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ABSTRACT

Gel electrophoresis technique is an indispensable tool in biotechnology and among other related
fields for separation of nucleic acids and proteins. This study determined the potential of selected
cassava and sweet potato starch in the separation of DNA as alternative to agarose gel. The sample
pH, gelling temperature and time were determined by Light transmittance method proposed by Craig
et al. [1] Standard electrophoresis procedure was used for the starch gel electrophoresis. The result
showed that composite starch gelled within 18-21 minutes while agarose and agar-agar gelled after
12 minutes. Cassava starch blended with agar-agar gelled at a temperature of 58°C while sweet
potato starch blended with agar-agar gelled between 35°C - 47°C. Agarose and agar-agar
maintained 54°C and 53°C respectively. There was no significant difference (P > 0.05) in pH value
of the composite starch when compared to 1% agarose gel. Unblended starch samples did not form
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solid gel except when blended with some amount of agar-agar or agarose powder. Cassava and
sweet potato composite starch formed good gel strength at 3% (2.2 g of starch and 0.8 g of agar-
agar) but solid gel at 4% (3.6 g of starch and 0.8 g of agar-agar). This study demonstrated the
possibilities for agarose cost reduction by 60% when cassava starch (3.6 g) was blended with 0.4 g
of agarose. The cassava composite starch (4%) separated DNA molecules comparably to that of
1% agarose. Therefore, the use of these cheaper, accessible and readily available blended starch
sources is highly recommended for separation of biomolecules such as DNA.

Keywords: Cassava starch; potato starch; agarose; electrophoresis; DNA.

1. INTRODUCTION

Starch has been considered the most essential
polysaccharide and major profitable and
nutritional composition of many carbohydrate
sources (wheat, corn, rice, barley, sweet potato
and cassava) [2]. It is commonly used industrially
as emulsion stabilizer, water binder, a thickener,
and gelling (pasting) agent, it is therefore a very
good ingredient for the manufacturing of various
products [3].

Recent study showed that cassava can grow
well in low rainfall areas and unfertile soil thus
making it a good source of starch [4].
Undoubtedly, Nigeria has been known to be the
highest producer of cassava in the world with
about 59 million tonnes in 2017 [5] which
accounted for 20.4% world share of cassava
production in 2017 [6]. Sweet potato on the other
hand, is the 4™ most important food crop in the
world after rice, maize and wheat [7,8]. Tuberous
root of cassava contains 25 - 30% of starch and
30 - 40% of dry matter [9] while freshly harvested
tubers of sweet potato contain about 80% water
and 20% dry matter [10]. Cassava and sweet
potato starches are good sources of soft and
transparent gel despite their low protein content
[11]. Appearance, grade and shape of the
products of cassava and sweet potato starch
depend largely on the starch viscosity attributes,
retrogradation and pasting elements, thereby
making starch the main functional components in
food products [12]. Pfister and Zeeman, [13]
reported that the paste and stickiness as well as
clarity of paste and odourless properties of
cassava starch enhanced its attractiveness in
food industry.

Generally, pastes of tapioca and waxy maize
starches are transparent. Wheat and corn
starches invariably give opaque pastes [14].
Many factors for example, sugars, can greatly
enhance clarity of pastes of cereal starches,
such as corn starch whereas glyceryl-
monostearate increases the opaque nature of the
pastes [15]. However, potato starch contains
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high amount of non-starch impurities such as
polyphenols, ascorbic acids and carotene which
may have negative effects on the starch quality
and the final functionality [16-18]. Our previous
study on the physiochemical characterization of
cassava (Manihot esculenta) and potato (I.
batatas) varieties in South East Nigeria in
comparison with agarose for use in the
separation of deoxyribonucleic acid revealed that
cassava and sweet potato starch consists of
amylose and amylopectin molecules in molar
ratios of 24 - 27% and 75% - 77% respectively
[19], contrary to pure agarose which is made up
of the repeating units of agarobiose (a
disaccharide consisting of one hundred and
twenty thousand alternating D-galactose and 3,6-
anhydro-L-galactopyranose (L-galactose units)
linked by a-(1—3) and B-(1—4) glycosidic bonds
[20]. The length of the a-glucan chains, amylose-
amylopectin ratio and branching degree of
amylopectin describe the usefulness, size and
structure of starch granules in each plant
species. Studies have revealed that the amount
of amylose present in the granule significantly
affects the functional and physicochemical
properties of starch [21] (Martinez-Garcia et al.,
2017). Chen et al. [14] noted that amylose (Am)
in starch leads to tougher film whereas
amylopectin  (Ap) generally produces lesser
mechanical properties. Physical and chemical
properties of starch films can be controlled by
adjusting Am:Ap ratio [14]. Egbe et al. [19] also
established that the granule distributions of
cassava and potato starch are within the range of
5 - 8 ym which is comparatively within the pore
size of agarose (6 - 35 ym) [22]. More also,
Jiménez et al. [7] stated that when starch
constituents are in solution, its granules swell
and the medium properties change from simple
starch granules suspension to a starch paste
thereby forming separate amylose and
amylopectin phases because of thermodynamic
immiscibility and according to Subari¢ et al.
(2012), starch functionality is directly related to
gelatinization and the properties of the
paste.




