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Abstract. Deoxyribonucleic acid (DNA) extraction is the process of isolating 

DNA from cells or tissues of living organisms for further analysis. DNA 

extraction must be performed in matrix analysis of a sample to identify nucleic 

acids. This study evaluated the effectiveness of ultrasound in extracting pig DNA, 

with variations in sample type, power, and extraction time as independent 

variables. The results of the study showed the highest crude DNA pellets in the 

three samples (processed food, medicine, and cosmetics), which were 40.20 ± 

1.10 ng, 0.69 ± 0.18 ng, and 0.10 ± 0.015 ng, respectively. These results were 

obtained from a combination of high power (450 W), and extraction time (40 

min). This indicates that using the ultrasound method with the correct parameters 

can increase the efficiency of the extraction results through the cavitation 

mechanism. Ultrasound method is an efficient and environmentally friendly 

extraction technique for molecular analysis process. 

Keywords: Cosmetics, Deoxyribonucleic Acid Extraction, Medicine, Processed 

Food, Ultrasound. 

1 Introduction 

Food is one of the basic needs that must be met by humans to perform daily activities 

[1]. In addition to food, medicinal products and cosmetics are also important for 

improving human health and confidence. Indonesia's demographic population, which 

is dominated by Muslims, makes the halalness of a product a significant concern [2]. 

Halal products meet religious requirements and must reflect cleanliness, safety, and 

high quality [3]. In fact, many processed foods, medicines, and cosmetic products still 

contain non-halal elements that are circulating in the market, such as pork and its 

derivatives [4]. Therefore, Law Number 8 of 1999 concerning Consumer Protection, 

which mandates compliance with halal production standards, provides legal protection 

for Muslim consumers [5]. However, this obligation applies only to business actors who  
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affix halal labels to their products. As a result, if a business labels its products as halal, 

it must comply with halal production guidelines, and proof of compliance is 

demonstrated through the possession of halal certificates [6].  

Deoxyribonucleic acid (DNA) is a more robust and stable biomarker than 

ribonucleic acid (RNA). As a result, DNA can remain detectable even after a product 

has undergone intense heating or extensive processing. In addition, DNA offers high 

specificity, enabling the direct identification of a particular species, such as Sus scrofa 

(pig). Therefore, DNA-based detection is considered more reliable for processed 

products, as it allows contamination to be identified with greater specificity and 

accuracy [7]. Ultrasound has been shown to significantly improve the efficiency of 

enzyme extraction from the pig liver. This process can extract more target components 

than conventional methods and is said to "intensify" the release of active substances in 

complex tissue matrices. Thus, it is necessary to detect the presence of pork and its 

derivatives in products to protect consumers and maintain the integrity of halal 

products. The halal nature of a product can not only be determined through organoleptic 

examination, but laboratory testing is also required to detect the pork content in a 

product [8]. 

DNA extraction aims to isolate DNA from various cell contents, including proteins, 

lipids, carbohydrates, and other cellular components [9]. In general, the DNA extraction 

process has three main steps: (i) cell lysis, which aims to destroy the cell membrane 

and wall to release DNA into the solution; (ii) separation of DNA from other cell 

components, such as proteins, lipids, RNA, and polysaccharides; and (iii) final 

purification to remove reagent residues and contaminants so that pure DNA is obtained 

ready for molecular analysis. 

Conventional methods, including polymerase chain reaction (PCR) and chemical-

based analyses, are widely used to detect pork adulteration. However, their performance 

may be limited in highly processed products and complex food matrices, where target 

analytes can be degraded, masked, or present at low concentrations [9,10,11]. 

Therefore, more sensitive, selective, and reliable analytical approaches are needed to 

ensure accurate halal authentication. 

DNA-based analysis is considered one of the most reliable methods for 

authentication because of its high specificity and its ability to detect species-specific 

markers even in processed foods. In this context, ultrasound-assisted extraction has 

emerged as a promising approach for improving DNA recovery from pork-containing 

samples. Although some variation in DNA yield may occur, this technique has 

demonstrated considerable potential for disrupting tissue structure and releasing 

amplifiable genetic material, thereby supporting accurate species identification for food 

safety and halal verification. 

Ultrasonic-Assisted Extraction (UAE) is based on acoustic cavitation, in which 

ultrasonic waves generate microscopic bubbles that rapidly form and collapse within 

the liquid medium. This process creates localized high pressure and temperature, 

leading to cell disruption, enhanced solvent penetration, and improved release of 

intracellular components, including DNA [12, 13]. Consequently, UAE offers a rapid 

and efficient alternative for DNA extraction and represents a promising tool for halal 

authentication studies. Ultrasound methods have been successfully used to extract 
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biomolecules, such as proteins, lipids, polysaccharides, and DNA from animal and 

plant tissue samples [14]. In addition to its high efficiency, this technique can maintain 

the stability of the DNA structure and increase the purity of the obtained DNA. 

