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ABSTRACT 
Fruits such as papaya, guava, banana, strawberry are high-value food commodities that are in great 
demand by the wider community, so they have the potential to be developed. It is necessary to study 
various scientific disciplines, one of which is the molecular biology approach. DNA is a basic element in 
molecular biology research. The DNA extraction technique greatly determines the quality and quantity of 
the DNA produced. The chemical solvent used in the precipitation is an important factor in producing the 
quality and quantity of DNA, so optimization is required. The purpose of the research to investigate the 
effect of isopropanol and ethanol on fruit DNA extraction. The DNA extraction method used is the 
kitchen kit method which is used on 4 types of soft fruit: papaya, guava, banana and strawberry. The 
principles of DNA extraction are lysis, precipitation and purification. The lysis process was carried out 
chemically with a solution of detergent and NaCl, and physically by means of a blender until it was 
homogeneous, then separation was carried out using filter paper. The aquos phase is collected to be 
chemically precipitated. Precipitation was carried out with cold absolute ethanol and cold isopropanol 
at -40C. The results of extraction with isopropanol showed the consistency and quantity of fruit DNA: 
papaya had rather dense fiber, slightly soft guava, slightly faded thin strawberry and rather dense 
fibrous banana. The results of absolute ethanol extraction showed the consistency of fruit DNA: papaya 
fiber was rather dense, guava fiber was medium, strawberry was rather dense and banana fiber was 
moderate. DNA extraction with ethanol precipitation produces more optimal DNA clumps compared to 
isopropanol precipitation. 
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INTRODUCTION   

The development of science and technology to meet human food needs is mostly done through 
plant breeding. The agricultural sector has benefited the most so that at this time various fruit plants have 
been produced which can be harvested in a relatively short time with superior fruit quality when 
compared to natural types. It is necessary to study various scientific disciplines, one of which is the 
molecular biology approach. The DNA molecule is the basic key in molecular biology and biotechnology 
research, which can be obtained from plant materials through an extraction process. DNA extraction is the 
process of separating DNA molecules from cell components such as proteins, protoplasts, organelles, 
polysaccharides, lipids, cell walls and other substrates. The principle of genomic DNA isolation can be 
carried out by physical and chemical cell lysis methods (Murtiyaningsih, 2017). Physical lysis was carried 
out using mechanical forces, namely freeze thaw, bead mill homogenization and resonance. Chemical 
lysis is carried out with lysis buffer in the form of chemical compounds that can damage the integrity of 
the cell wall barrier, for example with SDS (Sodium Dedocyl Sulfate) and CTAB (Cetyl Trimethyl 
Ammonium Bromide) (Cheng et al., 2003). 

So far, DNA extraction is considered an expensive and difficult procedure with modest resources. 
But actually the DNA extraction process can be done with a simple kit that is easy and inexpensive 
(Purwoko, 2018). DNA visualization needs to be shown at the learning stage so that students believe that 
the DNA molecule is real. The DNA extraction process is simple, carried out using ingredients and 
kitchen equipment that are easy to obtain and prepare and do not require a high cost (Marek et al., 2009). 
Through the kitchen kit method, the learning experience of DNA extraction can be carried out with 
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simple materials and without having to follow preparation protocols that require sterile and complicated 
conditions (Mardiyyaningsih, 2013). 

The materials used for DNA isolation basically come from parts of living things. In eukaryotic 
living things, DNA is located in the cell nucleus and several other organs in the cell such as mitochondria 
and chloroplasts (Hairuddin, 2013). Soft fruit in this case can be an ingredient in DNA extraction. 
Materials used in simple DNA extraction include liquid soap, table gram and protease from meat 
tenderizers and ethanol or isopropanol (Marek et al., 2009). In the presence of sodium ions derived from 
salt, absolute ethanol or isopropanol is generally used for the precipitation of DNA from the aqueous 
phase (Chen et al., 2010). Absolute ethanol solution which is quite expensive can be replaced with 
isopropanol which is more affordable for use in the precipitation process. However, differences in the 
chemical properties of ethanol and isopropanol can result in different quality and quantity of DNA for 
each type of fruit sample. The purpose of this study to investigate the different effects of alcohol and 
isopropanol on DNA extraction. 
 
