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Abstract

The present study investigates cassava starches from different Ethiopian varieties for the development of biodegradable
food-packaging films. Cassava is a vital food crop in Ethiopia and is, therefore, regarded as a very friendly and renewable raw
material for replacing synthetic plastic packaging due to its high starch content. This research work aimed at investigating,
comparing the physicochemical, mechanical, and barrier properties of films developed from two different cassava varieties,
namely Kello and Qulle. The methodology followed the isolation of starches from cassava root, the evaluation of their
characteristics, as well as the pasting behavior. Edible films were prepared by using a casting technique and their mechanical
properties included tensile strength and elongation at break, and barrier properties such as water vapor transmission and
solubility were determined. From the test results, it can be obtained that Kello variety absorbed more water and had greater
swelling power; therefore, it performed better in terms of flexibility. On the other hand, Qulle has a greater tensile strength and
less solubility; hence, it will be suitable for dry food packaging. Again, both varieties fulfill minimum mechanical and barrier
requirements for the different applications of packaging. Further research is suggested to refine production processes and
broaden their applications in the food industry.
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1. Introduction

Food packaging films are thin-layer materials that are used
to store, distribute, and protect a variety of foods. They also
protect food from dirt, liquids, gasses, and liquids. Packaging
films are used to package food items such meat, cheese, snack
foods, biscuits, dairy products, dry meals, liquid and
semi-solid foods, and other bakery goods. They help prolong
the shelf life of food [1]. So far, the most popular packaging

film for foodstuffs is plastic materials like polyethylene and
polystyrene. But these materials are not biologically de-
gradable and dangerous substances may migrate into food
from the plastic materials. When compared to plastic pack-
aging, edible films have the advantages of maintaining the
product's original appearance, allowing for direct consump-
tion, being environmentally friendly, and being safe for the

“Corresponding author: tayto2106@gmail.com (Tayto Mindahun)

Received: 16 November 2024; Accepted: 28 November 2024; Published: 16 December 2024

@ Copyright: © The Author(s), 2024. Published by Science Publishing Group. This is an Open Access article, distributed
@ under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



http://www.sciencepg.com/journal/ajset
http://www.sciencepg.com/journal/325/archive/3250904
http://www.sciencepg.com/
https://orcid.org/0000-0001-5270-8252
https://orcid.org/0000-0001-8775-8006

American Journal of Science, Engineering and Technology

http://www.sciencepg.com/journal/ajset

environment [2].

As a result, it is crucial to use renewable and biodegradable
films in place of traditional polymers. Producing starch-based
food packaging films is a viable option for this because of its
affordability, biodegradability, thermoplastic nature, and
widespread availability. Food packaging films can be made by
extracting the starches from a range of starchy source mate-
rials, including barley, maize, rice, sweet potatoes, and cas-
sava [3]. Cassava (Manihot esculenta) is a significant source
of starch. It offers several advantages over other starch crops,
especially in many developing countries, due to its unique
adaptability to various ecological conditions, minimal labor
needs, ease of cultivation, high yield potential, and resilience
to drought in areas where other crops struggle to thrive [4].

Due to the chemical composition and structure differences
of starches from different sources, food packaging films made
up of various types of starches may have different physi-
co-chemical, mechanical [3], and barrier properties among
themselves making use for food packaging a necessity. Taking
this into consideration, this study was dealt with a compara-
tive investigation on the physico-chemical, mechanical and
barrier properties of food packaging film based on various
types of Ethiopian cassava starches. Cassava is among the
major food crops produced and consumed for food security in
smallholder farmers, especially in southern part of Ethiopia
[5]. Apart from its food values, cassava root is also used as an
industrial raw materials source for starch, bio plastics, glucose
and other bakery; confectionery and foods products. It is
additionally an effective cash crop for corporations and a vital
supply of cheap excessive-quality starch more affordable than
other starches normally used in the food industry [6]. Toward
the dream of biobased and biodegradable food packaging
films from cassava starch. Currently, there is researches being
done on cassava starch due to its low price and better
film-forming ability.

In this study, cassava, an increasingly grown crop in Ethi-
opia with high starch content is proposed as a potential source
for food packaging films with less information on their suit-
ability for edible film production and little known about the
various varieties physico-chemical, mechanical and barrier
properties. In addition, cassava cultivars have also been
known to attribute for differences in starch physicochemical
properties induced by genetic make-up and exploitation of
activities on crop growth. Different physicochemical property
changes of starch also influence the mechanical, barrier and
physicochemical properties of food packaging films. Because
of these weaknesses, the starch was isolated from some cas-
sava types, but this was not used as a by-products [7]. This
study aims to address these gaps by comparing the physi-
co-chemical, mechanical, and barrier properties of films from
different cassava varieties grown in Ethiopia. The primary
objective of this study was to conduct a comparative analysis
of the mechanical, barrier, and physico-chemical traits of
films derived from various cassava types cultivated in Ethio-

pia.
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2. Materials and Methods

2.1. Materials

The main raw material for this study was cassava (Manihot
esculenta), sourced from the Hawassa Agricultural Research
Center (HARC) in Ethiopia. Situated at an altitude of 1700
meters, HARC provided cassava samples, which were care-
fully processed through washing, manual peeling, and thor-
ough rinsing with distilled water to remove debris. These
steps ensured the cassava roots were clean and prepared for
subsequent starch extraction, forming the basis for film pro-
duction. A variety of chemicals and reagents supported the
cassava starch analysis, focusing on measuring the film's
physical and chemical properties. Potassium hydroxide (KOH)
and sodium hydroxide (NaOH) were used for determining
crude fiber, fat, and amylose content. Additional chemicals,
such as boric acid, hydrochloric acid, sulfuric acid, potassium
sulfate, and copper sulfate, were essential for assessing crude
protein, fiber, and nitrogen content. Other reagents, including
99% ethanol, glacial acetic acid, iodine, and potassium iodide,
aided in evaluating amylose and amylopectin. Glycerol served
as a plasticizer in the film-forming process, sunflower oil was
utilized for oil absorption tests, and sodium chloride was
applied in water vapor transmission rate (WVTR) experi-
ments. The study employed a range of instruments for ex-
perimental analysis, including an oven (Thermostatic drier),
muffle furnace, and texture analyzer instrument facilitated
measurements of chemical properties, film thickness, and
material strength.

