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The use of agarose in electrophoresis is indispensable in modern biotechnology research. However, aga-
rose is relatively expensive and not available in limited-budget scientific institutions, labs and education-
al facilities. Therefore, the search for more economical and available alternatives for researchers in de-
veloping countries and different educational institutions was urgently needed. This study was conducted 
on several alternatives to agarose gel, including animal gelatin, microbiological grade agar-agar, wheat 
starch and a mixture of animal gelatin and agar-agar. The study focused on food grade agar-agar to find a 
suitable alternative to agarose with appropriate treatment with NaCl, NaHCO₃, and NaOH, and different 
parameters of comparison were documented to see which alternative gave the best results. In addition 
to the agarose substitute and to make a more approachable method for labs on a tight budget, an alter-
native to electrolyte to TBE or TAE was used, consisting of NaCl and NaHCO₃ and NaOH and water in a 
very precise percentage to give PH= 9.1. To test the manufactured Gel in this method, DNA samples were 
loaded, and the gel result of separation using treated food grade agar-agar showed results compared to 
agarose gel in the same standards, and the process of using it was relatively simple and similar to that 
of agarose. This electrophoresis method costs 15 times less than industrial-grade agarose and TBE or 
TAE and could increase the scale of research in the field of biotechnology applications and education. 
Keywords: Electrophoresis, Agarose, Manufactured Gel, Gelatin, Dna, Agar-Agar.
Abrevation: Tbe: Tris Boric Acid Edta - Tae: Tris Acetic Acid Edta.

 ABSTRACT

الملخص

الأغــاروز  ولكــن هلام  الحديثــة.  الحيويــة  التكنولوجيــا  أبحــاث  فــي  أمــراً لا غنــى عنــه  الكهربائــي  الــرحلان  فــي  الأغــاروز  اســتخدام  يعــد 
مكلــف نســبياً وغيــر متوفــر فــي المؤسســات العلميــة والمختبــرات والمرافــق التعليميــة ذات الميزانيــة المحــدودة. لذلــك فــإن البحــث عــن بدائــل 
هــذه  المختلفــة. أجريــت  التعليميــة  الناميــة والجهــات  الــدول  فــي  للباحثيــن  مــن الأغــاروز أصبــح حاجــة ملحــة  اقتصاديــة ومتاحيــة  أكثــر 
الدراســة علــى بدائــل عــدة لــهلام الأغــاروز والتــي شــملت الجيلاتيــن الحيوانــي، والآغــار- آغــار المســتخدم فــي تطبيقــات الميكروبيولوجيــا، 
ونشــاء القمــح وخليــط مــن الجيلاتيــن الحيوانــي والآغار-آغــار، وركــزت الدراســة علــى الآغــار- آغــار  المســتخدم فــي تطبيقــات التغذيــة 
لإيجــاد بديــل مناســب للأغــاروز مــع معالجــة هــذا البديــل باســتخدام كلوريــد الصوديــوم NaCl وبيكربونــات الصوديــوم NaHCO₃ ومــاءات 
هلام  بديــل  إلــى  النتائــج.  بالإضافــة  أفضــل  أعطــى  الــذي  البديــل  لمعرفــة  للمقارنــة  مختلفــة  معاييــر  توثيــق  وتــم   ،NaOH الصوديــوم 
الأغــاروز ولجعــل هــذه الطريقــة أكثــر ســهولة للمختبــرات ذات الميزانيــة المحــدودة، اســتُخدم بديــل لمحلــول الــرحلان الكهربائــي الشــاردي 
 .PH= 9.1 جــداً لإعطــاء درجــة حموضــة دقيقــة  بنســب  والمــاء   NaOHو NaHCO₃و NaCl مــن  يتكــون  TBE وTAE، وهــو  الـــ 
تــم تحميــل عينــات الحمــض النــووي  فــي رحلان كهربائــي لاختبــار كفــاءة الــهلام المصنــع بهــذه الطريقــة، وأظهــرت نتيجــةُ فصــل الــهلام 
باســتخدام هلام آغار-آغــار  مــن الدرجــة الغذائيــة المعالــج أفضــلَ النتائــج،  وتمــت مقارنتهــا بــهلام الأغــاروز بنفــس المعاييــر، وكانــت 
عمليــة اســتخدامه بسيطــة نســبياً وتشبــه طريقــة اســتخدام الأغــاروز. تُعــدُ طريقــة الــرحلان الكهربائــي هــذه أقــل تكلفــة بنحــو 15 مــرة مــن 
الــرحلان باســتخدام الأغــاروز وTBE أو TAE ويمكــن أن تزيــد وتيــرة البحــث فــي مجــال تطبيــق التكنولوجيــا الحيويــة والتعليــم. تكلفــة 

