurement of all the
minerals in a food. The obtained results of
ash content were comparable to the 0.12
reported by Perez et al. [28] for cassava
starch.

Moisture content and pH depicted
significant differences concerning the
radiation dose as well as varietal
differences (Table 1). However, fat
content was not significantly different

Weight of dry cassava starch sample

(10)

with regards to the radiation dose unlike
the varietal differences (Tables 1 (a and
b)). Generally, the moisture and pH were
reduced with increasing radiation dose.
Moisture is a vital requirement in stored
food items, moisture levels greater than
13% promote microbial growth and
subsequent deterioration of food quality
[29]. Thus, small levels of moisture are
promising and give a relatively long shelf
life. The difference in moisture content
could be due to the varietal differences
and the degree of drying. These moisture
levels were consistent with those stated
for root and tuber starches [3, 28-29],
suggesting the possibility of a greater
shelf life for all the samples. Cassava
starches from Nigeria had a pH value of
6.56, according to Nwokocha et al. [3].
This was similar to TME 419 acquired
from IITA Nigeria. Three cassava cultivars
growing in Cameroon were found to have
pH values ranging from 5.43 to 6.56 [30].
Work done by other researchers proved
that tuber starches have significantly
lower fat composition [29].

The dose effects and variety on the
amylose content of cassava starch were
highly significant, and a significant
interaction concerning dose and variety
was also observed. Amylose content
declined with increasing radiation dose.
Similar trends were also observed by Abu
et al. [2] and Bao et al. [10]. Those
researchers reported that the breakdown
of starch polymers by gamma irradiation
resulted in a continuous decrease in the
molecular weight of the amylose. Yu and
Wang [31] reported that irradiation plays
an enormous role in the apparent
decrease of the amylose content in starch
with increasing doses, attributable to the
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breakdown of starch granules by gamma
irradiation. The aforementioned reports
and the results obtained in this study
confirmed that the amylose concentration
of cassava is dependent on the variety.
The amylose concentration of cassava is
believed to be genetically influenced, but
not influenced by plant age or
environmental factors [32].

The results obtained from Tables 1
(a and b) showed that radiation dose had
a substantial effect (p < 0.05) on the
carbohydrate content of the cassava
starch samples from the 3 varieties. The
carbohydrate content of cassava starch
decreased with increased radiation dose.
With regards to the varietal effect, TME
419 had the lowest carbohydrate content
of 27%, suggesting a relatively more
susceptibility to radiation degradation
than cassava starches from Ankra and
Bosome nsia. This implies that the degree
of radiation-induced degradation of the
carbohydrate was dependent on the
cassava variety. The decrease in
carbohydrate content of irradiated
cassava starch could be due to the
radiation-induced splitting of glycosidic
bonds accompanied by the degradation of
carbohydrate molecules into smaller
units of  carbohydrate  dextrins.
Carbohydrate molecules may undergo
oxidative and hydrolytic breakdown
when exposed to radiation [10, 13].

The L* wvalue indicated the
whiteness level; zero represented black
while hundred represented white colour.
The a* value indicated the degree of
redness while the b* value indicated the
degree of yellow colouration. The L* value
of the non-irradiated cassava starch was
96.7, the a* value was -0.17, and the b*
value was 1.39 (Tables 1 (a and b)). These
values indicated that the cassava starch
samples were almost white with no red
colouration but had a slight yellow
colouration. The L* a* and b* values
changed when the cassava starch was
irradiated. The L* value decreased as the

radiation dose increased (Table 1a), but
the opposite happened with the a* and b*
values. Thus, radiation affected the colour
of the samples due to the high energy
discharged from the radiation source. The
visual quality of colour is determined by
the light that objects emit, transmit, or
reflect. The monosaccharides from the

cassava starch polysaccharide
degradation caused by the gamma
irradiation's  caramelization reaction

might be the cause of the colour change.
Greenwood and Mackenzie [33] indicated
that this can hydrolyze chemical bonds,
severing up large molecules of starch into
little pieces of dextrins, sugars, and sugar
acids that may or may not be electrically
charged as free radicals. This alteration in
colour might also be attributed to the
degradation of colour-inducing
compounds due to irradiation. The
variations observed in the varieties
(Table 1b) indicated that the cassava
variety had a substantial effect on the
colour of the cassava starch. These
variances could result from variations in
the genetic makeup and the environment
the plant thrived [34].

Effects of radiation dose and variety on
functional properties of cassava starch

The obtained data from the functional
properties are presented in Tables 2 (a
and b). Radiation effect on emulsion
capacity, emulsion stability at both 30
mins and 1 hr as well as bulk density
showed no significant differences
(P=0.05) between them. Regarding the
varietal differences, Ankra and Bosom
nsia showed significant differences (P <
0.05) in the emulsion capacity. Stability at
30 mins also showed a significant
difference between Bosom nsia and TME
419, but emulsion stability for 1 hr did not
show any significance (Table 2b).
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Table 1a Effects of radiation dose on the nutritional properties of cassava starch
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Table 1b Effects of cassava variety on the physicochemical properties of cassava starch

7.62+ 0.09% 11.47+ 14.55% 0.68+ 2.25% 4444+ 9452+ 0.24x 2.33%

Ankra 01, 001x  0.07x 0.1x 0.002y 006y 004z  004x 0.0ly 0.02z
Bosome 7.39+ 021+ 1194+ 1639+  0.66+ 196+  44.09+ 93.76+ 0.19+ 2.58+
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TME419 6.82+ 0.08% 12.12+ 18.21% 0.69+ 1.88+ 27.28+  93.01+ 0.42+ 2.21+

0.01x 0.01x 0.07¥ 0.1z 0.002z  0.06x 0.04x 0.04z  0.01x 0.0ZK

Means #+ S.D. within each column with dissimilar letters were significantly different (P < 0.05).

A mixture of two or more wholly or the liquid that is present as droplets
partially immiscible liquids, such as oil suspended in the continuous phase is
and water, where the dispersed phase is known as an emulsion [35]. Smaller

19|Page



L K Asare, & B. Darfour

Int. J. Adv. Biol. Biomed. Res. 2024, 12(1), 11-27

starch granules could stabilize smaller
droplets since native starches are clean-
label ingredients. Bulk density depends
on the samples' particle sizes, and it
measures the heaviness of the starch
sample. Tiger nut flours have been found
to have a density of 0.55 to 0.62 g/cm? by
Oladele and Aina [36], which was less
than that of cassava starch.