2.2. Methods

2.2.1. Extraction of Cassava Starch

Cassava starch was extracted according to the method de-
fined by Chisenga et al. [8] with slight modifications. The
cassava roots were taken to the laboratory immediately after
harvesting. They were thoroughly cleaned, peeled, chopped
into small pieces, and then blended. The resulting pulp was
combined with clean water in a 1:10 ratio, meaning the vol-
ume of water was ten times greater than that of the pulp. This
mixture was well-stirred and then filtered through cloth. The
liquid obtained was allowed to settle, and the clear liquid on
top was carefully poured off, while the remaining residue was
rinsed. The starch was rinsed with distilled water and, after
further decanting, left to dry on aluminum trays in sunlight for
48 hours at room temperature. This process ensures the starch
reaches its minimum moisture content. Once dried, it was
stored in airtight plastic containers at room temperature. Ad-
ditionally, samples from both types were preserved at room
temperature for future analysis.
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2.2.2. Characterization of Starch

(i). Moisture Content

Moisture content in both verities of cassava starch was
measured based on methods developed by Nuwamanya et al.
[6] with minor modification. In this procedure, 3-gram sam-
ples of dried cassava starch were weighed and heated in an
oven at 130<C for 3 hours. The moisture content was deter-
mined by calculating the percentage weight loss relative to the
original wet weight of the sample. The moisture content was
then calculated using the following Equation (1).

MC(%) = Y%y 100

l (1)
where W; is the sample's initial weight prior to drying, MC is
its moisture content, and W is its final weight following
drying.

(ii). Total Ash Content

To determine the total ash content, we used a modified
version of the method described by Chisenga et al. [8]. Sam-
ples weighing 3 grams each were placed in crucibles and
heated in a muffle furnace at 550<C for 3 hours. The per-
centage of total ash (dry weight basis) was calculated using
Equation (2).

Total ash = 22=¥ 4100
Wi-W

- 1)
where W stands for empty crucible weight in grams, W, for
crucible weight plus dry sample material, and W, for crucible
weight plus ash.

(iii). Crude Fiber Content

To determine the crude fiber content, we followed the
AOAC Official Method 962.09 [9]. The crude fiber content
was calculated by using Equation (3).

©)

Total crude fiber = (W;;—WZ)XNO

where W is the weight of the dried crucible with fiber. W, =
crucible weight with ash Ws = Dry weight of the sample.

(iv). Crude Fat Content

The fat content was calculated by the method previously
explained by Nielsen [10]. Petroleum ether was used with a
Soxhlet apparatus to extract the fat from the sample. Extrac-
tion thimbles were filled with samples. The Soxhlet extraction
chamber was filled with the thimbles containing the sample.
Petroleum ether is used to wash the fat into the extraction
flasks. After removing the extraction flasks from the extrac-
tion chamber, they are put in the drying oven along with the
extraction beaker, and they are allowed to air dry for 30
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minutes at 100<C overnight. After cooling in a desiccator,
weigh the beaker. Finally, the fat content was calculated by
using equations (4) and (5).

Weight of fat in sample = (Beaker weight + fat) —
Beaker weight 4

(weight of fat in sample)
%) =
Crude fat (A]) weight of dried sample x100

®)

(v). Crude Protein and Nitrogen Content

To determine the crude protein content, we followed the
AOAC Official Method 976.05 [9]. The percentage of nitro-
gen was calculated using Equation (6).

VucixNycix(F1)xMWn
sample weight on dry basis

Nitrogen(%) = (6)

Given that the molecular weight of nitrogen is 14.00, the
volume of HCI in liters used until the titration endpoint is V,
and the normality of HCI is usually about 0.1N, along with the
molecular weight of nitrogen represented as MW, and an acid
factor of 1, the conversion of nitrogen percentage to protein
percentage can be determined using Equation (7) with the
appropriate conversion factors.

P(%) = 6.25 * N% @)

(vi). Carbohydrate

According to Saleh et al. [11], the method of difference was
used to determine the starches' carbohydrate content. The
residual will be the total carbohydrate content after the per-
centages of the sample's moisture, crude fiber, ash, and pro-
tein content are subtracted from 100%. Consequently, the
starch samples' total carbohydrate content was calculated by
Equation (8).

Carbohydrates (%) = 100 — (protein% + fiber% +
moisture% + ash%) (8)

(vii). Amylose and Amylopectin Content

The procedure outlined by Hassan et al. [12] was used.
Consequently, to gelatinize the starch, a 0.10-gram sample
was mixed with sodium hydroxide and ethanol and heated.
Following cooling, acetic acid and iodine solution were added
to dilute the mixture. Using a spectrophotometer, the ab-
sorbance at 620 nm was determined. Equations (9) and (10),
respectively, were used to calculate the amounts of amylose
and amylopectin.

©)

Amylose content(%) = 3.06xabsorbancex20

Amylopectin content = 100 — Amylose content (10)
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(viii). Swelling Power

The techniques outlined by Hefnawy et al. [13] were used
to calculate swelling power. For 30 minutes, 0.1 g samples
were heated in a water bath with 10 ml of distilled water at
60<C while being constantly stirred. For fifteen minutes, the
samples were centrifuged at 1600 rpm. Equation (11) was
used to weight and compute the precipitated portion.

Weight of sedimental paste(g)

Swelling power = (11)

Weight of the sample(dry basis)(g)

(ix). Water Solubility

The techniques explained by Hassan et al. [12] were used to
determine water solubility. The 0.5 g samples were heated for
30 minutes without mixing in a 10 ml distilled water bath at
60<C. For ten minutes, the samples were centrifuged at 1600
rpm. Five milliliters of the supernatant were separated, dried,
weighed, and computed using the Equation (12).

weight of dry supernatant
g f dry sup 9) %100

SOlubllty = Weight of the dry starch (g)

(12)

(x). Water Absorption Capacity

The approach outlined by EI-Safy [14] was used to deter-
mine the starch's capacity to absorb water. One gram of the
starch sample was combined with 10 milliliters of distilled
water in a beaker. The mixture was stirred for five minutes
using a magnetic stirrer. Following this, the suspension was
subjected to centrifugation at 3600 rpm for 30 minutes. The
volume of the resulting supernatant was measured using a
10-milliliter graduated cylinder. The water absorption was
determined by subtracting the supernatant volume from the
initial volume of water added.

2.2.3. Oil Absorption Capacity of Starch

The starch samples' ability to absorb oil was assessed using
the techniques previously detailed by Eltayeb et al. [15]. Thus,
to measure oil absorption, 10 milliliters of sunflower oil were
mixed with 1 gram of the sample and stirred for 5 minutes.
The mixture was then centrifuged to separate the oil. The
remaining oil volume was measured, and the difference be-
tween the initial and final oil volumes was used to calculate
the oil absorption capacity in milliliters of oil per gram of
starch.