الكلمات المفتاحية: رحلان كهربائي، أغاروز، هلام مصنع، جيلاتين، دي إن آيه، آغار-آغار.
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MATERIALS AND METHODS
INTRODUCTION
Electrophoresis is a method for separating charged 
particles under an electric field. Electrophoresis, in its 
various forms or types, has become the most widely 
used method for analyzing biological molecules 
in biochemistry or molecular biology, including 
genetic components such as DNA or RNA, proteins, 
and Polysaccharides [1] [2]. The high-precision 
of electrophoresis has made it an important tool 
for advancing biotechnology [3]. Agarose gel 
electrophoresis is a form of electrophoresis used 
to separate DNA fragments based on their size [4]. 
Under the influence of an electric field, fragments 
will migrate to either the cathode or the anode, 
depending on the nature of their net charge. It is 
the most common means of separating moderate 
to large-sized nucleic acids and has a wide range 
of separations [5]. And an effective method for 
separating, identifying, and purifying 0.5 to 25 kb 
DNA fragments. It is known that the mobility is 
independent of the size of DNA with the size ~400 
base pairs (bp) and larger, and it varies with the ionic 
strength of the electrolyte solution used [6]. The 
development of gel electrophoresis as a method for 
separating and analyzing DNA has been a driving 
force in the revolution of molecular biology over the 
past 20 years [7]. These techniques are now used by 
thousands of researchers and laboratory workers. 
More than half of all scientific papers published 
in biochemistry currently rely on electrophoresis 
methods [8]. In principle, understanding DNA 
gels conceptually is easy and technically feasible. In 
practice, many small details affect the accuracy and 
repeatability of the results [7]. The electrophoresis of 
Agarose gel is typically carried out using either Tris 
acetate EDTA (TAE) or Tris boric acid EDTA (TBE) 
buffers [9]. Research has identified other effective 
solutions compared to the mentioned buffers, with 
sodium bicarbonate being one of the most important 
due to its wider availability and much lower cost than 
other buffers [10]. Many researchers have studied 
alternatives to gel agarose that are less costly, these 
studies have included: gelatin, agar, and corn starch 
[11] [12] [13].The use and study of plant-based gel has 
not been sufficiently explored in previous research, 
so we focused on this type of gel in our study as it 
can be more easily and readily sourced than agar 
gel and is relatively cheaper. It can be concluded 
that the effective use of plant-based gel may lead 
to a wider range of electrophoresis application.