The importance of gel electrophoresis technique
in molecular biology and other related fields in
the separation of nucleic acids and proteins can
not be overemphasized. The standard use and
popularity of agarose gels as medium for
electrophoresis depends largely on its
advantages such as formation of gel that is easy
to cast [23], wide separation of both moderately-
sized and large DNA molecules as well as
provision of a non-toxic gel medium [24].
However, agarose gels are not suitable for
separation of low molecular weight DNA and also
produce poor band resolution [25].
Polyacrylamide (acrylamide) gels which may be
used to remedy the disadvantages of agarose
gels also produce toxic and fragile gels which are
tedious and difficult to handle [24]. High cost of
both agarose and acrylamide impose serious
hindrance to molecular studies not only in Nigeria
but also in limited resource-laboratories of other
developing countries. In early 1960s before the
emergence of agarose, cheap and available
materials such as starch (though not popular)
and agar were used as electrophoretic medium.
Unfortunately, the use of starch has fallen out in
modern science. However, cassava and sweet
potato have been reported to contain
polysaccharides with similar chemical properties
as agarose (D-galactose and agarobiose) and
these crops are locally abundant and affordable;
yet little or no effort has been put to develop
them as an alternative to agarose. Therefore, the
objective of this study was to proffer lasting
solutions to lacks of local content development
surrounding molecular analysis in developing
country like Nigeria.

2. MATERIALS AND METHODS

2.1 Collection of Cassava and Sweet
Potato Tubers

Two fresh cultivars of cassava (Manihot
esculenta) and two sweet potato (Ipomae
batatas) tubers were obtained from farm in
Obomanagu Ukwuagba Ngbo, Ohaukwu Local
Government Area, Ebonyi State, Nigeria. The
cassava species locally identified as Rubber
Cassava (RC) and Opokopo Cassava (OP) were
the varieties of cassava mostly cultivated within
the area. White sweet potato (WSP) and yellow
sweet potato (YSP) were randomly selected.
Starch of the cassava and sweet potato samples
were extracted from fresh root tubers of each
cultivar. The research was conducted at
Biotechnology laboratory of Nigerian Defense
Academy, Kaduna, Nigeria, in September, 2021.
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2.2 Extraction of Starch

Starch extraction was carried out within two
hours of harvesting based on the method of
Brabet et al. [24] and Kamaljit et al. [26]. Fresh
tubers of each cultivar were washed, peeled,
chopped into approximately 1 cm cubes and
were ground in a high-speed blender for 5
minutes. The pulp was suspended in ten times its
volume of water, stirred for 5 minutes and filtered
using double fold cheese cloth. The filtrate was
allowed to stand for 2 hours for the starch to
settle and the top liquid was decanted and
discarded. Clean water (2 L) was added to the
sediment and the mixture was stirred again for 5
minutes. Filtration was repeated as before and
the starch from filtrate was allowed to settle. After
decanting the top liquid, the sediment (starch)
was dried at 55°C for 7 hours. The starch
powders were used for further analysis.

2.3 Determination of Starch Granules
Morphology (Pore Sizes and Shapes)

Method described by Fitt and Snyder [27], was
adopted for determining the granule morphology
of RC, OP, WSP and YSP starch. A drop of
distiled water was placed on one side of a
standard microscope slide. Each starch sample
(5 mg) was weighed and transferred into the
water and a narrow-pointed spatula was used to
mix and homogenize the starch. The suspension
was covered with a cover slip. Air bubbles were
not entrapped and to obtain a thin film, a tissue
paper held at the edge of the cover slip was used
to wick off excess water. The specimens were
examined by looking at several fields at 150-
300X magnification. Granule size range, granule
shape and appearance under polarized light
were photographed and measured using light
microscope fitted with a calibrated eyepiece to
calculate the average and range of the granule
using a computer software application.

2.4 Determination of Gelatinization
Temperature and pH Value

To determine the gelling temperature of each
sample, 2.2 g of RC, OP, WSP and YSP was
mixed with 0.8 g agar-agar (3% composite
starch), 1 g of agar-agar and 1 g of agarose were
transferred into 250 ml capacity beakers
containing 100 ml of 1x TBE (Tris-Borate-EDTA)
buffer. The solution was stirred thoroughly and
then solubilized by heating in a microwave oven
60°C for 7 - 10 minutes intermittently until the
mixture became clear. An electronic thermometer



and pH meter (model HI 8424 with pH buffer 7)
was inserted immediately into the solution. The
melting and gelling temperature and the pH
values of each sample were recorded.