Based on the above description, this study aimed to assess the effectiveness of 

ultrasound techniques in extracting DNA from pig tissue and analyze the quality of the 

resulting DNA by measuring its concentration, purity, and suitability for PCR 

applications. The results of this study are expected to provide alternative solutions in 

the form of more efficient and faster DNA extraction methods to support efforts to 

detect non-halal materials in the halal industry. 

2 Materials and Method 

2.1 Materials 

The types of samples used in this study were processed foods (pork sausages, Sulawesi, 

Indonesia), cosmetics (Elizavecca Green Piggy Collagen Jella Pack, Elizavecca Co., 

South Korea), and medicine (Detusitrol, Pfizer Inc., USA). Samples were stored at a 

freezer temperature of -20 °C for further analysis. The chemical used were 

Maxwell®RSC Pure Food GMO and authentication kit (Promega), Wizard® Genomic 

DNA Purification Kit  (Promega), mixture solvent consisting of phenol, chloroform and 

isoamyl alcohol with a ratio of (24:25:1) (Himedia), ammonium acetate 10 M, ethanol 

70 %, isopropanol (Sigma Aldrich), and aquadest.  

 

2.2 DNA extraction using a Commercial Kit 

DNA extraction was carried out by using commercial kit as described by previous work 

[15].  

 

2.3 DNA extraction using ultrasound 

A total of 200 mg of the sample was dissolved in 500 μL of water in a 1.5 μL Eppendorf 

tube. After three seconds, the mixture was separated and was placed in an ultrasonic 

chamber. Before running the ultrasound process, the Eppendorf tube was welded by a 

cool tube rack, then set for power (9 W and 450 W) and 25 °C during a specific 

extraction time (10 min and 40 min) with a duration of 2 s (on) and 2 s (off). After cell 

lysis by ultrasonication, the sample was mixed, and the supernatant was transferred into 

a new 1.5 μL Eppendorf tube. 300 µL of Phenol, Chloroform, and Isoamyl Alcohol 

(25:24:1) was added to the supernatant and mixed by pipetting. The mixture was 

centrifuged at 16,000 ×g for 20 min, and the upper aqueous phase was transferred to a 

new microtube for further analysis. Subsequently, 300 µL of 10 M ammonium acetate 

was added and centrifuged 16,000 × g for 10 min. The supernatant was mixed with 600 

µL of isopropanol and centrifuged at 16,000 × g for 10 min. The supernatant was 

discarded, and the resulting pellet was washed with 300 µL of 70 % ethanol and then 

dried. 
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2.4 Determination of Crude DNA pellet 

The dried pellet was dissolved in 25 µL of TE buffer. Finally, the DNA concentration 

of the sample was determined using a QuantusTM Fluorometer. The crude DNA pellet 

was calculated using Equation 1. 

 

𝐶𝑟𝑢𝑑𝑒 𝐷𝑁𝐴 𝑃𝑒𝑙𝑙𝑒𝑡 (𝑛𝑔) = 𝐷𝑁𝐴 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 
(𝑛𝑔)

(𝜇𝐿)
× 𝑉𝑜𝑙𝑢𝑚𝑒 (𝜇𝐿)          (1) 

 

2.5 Determination of Effectiveness 

The method effectiveness (%) was defined as the comparison of crude DNA pellet 

between ultrasound and commercial kits (Equation 2). 

 

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠 = (
𝐶𝑟𝑢𝑑𝑒 𝐷𝑁𝐴 𝑃𝑒𝑙𝑙𝑒𝑡 𝑏𝑦 𝑈𝑙𝑡𝑟𝑎𝑠𝑜𝑢𝑛𝑑 (𝑛𝑔)

𝐶𝑟𝑢𝑑𝑒 𝐷𝑁𝐴 𝑃𝑒𝑙𝑙𝑒𝑡  𝑏𝑦 𝐶𝑜𝑚𝑚𝑒𝑟𝑐𝑖𝑎𝑙 𝐾𝑖𝑡 (𝑛𝑔)
) × 100%                 (2) 

 

2.6 Statistical Analysis 

This study used a Full Factorial experimental design method for pig DNA extraction, 

which combines factors of several levels of comprehensive data regarding variables 

that affect the extraction results, namely, sample type, extraction power, and time.  