Solubility index and swelling power
significantly showed differences (P<0.05)
concerning radiation dose (Table 2a). The
solubility index increased as the radiation
dose rose whereas the swelling power
declined with increased radiation dose
(Table 2a). This means that solubility was
inversely proportional to the swelling
power regarding the applied dose. The
solubility index measures the
dextrinisation of starch whilst swelling
power measures the capability of starch
to gulp water and expand. These
characteristics show that the amorphous
and crystalline regions interacted [37].
Furthermore, the solubility index can be
swayed by amylose and amylopectin
characteristics [37]. As mentioned by
Duarte and Rupnow [38], the molecular
breakdown of the starch caused by
irradiation was the cause of the rise in
solubility of the irradiated cassava starch.
Irradiation causes fragmentation of the
outside amylopectin chain leading to the
reduction in molecular weight. This
further crosslinks with the amylose
chains; hence, the decrease in swelling
power and increased solubility of the
irradiated cassava starch. The solubility
index and swelling power values of
cassava varieties differed significantly
from each other. TME 419 and Ankra
showed no significant difference (p =
0.05) in solubility index whilst Bosom
nsia and TME 419 also showed no
significant difference in swelling power
(Table 2b). Moorthy [29] mentioned that,
the swelling power of cassava starch
differed among varieties. The swelling
properties of cassava flour and cassava

starch vary [29]. Starches' solubility and
swelling power may be influenced by
their kinds, inter-associative pressures
between the amorphous and crystalline
domains, and the presence of other
components [39].

Fat absorption capacities (FAC) and
water absorption capacities (WAC)
showed significant differences in terms of
the radiation dose applied (Table 2b). As
indicated by Lawal et al [40], FAC is
helpful in the formation and interaction of
foods, specifically in flavour preservation,
palatability improvement, and shelf-life
extension, especially in baked goods.
There was a general increase in FAC as the
radiation dose increased. Abu et al. [2]
evaluated the physicochemical properties
of starch and reported that fat absorption
was dose-dependent. They reported that
the proliferation in fat content in starch
was accredited to an improved capability
of damaged or cross-linked starch to
physically entangle fat as radiation dose
advances. Hence, corroborates the
findings of this study. Generally, the WAC
of the cassava starch significantly
increased with increasing irradiation
dose. Morante et al. [41] examined the
functional properties of starch modified
with gamma irradiation. And reported a
substantial increase in WAC of starch with
increased radiation dose, attributable to
irradiation damage or disruption of starch
into smaller molecules such as dextrins
that have a higher attraction for water
than native starch. The FAC and WAC
significantly differed among the varieties,
except Bosom nsia and TME419 which
showed no significant difference between
them. WAC of cassava starch is based on
the source of material used in preparing
the cassava starch. The observed
differences in the cassava varieties may
be due to the nature of the cassava starch
[22]. The least gelation capacity results
are represented in Tables 2 (a and b).
Significant differences existed between
the radiation dose and variety. The least
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gelation values increased as the radiation
dose increased. The least gelation is the
least percentage of concentration needed
to form a gel in a starch. Bosom nsia had
the least gelation whereas TME 49 had the
highest value (Table 2b). Gel formation is
dependent on various cassava used for
the cassava starch. Amylose creates a

three-dimensional network with swelling
granules embedded in the matrix as the
starch paste cools. Starch gelation is the
term used to describe this occurrence
[42]. Retrogradation, which involves the
crystallization of  amylose and
amylopectin, causes structural changes in
the starch gel.

Table 2a Effects of radiation dose on the functional properties of cassava starch
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Means # S.D. within each column with different alphabetical letters were significantly different

(P<0.05).
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Table 2b Effects of cassava variety on the functional properties of cassava starch

£ <] o] E’
5 5 5 £
£ = =
—— — [w)
< 4, w 2 —_ 2 2]
Y o = = © =
= = 8 = 5 = =,
) o = w = W g
< = 25 - 8 2
T <o T 0
(2] = = =]
e =~ =0 E
g g < %
N/
)
©
A S &
= o S X W
% I+ I+ T I+
g N e w e
m 5N [ 3 o
o O N _
< >< X <
<
g o S @ o
7 foN o o N
e & N o O
3 I+ n N I+
o N o I+ o
= o~ th w o
©n o)) NG) ~ =
5 ] N X <
o © ©
: N > 14
2 2 N % @
= + <) 3 e
tr o I+ I+ P
- : (=) w S
= o~ ¢ ¢ =
O o v ~ —_
X O N &
< < ]

(%)
xopuj A1jiqnjos

X/9TFLY'CT KLOTFLTYE

KL9'TF09'TE

» s
s o of Y
) L e+ L @ O
= o< > T = [RI7
=7 =] [} > D -+
~_~ = (I (=) a=} fop)
U'QUQ i o e °" [} o
=B F§ T3Z B¢
o H'E_ —~ - ) =
s X & Xz B
o - O - & =
- = 9 =
=
— —
2 o o N
2 o~ -~ o
s N N I+
=+ I+ I+ =)
; it o =
ﬁ w ) )
> N EN <
< <
% ~ 7 )
N 0] p N
O =) A N
e I+ i I+
o o o ©
T
= > <3 >
1 ~ 7 ©
3 3 S5
I+ I+ i I+
o o o =
> 2 % &
> > = N

Means + S.D. within each column with different alphabets were significantly different (P<0.05).

Principal component analysis (PCA)

The physicochemical and functional
properties of cassava starch were further
evaluated with PCA regarding the
different varieties and radiation doses
(Figures 1 (A and B)). The PCA observed
in Figure 1A was slightly different from
that of Figure 1B. The initial 2 principal
components summed up to about 98.91%
of the variations observed in terms of
radiation dose (Figure 1A). However, in
Figure 1B the first 2 principal components
summed up to 100% of the observed
variations in reference to varieties of
cassava.

In Figure 1A, LGC and WAC were
associated with 20 kGy whereas FAC, S.I
and ‘b’ were linked to 15 kGy and 10 kGy.
Carbohydrate and L were associated with
5 kGy while ‘@’, amylose and S.P related
closely to 0 kGy. According to the results

of the biplot, the amylose content
recorded a strong correlation with L, a,
carbohydrate and S.P, but a weak
correlation with WAC, FAC, S. [, b and LGC.
From the biplot, amylose, ‘’, L,
carbohydrate and S.P were clustered
together. Likewise, WAC, FAC, b, and S.I
were clustered together. The amylose
content correlated positively with S.P, ‘a@’,
L, and carbohydrate but correlated
negatively with the other parameters. The
radiation doses significantly altered
amylose content in cassava starch,
however, at 0 kGy amylose content
remained high. The PCA indicated that
amylose content is a critical property of
cassava starch. Thus, amylose influences
starch’s functional properties [43], and
hence, determines the kind of food
product to be formulated.