2.5 Starch Clarity and
Determination

Impurity Level

The clarity and purity of the samples were
determined by  Spectrophotometer  Light
Transmittance (%T) Method. The reconstituted
solutions of starch (1% w/w) were used to
determine the clarity and purity of the starch (RC,
OP, WSP, YSP and pure agarose) following the
method for measuring light transmittance in
starch solution as described by Craig et al. [1].
To determine the starch clarity, 0.9 g each of
agarose, RC, OP, WSP and YSP were weighed
into different 250 ml conical flask capacity and
dissolved with 100 ml of distilled water. Each
solution was heated in water bath at 90 °C for 50
minutes and allowed to cool to room temperature
(the flasks were shaken at a minute interval to
avoid formation of lumps). The transmittance was
measured at 610 nm using spectrophotometer
(Spectrumlab 23A No. 23A08182). Method of
Bhagya et al. [28] was used to determine the
starch purity. A 100 mg of each starch was boiled
in 3 ml of 80% ethanol for 10 minutes and the
residue collected was dried for 4 hours at 70 °C.
After drying the starch residue, 10 ml of 52%
HCIO, was added to the dried residue. To digest
the dried starch residue, the flask containing the
starch was placed in water bath (28°C) for 15
minutes and made up to 25 ml with distilled
water, then filtered with Whatman No. 1. After
filtration, 20 pl of the filtrate was made up to 1 ml
with distilled water before addition of 1 ml of 5%
phenol and 5 ml 36N H,SO,. About 20 - 100 uL
of pure glucose was wused as control.
Spectrophotometer was used and the
absorbance of the solutions was recorded at 490
nm. The amount of sugar present in the starch
samples were calculated by multiplying the total
sugar by 0.9.

2.6 Preparation of 1 Litre of 1X TBE Bufer
Stock Solution

A working solution of TBE (tris—boric EDTA
(Ethylenediaminetetraacetic Acid)) was prepared
by measuring 10.8 g of Tris, 5.5 g Boric acid into
a beaker and dissolved with 100 ml of distilled
water using magnetic stirrer. A volume of 4 ml of
Na,EDTA at pH 8.0 was dispensed into the
solution. It was topped to the 1 L mark with
distilled water to obtain a working solution of 1 x.
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2.7Gel Preparation of Unblended
Cassava and sweet potato Starch

To determine the gelling ability of the samples,
each of the cassava (RC and OP) and sweet
potato (WSP and YSP) starch were weighed in
different quantities (1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5,
5.5 and 6 g) into 250 ml capacity beakers and
each were dissolved in 100 ml of 1x TBE (0.13 M
tris (pH 7.6), 45 mM boric acid, and 2.5 mM
EDTA) buffer. The solutions were solubilized by
heating in a microwave oven (74HW-1 Temp.,
microwave. Search Tech) at 60 °C for 7 to 10
minutes using stop watch intermittently until
transparent mixture was observed under
constant manual shaking at 30 seconds to 1-
minute interval. The dissolved solutions were
separately plate poured into separate petri-
dishes and allowed to gel under close
observation.

2.8 Gel Formation of Starch-agar Mixtures

This experiment was carried out in triplicate by
blending different quantities of cassava (RC and
OP) and sweet potato (WSP and YSP) starch (1,
15, 2, 25, 3, 35, 4, 45,5, 55 and 6 g) with
different quantities of (0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7, 0.75 and 0.89g) of agar-agar to determine the
concentration of the composite starch that would
form firm gel suitable for gel electrophoresis.
Each composite starch was weighed into 250 ml
capacity beakers containing 100 ml of 1x TBE
(Tris-Borate-EDTA) buffer. The solutions were
solubilized by heating in a microwave oven
(74HW-1 Temp., microwave. Search Tech) at
60°C for 7 - 10 minutes using stop watch
intermittently until transparent mixture was
observed under constant shaking at 30 seconds
to 1 min interval. Each solution was plate poured
separately into petri-dishes and allowed to gel
under close observation. The concentrations of
the starch, agar-agar concentration, melting time
(min), pH, gelling time (min) and gelling
temperature (°C) were recorded.

2.9Gel Formation of
Mixtures

Starch-agarose

In our previous study [19], Rubber Cassava (RC)
starch proved to possess physiochemical
properties comparable to that of agarose gel
more than other starch studied. Therefore,
different quantities (0.1, 0.2, 0.3, 0.4g, 0.5 and
0.6g) of RC and agarose powder (0.1, 0.2, 0.3,
0.4, 0.5 and 0.6g) were blended to determine the
best quantities of gel for gel electrophoresis.



Several quantities of the starch were checked
against each agarose quantity. The composite
starch was weighed into 250 ml capacity beakers
containing 100 ml of 1x TBE (Tris-Borate-EDTA)
buffer and the mixture was solubilized by heating
in a microwave oven 60°C for 7 - 10 minutes
intermittently until transparent mixture was
observed under constant shaking at 30 seconds
to 1-minute interval. The dissolved solutions

were separately plate poured into petri-
dishes and allowed to gel under close
observation.