3 Results and Discussion 

3.1 DNA extraction by commercial kit 

Table 1. Comparison of Crude DNA Pellets between the three sample types using commercial 

kits 

Sample Types 
Crude DNA 

Pellets (ng) 
Commercial Kit 

Pork Sausage 160.00 Maxwell® RSC PureFood GMO and 

Authentication Kit 

Cosmetics 0.0704 Wizard® Genomic DNA Purification Kit  

Medicine 0.0465 Wizard® Genomic DNA Purification Kit  

 

Table 1 shows a comparison of the crude DNA Pellets between the three sample types 

using commercial kits. The Maxwell RSC PureFood GMO and Authentication Kit were 

used for the analysis of the pork sausage samples [15]. The data produced by the 

Maxwell Pure Food Kit had a DNA concentration of 16.00 ± 1.41 ng/μL with a total 

DNA pellet of 160.00 ± 14.14 ng. This shows that the Maxwell® RSC PureFood GMO 

and Authentication Kit effectively purifies DNA from complex samples, such as 

processed meat. Table 1 also presents the results of DNA extraction from cosmetic and 

medicine samples using the Wizard® Genomic DNA Purification Kit [16]. The Wizard 
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Genomic Kit can extract DNA even in small amounts because of its intensive 

production processes. The resulting DNA concentration was 0.0704 ng/μL, and the total 

DNA pellet was 0.704 ng. In the medicine sample, the Genomic Wizard kit successfully 

extracted DNA from the medicine sample at a concentration of 0.0465 ng/μL and DNA 

pellet at 0.465 ng. Although the value is very low compared to the results extracted 

from food samples, it still shows that the kit has a better ability to extract DNA from 

complex and dense chemical matrices, such as medicines. Therefore, the Wizard result 

was the only one detected, with a percentage of 100% as a relative comparison. 

 

3.2 DNA extraction by Ultrasound 

DNA extraction results were evaluated by measuring the concentration of crude DNA 

and the percentage of DNA extracted using the ultrasound lysis method with different 

independent variables of power and time for each test sample. The results of measuring 

the crude DNA pellet and the effectiveness of extraction obtained from the extraction 

process are presented in Error! Reference source not found. (pork sausage sample), 

Table  (medicine sample), and  

Table  (cosmetic sample).  

A 10 min extraction time was chosen to represent a short extraction time, which is 

one of the advantages of the Ultrasonic-Assisted Extraction (UAE) method. This short 

time is expected to prevent DNA degradation due to high temperatures and maintain 

the quality and integrity of the targeted DNA. However, extraction times above 40 min 

increase the risk of DNA degradation. 

Table 2. Crude DNA measurement results in pork sausage samples using the ultrasound lysis 

method 

Power  

(Watt) 

Extraction  

Time (min) 
Crude DNA Pellets (ng) Effectiveness (%) 

9 10 15.40± 1.80 9.63% 

9 40 19.55 ± 1.95 12.22% 

450 10 29.80 ± 3.20 18.63% 

450 40 40.20 ± 1.10 25.13% 

 
Table 3. Crude DNA measurement results in drug samples using the ultrasound lysis method 

Power  

(Watt) 

Extraction 

Time (min) 
Crude DNA Pellets (ng) Effectiveness (%) 

9 10 2.2 ± 0.055 463.44% 

9 40 3.1 ± 0.41 664.52% 

450 10 5.65 ± 1.50 1,213.98% 

450 40 6.87 ± 1.77 1,477.42% 
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Table 4. Crude DNA measurement results in cosmetic samples using the ultrasound lysis 

method 

Power (Watt) Extraction Time (min) Crude DNA Pellets (ng) Emffectiveness (%) 

9 10 0.61 ± 0.05 86.86 % 

9 40 0.67 ± 0.06 94.53 % 

450 10 0.76 ± 0.04 107.24 % 

450 40 0.98 ± 0.15 138.49 % 

 

Based on the measurement results, a higher crude DNA pellet from the extraction 

process was found in the pork sausage sample with a value of 40.20 ± 1.10 ng, with a 

power of 450 watts for 40 min. When compared to the effectiveness value, the 

effectiveness value in the pork sausage sample was the lowest compared to other 

samples, which was 25.13 %. It can be concluded that although DNA can be extracted 

in large quantities, most of the DNA comes from the total complex biomass and not 

from the specific DNA target (pork DNA). This is in line with the previous research, 

which stated that thermal processing of food, such as cooking, smoking, or drying, can 

reduce nucleic acids, the detection ability, and the proportion of target DNA in 

processed meat products [17]. An effectiveness value exceeding 100 % indicates that 

ultrasound is more effective in deciphering complex matrices, resulting in more target 

DNA than commonly used methods. Comparative studies were not available in 

literature; this is the first study to compare ultrasound extraction with commercial kits 

The relationship between power, extraction time, and extraction results can be seen 

in the extraction results table. The crude DNA pellets with a power of 90 and 450 W, 

and an extraction time between 10 min and 40 min, produced the highest crude DNA 

pellet value at high power and longer extraction time. It can be concluded that the 

extraction time affects the extraction results of the analysis. The short contact time of 

the material when the solvent is exposed to ultrasonic waves with the produced heat 

energy results in few broken cells, so that the compounds extracted by the solvent from 

the cell matrix are few, and the extract mass is high [18]. Thus, if the extraction time is 

longer, the number of cells broken by the ultrasonic waves is higher. 