Preparation of 1 L of 1X TAE buffer from 40X stock
In DNA-related biological experiments, buffers are 
used to maintain a constant physiological pH. The 
electrophoretic mobility of DNA has been found to 
be strongly buffer dependent with TAE buffer pH for 
DNA fragments being [15] [14] 8.0. A volume of 50 
mL of 40X TAE (Promega®) was measured into a 2 L 
beaker and was topped up with 1950 mL of distilled 
water to obtain a working solution of 1X TAE.
Preparation of agarose gel (positive control)
Agarose, a strongly gelling polysaccharide, is 
a common ingredient used to optimize the 
viscoelastic properties of a multitude of food 
products. This polymer is composed of a repeating 
disaccharide unit called agarobiose, which consists 
of galactose and 3,6-anhydrogalactose [16] [17]. 
The concentration of agarose in a gel depends on 
the size of the DNA fragments, which are separated 
with most gels ranging from %0.5 to [19]  [18]  %2.
1 g of electrophoresis-grade agarose (Vinantis®) 
was added to 100 ml of electrophoresis buffer. 
The gel was then prepared by melting the agarose 
in a microwave oven or autoclave and swirling 
to ensure even mixing. Melted agarose should be 
cooled to 50-60°C under running tap water before 
pouring it onto the gel cast. Gels are typically 
poured between 0.5 and 1 cm thick. The volume 
of the sample wells is determined by both the 
thickness of the gel and the size of the gel well [20].
Preparation of corn starch gel
To prepare boric acid and sodium hydroxide buffers, 
corn starch was modified by adding amount of 1.855 
g of boric acid and 0.48 g of NaOH, which were 
added to a 1 L beaker containing 200 ml of distilled 
water and stirred to homogeneity. We added 36 g 
of corn starch to the mixture and topped up with 
distilled water to the 1 L mark. The solution was 
stirred very well and allowed to stand in a water bath 
at 50 °C for 30 min. the supernatant was discarded, 
and the precipitant was kept. Next, 30 ml of distilled 
water was added to the precipitant and stirred to 
homogeneity, and then the Beecher was set in a water 
bath until it was dried. The modified dry starch was 
then ground until it became powder. An amount of 
12 g of the modified corn starch was weighed and 
added to a beaker containing 100 ml of 1X TAE and 
the beaker was placed in a water bath until boiling. 
The supernatant was discarded, and the precipitant 
was taken and poured into the gel cast with the 
combs in place, and left until it solidified [13].
Preparation of Animal gelatin gel
An amount of 1 g of animal gelatin powder 
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was weighed and added to a beaker containing 
100 ml of 1X TAE buffer. It was mixed well and 
microwaved for 2 minutes, with stopping every 
30 s to gently mix it. The solution was cooled 
underwater. The gel was then poured into the gel 
cast. This protocol is commonly used in research. 
Preparation of an agar–animal gelatin gel mixture
An amount of Agar (0.5 g) and animal gelatin 
(0.5 g) were weighed and added to a beaker 
containing 100 ml of 1X TAE buffer. The remaining 
steps are as mentioned in the animal gelatin gel.
Preparation of %1 Agar gel
An amount of 1 g of Agar was weighed 
and added to a beaker containing 100 ml 
of 1X TAE buffer.  The remaining steps are 
identical to those for animal gelatin gel.
Preparation of 1 L of sodium bicarbonate (SB) buffer
Sodium borate is a Tris-free buffer with low 
conductivity. Therefore, gels can be run at 
higher voltages. SB produces sharp bands and 
nucleic acids can be purified for all downstream 
applications. However, SB is not as efficient as 
Tris-based buffers for resolution bands larger than 
5 kb. Under standard electrophoretic conditions, 
SB provided resolution and separation as good 
as or better than TBE and TAE gels [21] [22].
A volume of 2 g of sodium bicarbonate, 0.12 g 
of NaOH and 0.05 g of NaCl was poured into a 1 
L beaker and was topped up with 1 L of water 
to obtain a working solution of SB buffer [10]. 
Preparation of 1.5 % food grade agar-agar gelatin gel
An amount of 3.75 g of food grade agar-agar 
gelatin powder was weighed and added to a beaker 
containing 250 mL of SB buffer. It was mixed well 
and microwaved for 2 minutes, with stopping 
every 30 seconds to gently mix it to avoid bubbles. 
The solution was cooled underwater. The gel was 
then poured into the gel cast. A 15 well comb was 
inserted, and the gel was left to solidify. The comb 
was gently removed, and the gel was placed in a 
horizontal gel tank. Sodium bicarbonate buffer 
was added to the gel tank at the maximum mark. 
Loading samples into modified corn starch %1 
gel and agar – animal gelatin mixture %1 gel
 Loading ten microliters (10 µl) of human genomic 
samples [23] [24] after mixing them with 3 microliters 
(3 µl) of loading dye for all wells. The gel was placed 
in the tank containing 1X TAE buffer, passed through 
an electric current of 60 V for 5 minutes and then 
increased to 95 V for 1 hour. Afterward the gel was 
removed from the horizontal gel tank and dyed in 
Ethidium Bromide for 30 minutes because ethidium 
bromide (EtBr) is sometimes added to the running 