2.10 Preparation of 1% agarose gel

(Control)

An amount of 1 g of agarose powder was
weighed and transferred into 100 ml of TBE
buffer. It was gently stirred and initially
microwaved for 1 minute, and subsequently for
about 20 seconds until clear solution was seen.
After heating, the solution was allowed to cool for
5 minutes before 10 pul of DNA stain (Apex safe
DNA gel stain) was pipetted into the agarose
solution. The solution was gently stirred and
carefully poured into the gel tray having comb
inserted appropriately and allowed to solidify for
about 12 minutes before the comb was carefully
removed and the gel was horizontally placed into
a gel tank. The 1x TBE buffer was poured into
the gel tank until it reached the maximum
mark.

2.11 Loading of PCR Product (CMLA
Gene) and DNA Ladder into Agarose
Gel

Five microliters (5ug/ml) 100bp DNA ladder
(100bp Quick Load Purple DNA ladder, NO551S,
New England BioLab) was pipetted first into the
well followed by the CMLA Gene (mixture of 15ul
of CMLA and 5 pl of loading dye) and
electrophoresis was run at 100 V and 400 Watts
for 30 minutes. The gel containing DNA bands
was transferred to UV trans-illuminator/ gel
documentation (Azure Biosystems) system. The

gel was photographed and saved in the
computer.
2.12 Starch Gel Preparation for

Electrophoresis

The Rubber Cassava (RC) and White Sweet
Potato (WSP) were modified with agar-agar as
well as agarose and then wused for gel
preparation. As at the time this study was carried
out as far as we know, no literature containing
standard protocol suit for our purpose was found.
We therefore adopted try and error method to
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determine concentration of starch, agar-agar and
agarose that can be combined to form good gel
for electrophoresis. The quantity of composite
starch selected out of other concentrations
considered are 3% RCagar (2.2 g of RC and 0.8
g of agar-agar), 4% RCagar (3.2 g of RC and 0.8
g of agar-agar), 4% WSPagar (3.2 g of RC and
0.8 g of agar-agar), 4% RCagarose (3.6 g of RC
and 0.4 g of agarose), 4% WSPagarose (3.6 g of
RC and 0.4 g of agarose). The 3% RCagar was
dissolved in 100 ml of 1x TBE buffer while 4%
RCagar, 4% WSPagar, 4% RCagarose and 4%
WSPagarose were dissolved in 100 ml of 1x TBE
buffer respectively. Each of the composite starch
was stirred for 4 - 5 minutes to properly
homogenize the mixture and then, initially
microwaved and stirred for 2 minute and
subsequently for about 15 - 20 seconds until
transparent solution was observed. The mixture
was allowed to cool for 2 minutes before
dispensing 10 ul of DNA stain (Apex safe DNA
gel stain) into the solution and stirred
immediately, then carefully poured into the gel
tray with comb inserted appropriately and the gel
was allowed to solidify for about 12 minutes
before the comb was carefully removed and the
gel was horizontally placed into a gel tank. The
1x TBE buffer was poured into the gel tank until it
reached the maximum mark.

2.13 Loading of PCR Product (CMLA
Gene) and DNA Ladder into Blended
Starch Gel

Five microliters of 5 pg 1kb /ml of 1kb (Quick
Load Purple DNA ladder, NO551S, New England
BioLab) was carefully pipetted into the third (3“’)
well of 3% RCagar gel and 1kb DNA ladder into
the fifth (5") well. DNA ladder (1kb) was pipetted
into 4% RCagar and WSPagar gel. Similarly, 5 pul
of 1kb and 100kb DNA ladder were pipetted into
second (2" and ninth (9™) well of 4%
RCagarose. 20 pl PCR amplicon (mixture of 15l
of CMLA and 5 pl of loading dye) was also
loaded in 4% RCagarose. The gel was run at
100V for 30 minutes. The power source was
switched off and the gel tray containing the gel
removed when the dye front had travelled
approximately 80% of the length.

2.14 Visualization under UV trans-
illuminator / Gel Documentation
Machine

The gel containing DNA bands was transferred to
UV trans-illuminator/ gel documentation (Azure



Biosystems) system. The gel was photographed
and saved in the computer.

2.15 Statistical Analysis

Data collected were analyzed using Microsoft
Excel and SPSS (Version 23). Results were
presented as mean = SD from one way analysis
of variance (ANOVA). N = 3. Values with
different superscripts down the column are
significantly different from each other at P < 0.05.
Tukey’'s-HSD Post HOC Test

3. RESULTS
3.1 Starch Granules Morphology

Table 1 shows the result of the granule
morphology (pore sizes and shapes) of cassava
and sweet potato starch samples studied. The
results revealed that the pore size of starch for
RC and OP were 5.525 + 1.9346 ym and 5.650 %
1.0472 ym respectively. Similarly, WSP and YSP
pore sizes were 6.075 + 2.3838 ym and 8.275 *
1.5064 pm respectively. The results revealed
that YSP showed the widest pore size (8.275 +
1.5064 pm) when compared to all the other
starch samples studied. Most starch granules
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studied were round or oval, but asymmetrical
granules were also seen.