2.2.4. Pasting Properties of Starch

The pasting properties of starches were evaluated using a
Rapid Visco Analyzer (RVA), following the method de-
scribed by lkegwu et al. [16] with slight modifications.
Consequently, 2 g of the samples and 25 g of distilled water
were combined to create a mixture. After adjusting the
starches' starting moisture content, the time-temperature
profile was set up to keep the system at 50 <C for one minute
and heat it from 50 to 95<C in three minutes and forty-two
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seconds. Following three minutes and thirty seconds at
95<C, the sample was cooled to 50<C for four minutes and
forty-eight seconds, and it was then maintained at that
temperature for two minutes. The pasting profile was used
to read the peak viscosity, trough, breakdown, final vis-
cosity, setback, peak duration, and pasting temperature
with the aid of the thermocline for Windows software.

2.3. Development of Packaging Film

Packaging films were prepared using a casting technique,
based on the methodology outlined by Adamu et al. [17] with
some modifications. This method involved mixing 5 g of
starch with 70 ml of water and 40 g of glycerol for every 100 g
of starch to make film-forming solutions (FFS). At room
temperature, this mixture was constantly swirled for ten
minutes. To create a homogenous, bubble-free filmogenic
solution, the resultant suspension was then heated on a hot
plate from room temperature to around 70T while being
agitated. To create transparent and flexible films, the FFS was
put into petri dishes and dried for 24 hours at 50<C in an oven
(700 LT, Italy). The films were gently removed from the petri
dishes and ready for additional characterization after being
allowed to cool for two days.

2.4. Characterization of the Packaging Film

2.4.1. Moisture Content

The technique outlined by Costa et al. [18] was used to
determine the films' moisture content (MC). Approximately
50 mg of film will be dried using this procedure for 24 hours
at 105<C (until the equilibrium weight). Equation (13) can be
used to determine the sample's weight loss and moisture
content.

Moisture content = (w) x100 (13)
M;
where M; and My are the masses of the original and dried

samples, respectively, and M;-Ms is the weight loss of the
samples.

2.4.2. Film Thickness

The thickness of the film was measured with an electronic
digital micrometer (Mitutoyo Co., Japan). A calibrated digital
micrometer was used to measure the dry film thicknesses with
a precision of 0.01 mm. The final thickness of the film is
calculated using the mean thickness value, which was ob-
tained from random measurements taken at five different film
positions.

2.4.3. Tensile Strength and Percentage Elongation at
Break

The elongation at break (EB) and tensile strength (TS) of
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edible films were measured using a texture analyzer (TA Plus)
following the ASTM D882-02 standard protocol. Film sam-
ples were cut into rectangular strips measuring 100 mm in
length and 15 mm in width. During testing, the strips were
clamped between grips with an initial separation of 50 mm,
and force-deformation data was recorded as the samples were
stretched at a speed of 10 mm/min. The thickness and width of
the film samples were manually input into the connected
computer system. The analyzer's software, pre-installed by
the manufacturer, automatically calculated the TS and EB
values. Young's modulus was derived from the strain-stress
curves. Each type of starch film was tested five times per
specimen from two different films, and the most accurate
results were selected.

2.4.4. Water Solubility

Film solubility was measured using a variation of the
technique outlined by Ojo Mofoluwaso Olufunmilola [19]. To
determine the dry film mass, the film samples are precisely
weighed after being cut into 4.0 cm? square pieces. The films
are kept at room temperature in test beakers with 50 milliliters
of distilled water for twenty-four hours while being slowly
stirred mechanically with a shaker. After being filtered out of
the water, the samples are dried in an electrical oven set at 105
degrees Celsius for 24 hours. The water-soluble stuff was
calculated as a percentage of the initial weight using the
weight difference. Equation (14) is used to determine the
film's percentage solubility.

Initial dry weight—Final dry weight

WS(%) = x100

(14)

Initial dry weight

2.4.5. Color of the Film

The color of the film was examined using the Commission
Internationale d'Eclairage (CIE) standard colorimetric meas-
uring scale [20]. A Spectrophotometer (CM-600d) was used
to measure the color of the edible films by measuring the
values of L*, a*, and b*. The color of the films was evaluated
following the ASTM D2244-02 standard, utilizing the D65
standard illuminant and a 10-degree viewing angle. Prior to
measurement, the colorimeter was calibrated using standard
black and white plates. Film samples were positioned appro-
priately to assess their color properties. Calibration was per-
formed with a standard white plate (L = 94.64,a =-0.72, b =
1.7). The color difference between the samples was deter-
mined using Equation (15).

AE = /(L —Ly)? + (a—ay)2(b — b,)? (15)
where the white plate color standard, which serves as the film
background, and the sample color parameter differ by L, a,
and b.
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2.4.6. Transparency of the Film

As previously mentioned by Immanuel [21], the UV—-Vis
spectrophotometer (UVD 3200, Labomed, Inc.) was used to
measure the films' transparency (in terms of opacity) at a
wavelength of 600 nm. To record the absorbance spectrum,
the samples were chopped into rectangular pieces and put
straight into the cuvette. The empty cuvette served as the
reference value for all measurements. Equation (16) was used
to determine the opacity value of each film.

Absgoo

Opacity = (16)

X
In this case, Absg = Absorbance at 600 nm, x = Film
Thickness (mm).

2.4.7. Water Vapor Transmission Rate

The water vapor transmission rate was measured using the
Desiccant Method, as outlined by Syarifuddin et al. [22] with
minor modifications. Cassava starch edible films were placed
on petri dishes with anhydrous calcium chloride as a desiccant.
After sealing, cups were weighed and placed in a desiccator
with 70% NaCl. Weights were recorded at set intervals, and
the transmission rate was calculated from the weight change
and film area. For every sample, the average of three meas-
urement replications was provided. Equation (17) was used to
get the water vapor transmission rate.

WVTR = 2™
At A

(17)

where A is the film's exposed surface area (m?) and Am/At is
the moisture gain weight per time (g/h).

2.4.8. Water Absorption of the Film

The water absorption (WA) test was conducted following
the ASTM D-570-98 standard. Film samples were first dried
at 40<C for 24 hours, cooled in a desiccator, and then cut into
2.5 x 2.5 cm squares. The samples were initially weighed in
their air-dried state (W,) and then immersed in distilled water
in a petri dish at room temperature for 24 hours. After soaking,
the samples were removed, gently blotted with a dry towel to
remove surface water, and reweighed (W,). The difference
between the initial and final weights was determined using
Equation (18), as outlined below.