METHOD 

DNA extraction in this study was carried out using the kitchen kit preparation method. Materials 
used as DNA sources include papaya, banana, strawberry and red guava. The lysis buffers include liquid 
soap and table salt. The precipitation buffer uses absolute ethanol and cold isopropanol at -40C. The 
tools used include blender, volume pipette, filter paper, measuring cup, funnel, erlenmeyer glass, and 
slide glass.  

Preparation: Soft fruit DNA was carried out by selecting fresh and healthy milk bananas, papaya, 
strawberries and red guava, then peeled and washed thoroughly under running water. The fruit is then 
weighed as much as 50 grams for each type of fruit sample. The knife and cutting board used for each 
type of fruit is different to prevent contamination. 

The DNA extraction procedure begins with preparing a lysis buffer solution consisting of a 
mixture of 20 ml of liquid soap, 10 g of table salt and 50 ml of distilled water, then stirred gently until 
homogeneous. The extraction stage begins with lysis, which is carried out physically and chemically, 
namely 50 grams of papaya fruit sample is cut into small pieces then added lysis buffer that has been 
prepared beforehand, then blended until homogeneous. Then it was filtered and the aquos phase was 
collected in an Erlenmeyer glass. The filtering process should not be suppressed, wait for the water phase 
to drop slowly. Subsequent precipitation was carried out by taking 10 ml of the aqueous phase into two 
test tubes, then adding cold ethanol into one tube and adding cold isopropanol into the other tube at a ratio 
of 1:1. Wait and observe the process of DNA thread formation for 5 minutes. The collected DNA genome 
was then taken carefully using a pipette and observed on a glass slide and then analyzed for quantity, 
quality and consistency visually. The same protocol was also carried out for DNA extraction of milk 
banana, red guava and strawberry. 
 
RESULT AND DISCUSSION   

The results of genomic DNA extraction can be observed with the naked eye without using tools. 
Genomic DNA was visualized with a set of DNA strands formed in a test tube and then observed for 
quantity, concentration and consistency. The soft fruit genomic DNA that was formed was observed and 
then summarized in Table 1. The visual genomic DNA produced by the kitchen kit preparation method is 
documented and presented in Figure 1. 

 
Result  

The results showed that the DNA extraction kitchen kit preparation method can be applied to 
isolate genomic DNA. The test tube shows a clear separation between DNA and supernatant in observing 
the precipitation process. Each fruit DNA supernatant that was filtered from the lysis process was divided 
into two tubes and then precipitated using cold absolute ethanol and cold isopropanol respectively. 

Papaya fruit genomic DNA precipitated with absolute ethanol has the characteristics of moderate 
concentration, rather dense fiber consistency and quite a lot of quantity. Papaya fruit genomic DNA 
precipitated with isopropanol has the characteristics of low concentration, dense fibrous consistency and 
small amount. Banana milk genomic DNA precipitated with absolute ethanol has the characteristics of 
high concentration, dense fibrous consistency and large amount. Banana genomic DNA precipitated with 
isopropanol has the characteristics of low concentration, small amount and rather dense fibrous 
consistency. Red guava genomic DNA precipitated with absolute ethanol has the characteristics of high 
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DNA concentration, soft fiber consistency and a very large amount. Guava genomic DNA precipitated 
with isopropanol produces DNA that has a low concentration, soft fibrous consistency and small amount. 
Strawberry genomic DNA precipitated with absolute ethanol has the characteristics of moderate DNA 
concentration, rather dense fiber consistency and small amount. Strawberry genomic DNA precipitated 
with isopropanol exhibits very low concentration characteristics, brittle consistency due to fading thin 
films and very small amounts (Figure 1). 
 

 
Figure 1. Visualization of soft fruit genomic DNA extracted using the kitchen kit method 

 
a. strawberry DNA + absolute ethanol, b. Papaya DNA + isopropanol, c. Papaya DNA + absolute ethanol, 
d. Guava DNA + absolute ethanol, e. Guava DNA + isopropanol, f. Banana DNA + isopropanol, g. Milk 
Banana DNA + absolute ethanol. 
 