3.2 Starch Clarity and Impurity Level

Table 2 showed the clarity, purity and pH of
agarose, agar-agar, unblended, blended starch
samples studied. The study revealed that there
was significant difference (p < 0.05) between
clarity of the samples studied. RCagar (0.346 *
0.002 ml) was clearer than other blended starch
samples studied though not comparable to that
of Agarose (0.008 = 0.000 ml). Blended cassava
and sweet potato starches were more turbid than
unblended samples. The result also established
that there was a significant difference (p < 0.05)
between the purity of the sample showed the
least contamination levels. Rubber Cassava
(RC) (36.089 = 0.116 ml) followed by RCagar
(40.087 £ 1.112 ml) while YSPagar (129.400 +
0.000 ml) and YSP (124.4 + .000 ml) had higher
contamination level. The results of the study as
presented in Table 2 also established that the pH
values of cassava and sweet potato starch
studied ranged from 7.7 to 7.8 while agarose and
agar-agar were 7.5 and 7.9. Hence, there was no
significant difference (P = 0.05) between the pH
of the starch samples and agarose.

Table 1. Cassava and sweet potatoes starch granule morphology

Common name Starch pore size (um) Shape

RC 5.525 + 1.9346° Oval, round

OoP 5.650 + 1.0472% Oval, asymmetrical
YSP 6.075 + 2.3838° Oval, round

WSP 8.275 + 1.5064°

Round, asymmetrical

Results are presented as mean + SD. Values with different superscripts down the column are significantly different from each
other at P < 0.05. Tukey’s-HSD Post Hoc test. Results in this table are the same with the result in our previous publication [19]
Key: OP = Opokopo Cassava, WSP = white sweet potato, YSP = Yellow sweet potato

Table 2. Clarity, Purity and pH Values of the Samples

Samples Clarity + S.D (nm) Purity £ S.D pH+S.D

Agarose 0.008 + 0.000° 0.000 + 0.000% 7.51+ 1.57°
Agar-agar 0.269 + 0.000" 5.269 + 0.000° 7.93+ 2.30°
RC 0.265 + 0.004" 36.089 + 0.116° 7.95 +0.38%
OoP 0.686 + 0.037° 108.834 + 2.722° 8.62 £ 0.15%
WSP 0.798 + 0.000° 121.1 £ .057° 7.77 £0.25°
YSP 0.753 +0.001° 124.4 + .000° 7.72 +£0.16%
RCagar 0.346 + 0.002° 40.087 + 1.112° 7.84 +0.09%
OPagar 0.867 +0.001° 114.833 + 4.722° 7.76 £ 0.12%
WSPagar 0.886 + 0.001° 123.367 + .0578° 7.89 +0.30%
YSPagar 0.884 + 0.002° 129.400 + 0.000° 7.71 £0.36°
RCagarose 0.850 + 0.002° 40.087 + 1.116° 7.79 £ 0.84°

Results are presented as mean + SD. Values with different superscripts down the column significantly different from each other
at P < 0.05. Tukey’s-HSD Post Hoc test
Key: OP = Opokopo Cassava, WSP = white sweet potato, YSP = Yellow sweet potato, RCagarose = Rubber cassava blended
with Agarose, RCagar = Rubber Cassava blended with Agar-agar, OPagar = Opokopo Cassava blended with Agar-agar,
WSPagar = White sweet potato blended with Agar-agar, YSP agar = Yellow sweet potato blended with Agar-agar



Gels Formed from
Blended and

3.3 Properties of
Agarose, Agar-agar,
Unblended Starch

Table 3 presents the result of the properties of
gels formed from agarose, agar-agar, blended
and unblended starch. The result revealed that
RC starch could not form a strong gel except
when blended with some amount of agarose or
agar-agar. Hence, best gel for the purpose of this
study was formed when 3.2 g of each starch
sample was blended with 0.8 g of agar-agar (4%
composite starch). Meanwhile, 4% of RCagarose
(3.69g of starch and 0.4 g of agarose) formed the
gel comparable to that of pure agarose. The
melting  temperature  (Tm) and gelling
temperature (Tg) of the starch samples studied
ranged from 74 - 85°C and 51 - 58°C
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respectively. While the melting and gelling time
(Min) ranged from 4 - 6 minutes and 12 - 21
minutes respectively depending on the amount of
agarose or agar-agar used. The result also
showed that the sweet potato composite starch
(WSPagar and YSPagar) formed a cloudy

gel.

3.4 Gel Formation of Unblended Cassava
and Sweet Potato Starch

Table 4 shows the result of gel formation of
unblended cassava (RC and OP) and Sweet
potato (WSP and YSP) starch. The result
revealed that none of the starch concentrations
(1% to 6%) starch could form a strong gel.
However, RC and OP formed lumps at 5.5% and
6%.