Water Absorption(%) = sz;lwlxwo (18)
where the weights of the wet and air-dried samples are rep-
resented by W, and W, respectively. For each type of film,
measurements were taken three times, and the average value
was computed.
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3. Results

3.1. Proximate Composition of Starches

The proximate composition of starches from the cassava
varieties Kello and Qulle is shown in Table 1. The results
reveal important insights that can significantly influence the
development of biodegradable food packaging films. Starch's
functional properties, such as moisture content, ash, fat, pro-
tein, crude fiber, and total carbohydrate, directly impact its
performance as a biopolymer. By understanding these char-
acteristics, researchers can optimize the formulation of
starch-based films to enhance their mechanical properties,
biodegradability, and overall suitability for food packaging
applications.

Moisture content is a crucial factor in the formulation of
biodegradable films, as it affects the film's mechanical
strength and barrier properties. The moisture levels of Kello
(11.04%) and Qulle (10.6%) are lower than those reported in
previous studies, indicating a potentially more stable film that
could resist microbial degradation during storage. Lower
moisture content can also enhance the film's shelf life, making
it a suitable candidate for food packaging, where durability
and protection from environmental factors are essential.

The ash content, which reflects the mineral composition of
the starch, plays a role in the film's thermal and mechanical
properties. Kello’s ash content (1.01%) is higher than that of
Qulle (0.13%), suggesting that Kello could contribute addi-
tional mineral content to the film, potentially improving its
structural integrity. Both varieties fall below the 1.5%
threshold observed in previous studies, indicating they are
low in minerals, which is beneficial for maintaining the uni-
formity and flexibility of the packaging film. This character-
istic can lead to a more homogenous film structure that is less
prone to brittleness.

Furthermore, the low fat and protein content in both varie-
ties implies minimal interference with the film's formation
and performance. The total carbohydrate content, particularly
high in both Kello (86.45%) and Qulle (88.7%), indicates a
strong potential for film formation, as carbohydrates are the
primary polymers used in biodegradable packaging. The very
low crude fiber content further suggests that these starches
would produce smooth films that are not only aesthetically
pleasing but also functional in terms of barrier properties.
Generally, we can say that the proximate composition of these
cassava starches highlights their potential for developing
effective biodegradable food packaging films, aligning with
current sustainability goals in the packaging industry.

Table 1. Proximate composition of the extracted starches.

Results from this study (%)

Proximate analysis

Kello
Moisture 11.04
Ash 1.01
Fat 0.11
Protein 0.51
Crude fiber 0.01
Total carbohydrate 86.45

3.1.1. Swelling Power of the Starch

Table 2 presents the results of the swelling power analysis for
starches from two cassava varieties. The variation in swelling
power between the two types could be attributed to factors such
as starch granule size, the degree of interaction between crystal-
line and amorphous regions, and the molecular composition of
amylose and amylopectin. Kello starch exhibits a greater swell-
ing power, likely due to its lower amylose content compared to
Quille starch. The study conducted by Cornejo-ram Tez et al. [28],
indicates that starches with a low amylose concentration are
thought to have a higher swelling capacity.

Previous study

Qulle Result (%) Reference
10.6 14.04 - 16.66 [24]
0.13 <15 [24]
0.13 0.37 [25]
0.35 0.28 - 0.52 [26]
0.09 1.17-231 [27]
88.7 83.92 - 85.55 [27]
Table 2. Swelling power of starches.
S/No Samples Swelling power (g/g)
1 Qulle 531
2 Kello 7.46
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The swelling power values obtained in this study align with
findings from Chisenga et al. (2019), who reported that the
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swelling powers (g/g) of cassava starches from six different
varieties ranged from 2.22 to 15.63 g/g at temperatures be-
tween 50 C and 90 <C. However, the results in this study were
slightly lower than those reported in earlier research. For
instance, Charles et al. [29] found swelling power values
reaching as high as 27.2 to 42.3 g/g, while Onitilo et al. [30]
reported values between 9.0 and 16.9 g/g at 80<C. Addition-
ally, the swelling power values in this research were lower
than those of corn starch (4-18 g/g) and significantly lower

than potato starch (42-168 g/g) as noted by Ayetigho et al [23].

Swelling power is crucial for characterizing starches, re-
flecting their solubilization potential and non-covalent inter-
actions, which affect the quality of cassava roots for con-
sumption and their industrial applications [6].

3.1.2. Water Absorption Capacity

Table 3 shows the results for the two cassava starches' ca-
pacity to absorb water. When starch granules are combined
with water, their physical characteristics and composition are
known to affect their ability to absorb water [31]. The integ-
rity of starch in an aqueous dispersion can be determined by
measuring the volume it occupies after swelling in excess
water.

Table 3. Water absorption capacities of starches.

S/No Samples Water absorption capacity (g/g)
1 Qulle 24.753
2 Kello 9.628

The variation in water absorption capacity (WAC) observed
in the table indicates differences in hydrogen bonding among
the starches, influenced by their size, shape, structural fea-
tures, and water binding sites. These differences may also
stem from variations in starch content or how their granules
interact with water [23]. A higher WAC suggests a looser
starch polymer structure, while a lower value indicates a more
compact molecular structure [23]. For example, Chinma [32]
reported a WAC of 18.0 g/g for cassava starch. The increased
WAC in cassava starch may be linked to the abundance of
polar amino acids, which facilitate water interaction. Com-
pared to other samples, cassava starch exhibits a higher WAC,
potentially due to its greater carbohydrate content [32]. While
food materials often absorb water based on protein content,
the low protein levels in cassava starch suggest that WAC is
primarily due to the loose association of amylose and amy-
lopectin molecules [33].

3.1.3. Oil Absorption Capacity

Table 4 highlights the oil absorption capacity of starches
from the two cassava varieties. Qils can interact with amylose
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to form complexes, which hinder starch granule swelling and
complicate gelatinization. Consequently, the interaction be-
tween oil and starch is likely to influence the starch's physical
properties [31].

Table 4. Oil absorption capacity.

S/No Samples Oil absorption capacity (g/g)
1 Qulle 21.81
2 Kello 19.84

The oil absorption capacities measured in this study were
lower than those reported for bean starches (2.42-3.35 g/g) by
Olu-owolabi et al. [34]. Eke-Ejiofor [35] found cassava starch
to have an oil absorption capacity of 1.0 g/g. However, the
values from this study were higher than those reported by
Ezeocha and Okafor [36], who noted ranges of 9.20-11.30 g/g
for cassava and potato starches. Starch's oil absorption ca-
pacity indicates its emulsifying ability, enhancing mouthfeel
and flavor retention. This capacity is influenced by the lipo-
philic properties of starch molecules and factors like amino
acid content and protein structure [37].

3.1.4. Water Solubility

The solubility of starch in water can be used to assess the
number of interactions between starch chains in the crystalline
and amorphous domains. Granular and molecular structural
variations among the starches may be the cause of the varia-
tions in starch solubility shown in Table 5.