buffer during the separation of DNA fragments by 
agarose gel electrophoresis. It is used because when 
the molecule is bound to the DNA and exposed to 
a UV light source [25], Ethidium binds strongly 
to both DNA and RNA at sites that appear to be 
saturated when one drug molecule is bound for 
every 4 or 5 nucleotides [26]. It is then transferred 
to a tank of water with mild shaking for washing 
for 2 minutes. The gel was removed and viewed 
using a gel documentation device (UVP BioDoc-It).
Loading Samples and Electrophoresis
The DNA molecular weight standard control, 
also called the DNA marker (Ladder), the 
DNA ladder was separated by conventional 
agarose gel electrophoresis [27] [28].
Loading 10 µL of human genomic samples after mixing 
them with 3 µL of loading dye for wells 3 ,2 ,1 and 4, and 
3 µL of 50 bp DNA Ladder (vivantis®) in the fifth well.
The electrophoresis involved the following steps: 
First, the voltage was 30 V for 5 minutes, the volt 
was increased to 45 V for 5 minutes, then to 60 V 
for 5 minutes, then to 70 V for 10 minutes, then to 
90 V for 1 hour and a half (1.5 h). At the end, the 
voltage was increased to 95 V for 45 minutes in 
order to avoid DNA escaping from the wells. The 
gel was removed from the horizontal gel tank and 
dyed in Ethidium Bromide for 30 minutes and then 
transferred to a tank filled with washing water for 
2 minutes. The gel was removed and viewed using 
a gel documentation device (UVP BioDoc-It). 
This protocol was performed for the %1 agarose 
gel and %1.5 treated food grade agar-agar gel.

RESULTS
Electrophoresis was performed for human genome 
samples, and a ladder of agarose gel with TAE solution 
was used as a control for the studied samples: Corn 
starch gel with TAE solution, agarose gel with TAE 
solution, animal gelatin with TAE solution, agar with 
TAE solution, agar - animal gelatin mixture with 
TAE solution, and food grade agar-agar gelatin with 
a solution of sodium bicarbonate sodium hydroxide 
and sodium chloride. All experiments were carried 
out under similar conditions of pH and using the same 
equipment and tools. Many aspects were compared 
during the experiment on a repetitive level, and a 
mean of duration of solidification, texture, color, 
dye duration and other parameters are mentioned in 
Table1. From Figure 1 we find that the animal gelatin gel 
(c) forms a surface ice layer and is not fully hardened. 
One of the reasons for this is the very low heat and 
low concentration of animal gelatin. Corn starch gel 
(B) gave a white color and similar properties in terms 
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Comparisons agarose Corn 
starch

animal 
gelatin agar

agar-animal 
gelatin 
mixture

Treated food 
grade agar-agar 

Concentration 1 % 12 % 1 % 1 % 0.5 % agar
0.5 % 
gelatin

1.5 %

Electrophoresis 
Solution TAE TAE TAE TAE TAE sodium 

bicarbonate
Laboratory 

Temperature 14 ℃ 18 ℃ 3 ℃ 18 ℃ 18 ℃ 14 ℃

Solidification Successful Successful Still liquid Successful Successful Successful

Time to 
Solidification 12 min 5 min 20 min 15 min 20 min 15 min

Voltage 
Intensity and 
Duration of 

Electrophoresis

30v for 5min
45v for 5min
60v for 5min
70v for 10min
90v for 30min
95v for 30min

60v for 
5min

95v for 1 h NA

30v for 5min
45v for 5min
60v for 5min
70v for 10min
90v for 30min

60v for 5min
95v for 1 h Consistent

Gel Structure Consistent Consistent Inconsistent Consistent Consistent Consistent

Wells Clear Clear NA Clear Clear Clear

Color of the Gel translucent 
white white transparent transparent transparent transparent