Table 3. Properties of gels formed from agarose, agar-agar, blended and unblended starch

Sample Conc. Starch  Agar-agar Miime Tm Tg Gtime(Min) GS Clarity
(%) () (@) (Min) €9) (°C)
Agarose 1 - - 5.15 834 54 12 ++++ clear
Agar-Agar 1 - - 6.0 79.6 53 12 +++ clear
RC 1 - - 5.55 65.0 - - - clear
RCagar 25 0.6 0.6 5.10 79.5 57 18 + clear
3 0.9 0.6 6.0 67.4 56 15 ++ clear
4 3.2 0.8 6.05 78.43 58 16 +++ clear
OPagar 25 0.6 0.6 5.15 75.2 55 21 + clear
3 0.9 0.6 6.10 82.4 54 18 ++ clear
4 3.2 0.8 6.15 86.5 58 15 +++ clear
YSPagar 25 0.6 0.6 5.25 61.0 31 15 + clear
3 0.9 0.6 5.55 77.1 40 15 ++ clear
4 3.2 0.8 6.00 85.8 47 14 +++ cloudy
WSPagar 2.5 0.6 0.6 5.55 82.0 35 18 + clear
3 0.9 0.6 6.00 80.8 37 16 ++ clear
4 3.2 0.8 6.15 80.6 35 15 cloudy
4 3.6 04 4.10 85.3 51 16 ++++ clear

Key: Conc = Starch Concentrations (%); Mime = Melting Time (Minutes); Tm = Melting Temperature (°C); agar-agar = agar-
agar concentration; Tg = Gelling Temperature; Gime = Gelling Time (Minutes).- = Neither gelled nor solidified; + = lumps; ++ =
soft gel, +++ = semi-solid gel; ++++ = solid gel; RC = Rubber Cassava, RCagar = Rubber Cassava blended with Agar-agar,
OPagar = Opokopo Cassava blended with Agar-agar, WSPagar = White sweet potato blended with Agar-agar, YSP agar =
Yellow sweet potato blended with Agar-agar

Table 4. Gel Formation on unblended cassava and sweet potato starch

Samples Concentration (%)
1 1.5 2 2.5 3 3.5 4 4.5 5 55 6
RC - - - - - - - - - + +
OP - - - - - - - - - + +
YSP - - - - - - - - - - -
WSP - - - - - - - - - - -
Key: - = Neither gelled nor solidified, + = Lumps were formed.

RC =Rubber Cassava, OP = Opokopo Cassava, WSP = white sweet potato, YSP = Yellow sweet potato
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3.5Gel Formation of Composite Starch
Blended with Agar-agar and
Agarose

Table 5 presents the results of gel formed by
starch blended with agar-agar and agarose. The
result revealed that the amount of agar-agar or
agarose mixed with either cassava or sweet
potato starch determines how solid the gel
becomes. Lumps and soft gels were formed at
lower concentration (1 - 2%) of RCagar, OPagar,
WSPagar and YSPagar. Semi-solid but sticky gel
was formed when 2.2 g of starch was blended
with 0.8 g of agar-agar. By varying both the
concentration of starch and agar-agar, gel
suitable for electrophoresis formed at 4% (3.2 g
of starch and 0.8 g of agar-agar). Meanwhile, 5%
-6% concentration formed solid gel. However,
WSPagar and YSPagar formed cloudy gel
formed when compared to that of RCagar and
pure agarose as shown in Fig. 1. Agarose (0.4 g)
was also mixed with 3. 6 g of RCagar and 3.6 g
of WSP (4% RCagarose and WSPagarose) and
solid gel suitable for gel electrophoresis was
formed. However, WSPagarose formed an
opaque gel.

3.6 Electropherogram of DNA Ladders on
Starch-Agar Gel

igure 1 is the electropherogram of DNA ladders
on cassava and sweet potato composite starch
gel. Migration of DNA ladders (1kb and 100bp)
occurred through the blended cassava (Figs. 1B
and C) and sweet potato (Fig. 1D) starch gel.
However, the DNA bands on 3% and 4% RCagar
did not appear as clear as that of 1% agarose
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(Fig. 1A). Gel formed by 4% WSPagar was
cloudy, therefore, the DNA bands were not clear
when visualized in blue light and ultra violet light
of gel documentation (Azure Biosystems) system
as shown in Fig. 1D.

3.7 Electropherogram of DNA Ladder on
Starch-agarose Gel

Figs. 2 A, B and C are the electropherograms of
DNA ladders resolved on starch-agarose gel.
Migration of DNA ladders (1kb and 100bp)
occurred through the gel formed by cassava and
sweet potato starch blended with agarose. The
bands of DNA ladder resolved by 4% RCagarose
gel (Fig. 2B) was as clear as the bands on 1%
agarose gel (Fig. 2A). However, 4%
WSPagarose gel appeared cloudy and the
resolved bands of 100bp DNA ladder on it (Fig.
2C) was not as visible as that of 4% RCagarose
gel and 1% agarose gel.