The LGC, ‘@ and amylose were
associated with TME419 (Figure 1B).
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Figure 1 PCA: (A) is a biplot (score and loading plots) showing the radiation effect on cassava
starch properties; (B) is a biplot (score and loading plots) showing the varietal effect on cassava
starch properties; LGC = Least gelation capacity, S.P = Swelling Power, WAC = Water absorption
capacity, FAC = Fat absorption capacity, S.I = Solubility Index, L = lightness/whiteness, a =

redness/green, b = blue/ yellowness

Carbohydrate, L, FAC, S.P and S.I were
related to Ankra, whereas ‘b’ and WAC
were linked to Bosom nsia. The biplot
showed that amylose had a strong
positive correlation with ‘a’ and LGC, and
a negative correlation with other
parameters. The obtained results support
the assertion that amylose content differs
with the variety of cassava [44].

Conclusion

The amylose content differed between
the cassava varieties as follows 14.45%
(Ankra), 16.39% (Bosome nsia) and
18.21% (TME 419). Similarly, the
different varieties exhibited differences in
the carbohydrate content. Thus, 44.44,
44.09, and 27.28%, respectively, for
Ankra, Bosome nsia, and TME 4109.
Although the fat, ash, and protein contents
of cassava starch were unaffected by the
irradiation, the irradiation reduced the
amylose, carbohydrate, pH, moisture and
colour values. The irradiation decreased
the amylose content from 20.21%
(control) to 17.47, 15.98, 14.99, and
13.27% at 5-20 kGy, respectively. The
irradiated cassava starch recorded a
decrease in carbohydrate content from

48.08% (control) to 45.63, 36.81, 34.94,
and 27.54% at 5-20 kGy, respectively. The
emulsion capacity and stability, and bulk
density were not significantly altered by
the irradiation doses. However, swelling
power decreased with increasing
irradiation dose while solubility index,
water, and fat absorption capacities and
least gelation significantly increased with
increasing irradiation dose. Significant
alterations in some properties of cassava
starch were attributable to the applied
gamma radiation. Therefore, cassava
starch properties can be altered with
gamma radiation for industrial purposes
instead of chemical applications. The
gamma irradiated cassava starch can be
used in food processing, textile making,
pharmaceuticals, and polymer
processing, among others.

Conflict of Interest

The authors declare that they have no
conflict of interest in this article.

Funding

None

23|Page



L K Asare, & B. Darfour

Int. J. Adv. Biol. Biomed. Res. 2024, 12(1), 11-27

Acknowledgements

The authors express their gratitude for
the enormous contributions made by the
technologists who worked on the gamma
irradiation and all of the laboratory
analyses.

ORCID

Isaac Kwabena Asare
https://orcid.org/0000-0002-2689-0043

Bernard Darfour
https://orcid.org/0000-0003-3321-0242

References

1. Ashogbon AO, Akintayo ET. Recent
trend in the physical and chemical
modification of starches from different
botanical sources: A review, Starch-
Stirke; 2014  Jan;  66(1-2):41-57.
[Crossref], [Google Scholar], [Publisher]

2. Abu JO, Duodu KG, Minnaar A. Effect of
y-irradiation on some physicochemical
and thermal properties of cowpea (Vigna
unguiculata L. Walp) starch, Food
Chemistry; 2006 Apr 1; 95(3):386-93.
[Crossref], [Google Scholar], [Publisher]

3. Nwokocha LM, Aviara NA, Senan C,
Williams PA. A comparative study of some
properties of cassava (Manihot esculenta,
Crantz) and cocoyam (Colocasia
esculenta, Linn) starches, Carbohydrate
polymers; 2009 Apr 9; 76(3):362-7.
[Crossref], [Google Scholar], [Publisher]

4. Copeland L, Blazek ], Salman H, Tang
MC. Form and functionality of starch, Food
hydrocolloids; 2009 Aug 1; 23(6):1527-34.
[Crossref], [Google Scholar], [Publisher]

5. Varatharajan V, Hoover R, Li ],
Vasanthan T, Nantanga KK, Seetharaman
K, Liu Q, Donner E, Jaiswal S, Chibbar RN.
Impact of structural changes due to heat-
different
temperatures on the susceptibility of

moisture treatment at

normal and waxy potato starches towards
hydrolysis by porcine pancreatic alpha
amylase, Food Research International,
2011 Nov 1; 44(9):2594-606. [Crossref],
[Google Scholar], [Publisher]

6. Fonseca P, Long X, Radha M, Haakma R,
Aarts RM, Rolink ]. Sleep stage
classification with ECG and respiratory
effort, Physiological measurement; 2015
Aug 19; 36(10):2027. [Google Scholar],
[Publisher]

7. Golpich M, Amini E, Hemmati F, Ibrahim
NM, Rahmani B, Mohamed Z, Raymond
AA, Dargahi L, Ghasemi R, Ahmadiani A.
Glycogen synthase kinase-3 beta (GSK-
3B) signaling: implications for
Parkinson's disease, Pharmacological
Research; 2015 Jul 1; 97:16-26. [Crossref],
[Google Scholar], [Publisher]

8. Lewicka K, Siemion P, Kurcok P.
Chemical modifications of starch:
microwave effect, International Journal of
Polymer Science; 2015 Jan 1; 2015.
[Crossref], [Google Scholar], [Publisher]
9. Zheng H, Wang Z, Deng X, Herbert S,
Xing B. Impacts of adding biochar on
nitrogen retention and bioavailability in
agricultural soil, Geoderma; 2013 Sep 1;
206:32-9. [Crossref], [Google Scholar],
[Publisher]

10. Bao ], Cai Y, Sun M, Wang G, Corke H.
Anthocyanins, flavonols, and free radical
scavenging activity of Chinese bayberry
(Myrica rubra) extracts and their color
properties and stability, Journal of
Agricultural and Food Chemistry; 2005
Mar 23; 53(6):2327-32. [Crossref],
[Google Scholar], [Publisher]

11. Lee Y], Kim SY, Lim ST, Han SM, Kim
HM, Kang I]. Physicochemical properties
of gamma-irradiated corn starch,
Preventive Nutrition and Food Science;