Dye Duration 
of Ethidium 

Bromide
40 min 30 min NA 40 min 15 min 40 min

Duration of 
water washing 2 min 2min NA 2 min 5 min 2 min

Solution 
Temperature 

Before and after 
Electrophoresis

Before: 17 ℃
After:18 ℃

Before: 
15 ℃ 

After:17 
℃

NA Before: 17 ℃
After:18 ℃

Before: 15 
℃

After:17 ℃

Before: 17 ℃
After:18 ℃

Human 
Genome Sample

Sample 
appearance 
inside well

NA NA

Sample 
appearance 
inside the 

wells

Sample 
appearance 
inside the 

wells

Sample 
appearance inside 

the wells

Ladder sample Appearance 
clear bands NA NA Appearance 

clear bands NA Appearance clear 
bands

Ultraviolet 
Results

clear 
fluorescence NA NA clear 

fluorescence
unclear 

fluorescence clear fluorescence

 Fluorescence 
Duration 25 min NA NA 10 min 10 min 25min

Cost Expensive Low cost Low cost Moderate 
cost Low cost Low cost

of the structure with agarose gel. Other gels gave properties in structure and color very similar to agarose gel.
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Fig. 5 .2 different gels pictured after electrophoresis, they contain a loading 
dye made from bromophenol blue and glycerol and ddH2O  along with the 
DNA sample, here the gels are presented as follows: (A) human genome 
samples on corn starch gel 12 % in wells from 1 to 4, (B) human genome 
samples on agar – gelatin mixture gel %1 in wells from 1 to 4, (C) human 
genome samples on agar gel %1 in wells from 1 to 4 and Ladder in the fifth, 
(D) human genome samples on agarose gel %1 in wells from 1 to 4 and Ladder 
in the 5 lane – positive control, (E) human genome samples on treated food 
grade agar – agar gel 1.5 % in wells from 1 to 4 and Ladder in the 5th lane.

Before the samples were exposed to UV radiation, 
we can see from Figure 2 that the loading dye was 
electrophoresed for a distance of 1.2 cm in corn 
starch gel (A), for a distance of 1.7 cm in agar – 
gelatin mixture gel (B), for a distance of 0.9 cm for 
the loading dye and 1.3 cm for the Ladder in agar gel 
(C), for a distance of 1.4 cm for the loading dye and 
1.7 cm for the Ladder in agarose gel (D), for a distance 
of 1.2 cm for the dye and 1.7 cm for the Ladder in 
treated food grade agar – agar gel (E) at the voltage 
and time shown in Table 1 for each gel mentioned. 
After the electrophoresis of %12 modified corn

starch gel, %1 agar – animal gelatin mixture gel, %1 
agar gel, %1 agarose gel, and 1.5 % of our treated 
food grade agar-agar gel with BS buffer, a separation 
of DNA was apparent, as shown in Figure 3, the 
modified Gel that is annotated with (E) in the 
Figure 3 shows good separation of the 50 bp DNA 
ladder (Vivantis®) in the 5th well, and the 4th well 
in E is genomic DNA extracted from human saliva.
As for agarose gel D in Figure 3, good 
separation occurred in the 5th well and it 
showed resemblance to agarose gel in C.

Fig. 3. Comparison of gels viewed under UV radiation after electrophoresis, (A) human genome samples on corn starch gel 12 % in wells 
from 1 to 4, (B) human genome samples on agar – gelatin mixture gel %1 in wells from 1 to 4, (C) human genome samples on agar gel %1 
in wells from 1 to 4 and Ladder in the 5 lane, (D) human genome samples on agarose gel %1 in wells from 1 to 4 and Ladder in the 5th – 
positive control, (E) human genome samples on treated food grade agar – agar gel 1.5 % in wells from 1 to 4 and Ladder in the 5th lane.

The gels were exposed to ultraviolet radiation and 
examined; we noticed that the disappearance of 
the fluorescence from the treated food grade agar-
agar gel after 15 minutes, while the agarose retained 
its fluorescence for 25 minutes before the bands 
vanished from the UV. Knowing that the gels were 
dyed with the same type and concentration of dye 

and duration of time. For an electrophoresis buffer 
consisting of sodium bicarbonate, sodium hydroxide, 
and sodium chloride, it has shown high efficiency in 
securing the ions needed for electrophoresis while 
maintaining its physical and chemical properties; 
thus, it can be considered an equivalent solution 
to TAE solution. These results demonstrate the 