3.8 Electropherogram of DNA Ladder and
PCR Product on Starch-agarose
Gel

Fig. 3 shows the electropherogram of DNA
ladders and PCR product (CLMA gene) on
starch-agarose gel. Migration of DNA ladders
(100bp) and CLMA gene (amplicon of
Antimicrobial-resistant genes associated with
Salmonella species) occurred through the gel
formed by 1% agarose gel (Fig. 3A) and
4% RCagarose gel (Fig. 3B). DNA bands
resolution on 4% RCagarose (Fig. 3B) was
comparable to that of 1% agarose gel
(Fig. 3A).

Table 5. Gel Formation on composite starch blended with agar-agar and agarose

Samples Concentrations (%)
1(0.1ag) 2(0.0.3ag) 3(0.5ag) 3.5(0.6ag) 4(0.7ag) 4.5(0.75ag) 5(0.8ag) 5.5(0.8ag) 6(0.8ag)

RCagarose  ++ +++

WSPagarose ++ +++

RCagar + + + ++ +++ +++ ++++ ++++ ++++
OPagar + + + ++ +++ +++ ++++ ++++ ++++
WSPagar + + + ++ +++ +++ ++++ ++++ ++++
YSPagar + + + ++ +++ +++ ++++ ++++ ++++

Key: (0.1ag, 0.3ag, 0.5ag, 0.6ag, 0.7ag, 0.75ag, and 0.8ag) = agar-agar concentration. 0.4g of agarose formed strong gel with
3.6g of starch, + = lumps, ++ = soft gel, +++ = semi-solid gel, ++++ = solid gel. RCagarose = Rubber Cassava blended with
Agarose, WSPagarose = White sweet potato blended with Agarose, RCagar = Rubber Cassava blended with Agar-agar,
OPagar = Opokopo Cassava blended with Agar-agar, WSPagar = White sweet potato blended with Agar-agar, YSP agar =
Yellow sweet potato blended with Agar-agar
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Fig. 1. Electropherogram of DNA Ladders on Starch-Agar Gel. A= 1% Agarose gel, B= 3%
RCagar gel (2.2g rubber cassava starch and 0.8g agar-agar), C= 4% RCagar gel (3.2g rubber
cassava starch and 0.8g agar-agar) and D = 4% WSPagar gel (3.2g white Sweet potato starch
and 0.8g agar-agar). Well 1 contains 1kb DNA Ladder and Well 2 contains 100bp ladder DNA

Fig. 2. Electropherogram of DNA Ladder on Starch-Agarose Gel. Well 1 contains 1kb DNA
ladder, Well 2 contains 100bp DNA ladder, 2A= 1% agarose gel (Control), 2B= 4% RCagarose
gel (3.6 g of rubber cassava starch and 0.4 g of agarose) and 2C= WSPagarose (3.6 g of white

sweet potato starch and 0.4 g of agarose)
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Fig. 3. Electropherogram of DNA ladder and CMLA Gene on Agarose and Composite Starch
Gel. Well 1 contains 100bp ladder DNA while well 2 contains CMLA gene. A= 4% RCagarose
gel (3.6 g of rubber cassava starch and 0.4 g of agarose) gel, B= 1% Agarose (Control)

4. DISCUSSION

Starch consists of two glucose-containing
polymers such as a-linked large amylose and
highly branched amylopectin [29] whereas
agarose is made up of repeated residues of
1,3-linked B-D-galactopyranose and
1,4-linked 3,6-anhydro-a-L-galactopyranose [20].
Polysaccharides present in starch are also held
together by hydrogen-bond [30]. A report on gel
formation by starch established that starch
granules swell, gelatinize and hydrate easily
when heated in water [30]. However, the
functional properties and applications of starch
depend on the crop source [30].

The migration of DNA molecules through
agarose gel largely depends on the pore size of
the matrix of agarose gel, molecular size and
charges of the biomolecules [22]. The results
(Table 1) showed starch granule distribution in
the range of 5525 + 1.9346 ym to 8.275 +
1.5064 pm for Rubber Cassava (RC), Opokopo
Cassava (OP), white sweet potato (WSP) and
yellow sweet potato (YSP). Comparatively,
Altland and Hackler, [22] reported the pore size
of agarose to be within the range of 6 to 35um.
The values of starch pore sizes obtained from
this study are also in line with literature figures
which have been reported to fall within the
ranges of 2 to 42um [31,32].

Study on the clarity of starch gel samples
revealed that RCagar and RCagarose (Table 2)
formed the most transparent gel (Figs. 2B, C and
3B) compared to other starch composite studied.
The purity level of cassava starch in this study
(Table 2) was higher than those of sweet potato
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starch which could also account for cassava
starch vyielding better separation of DNA
biomolecule. Independent researchers reported
that the presence of non-starch impurities such
as polyphenols, ascorbic acids and carotene may
have negative effects on the starch quality and
the final functionality of starch [16,18].