Table 5. Water solubility of the extracted starches.

S/No Samples Water solubility (%6)
1 Qulle 36.80
2 Kello 31.52

Cassava starch solubility values in this study were found to
be aligning with previous reports of 1.62—71.15% [8]. Starch
solubility is positively correlated with amylose content, as
higher amylose levels enhance solubility. Qulle starch, which
contains more amylose than Kello starch, demonstrates
greater solubility. The solubility of starch reflects the extent of
intermolecular cross-linking within its granules. Compared to
other tuber crops, cassava starch exhibits higher solubility,
partly due to its pronounced swelling during gelatinization.
This behavior is influenced by factors such as swelling power
and the presence of components like phosphorus [38].
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3.1.5. Amylose and Amylopectin

Table 6 shows the amount of amylose and amylopectin in the
separated cassava starches. The main causes of the variations in
amylose and amylopectin content in cassava are variations in
genotype or variety [39]. Amylose and amylopectin are the two
main components of starch, a complex carbohydrate found in
plants. They are both polysaccharides composed of glucose

units, but they differ significantly in their structure and proper-
ties. It is classified as waxy starch when the amylose percentage
is 0 —2% and as semi-waxy starch when the amylose content is
3-15%. Additionally, normal or regular starch is defined as
having an amylose value of 15-35% and greater than 40% [8].
As a result, the cassava starch types in the current study can be
categorized as regular or normal starches.

Table 6. Amylose and amylopectin content of the starches.

Results from this study (%)

Results from previous study

Parameters

Kello Qulle Result Reference
Amylose content 18.1540.01 25.2940.01 14.20 - 25.31 [39]
Amylopectin 78.2340.99 74.71 #0.99 74.69 —85.80 [39]

The amylose content in Kello starch (18.15%) was lower
than that in Qulle starch (25.29%). This suggests that Kello
starch may have a softer texture and lower gel strength com-
pared to Qulle starch. Additionally, the amylopectin content in
Kello starch (78.23%) was higher than that in Qulle starch
(74.71%). This indicates that Kello starch may have a higher
viscosity and better water-holding capacity. The results ob-
tained in this study are generally consistent with previous
reports, which have shown a wide range of amylose and am-
ylopectin contents in different starch sources. The variation in
these contents can be attributed to factors such as plant variety,
growing conditions, and processing methods.

3.1.6. Pasting Behavior of the Starch

Table 7 summarizes the pasting properties of starch from
two cassava varieties: Qulle and Kello. The peak viscosity
(PV) for Qulle starch is 1551.0 cP, which is slightly lower than
Kello's PV of 1612.0 cP, indicating that Kello starch can
achieve a higher viscosity when heated. The trough viscosity
(TV) for Qulle is 869.0 cP, while Kello's TV is marginally
lower at 844.0 cP. This suggests that both varieties retain a

similar ability to maintain viscosity, although Qulle has a
slight advantage in this aspect. The breakdown viscosity (BV)
shows that Qulle has a BV of 692.0 cP compared to Kello's
777.0 cP, which indicates that Qulle starch is somewhat more
stable during cooking, as lower breakdown values suggest
less viscosity loss upon cooling.

The final viscosity (FV) is higher for Qulle at 1345.0 cP
compared to Kello's 1286.0 cP, indicating that Qulle starch
can form a stronger gel upon cooling. The setback viscosity
(SB) is also slightly higher for Qulle (486.0 cP) than Kello
(463.0 cP), which reflects its ability to retain viscosity over
time, contributing to a more desirable textural quality in ap-
plications. The pasting temperature (PT) for both varieties is
similar, with Qulle at 68.40<C and Kello at 67.95<C, indicat-
ing that both starches gelatinize at comparable temperatures.
The peak time for both varieties is also close, with Qulle at 5
minutes and Kello at 4.87 minutes, suggesting that they re-
quire similar times to reach peak viscosity. Generally, while
both starches exhibit favorable pasting properties, Qulle
starch demonstrates slightly better stability and gel strength
than Kello.

Table 7. Pasting properties of starches.

Samples PV (cP) TV (cP) BV (cP) FV (cP) SB (cP) PT (°C) Peak time (min)
Qulle 1551.0 869.0 692.0 1345.0 486.0 68.40 5.0
Kello 1612.0 844.0 777.0 1286.0 463.0 67.95 4.67

Where: TV: Trough (minimum viscosity) (cP), PV: Peak viscosity (cP), SB: Setback (cP), FV: Final viscosity (cP), BV: Breakdown viscosity,

and PT: Pasting temperature (°C).
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3.2. Characterization of the Packaging Film

3.2.1. Moisture Content

Moisture content is a critical parameter in the characteri-
zation of films, as it directly influences their physical and
mechanical properties. A higher moisture content can lead to
increased flexibility and softness, but it can also compromise
the film's strength and durability. Conversely, a lower mois-
ture content can result in brittleness and cracking. In Table 8,
the Kello variety exhibits a slightly higher moisture content
(11.53%) compared to the Qulle variety (10.52%). This dif-
ference might not be substantial enough to cause significant
variations in the films' performance under standard conditions.
However, it could become more relevant in environments
with fluctuating humidity or when the films are subjected to
extreme temperatures. Further analysis, such as moisture
absorption and desorption studies, would be necessary to fully
understand the implications of this moisture content differ-
ence on the films' long-term behavior.

Table 8. Moisture content results of the films.

S/No Samples Moisture content values (%)
1 Kello 11.53
2 Qulle 10.52

3.2.2. Color of the Packaging Film

Color perception in films is a complex phenomenon in-
fluenced by various factors, including the film's composition,
thickness, and the specific wavelengths of light it absorbs and
reflects. When light interacts with a film, certain wavelengths
are absorbed while others are transmitted or reflected. The
combination of these reflected wavelengths determines the
perceived color. Color plays a crucial role in packaging for
several reasons. It can evoke emotions, influence consumer
perceptions, and even impact product sales. For example, red
can be associated with energy and excitement, while blue
might convey trust and reliability. Additionally, color can be
used to differentiate products and make them stand out on
store shelves.

Table 9 shows significant differences in the color param-
eters between the Kello and Qulle varieties. The L* value,
representing lightness, is considerably higher for Kello
(90.14) compared to Qulle (45.02), indicating a lighter ap-
pearance. The a* and b* values, related to red-green and
yellow-blue axes, respectively, also differ significantly.
Kello has an a* value of -0.92, while Qulle's a* value is -0.39,
suggesting a slightly more reddish hue for Kello. Similarly,
Kello's b* value of 1.61 indicates a more yellowish tone
compared to Qulle's -1.12. These differences in color pa-
rameters could be attributed to variations in the film's
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composition or manufacturing processes. Understanding
these color differences is essential for packaging design, as
they can impact the overall visual appeal and consumer
perception of the product.