24|Page


https://orcid.org/0000-0002-2689-0043
https://orcid.org/0000-0003-3321-0242
https://doi.org/10.1002/star.201300106
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=1.+Ashogbon+A+O%2C+Akintayo+E+T.+%282014%29.+Recent+trend+in+the+physical+and+chemical+modification+of+starches+from+different+botanical+sources%3A+a+review.+Sta%C2%A8rke+%28Starch%29%2C+66%281-2%29%2C+41e57.+DOI%3A+10.1002%2Fstar.201300106&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/star.201300106
https://doi.org/10.1016/j.foodchem.2005.01.008
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.+Abu+J+O%2C+Duodu+K+G%2C+Minnaar+A.+%282006%29.+Effect+of+%CE%B3+-irradiation+on+some+physicochemical+and+thermal+properties+of+cowpea+%28Vigna+unguiculata+L.+Walp%29+starch.+Food+Chemistry%2C+95%283%29%2C+386%E2%80%93393.+DOI%3A+10.1016%2Fj.foodchem.2005.01.008&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S030881460500083X
https://doi.org/10.1016/j.carbpol.2008.10.034
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3.+Nwokocha+L+M%2C+Aviara+N+A%2C+Senan+C%2C+Williams+P+A.+%282009%29.++A+comparative+study+of+some+properties+of+cassava+%28Manihot+esculenta%2C+Crantz%29+and+cocoyam+%28Colocasia+esculenta%2C+Linn%29+starches.+Carbohydrate+Polymers%2C+76%283%29%2C+362-367.+DOI%3A+10.1016%2Fj.carbpol.2008.10.034&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0144861708004980
https://doi.org/10.1016/j.foodhyd.2008.09.016
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=4.+Copeland+L%2C+Blazek+J%2C+Salman+H%2C+Tang+M+C.+%282009%29.+Form+and+functionality+of+starch.+Food+hydrocolloids%2C+23%286%29%3A+1527-1534.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0268005X08002397
https://doi.org/10.1016/j.foodres.2011.04.050
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.+Varatharajan+V%2C+Hoover+R%2C+Li+J%2C+Vasanthan+T%2C+Nantanga+K+K+M%2C+Seetharaman+K%2C+...+%26+Chibbar+R+N.+%282011%29.+Impact+of+structural+changes+due+to+heat-moisture+treatment+at+different+temperatures+on+the+susceptibility+of+normal+and+waxy+potato+starches+towards+hydrolysis+by+porcine+pancreatic+alpha-amylase.+Food+Research+International%2C+44%289%29%3A+2594-2606.+DOI%3A+10.1016%2Fj.foodres.2011.04.050&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0963996911002857
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.+Fonseca+P%2C+Long+X%2C+Radha+M%2C+Haakma+R%2C+Aarts+R+M%2C+Rolink+J.+%282015%29.+Sleep+stage+classification+with+ECG+and+respiratory+effort.+Physiological+measurement%2C+36%2810%29%3A+2027.+DOI%3A+10.1088%2F0967-3334%2F36%2F10%2F2027&btnG=
https://iopscience.iop.org/article/10.1088/0967-3334/36/10/2027/meta
https://doi.org/10.1016/j.phrs.2015.03.010
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7.+Amini+E%2C+Golpich+M%2C+Hemmati+F%2C+Ibrahim+N+M%2C+Rahmani+B%2C+Mohamed+Z%2C+...+%26+Ahmadiani+A.+%282015%29.+Glycogen+synthase+kinase-3+beta+%28GSK-3%CE%B2%29+signaling+implications+for+Parkinson%27s+disease.+Pharmacological+Research%2C+97%3A+16-26.+DOI%3A+10.1016%2Fj.phrs.2015.03.010&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1043661815000493
https://doi.org/10.1155/2015/867697
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.+Lewicka+K%2C+Siemion+P%2C+Kurcok+P.+%282015%29.+Chemical+modifications+of+starch%3A+microwave+effect.+International+Journal+of+Polymer+Science%2C+2015%3A+1-10.+https%3A%2F%2Fdoi.org%2F10.1155%2F2015%2F867697&btnG=
https://www.hindawi.com/journals/ijps/2015/867697/
https://doi.org/10.1016/j.geoderma.2013.04.018
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9.+Zheng+H%2C+Wang+Z%2C+Deng+X%2C+Herbert+S%2C+Xing+B.+%282013%29.+Impacts+of+adding+biochar+on+nitrogen+retention+and+bioavailability+in+agricultural+soil.+Geoderma%2C+206%3A+32-39.+DOI%3A+10.1016%2Fj.geoderma.2013.04.018&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0016706113001365
https://doi.org/10.1021/jf048312z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.+Bao+J%2C+Cai+Y%2C+Sun+M%2C+Wang+G%2C+Corke+H.+%282005%29.+Anthocyanins%2C+flavonols%2C+and+free+radical+scavenging+activity+of+Chinese+bayberry+%28Myrica+rubra%29+extracts+and+their+color+properties+and+stability.+Journal+of+Agricultural+and+Food+Chemistry%2C+53%286%29%3A+2327-2332.+https%3A%2F%2Fdoi.org%2F10.1021%2Fjf048312z&btnG=
https://pubs.acs.org/doi/abs/10.1021/jf048312z

L K Asare, & B. Darfour

Int. J. Adv. Biol. Biomed. Res. 2024, 12(1), 11-27

2006; 11(2):146-54. [Crossref], [Google
Scholar], [Publisher]

12. Rombo GO, Taylor JR, Minnaar A.
Irradiation of maize and bean flours:
effects on physicochemical
properties, Journal of the Science of Food
and Agriculture; 2004 Mar; 84(4):350-6.
[Crossref], [Google Scholar], [Publisher]
13. MacArthur LA, D'appolonia BL.
Gamma radiation of wheat. 2. Effects of
low-dosage  radiations on  starch
properties, Cereal Chemistry; 1984;
61(4):321-6.[Google Scholar], [Publisher]
14. Abu JO, Muller K, Duodu KG, Minnaar
A. Functional properties of cowpea (Vigna
unguiculata L. Walp) flours and pastes as
affected by y-irradiation, Food Chemistry;
2005 Nov 1; 93(1):103-11. [Crossref],
[Google Scholar], [Publisher]

15. Tran MK, Panchal S, Khang TD,
Panchal K, Fraser R, Fowler M. Concept
review of a cloud-based smart battery
management system for
batteries: Feasibility, logistics, and
functionality, Batteries; 2022 Feb 18;
8(2):19. [Crossref],
[Publisher]

16. Bradbury JH. Simple wetting method
to reduce cyanogen content of cassava
flour, Journal of Food composition and
Analysis; 2006 Jun 1; 19(4):388-93.
[Crossref], [Google Scholar], [Publisher]
17. Association of Official Analytical
Chemists (AOAC). Eighteenth (18th)
Edition, Association of Officiating
Analytical Chemists, Washington DC:
2005. [Crossref], [Google Scholar],
[Publisher]

18. Fitzgerald MA, Bergman (],
Resurreccion AP, Moller ], Jimenez R,
Reinke RF, Martin M, Blanco P, Molina F,
Chen MH, Kuri V. Addressing the
dilemmas of measuring amylose in rice,

starch

lithium-ion

[Google Scholar],

Cereal Chemistry; 2009 Sep; 86(5):492-8.
[Crossref], [Google Scholar], [Publisher]
19. Hedge JE, Hofreiter BT, Whistler RL.
Carbohydrate chemistry, Academic Press,
New York; 1962; 17:371-80. [Google
Scholar]

20. Patterson SP, McWatters KH, Hung YC,
Chinnan MS, Phillips RD. Physico-
chemical properties and
acceptability of akara (fried paste) made
from three cultivars, Food
Research International; 2002 Jan 1;
35(7):691-6. [Crossref], [Google Scholar],

consumer

cowpea

[Publisher]
21. Beuchat LR. Functional and
electrophoretic characteristics of

succinylated peanut flour protein, Journal
of Agricultural and Food chemistry; 1977
Mar; 25(2):258-61. [Crossref], [Google
Scholar], [Publisher]