Fig. 1. (A) Agarose %1 gel treated with TAE buffer, (B) 12 % Corn starch gel 
treated with TAE buffer, (C) %1 Animal gelatin gel treated with TAE buffer, 
(D) 1 % agar - animal gelatin mixture treated with TAE buffer, (E) 1 % Agar 
gel treated with TAE buffer, (F) 1.5 % Gel made from treated food grade 
agar-agar gel with sodium carbonate, sodium hydroxide, sodium chloride.
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effectiveness of this variant using human genomic 
DNA. Electrophoresis with a ladder marker gave 
good results and good separation, as shown in 
Figure 4, which displays a comparison between 
agarose %1.5 and the treated food grade agar-agar 
gel %1.5, where 5 µl of the marker was loaded 
into the wells in both gels at 40 V for 5 minutes 
and 80 V for 2 h followed by 30 minutes of
soaking in an ethidium bromide tank. The results 
showed acceptable efficiency for the treated 
food-grade agar-agar similar to the efficiency 
of the agarose gel with some modifications in 
the method of work. Further enhancements 
of the images using gel documenting software 
could even make the separation look clearer 
for the treated food-grade agar -agar gel.

Fig. 4. Electrophoresis on %1.5 treated food grade agar-agar gel in side 
with %1.5 agarose gel electrophoresis, both using 50 bp ladder separated, 
it is clear that agarose is more contrasted and clear than treated food 
grade agar-agar gel using SB electrolyte, but results are comparable.

DISCUSSION
This research addressed finding a frugal alternative 
for agarose used in agarose gel DNA electrophoresis. 
The alternatives experimented in this research 
included: Agar, which originated in Japan in 1658. It 
was first introduced in the Far East and later in the 
rest of agarophyte seaweed-producing countries [29]. 
Agar is obtained from various genera and species 
of red–purple seaweeds—class Rhodophyceae—
where it occurs as a structural carbohydrate in the 
cell walls and probably also plays a role in ion-
exchange and dialysis processes [30]. Agar is a 
natural polymer commonly used in various fields 
of application, ranging from cosmetics to the food 
industry [31]. It is a gel forming polysaccharide with 
a main chain consisting of alternating 1,3-linked 
β-d-galactopyranose and 1,4-linked 3,6 anhydro-
α-l-galactopyranose units [32]. Agarobiose is 
the basic disaccharide structural unit of all agar 
polysaccharides. Agar can be fractionated into two 
components: agarose and agaropectin [33]. The food-

grade agar results were similar to agar results, yet 
microbiological agar can be more costly compared 
to food-grade agar-agar, and the treatment of agar 
with different salts described in this method gave 
slightly better results from previous research [12]. 
We also tested Starch, which is a major food source 
for humans. It is produced in seeds, rhizomes, roots, 
and tubers in the form of semi-crystalline granules 
with unique properties for each plant [34]. Edible 
and industrial corn starch was modified and used 
to prepare the electrophoresis gel. Corn starch is 
composed of two large α-linked glucose-containing 
polymers. Namely, smaller and nearly linear amylose 
and very large and highly branched amylopectin 
[35]. The starch alternative gel didn’t give good 
results and it was difficult to handle and too thick, so 
no DNA bands appeared [13]. Another alternative 
tested was Gelatin, which is a protein obtained by 
partial hydrolysis of collagen, which is the chief 
protein component in the skin, bones, hides, and 
white connective tissues of the animal body [36]. 
We can conclude from the gelatin gel result that it is 
not a good candidate for DNA gel electrophoresis, 
and this has been the case since the late 1980s.[11]
From the results shown in Fig. 1, we can conclude that 
modifying the materials concentration allows us to 
control the structural and solidification properties. 
It is important to consider the appropriate gel 
concentration for the gel’s retinal structure, which 
is where electrophoresis samples pass, and this is 
in accordance with Bertasa et al. 2020 research that 
describes a stronger gel formation and crosslinks 
with increasing the concentration and anhydro units 
in the gel in addition to alterations of appearance 
and color, yet this didn’t apply to gelatin and starch 
where gelatin lacked the strength to solidify and 
the starch was too thick and difficult to handle 
after pouring because it solidified very quickly. [37]
We can observe that the previously mentioned 
gels in Fig. 2 resulted in the electrophoresis of 
dyes at least, and this is logical because these gels 
create a charge neutral trap for the negatively 
charged loading dye to pass through in the 
presence of an electric field and an electrolyte. [38]
From our results shown in Table 1, treated food grade 
agar-agar gel prepared with sodium bicarbonate 
solution was the most closely related alternative to 
the commonly used agarose gel with modifications 
in the working method to achieve very close results 
with agarose, while starch gel failed to give a proper 
result. Also, the mixture didn’t give a clear result 
because the DNA samples couldn’t get out of the 
wells. Agar gel, the same as agar – agar gel, gave 
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S, Ulanja MB, Affram KO, Ussif AM, Agyeman DO, Asante 