Table 9. Assessment of the color of the films.

Parameters Samples

Samples Reference Kello Qulle

L* 90.14 45.02+0.51 46.521+0.12
* -0.92 -0.391+0.10 -0.451+0.02

b* 1.61 -1.12+0.86 -3.17+0.19

AE* 44.29 45.36

Chroma (C¥*) 2.68 4.50

3.2.3. Film Transparency

Transparency in packaging film refers to its ability to al-
low light to pass through. It's a crucial property for many
packaging applications, as it can enhance product visibility,
create a sense of freshness, and even influence consumer
perceptions. For example, clear packaging can make prod-
ucts look more appealing and inviting, while opaque pack-
aging can suggest a premium or exclusive quality. Table 10
shows that both the Kello and Qulle varieties have relatively
high transparency levels, with values of 12.72% and 13.10%,
respectively. These values suggest that both films are rea-
sonably transparent, allowing a certain amount of light to
pass through.

Table 10. Transparency of the films.

S/No Samples Transparency (%)
1 Kello 12.72
2 Qulle 13.10

However, a slight difference exists, with the Qulle va-
riety exhibiting slightly higher transparency than the Kello
variety. This difference might be attributed to variations in
the film's composition or manufacturing process, such as
the presence of additives or variations in thickness. While
the difference is small, it could be relevant in applications
where even subtle variations in transparency can impact the
overall appearance and perceived quality of the packaged
product.
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Figure 1. Appearance of the developed film.

3.2.4. Film Thickness

Film thickness is a critical property that affects the physical
and mechanical characteristics of packaging films. It influ-
ences factors such as strength, barrier properties, and overall
performance. A thicker film can provide better protection
against punctures and tears, but it may also be less flexible and
more costly. Conversely, a thinner film can be more pliable
and economical, but it may compromise durability and
product protection. Table 11 shows that the Kello variety has a
slightly thicker average thickness of 0.12 mm compared to the
Qulle variety, which measures 0.11 mm.

Table 11. Results of film thickness.

S/No Samples Thickness (mm)
1 Kello 0.1240.02
2 Qulle 0.1140.03

While this difference might seem small, it could be signif-
icant depending on the specific application and the desired
balance between strength and flexibility. For example, a
thicker film might be preferable for packaging heavy or sharp
products, while a thinner film could be more suitable for
applications requiring a lightweight and flexible material.

Figure 2. Film thickness measurement using digital micrometer.
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3.2.5. Mechanical Properties of Films

(i). Tensile Strength

Tensile strength evaluates a material's ability to withstand
breaking under tension. The Kello variety has a tensile
strength of 14.634 MPa, whereas the Qulle variety shows a
slightly higher tensile strength of 15.952 MPa. This suggests
that the Qulle variety is better able to resist tearing or breaking
when subjected to pulling forces. The values for tensile
strength of both samples are shown in Table 12.

Table 12. Summary for mechanical properties of the films.

S/No Samples TS (MPa) E (%) Y (MPa)
1 Kello 14.634 75.417 22.457
2 Qulle 15.952 60.252 32.351

(ii). Elongation (E)

Percent elongation indicates a material's ability to stretch
before breaking. As it indicates in Table 12, Kello variety has
a higher percent elongation of 75.417%, meaning it can
stretch more before failing. In contrast, the Qulle variety has a
percent elongation of 60.252%, indicating a lower degree of
elasticity.

(iii). Young’s Modulus (Y)

Young's modulus is a measure of a material's stiffness. A
higher Young's modulus indicates a stiffer material, while a
lower value suggests a more flexible one. As shown in Table
12, Qulle variety has a higher Young's modulus of 32.351
MPa compared to the Kello variety's 22.457 MPa. This sug-
gests that the Qulle variety is stiffer and less likely to deform
under stress.

3.2.6. Water Absorption

The results indicate in Table 13 shows that both Qulle and
Kello films exhibited significant water absorption, with Kello
demonstrating a slightly higher capacity (31.18%) compared
to Qulle (28.09%). This suggests that both films are hydro-
philic, meaning they have an affinity for water. The observed
difference in water absorption between the two films could be
attributed to factors such as the chemical composition, mo-
lecular structure, or processing conditions used in their pro-
duction. Further analysis and comparison with other materials
would be necessary to draw definitive conclusions about the
implications of these water absorption properties for specific
applications. Understanding the water absorption behavior of
these films is crucial for assessing their suitability in various
environments, particularly those with high humidity or direct
exposure to water.
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Table 13. Water absorption of the film.

S/No Samples Water Absorption (%)
1 Qulle 28.09
2 Kello 31.18

3.2.7. Water Vapor Transmission Rate

The results show in Table 14 indicates that both Kello and
Qulle films exhibit relatively low water vapor transmission
rates (WVTR), with Kello having a slightly lower WVTR of
0.114 g/h.m? compared to Qulle's 0.121 g/h.m?. This indicates
that both films offer a moderate barrier against the passage of
water vapor. However, further evaluation against specific
standards or requirements would be necessary to assess their
performance in different applications. Factors such as the
thickness, density, and chemical composition of the films
likely influence their WVTR. Additionally, the environmental
conditions, including temperature and humidity, can affect the
rate of water vapor transmission. Understanding the WVTR
of these films is important for applications where moisture
control is critical, such as packaging, construction materials,
or medical devices.

Table 14. Water vapor transmission rate of the film.

water vapor transmission rate WVTR

S/No Variety

(g/h.m?)
1 Kello 0.114
2 Qulle 0.121

3.2.8. Water Solubility of the Film

The water solubility results in Table 15 for the films made
from Qulle and Kello show notable differences, with Qulle
exhibiting a higher solubility of 29.15% compared to Kello's
27.28%. This variation may be attributed to differences in
their chemical compositions, where Qulle may contain more
hydrophilic groups, leading to greater interaction with water.
Additionally, the morphological characteristics of the
films—such as crystallinity—could influence how water
penetrates and affects their structural integrity. In terms of
applications, the higher solubility of Qulle suggests it could be
advantageous for uses requiring rapid disintegration in water,
like biodegradable packaging or controlled release systems.
Conversely, Kello's lower solubility may make it preferable
for applications needing moisture resistance, such as protec-
tive coatings. Understanding these solubility characteristics is
crucial for optimizing material selection based on specific
environmental and performance requirements.
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Table 15. Water solubility results.