22. Sathe SK, Salunkhe DK. Isolation,
partial characterization and modification
of the great northern bean (Phaseolus
vulgaris L.) starch, Journal of Food science;
1981 Mar; 46(2):617-21. [Crossref],
[Google Scholar], [Publisher]

23. Adebowale KO, Olu-Owolabi BI,
kehinde Olawumi E, Lawal OS. Functional
properties of native, physically and

chemically modified breadfruit
(Artocarpus artilis) starch, Industrial
crops and products; 2005 May 1;
21(3):343-51. [Crossref], [Google

Scholar], [Publisher]

24. Abbey BW, Ibeh GO. Functional
properties of raw and heat processed
cowpea (Vigna unguiculata, Walp) flour,
Journal of food science; 1988 Nov;
53(6):1775-7. [Crossref], [Google
Scholar], [Publisher]

25. Narayana K, Narasinga Rao MS.
Functional properties of raw and heat
processed winged bean (Psophocarpus

25|Page


https://doi.org/10.3746/jfn.2006.11.2.146
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=11.+Lee+Y+J%2C+Kim+S+Y%2C+Lim+S+T%2C+Han+S+M%2C+Kim+H+M%2C+Kang+I+J.+%282006%29.+Physicochemical+properties+of+gamma+irradiated+corn+starch.+J+Food+Sci.+Nutr.+11%282%29%3A+146%E2%80%93154.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5Dhttps%3A%2F%2Fdoi.org%2F10.3746%2Fjfn.2006.11.2.146&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=11.+Lee+Y+J%2C+Kim+S+Y%2C+Lim+S+T%2C+Han+S+M%2C+Kim+H+M%2C+Kang+I+J.+%282006%29.+Physicochemical+properties+of+gamma+irradiated+corn+starch.+J+Food+Sci.+Nutr.+11%282%29%3A+146%E2%80%93154.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5Dhttps%3A%2F%2Fdoi.org%2F10.3746%2Fjfn.2006.11.2.146&btnG=
https://koreascience.kr/article/JAKO200625121604781.page
https://doi.org/10.1002/jsfa.1663
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=12.+Rombo+G+O%2C+Taylor+J+R%2C+Minnaar+A.+%282004%29.+Irradiation+of+maize+and+bean+flours%3A+effects+on+starch+physicochemical+properties.+J+Sci+Food+Agric.%2C+81%284%29%3A+360%E2%80%93356.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+DOI%3A+10.1002%2Fjsfa.1663&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.1663
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=13.+MacArthur+L+A%2C+D%E2%80%99Appolonia+B+L.+%281984%29.+Gamma+radiation+of+wheat.+II.+Effects+of+low+dosage+radiation+on+starch+properties.+Cereal+Chemistry%2C+61%284%29%3A+321%E2%80%93326.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+&btnG=
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=9560597
https://doi.org/10.1016/j.foodchem.2004.09.010
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.+Abu+J+O%2C+Muller+K%2C+Duodu+K+G%2C+Minnaar+A.+%282005%29.+Functional+properties+of+cowpea+%28Vigna+unguiculata+L.Walp%29+flours+and+pastes+as+affected+by+%CE%B3+-irradiation.+Food+Chemistry%2C+93%281%29%3A+103%E2%80%93111.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5Dhttps%3A%2F%2Fdoi.org%2F10.1016%2Fj.foodchem.2004.09.010&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0308814604006995
https://doi.org/10.3390/batteries8020019
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15.+Tran+M+K%2C+Panchal+S%2C+Khang+T+D%2C+Panchal+K%2C+Fraser+R%2C+Fowler+M.+%282022%29.+Concept+review+of+a+cloud-based+smart+battery+management+system+for+lithium-ion+batteries%3A+Feasibility%2C+logistics%2C+and+functionality.+Batteries%2C+8%282%29%3A+19.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+https%3A%2F%2Fdoi.org%2F10.3390%2Fbatteries8020019&btnG=
https://www.mdpi.com/2313-0105/8/2/19
https://doi.org/10.1016/j.jfca.2005.04.012
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.+Bradbury+J+H.+%282006%29.+Simple+wetting+method+to+reduce+cyanogen+content+of+cassava+flour.+Journal+of+Food+Composition+and+Analysis%2C+19%284%29%3A+388%E2%80%93393.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+DOI%3A+10.1016%2Fj.jfca.2005.04.012.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0889157505000827
https://doi.org/10.1094/CCHEM-86-5-0492
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=18.+Fitzgerald+M+A%2C+Bergman+C+J%2C+Jimenez+R%2C+Reinke+R++F%2C+%E2%80%A6.Mestres+C.+%282009%29.+Addressing+the+dilemmas+of+measuring+amylose+in+rice.+Cereal+Chemistry%2C+86%285%29%3A+492-498.+DOI%3A+10.1094%2FCCHEM-86-5-0492&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1094/CCHEM-86-5-0492
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19.+Hedge+J+E%2C+Hofreiter+B+T%2C+Whistler+R+L.+%281962%29.+Carbohydrate+chemistry.+Academic+Press%2C+New+York+17%3A+371-80.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19.+Hedge+J+E%2C+Hofreiter+B+T%2C+Whistler+R+L.+%281962%29.+Carbohydrate+chemistry.+Academic+Press%2C+New+York+17%3A+371-80.&btnG=
https://doi.org/10.1016/S0963-9969(01)00206-X
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=20.+Patterson+S+P%2C+McWatters+K+H%2C+Hung+Y+C%2C+Chinnan+M+S%2C+Phillips+R+D.+%282002%29.+Physico-chemical+properties+and+consumer+acceptability+of+akara+%28fried+paste%29+made+from+three+cowpea+cultivars.+Food+Research+International%2C+35%287%29%3A+691-696.+https%3A%2F%2Fdoi.org%2F10.1016%2Fs0963-9969%2801%2900206-x&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S096399690100206X
https://doi.org/10.1021/jf60210a044
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=21.+Beuchat+L+R.+%281977%29.+Functional+and+electrophoretic+characteristics+of+succinylated+peanut+flour+protein%2C+J.+Agric.+%26+Food+Chem.%2C+25%3A+258-261.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+http%3A%2F%2Fdx.doi.org%2F10.1021%2Fjf60210a044&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=21.+Beuchat+L+R.+%281977%29.+Functional+and+electrophoretic+characteristics+of+succinylated+peanut+flour+protein%2C+J.+Agric.+%26+Food+Chem.%2C+25%3A+258-261.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+http%3A%2F%2Fdx.doi.org%2F10.1021%2Fjf60210a044&btnG=
https://pubs.acs.org/doi/pdf/10.1021/jf60210a044
https://doi.org/10.1111/j.1365-2621.1981.tb04924.x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=22.+Sathe+S+K%2C+Salunkhe+D+K.+%281981%29.+Isolation%2C+partial+characterization%2C+and+modification+of+the+great+Northern+bean+%28Phaseolus+vulgaris+L.%29+starch.+Journal+of+Food+Science%2C+46%282%29%3A+617%E2%80%93+621.+http%3A%2F%2Fdx.doi.org%2F10.1111%2Fj.1365-2621.1981.tb04924.x&btnG=
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1981.tb04924.x
https://doi.org/10.1016/j.indcrop.2004.05.002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=23.+Adebowale+K+O%2C+Olu-Owolabi+B+I%2C+Olawumi+E+K%2C+Lawal+O+S.+%282005%29.+Functional+properties+of+native%2C+physically%2C+and+chemically+modified+breadfruit+%28Artocarpus+artillis%29+starch.+Industrial+Crops+and+Products%2C+21%283%29%3A+343-351.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.indcrop.2004.05.002+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=23.+Adebowale+K+O%2C+Olu-Owolabi+B+I%2C+Olawumi+E+K%2C+Lawal+O+S.+%282005%29.+Functional+properties+of+native%2C+physically%2C+and+chemically+modified+breadfruit+%28Artocarpus+artillis%29+starch.+Industrial+Crops+and+Products%2C+21%283%29%3A+343-351.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.indcrop.2004.05.002+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0926669004000949
https://doi.org/10.1111/j.1365-2621.1988.tb07840.x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=24.+Abbey+B.+W%2C+Ibeh+G+O.+%281988%29.+Functional+properties+of+raw+and+heat-processed+cowpea+%28Vigna+unguiculata%2C+Walp%29+flour.+Journal+of+food+science%2C+53%286%29%3A+1775-1777.+DOI%3A+10.1111%2Fj.1365-2621.1988.tb07840.x&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=24.+Abbey+B.+W%2C+Ibeh+G+O.+%281988%29.+Functional+properties+of+raw+and+heat-processed+cowpea+%28Vigna+unguiculata%2C+Walp%29+flour.+Journal+of+food+science%2C+53%286%29%3A+1775-1777.+DOI%3A+10.1111%2Fj.1365-2621.1988.tb07840.x&btnG=
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1988.tb07840.x