G. Assessment of corn starch as substitute for agarose 

in DNA gel electrophoresis. BMC Research Notes. 2021 

Dec;14:1-6.https://doi.org/10.1186/s13104-021-05483-1

14. Salis A, Monduzzi M. Not only pH. Specific buffer effects in biologi-

cal systems. Current opinion in colloid & interface science. 2016 

Jun 1;23:1-9.https://doi.org/10.1016/j.cocis.2016.04.004
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fers: are there any noninteracting, neutral pH buffers?. 

Analytical biochemistry . . 2000 Dec 1;287(1):167-
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16. Ghebremedhin M, Seiffert S, Vilgis TA. Physics of aga-

rose fluid gels: Rheological properties and microstruc-

ture. Current Research in Food Science. . 2021 Jan 

1;4:436-48.https://doi.org/10.1016/j.crfs.2021.06.003

17. Tabani H, Alexovič M, Sabo J, Payán MR. An overview on the re-

cent applications of agarose as a green biopolymer in micro-ex-

traction-based sample preparation techniques. Talanta. 2021 Mar 

1;224:121892.  https://doi.org/10.1016/j.talanta.2020.121892

18. Zhang C, An D, Xiao Q, Chen FQ, Zhang YH, Weng HF, Xiao 

AF. Convenient agarose preparation with hydrogen per-

oxide and desulfation process analysis. Marine Drugs.
2021 May 23;19(6):297.https://doi.org/10.3390/md19060297

. 19 Bogiel T, Mikucka A, Kanarek P. Agarose Gel Electrophoresis-

Based RAPD-PCR—An Optimization of the Conditions to 

Rapidly Detect Similarity of the Alert Pathogens for the 

Purpose of Epidemiological Studies. Gels. . 2022 Nov 

22;8(12):760.https://doi.org/10.3390/gels8120760

. 20 Olina A, Kuzmenko A, Ninova M, Aravin AA, Kulbachinskiy 

A, Esyunina D. Genome-wide DNA sampling by Ago 

nuclease from the cyanobacterium Synechococcus 

results similar to those of agarose. But still, treated 
agar – agar gel showed better results than agar gel 
by the distance crossed by the DNA samples and the 
display of the samples, in addition to the low cost. This 
result of genomic DNA electrophoresis is well known 
and is confirmed by several previous researches, 
such as Green et al. 2019, where large genomic DNA 
fragments migrate slower than smaller fragments, 
and smearing marks in the resulting gel image refer to 
poor-quality DNA or electrophoresis conditions. [39] 
As for cost, 1 g of agarose costs around 35,000 Syrian 
pounds, while 1 g of agarose costs almost 2000 
Syrian pounds, while 1 L of TBE 1x costs nearly 
700,000 Syrian pounds, while SB buffer roughly 
costs 3500 Syrian pounds for the same amount, this 
makes this alternative 15 times cheaper than agarose 
gel, and 200 times cheaper for the electrolyte used.
It seems from Fig. 4 that the treated food grade agar-
agar can show strong bands from the ladder, and 
the separation requires more time; hence, it could 
be recommended to use it for PCR products of one 
band and a ladder with several strong bands, and the 
background fluorescence from ethidium bromide on 
the treated gel could mean that there should be more 
rinsing time for it, in order to give clearer bands.  

CONCLUSIONS AND RECOMMENDATIONS
This study offers a very low-cost alternative to agarose 
gel to help laboratories with limited income. We 
found that treated food grade agar-agar could give 
similar results to those of agarose gel, and by using 
other buffers for electrolyte like SB buffer. Based on 
the results of this study, this method provides a low-
cost alternative to agarose and TBE & TAE, and it can 
be used by low-budget labs with limited budgets to 
make DNA assays more domesticated, where the 
alternatives suggested here cost 15 times less than 
the industrial agarose and electrolytes. Further 
research is recommended to enhance the clarity 
of the gel and explore the potential applications of 
this new gel in RNA separation and plasmid DNA 
separation and PCR amplicons of different lengths.
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