S/No Samples Water solubility (%6)
1 Qulle 29.15
2 Kello 27.28

4. Conclusion

In conclusion, the study demonstrates the potential of cas-
sava starch-based films as eco-friendly alternatives to syn-
thetic plastics in food packaging. By comparing starches from
two Ethiopian cassava varieties, Kello and Qulle, the research
reveals significant differences in their physicochemical, me-
chanical, and barrier properties, influenced by genetic and
environmental factors. The findings offer valuable insights
into the applicability of these starches for biodegradable
packaging films, with each variety showing unique strengths.
The Qulle variety exhibits superior tensile strength, making it
ideal for applications needing robust packaging, while the
Kello variety, with better flexibility, suits uses where
stretchability is prioritized. Both varieties provide adequate
strength for packaging processes, handling, and storage. Ad-
ditionally, the films' water vapor transmission rates (WVTR)
and water solubility are key for food preservation. Qulle
starch-based films, with higher solubility and lower WVTR,
are better for dry foods, while Kello’s lower solubility makes
it more suited to moist or semi-solid food packaging. The
study also highlights the impact of starch granule structure,
specifically amylose and amylopectin ratios, on film perfor-
mance. Kello starch, with lower amylose, offers enhanced
flexibility and swelling, whereas Qulle’s higher amylose
contributes to greater mechanical stability. This research
supports the development of sustainable packaging solutions
using cassava starches, with both varieties showing promise
for commercial application based on specific packaging
needs.

Abbreviations

MC Moisture Content

WVTR  Water Vapor Transmission Rate
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Acknowledgments

The authors would like to express their sincere gratitude to
Dilla University for their financial support and resources
provided throughout this research project. Special thanks are


http://www.sciencepg.com/journal/ajset

American Journal of Science, Engineering and Technology

http:/Awww.sciencepg.com/journal/ajset

extended to the university’s research office and laboratory
staff for their assistance in facilitating experimental work and
data analysis. The encouragement and support from col-
leagues and mentors at Dilla University played an essential
role in completing this study.

Author Contributions

Dawit Mamiru: Conceptualization, Data curation, Formal
Analysis, Methodology

Endale Werako: Conceptualization, Formal Analysis, In-
vestigation, Methodology

Tayto Mindahun: Conceptualization, Data curation,
Methodology, Validation, Visualization, writing — original
draft, Writing — review & editing

Funding

Dilla University provided funding for this study as part of a
project initiative.

Conflicts of Interest

The authors declare no conflicts of interest.

References
[1] E. Basiak, A. Lenart, and F. Debeaufort, “Effect of starch type
on the physico-chemical properties of edible films,” Int. J. Biol.
Macromol., 2017,
https://doi.org/10.1016/j.ijbiomac.2017.01.122

[2] Zuzanna Zotek-Tryznowska and Alicja Katuza, “The Influence
of Starch Origin on the Properties of Starch Films: Packajing

performance,” Materials (Basel)., 2021.

[3] E.M. Davies, D. K. S. John, and L. Maryke, “A comparison of
functional properties of native Malawian cocoyam,
sweetpotato and cassava starches,” Sci. Res. Essays, vol. 10, no.

18, pp. 579-592, 2015, https://doi.org/10.5897/sre2015.6258

[4] M. D. Supardan, Y. Annisa, N. Arpi, W. Aida, and W.
Mustapha, “Characteristics Cassava Starch Edible Film
Incorporated with Lemongrass Oil : Characteristics and
Application,” Int. J. Adv. Sci. Eng. Inf. Technol., no. September,

2016, https://doi.org/10.18517/ijaseit.6.2.736

[5] G. Girma, G. Bultosa, and S. Abera, “Effect of drying process
and partial substitution of wheat flour with cassava flours at
different ratios on rheological properties and anti nutritional
factors,” Basic Res. J. Food Sci. Technol., vol. 1, no. July, pp.

38-45, 2014
(6]

E. Nuwamanya, Y. Baguma, N. Emmambux, and J. Taylor,
“Physicochemical and functional characteristics of cassava
starch in Ugandan varieties and their progenies,” J. Plant

Breed. Crop Sci., vol. 2, no. 1, pp. 1-11, 2010.

213

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

M. O. Onitilo, L. O. Sanni, I. Daniel, B. Maziya-Dixon, and A.
Dixon, “Physicochemical and functional properties of native
starches from cassava varieties in Southwest Nigeria,” J. Food,
Agric. Environ., vol. 5, no. 3-4, pp. 108-114, 2007.

S. M. Chisenga, T. S. Workneh, G. Bultosa, and M. Laing,
“Characterization of physicochemical properties of starches
from improved cassava varieties grown in Zambia,” vol. 4, pp.
939-966, 2019, https://doi.org/10.3934/agrfood.2019.4.939

AOAC, “AOAC: Association of Analaytical Chemists,” vol. 1,
no. Volume 1, 2000.

S. S. Nielsen, Compositional Analysis of Foods. 1998.
https://doi.org/10.1007/978-1-4615-5439-4_8

A. Saleh, A. A. Mohamed, M. S. Alamri, S. Hussain, A. A.
Qasem, and M. A. Ibraheem, “Effect of different starches on
the rheological, sensory and storage attributes of non-fat set
yogurt,” Foods, vol. 9, no. 1, 2020,
https://doi.org/10.3390/f00ds9010061

L. G. Hassan et al.,, “Extraction and Characterisation of
Starches from Four Varieties of Mangifera indica Seeds,” vol. 3,
no. 6, pp. 16-23, 2013.

T. H. Hefnawy, L. M. M. El-maghraby, M. M. Abd-rabou, and
A. Y. El-khateeb, “Modification of yellow corn starch
acetylation by acetic anhydride,” vol. 20, no. 2, pp. 9125-9132,
2020.

F. S. El-Safy, “Evaluation and utilization of cladodes flour in
formulating functional sponge cake,” World Appl. Sci. J., vol.
27, no. 4, pp. 512-523, 2013,
https://doi.org/10.5829/idosi.wasj.2013.27.04.81117

A. R. S. M. Eltayeb, A. O. Ali, and R. Haron, “The chemical
composition of pigeon pea (Cajanus cajana) seed and
functional properties of protein isolate,” Pakistan Journal of
Nutrition, vol. 9, no. 11. pp. 1069-1073, 2010.
https://doi.org/10.3923/pjn.2010.1069.1073

0. J. Ikegwu, V. N. Nwobasi, M. O. Odoh, and N. U. Oledinma,
“Evaluation of the pasting and some functional properties of
starch isolated from some improved cassava varieties in
Nigeria,” Electron. J. Environ. Agric. Food Chem., vol. 8, no. 8,
pp. 657-665, 2009, https://doi.org/10.5897/AJB09.161