L K Asare, & B. Darfour

Int. J. Adv. Biol. Biomed. Res. 2024, 12(1), 11-27

tetragonolobus) flour, Journal of food
science; 1982  Sep; 47(5):1534-8.
[Crossref], [Google Scholar], [Publisher]
26. Leach HW. Structure of starch granule
[. Swelling and solubility patterns of
various starches, J. Cereal Chem; 1959;
36:534-44. [Google Scholar], [Publisher]
27.0luwole OB, Olatunji 00, Odunfa SA. A
process technology for conversion of
dried cassava chips into “Gari”, Nigerian
Food Journal; 2004; 22(1):65-77.
[Crossref], [Google Scholar], [Publisher]
28. Pérez E, Schultz FS, de Delahaye EP.
Characterization of some properties of
starches
sagittifolium (tannia) and Colocassia
esculenta (taro), Carbohydrate polymers;
2005 May 6; 60(2):139-45. [Crossref],
[Google Scholar], [Publisher]

29. Moorthy SN. Physicochemical and
functional properties of tropical tuber
starches: a review, Starch-Stdrke; 2002
Dec; 54(12):559-92. [Crossref], [Google
Scholar], [Publisher]

30. Mbougueng PD, Dzudie T, Scher ],
Clergé T. Physicochemical and functional
properties of cultivars of Irish potato and
cassava starches, International Journal of
Food Engineering; 2009 Jul 27; 5(3).
[Crossref], [Google Scholar], [Publisher]
31.YuY, Wang]. Effect of y-ray irradiation
on starch granule
physicochemical properties of rice, Food
Research International; 2007 Mar 1;
40(2):297-303. [Crossref], [Google
Scholar], [Publisher]

32. Ceballos H, Sanchez T, Morante N,
Fregene M, Dufour D, Smith AM, Denyer K,
Pérez ]JC, Calle F, Mestres C. Discovery of
an amylose-free starch mutant in cassava
(Manihot esculenta Crantz), Journal of
Agricultural and Food Chemistry; 2007

isolated from Xanthosoma

structure and

Sep 5; 55(18):7469-76.
[Google Scholar], [Publisher]
33. Greenwood CT, Mackenzie S. The
irradiation of starch. Part [ The
properties of potato starch and its
components after irradiation with high-
energy electrons, Starch-Stdrke; 1963;
15(12):444-8. [Crossref], [Google
Scholar], [Publisher]

34. Onitilo MO, Sanni LO, Daniel I, Maziya-
Dixon B, Dixon A. Physicochemical and
functional properties of native starches
from cassava varieties in Southwest
Nigeria, Journal of Food Agriculture and
Environment; 2007 Jul 1; 5(3/4):108.
[Google Scholar], [Publisher]

35. Dickinson E. An introduction to Food
Colloids Oxford Univ Press. New York.
1992. [Google Scholar]

36. Oladele AK, Aina JO. Chemical
composition and functional properties of
flour produced from two varieties of
tigernut (Cyperus esculentus), African
Journal of Biotechnology; 2007; 6(21).
[Crossref], [Google Scholar], [Publisher]
37. Chung HJ, Liu Q. Impact of molecular
structure of amylopectin and amylose on
amylose chain association during cooling,
Carbohydrate Polymers; 2009 Jul 19;
77(4):807-15. [Crossref], [Google
Scholar], [Publisher]

38. Duarte PR, Rupnow JH. Gamma-
irradiated dry bean (Phaseolus vulgaris)

[Crossref],

starch:  physicochemical properties,
Journal of Food Science; 1994 Jul;
59(4):839-43. [Crossref], [Google

Scholar], [Publisher]

39. Kumoro AC, Retnowati DS, Budiyati
CS. Water solubility, swelling and
gelatinization properties of raw and
ginger oil modified gadung (Dioscorea
hispida Dennst) flour. Research Journal of
Applied