 Observation of the consistency of soft fruit genomic DNA was carried out by drying the DNA 
threads that had been dripped on a glass slide for approximately 15 minutes until some of the solvent 
evaporated so that only DNA remained on the slide. The collection of genomic DNA on glass slides was 
then observed for its density and consistency with the help of a toothpick to feel the level of density. The 
quantity of DNA produced was observed by comparing all extracted fruit DNA arranged in such a way. 
Data from visual observations of genomic DNA are then summarized in Table 1. 
 

Table 1 Summary of soft fruit DNA visualization observations 
Sample  DNA concentration DNA consistency  Quantity  
Papaya + ethanol  +++ Fibrous rather dense Numerous   
Papaya + isopropanol ++ Fibrous dense Slight     
Banana + ethanol  ++++ Fibrous dense moderate  
Banana + isopropanol ++ Fibrous rather dense Slight   
Guava + ethanol ++++ Fibrous soft Much  
Guava + isopropanol ++ Fibrous soft Slight  
Strawberry + ethanol +++ Fibrous rather dense Moderate  
Strawberry + isopropanol + Fibrous fragile Slight  

 
Description of DNA concentration:  
+ not concentrated, ++ slightly concentrated, +++ concentrated, ++++ very concentrated 

 
 In general, the aqueous phase of soft fruit precipitated with absolute ethanol resulted in a higher 
concentration of DNA strands than that precipitated with isopropanol. DNA threads precipitated with 
ethanol solution, yielded a greater amount than that precipitated with isopropanol as a whole. The 
resulting DNA consistency varied, some were precipitated with ethanol resulting in a denser consistency 
compared to isopropanol deposition such as banana and strawberry DNA. However, it is different from 
papaya DNA which produces a denser consistency by precipitating isopropanol compared to precipitating 
with ethanol. The consistency of guava DNA showed the same consistency whether precipitated with 
ethanol or isopropanol, namely soft fibers. 
 
Discussion  

In principle, extraction of soft fruit genomic DNA includes lysis, precipitation, and purification. In 
this study, lysis and precipitation were carried out but no purification was carried out. Cell lysis was 
carried out by mixing each soft fruit together with lysis buffer. The blending process aims to damage and 
break down the cell walls mechanically and physically. The addition of lysis buffer made from liquid 
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soap and salt serves to lyse the cell membrane which is composed of lipid and protein components. The 
mechanism of cell lysis is carried out by breaking the cell membrane that separates the cell from the 
outside environment and lysing the nuclear membrane (Mardiyyaningsih, 2013). This study is in line with 
the recommendations for a simple DNA isolation protocol conducted by (Marek et al., 2009) that liquid 
detergents can be used to lyse membranes. In this study, the fruit samples used were ripe fruit because it 
can produce enzymes that help lyse cell walls (Rante et al., 2021).  

The use of table salt together with liquid soap aims to lyse the nuclear membrane and remove the 
contents of the cell nucleus, where it is known that the nuclear DNA is in the cell nucleus. The fruit DNA 
of eukaryotic cells, such as the soft fruit in this study, is present in the nucleus, which is involved in 
various DNA-binding proteins (Hofmann & Clokie, 2018). The use of detergent or liquid soap in the 
process of extracting DNA from this fruit also serves to open the cell membrane and the cell nucleus 
membrane, so that the DNA will exit the nucleus and then enter the solution or water phase. The filtering 
process with filter paper serves to separate cellulose, cell walls, proteins, lipids and carbohydrates. Even 
though it is filtered, DNA molecules can still pass through the porous filter paper along with the aqueous 
phase which is accommodated in a test tube.  

The precipitation process is carried out by adding cold ethanol and cold isopropanol. The addition 
of the precipitate solution was carried out slowly through the test tube wall so as not to damage the fragile 
DNA structure. After adding the precipitate solution, 2 layers were formed. The bottom layer is a fruit 
and soap solution, while the clear top layer is isopropanol and ethanol in the other tube. Isopropanol and 
ethanol solutions are on the top layer because they have a lighter density compared to the aquos phase. 