A. D. Adamu, S. S. Jikan, and B. H. A. Talip, “Effect of
Glycerol on the Properties of Tapioca Starch Film,” no. March,
2017,
https://doi.org/10.4028/www.scientific.net/MSF.888.239

M. J. Costa, M. J. Costa, M. A. Cerqueira, H. A. Ruiz, and C.
Fougnies, “Effect on physicochemical properties Use of wheat
bran arabinoxylans in chitosan-based films : Effect on
physicochemical properties,” Ind. Crop. Prod., vol. 66, no.
April, pp. 305-311, 2015,
https://doi.org/10.1016/j.indcrop.2015.01.003

A.J.S.and L. B. D. Ojo Mofoluwaso Olufunmilola, “Effects of
plasticizer ~ concentration and  mushroom  (pleurotus
pulmonarius) flour inclusion on the sensory, mechanical and
barrier properties of cassava starch based edible films,” vol. 7,
no. 3, pp. 47-62, 2019.


http://www.sciencepg.com/journal/ajset

American Journal of Science, Engineering and Technology

http://www.sciencepg.com/journal/ajset

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

L. Ballesteros-Méatinez, C. Pé&ez-Cervera, and R.
Andrade-Pizarro, “Effect of glycerol and sorbitol
concentrations on mechanical, optical, and barrier properties of
sweet potato starch film,” NFS J., vol. 20, pp. 1-9, 2020,
https://doi.org/10.1016/j.nfs.2020.06.002

G. Immanuel, “Development and Performance Evaluation of
Edible Film By Using Cassava Starch,” no. October, 2018.

A. Syarifuddin, Hasmiyani, A. Dirpan, and M. Mahendradatta,
“Physical, mechanical, and barrier properties of sodium
alginate/gelatin emulsion based-films incorporated with canola
oil,” IOP Conf. Ser. Earth Environ. Sci., vol. 101, no. 1, 2017,
https://doi.org/10.1088/1755-1315/101/1/012019

H. Alalwan, M. Kadhom, and A. Alminshid, “Removal of
heavy metals from wastewater using agricultural byproducts,”
no. April, 2020, https://doi.org/10.2166/aqua.2020.133

O. Ayetigbo, S. Latif, and A. Abass, “Comparing
Characteristics of Root, Flour and Starch of Biofortified
Yellow-Flesh and White-Flesh Cassava Variants, and
Sustainability Considerations : A Review,” pp. 1-32, 2018,
https://doi.org/10.3390/5u10093089

C. E. Chinma, C. C. Ariahu, and J. S. Alakali, “Effect of
temperature and relative humidity on the water vapour
permeability and mechanical properties of cassava starch and
soy protein concentrate based edible films,” vol. 52, no. April,
pp. 2380-2386, 2015,
https://doi.org/10.1007/s13197-013-1227-0

M. H. A. and Hasmadi, M., Harlina, L., Jau-Shya, L., Mansoor,
A. H., Jahurul and M.. Zainol, “Physicochemical and
functional properties of cassava flour grown in different,” vol.
4, no. August, pp. 991-999, 2020.

Agyepong, “Extraction of cassava (manihot esculenta cranz)
starch with the aid of pectolytic enzymes from saccharomyces
cerevisiae : effects of cassava varietal differences on the
process.,” no. Atcc 52712, 2013.

Z. N. Shaimerdenov et al., “Fibre Extraction from Oilseed Flax
Straw for Various Technical Applications,” Int. J. Adv. Sci.
Technol., vol. 29, no. 7, pp. 1395-1407, 2020.

A. L. Charles, Y. H. Chang, W. C. Ko, K. Sriroth, and T. C.
Huang, “Influence of amylopectin structure and amylose
content on the gelling properties of five cultivars of cassava
starches,” J. Agric. Food Chem., vol. 53, no. 7, pp. 2717-2725,
2004, https://doi.org/10.1021/jf048376+

V. F. Abioye, I. A. Adeyemi, B. A. Akinwande, P. Kulakow,

214

[31]

[32]

(33]

[34]

[35]

[36]

[37]

[38]

[39]

and B. Maziya-Dixon, “Effect of steam cooking and storage
time on the formation of resistant starch and functional
properties of cassava starch,” Cogent Food Agric., vol. 3, no. 1,
p. 1296401, 2017,
https://doi.org/10.1080/23311932.2017.1296401

O. O. Oladunmoye, O. C. Aworh, B. Maziya - Dixon, O. L.
Erukainure, and G. N. Elemo, “Chemical and functional
properties of cassava starch, durum wheat semolina flour, and
their blends,” Food Sci. Nutr., vol. 2, no. 2, pp. 132-138, 2014,
https://doi.org/10.1002/fsn3.83

P. Chukwuka and E. Z. E. Ida, “Determination of the Proximate
Composition and Amylose Content of New Rice for Africa
(NERICA) Flour,” 2020.

J.  Eke-gjiofor, “Functional properties of starches,
physico-chemical and rheological properties of glucose syrup
made from cassava and research article functional properties of
starches,” no. June, 2015.

R. S. K. and P. R. R. E. NUWAMANYA, Y. BAGUMAL,
“Quantification of starch physicochemical characteristics in a
cassava,” vol. 16, no. 3, pp. 191-202, 2009.

N. C. Amuzie, N. N.,*Obasi, N. E., & Unamma,
“Physicochemical and Pasting Properties of Starch Extracted
From Four Improved Cassava Varieties,” vol. 3, no. 1, pp. 11—
22, 2017.

Y. I. Cornejo-ram¥ez et al., “The structural characteristics of
starches and their functional properties,” CyTA - J. Food, vol.
00, no. 00, pp. 1003-1017, 2018,
https://doi.org/10.1080/19476337.2018.1518343

M. O. Onitilo, L. O. Sanni, O. B. Oyewole, and B.
Maziya-Dixon, “Physicochemical and functional properties of
sour starches from different cassava varieties,” Int. J. Food
Prop., vol. 10, no. 3, pp. 607-620, 2007,
https://doi.org/10.1080/10942910601048994

A. Ali, T. A, Wani, I. A. Wani, and F. A. Masoodi,
“Comparative study of the physico-chemical properties of rice
and corn starches grown in Indian temperate climate,” J. Saudi
Soc. Agric. Sci., vol. 15, no. 1, pp. 75-82, 2016,
https://doi.org/10.1016/j.jssas.2014.04.002

B. I. Olu-owolabi, T. A. Afolabi, and K. O. Adebowale,
“Pasting, Thermal, Hydration, and Functional Properties of
Annealed and Heat-Moisture Treated Starch of Sword Bean
(Canavalia gladiata),” vol. 2912, 2011,
https://doi.org/10.1080/10942910903160331


http://www.sciencepg.com/journal/ajset