The pH values (Table 2) of cassava and sweet
potato starch studied ranged from 7.7 to 7.9.
Hence, there was no significant difference (p =
0.05) in the pH of the starch when compared with
that of pure agarose (7.5). Chen et al. [32]
speculated that pH level in starch has some
effects on the functionality of starch. Adebowale
et al. [33] reported increase in the solubility of
high pH starches as a result of increase in the
hydrophilic characteristics of the starch at these
pH values.

The melting temperature (Tm) and gelling
temperature (Tg) of the starch samples studied
ranged from 74 85°C and 51 58°C
respectively. While the melting and gelling time
(Min) ranged from 4 - 6 minutes and 12 - 21
minutes respectively depending on the amount of
agarose or agar-agar used. Table 3 shows that
the melting temperature (Tm) and gelling
temperature (Tg) of the starch samples studied
ranged from 74 85°C and 51 58°C
respectively. While the melting and gelling time
(Min) ranged from 4 - 6 minutes and 12 - 21
minutes respectively depending on the amount of
agarose or agar-agar used. Values obtained in
this study are in line with the literature report by
Chen et al. [14] who noted that the melting
temperature on heat moisture treatment for most
starch is within 70 130°C and gelling



temperature of 15-35°C comparable to the
melting temperature (85 - 95°C) and gelling
temperature range (35-42°C) of agarose gel
[34].

The result also showed that the sweet potato
composite starch (WSPagar and YSPagar)
formed a cloudy gel which can be attributed to
the level of opacity of the starch gel. The DNA
samples (100bp and 1kb ladder as well as CLMA
gene) migrated clearly through the starch
composite gel at different times throughout the
electrophoresis (30 minutes to 1 hour) and 30 -
45 minutes for 1% agarose. The differences in
the gelatinization temperature could be as a
result of branch chain lengths of amylopectin
distributions. Meyer et al. [35] reported that
starch containing longer chain lenghts of
branched amylopectin void of other structural
differences such as phosphate monoester
contents show higher gelatinization temperature
and formation of strong gel.

None of the concentrations of the starch studied
(Table 4) formed strong and solid gel suitable for
gel electrophoresis, hence, the need for blending
with little amount of either agar-agar or agarose
before gelling (Table 5). This is in agreement
with the report of Meyer et al. [35] who noted that
starch paste would produce a highly viscous
liquid without addition of amylose. Agarose gel
electrophoresis was carried out as a positive
control to blended cassava and sweet potato
starch gel electrophoresis. Table 2 provided the
choice of using RCagar, RCagarose, WSPagar

and WSPagarose over OPagar, OPagarose,
YSPagar and YSPagarose on gel
electrophoresis. The DNA ladders were

separated as expected. Cassava starch blended
with agar-agar resolved DNA ladder but the DNA
bands were not as clear as that of pure agarose
due to high level of contamination in the
composite starch gel. Table 2 provided the
evidence that both agar-agar (5.269 + 0.000) and
cassava (RC) starch (36.089 + 0.116) contained
high amount of impurity while agarose had no
contamination (0.000 + 0.000). This is also in line
with some research literatures which established
that there is presence of non-starch impurities
like ascorbic acids, polyphenols and carotene
which may have negative effects on the starch
quality and the final functionality of starch
[16-18].

However, DNA bands found in RCagarose were
clear and comparable to that of pure agarose gel
(Figs. 2A and B) but the electropherogram of
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DNA ladder found on white sweet potato blended
with agarose (4% WSPagarose) was cloudy.
This could also be attributed to the higher level of
contamination in sweet potato starch samples as
shown in Table 2. Generally, sweet potato starch
blended with either agar-agar or agarose formed
cloudy gel and as a result, the DNA molecules
resolved were not visible enough (Figs. 1D and
2C). We also investigated the possibility of
reducing the cost of agarose by blending
cassava starch (3.6 g of RC) with little amount of
agarose (0.4 g). The composite starch (4%
RCagarose) resolved DNA molecules (100kb
DNA ladders and CLMA genes (Antimicrobial-
resistant genes associated with Salmonella
species)) were separated as expected (Fig. 3B).
The result was comparable to that of 1% agarose
gel (Fig. 3A). Therefore, these results, do not
only demonstrate the possibility of replacing
agarose  with cheaper and available local
resources like cassava but also proved that the
cost of molecular analysis can be reduced to a
significant amount by combining cassava starch
with little amount of agarose [36-42].

5. CONCLUSION

The importance of starch as a biopolymer
continues to be on the upward trend due to its
versatility. The use of cassava starch (RCagar
and RCagarose) gel to separate DNA molecules
offers huge hope for future studies. We therefore
recommend that further research should be
carried out on the optimization of cassava starch
gel in DNA electrophoresis.

6. LIMITATIONS

None of the starch concentrations gelled
except when mixed with agar-agar or pure
agarose powder which increased the cost of the
study. The disparity in the clarity between
composite starch and agarose could be
attributed to the high level of contamination in the
starch used which would have reduced to

minimal level if highly purified starch was
used.
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