The addition of cold absolute ethanol solution decreases the solubility of DNA, so that the DNA 
will precipitate or concentrate towards the ethanol or isopropanol layer in another tube, while fat and 
protein molecules precipitate in the solution at the bottom layer (Waldron et al., 2016). The precipitation 
process using the kitchen kit method in this study was waited for less than 5 minutes to see DNA 
molecules in the form of fibrous threads floating between the aquos phase and the ethanol phase. The 
ethanol solution used is cold at -40C, which aims to increase precipitation. In line with this research 
(Rante et al., 2021) reveal that if the ethanol used was not cold enough it would result in the formation of 
imperfect precipitates.  

The DNA extraction results produced in Figure 1 show different amounts of each sample. This can 
be affected by adding the same volume of buffer during DNA deposition, even though each sample may 
contain different DNA. Goes along with it, (Rizko et al., 2020) reveal that the washing process with 
ethanol could also affect the concentration and purity of DNA. The more samples that were washed with 
ethanol, the higher the DNA purity, but the DNA concentration decreased.  

The addition of ethanol solution in precipitation can reduce the solubility of large molecules such 
as carbohydrates, proteins and nucleic acids (Gokarn et al., 2016).  

But of the three polymers, nucleic acid is the most soluble in ethanol. In this study, the quantity of 
fruit DNA extracted by precipitation with cold absolute ethanol was greater than that of isopropanol in 
banana, guava, papaya and strawberry. In the DNA isolation method, DNA precipitation occurs at an 
ethanol concentration of 67-70% (Rizko et al., 2020). However, in this study DNA precipitation was 
formed properly using enough cold absolute ethanol solution as in papaya genomic DNA. 

Differences in concentration and amount of extracted DNA can be caused by differences in the 
water content of each sample. Indeed, the volume of buffer mixed in each sample is the same, but the 
natural water content in each sample may be different. For example, the water content of guava is less 
than that of strawberries, bananas and papayas. The water content of bananas is less than that of papayas 
and strawberries Figure 1. This of course can result in the formation of an aquos phase which has a 
different concentration level, so that the amount of DNA produced is also different. This fact is in 
accordance with research (Rizko et al., 2020) that a less concentrated solution causes less DNA to 
precipitate. Cold isopropanol is better to use than 70% alcohol. Thus, the amount of extracted DNA is 
different due to differences in water content.  

Precipitation using 100% isopropanol in this study resulted in fewer clumps of DNA strands than 
precipitation using ethanol. When isopropanol is added in the aqueous phase, the solution begins to spin, 
and clumps of DNA threads appear to coil floating between the aqueous phase and the isopropanol phase. 
Isopropanol is used as an alternative to ethanol in the DNA precipitation process because the efficiency of 
this chemical is higher than ethanol (Sambrook & Russel, 2001). However, the results of DNA extraction 
in this study showed that the amount of DNA precipitated with isopropanol was less than that precipitated 
with ethanol. This is possible because the ethanol used is of the PA type (proanalyst), while the 
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isopropanol used is of the technical isopropanol type. The pro-analyst chemicals have been analyzed and 
their concentration levels checked in the laboratory, while the level of purity of the engineered chemicals 
is not as high as the pro-analyst chemicals. Technical chemicals are generally used for production 
processes. Even so, isopropanol can still be used as a DNA extraction agent even though it only produces 
less DNA.  

DNA extraction in this study was only carried out in two stages, namely lysis and precipitation, 
while the purification process was not carried out. Fruit DNA extract using the kitchen kit preparation 
method has a low level of purity. Contaminant substrates such as proteins, RNA, polysaccharides and 
lipids may still be contained in the DNA produced by this simple method. Precipitation can be carried out 
with ethanol or isopropanol, whichever is available. Precipitation with pro-analytical chemicals can 
produce DNA in larger quantities than technical chemicals. Ethanol can precipitate papaya, banana, 
strawberry and guava fruit DNA with higher quality than isopropanol. However, DNA extraction with 
isopropanol can also be carried out in the DNA recognition process for early-level students so they can 
visually identify the shape of DNA. 

 
CONCLUSION 

Plant DNA extraction can be done in a simple way with materials that are easily available. In the 
lysis process, CTAB buffer can be replaced with liquid soap and NaCl can be replaced with table salt. 
The precipitation process with pa absolute ethanol produces more DNA and is more optimal than 
technical isopropanol. Pro-analyst chemicals are best used for DNA extraction rather than technical 
chemicals. 
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