Sciences, Engineering and

26|Page


https://doi.org/10.1111/j.1365-2621.1982.tb04976.x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=25.+Narayana+K%2C+Narasinga+M+S.+%281982%29.+Functional+properties+of+raw+and+heat-processed+winged+bean+%28Psophocarpus+tetragonolobus%29+flour.+J.+Food+Sci.%2C+47%285%29%3A+1534-1538.+DOI%3A+10.1111%2Fj.1365-2621.1982.tb04976.x&btnG=
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1982.tb04976.x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=26.+Leach+H+W%2C+Mccowen+L+D%2C+Schoch+T+J.+%281959%29.+Structure+of+the+starch+granules+I.+Swelling+and+Solubility+patterns+of+various+starches.+Cereal+Chemistry%2C+36%3A+534+%E2%80%93+544.&btnG=
https://cir.nii.ac.jp/crid/1573105974131808640
https://doi.org/10.4314/nifoj.v22i1.33570
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=27.+Oluwole+O+B%2C+Olatunji+O+O%2C+Odunfa+S+A.+%282004%29.+A+process+technology+for+conversion+of+dried+cassava+chips+into+gari.+Nigerian+Food+Journal%2C+22%3A+65%E2%80%9373.+https%3A%2F%2Fdoi.org%2F10.4314%2Fnifoj.v22i1.33570&btnG=
https://www.ajol.info/index.php/nifoj/article/view/33570
https://doi.org/10.1016/j.carbpol.2004.11.033
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=28.+P%C3%A9rez+E%2C+Schultz+F+S%2C+de+Delahaye+E+P.+%282005%29.+Characterization+of+some+properties+of+starches+isolated+from+Xanthosoma+sagittifolium+%28tannia%29+and+Colocasia+esculenta+%28taro%29.+Carbohydrate+Polymers%2C+60%282%29%3A+139-145.+DOI%3A+10.1016%2Fj.carbpol.2004.11.033&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0144861704004618
https://doi.org/10.1002/1521-379X(200212)54:12%3C559::AID-STAR2222559%3E3.0.CO;2-F
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=29.+Moorthy+S+N.+%282002%29.+Physicochemical+and+functional+properties+of+tropical+tuber+starches%3A+A+review.+Starch%2FSt%C3%A4rke%2C+54+%2812%29%3A+559-592.+https%3A%2F%2Fdoi.org%2F10.1002%2F1521-379X%28200212%2954%3A12%3C559%3A%3AAID-STAR2222559%3E3.0.CO%3B2-F&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=29.+Moorthy+S+N.+%282002%29.+Physicochemical+and+functional+properties+of+tropical+tuber+starches%3A+A+review.+Starch%2FSt%C3%A4rke%2C+54+%2812%29%3A+559-592.+https%3A%2F%2Fdoi.org%2F10.1002%2F1521-379X%28200212%2954%3A12%3C559%3A%3AAID-STAR2222559%3E3.0.CO%3B2-F&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/1521-379X(200212)54:12%3C559::AID-STAR2222559%3E3.0.CO;2-F
https://doi.org/10.2202/1556-3758.1208
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=30.+Mbougueng+P+D%2C+Tenin+D%2C+Scher+J%2C+Tchi%C3%A9gang+C.+%282009%29.+Physicochemical+and+functional+properties+of+some+cultivars+of+Irish+potato+and+cassava+starches.+Journal+of+Food+Technology%2C+6%283%29%3A+139-146.+https%3A%2F%2Fdoi.org%2F10.2202%2F1556-3758.1208&btnG=
https://www.degruyter.com/document/doi/10.2202/1556-3758.1208/html
https://doi.org/10.1016/j.foodres.2006.03.001
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=31.+Yu+Y%2C+Wang+J.+%282007%29.+Effect+of+%CE%B3+-ray+irradiation+on+starch+granule+structure+and+physicochemical+properties+of+rice.+Food+Res+Int.%2C+40%282%29%3A+297%E2%80%93303.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5Dhttps%3A%2F%2Fdoi.org%2F10.1016%2Fj.foodres.2006.03.001&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=31.+Yu+Y%2C+Wang+J.+%282007%29.+Effect+of+%CE%B3+-ray+irradiation+on+starch+granule+structure+and+physicochemical+properties+of+rice.+Food+Res+Int.%2C+40%282%29%3A+297%E2%80%93303.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5Dhttps%3A%2F%2Fdoi.org%2F10.1016%2Fj.foodres.2006.03.001&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0963996906000482
https://doi.org/10.1021/jf070633y
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=32.+Ceballos+H%2C+Sanchez+T%2C+Morante+N%2C+Fregene+M%2C+Dufour+D%2C+Smith+A+M%2C+Denyer+K%2C+Perez+J+C%2C+Calle+F%2C+Mestres+C.+%282007%29.+Discovery+of+an+amylose-free+starch+mutant+in+cassava+%28Manihot+esculenta+Crantz%29.+Journal+of+Agriculture+and+Food+Chemistry%2C+55%2818%29%3A+7469-7476.+DOI%3A+10.1021%2Fjf070633y&btnG=
https://pubs.acs.org/doi/abs/10.1021/jf070633y
https://doi.org/10.1002/star.19630151204
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=33.+Greenwood+C+T%2C+Mackenzie+C.+%281963%29.+The+irradiation+of+the+starch+Part+1%3A+The+properties+of+potato+starch+and+its+components+after+irradiation+with+high+energy+electrons.+Die+Starke%2C+15%2812%29%3A+444%E2%80%93448.+https%3A%2F%2Fdoi.org%2F10.1002%2Fstar.19630151204&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=33.+Greenwood+C+T%2C+Mackenzie+C.+%281963%29.+The+irradiation+of+the+starch+Part+1%3A+The+properties+of+potato+starch+and+its+components+after+irradiation+with+high+energy+electrons.+Die+Starke%2C+15%2812%29%3A+444%E2%80%93448.+https%3A%2F%2Fdoi.org%2F10.1002%2Fstar.19630151204&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/star.19630151204
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=34.+Onitilo+M+O%2C+Sanni+L+O%2C+Daniel+I%2C+Maziya-Dixon+B%2C+Dixon+A.+%282007%29.+Physicochemical+and+functional+properties+of+native+starches+from+cassava+varieties+in+Southwest+Nigeria.+Journal+of+Food+Agriculture+and+Environment%2C+5%2834%29%2C+108-114.+https%3A%2F%2Fhdl.handle.net%2F10568%2F92196&btnG=
https://cgspace.cgiar.org/handle/10568/92196
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=35.+Dickinson+E.+%281992%29.+Introduction+to+food+colloids.+Oxford+University+Press.&btnG=
https://doi.org/10.5897/AJB2007.000-2391
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=36.+Oladele+A+K%2C+Aina%2C+J+O.+%282007%29.+Chemical+composition+and+functional+properties+of+flour+produced+from+two+varieties+of+tigernut+%28Cyperus+esculentus%29.+Afr.+J.+Biotechnol.+6%2821%29%3A+2473-2476.+DOI%3A+10.5897%2FAJB2007.000-2391+&btnG=
https://www.ajol.info/index.php/ajb/article/view/58100
https://doi.org/10.1016/j.carbpol.2009.03.004
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=37.+Chung+H+J%2C+Liu+Q.+%282009%29.+Impact+of+molecular+structure+of+amylopectin+and+amylose+on+amylose+chain+association+during+cooling%2C+Carbohydrate+Polymers%2C+77%284%29%3A+807-815.+DOI%3A+10.1016%2Fj.carbpol.2009.03.004&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=37.+Chung+H+J%2C+Liu+Q.+%282009%29.+Impact+of+molecular+structure+of+amylopectin+and+amylose+on+amylose+chain+association+during+cooling%2C+Carbohydrate+Polymers%2C+77%284%29%3A+807-815.+DOI%3A+10.1016%2Fj.carbpol.2009.03.004&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S014486170900126X
https://doi.org/10.1111/j.1365-2621.1994.tb08140.x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=38.+Duarte+P+R%2C+Rupnow+J+H.+%281994%29.+Gamma-irradiated+dry+bean+%28Phaseolus+vulgaris%29+starch%3A+physicochemical+properties.+J.+Food+Sci.%2C+59%284%29%3A+839-843.+DOI%3A+10.1111%2Fj.1365-2621.1994.tb08140.x&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=38.+Duarte+P+R%2C+Rupnow+J+H.+%281994%29.+Gamma-irradiated+dry+bean+%28Phaseolus+vulgaris%29+starch%3A+physicochemical+properties.+J.+Food+Sci.%2C+59%284%29%3A+839-843.+DOI%3A+10.1111%2Fj.1365-2621.1994.tb08140.x&btnG=
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1994.tb08140.x

L K Asare, & B. Darfour

Int. J. Adv. Biol. Biomed. Res. 2024, 12(1), 11-27

Technology; 2012 Sep 1; 4(1):2854-60.
[Crossref], [Google Scholar], [Publisher]
40. Lawal OS, Adebowale KO, Oderinde
RA. Functional properties of amylopectin
and amylose fractions isolated from
groundnut (Voandzeia
subterranean) starch, African Journal of
Biotechnology;  2004;  3(8):399-404.
[Crossref], [Google Scholar], [Publisher]
41. Morante-Filho JC, Arroyo-Rodriguez V,
Faria D. Patterns and predictors of 3-
diversity in the fragmented Brazilian
Atlantic forest: a multiscale analysis of
forest specialist and generalist birds,
Journal of Animal Ecology; 2016 Jan;
85(1):240-50. [Crossref], [Google
Scholar], [Publisher]

bambarra

42. Tester RF, Morrison WR. Swelling and
gelatinization of cereal starches. II. Waxy
rice starches, Cereal Chem; 1990 Nov;
67(6):558-63. [Google Scholar]

43. Lopez-Silva M, Bello-Perez LA, Agama-
Acevedo E, Alvarez-Ramirez ]. Effect of
amylose morphological,
functional and emulsification properties
of OSA modified corn starch, Food
Hydrocolloids; 2019 Dec 1; 97:105212.
[Crossref], [Google Scholar], [Publisher]
44. Tappiban P, Sraphet S, Srisawad N, Wu
P, Han H, Smith DR, Bao ], Triwitayakorn
K. Effects of cassava variety and growth
location on starch fine structure and
physicochemical properties, Food
Hydrocolloids; 2020 Nov 1; 108:106074.
[Crossref], [Google Scholar], [Publisher]

content in

How to cite this article:

Isaac Kwabena Asare, Bernard Darfour®*, Physicochemical and Functional Properties of
Cassava Starch from Different Varieties as Affected by Gamma Irradiation. International
Journal of Advanced Biological and Biomedical Research, 2024, 12(1), 11-27.

Link: https://www.ijabbr.com/article 709130.html

27|Page


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=39.+Kumoro+A+C%2C+Retnowati+D+S%2C+Budiyati+C+S%2C+Manurung+T%2C+Siswanto+H.+%282012%29.+Water+solubility%2C+swelling+and+gelatinization+properties+of+raw+and+ginger+oil-modified+gadung+%28Dioscorea+hispida+Dennst%29+flour.+Research+Journal+of+Applied+Sciences%2C+Engineering+and+Technology%2C+4%2817%29%3A+2854-2860.&btnG=
https://doi.org/10.5897/AJB2004.000-2082
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=40.+Lawal+O+S%2C+Adebowale+K+O%2C+Oderinde+R+A.+%282004%29.+Functional+properties+of+amylopectin+and+amylose+fractions+isolated+from+bambara+groundnut+%28Voandzeia+subterranean%29+starch.+African+Journal+of+Biotechnology%2C+3%288%29%3A+399-404.+DOI%3A+10.5897%2FAJB2004.000-2082&btnG=
https://www.ajol.info/index.php/ajb/article/view/14986
https://doi.org/10.1111/1365-2656.12448
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=41.+Morante+Filho+J+C%2C+Arroyo-Rodr%C3%ADguez+V%2C+Faria+D.+%282016%29.+Patterns+and+predictors+of+%CE%B2-diversity+in+the+fragmented+Brazilian+Atlantic+Forest%3A+a+multiscale+analysis+of+forest+specialist+and+generalist+birds.+Journal+of+Animal+Ecology%2C+85%281%29%3A+240-250.+https%3A%2F%2Fdoi.org%2F10.1111%2F1365-2656.12448&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=41.+Morante+Filho+J+C%2C+Arroyo-Rodr%C3%ADguez+V%2C+Faria+D.+%282016%29.+Patterns+and+predictors+of+%CE%B2-diversity+in+the+fragmented+Brazilian+Atlantic+Forest%3A+a+multiscale+analysis+of+forest+specialist+and+generalist+birds.+Journal+of+Animal+Ecology%2C+85%281%29%3A+240-250.+https%3A%2F%2Fdoi.org%2F10.1111%2F1365-2656.12448&btnG=
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/1365-2656.12448
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=42.+Tester+R+F%2C+Morrison+W+R.+%281990%29.+Swelling+and+gelatinization+of+cereal+starches.+II.+Waxy+rice+starches.+Cereal+Chemistry%2C+67%286%29%3A+558-563.&btnG=
https://doi.org/10.1016/j.foodhyd.2019.105212
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=43.+Lopez-Silva+M%2C+Bello-Perez+L+A%2C+Agama-Acevedo+E%2C+Alvarez-Ramirez+J.+%282019%29.+Effect+of+amylose+content+in+morphological%2C+functional+and+emulsification+properties+of+OSA+modified+corn+starch.+Food+Hydrocolloids%2C+97%3A+105212.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.foodhyd.2019.105212&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0268005X19304060
https://doi.org/10.1016/j.foodhyd.2020.106074
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=44.+Tappiban+P%2C+Sraphet+S%2C+Srisawad+N%2C+Wu+P%2C+Han+H%2C+Smith+D+R%2C+Bao+J%2C+Triwitayakorn+K.+%282020%29.+Effects+of+cassava+variety+and+growth+location+on+starch+fine+structure+and+physicochemical+properties.+Food+Hydrocolloids%2C+108%287%29%3A+106074.+DOI%3A+10.1016%2Fj.foodhyd.2020.106074&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0268005X20304148
https://www.ijabbr.com/article_709130.html