In addition to the time factor, power can also affect the extraction results. Higher 

ultrasonic power produces stronger shear forces, which can increase the extraction yield 

and efficiency of the process. In addition, a very high intensity or prolonged UAE can 

result in significant protein denaturation. Therefore, it is imperative to optimize the 

power parameters during the extraction experiment, and one must be careful to choose 

the power level that is adjusted to the characteristics of the sample [13]. In the DNA 

extraction process, especially using the ultrasound-assisted extraction method, the two 

main parameters that significantly affect the extraction results are power and duration. 

These two factors play important roles in cell lysis efficiency, DNA release, and the 

quality of the resulting DNA. High power (above 400 W) significantly increases DNA 
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yield from processed meat products but needs to be controlled to avoid DNA 

denaturation. 

High-intensity ultrasonic waves can break down bacterial cells through cavitation. 

If cavitation occurs, a very strong motion is generated near the bubble. The bacteria are 

subjected to great mechanical stress, and the walls are greatly stretched; if the elasticity 

is exceeded, the wall tear, and the bacteria die. In addition, near cavitation, there is 

turbulence that rotates violently. The cell wall can be damaged by the shear stress 

generated by turbulence. Cavitation derived from ultrasonic waves can also cause the 

porosity of the cell membrane to widen, allowing cavitation bubbles to enter. Cavitation 

bubbles affect the performance of capcase-3 enzymes, leading to the apoptosis of 

bacterial cells.  

Another mechanism is nuclear degradation, which results in cell lysis [13]. These 

changes can be observed in the cell nucleus that undergoes phynosis or lysis, as well as 

in the cytoplasm that undergoes coagulation and appears pink. Interference from 

foreign chemicals or the accumulation of toxic substances can inhibit mitochondrial 

ATP production, which plays an important role in cell transport, especially at the Na+ 

pump. ATP deficiency results in Na+ ions being unable to be removed from the cell, 

thus drawing water in and causing the cell to swell and the cytoplasm to appear cloudier. 

The duration of extraction also has a significant effect on DNA results. Extraction 

over a short period can cause the cells to not be wholly destroyed, so the DNA may not 

be completely extracted. The optimal extraction time using ultrasound was 10–15 min. 

Longer durations can reduce DNA quality due to excessive heat and pressure [17]. The 

effectiveness of DNA extraction is greatly influenced by the power and time. High 

power is needed to lyse the cells, and the time must be controlled to avoid degradation.  

The results of this test are in line with previous work, who stated that the success of 

DNA extraction is influenced by several factors, such as tissue type, cell destruction 

method, and the condition of the enzyme used [19]. However, in certain situations, 

variations in time or energy intensity (power) do not always cause significant 

differences in the amount or quality of DNA produced, especially if the extraction 

process has reached an optimal level of efficiency. 

The drug sample showed excellent DNA extraction results, with the highest 

extraction percentage value reaching 1,477.42 % at 450 watts of power for 40 min. 

Although the crude DNA pellets were lower than the sausage’s (6.87 ± 1.77 ng), the 

percentage value was very high because the total extracted DNA matrix was lower and 

more selective to the target DNA. This shows that the ultrasound method is very 

effective for samples with a more defined matrix, such as drugs, because the active 

ingredients are not as complex as processed food ingredients. This statement is 

supported by Lokhande et al., (2024) who stated that ultrasonic-assisted extraction 

allows better recovery of nucleic acids from pharmaceutical samples through complex 

matrix disruption caused by cavitation [20]. 

Meanwhile, DNA extraction from cosmetic samples showed a moderate percentage, 

with a value of 138.49 %, and the crude DNA pellets reached 0.98 ± 0.15 ng. Although 

the value is lower than that of drugs, these results indicate that the ultrasound method 

remains effective in the extraction process of cosmetics containing chemicals, such as 

preservatives, emollients, and surfactants, which can inhibit the extraction process. As 
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stated by [21], the nature of the sample matrix and the presence of PCR inhibitors can 

significantly affect the recovery and purity of the extracted DNA. 

In this study, analysis of variance (ANOVA) was conducted to determine the extent 

to which sample type, extraction tool power, and extraction time affected the results of 

the crude DNA pellets that were successfully extracted. F and p values are important 

indicators in statistical analysis for assessing the significance of variables in a model 

and its effectiveness. The F value indicates how well the model fits the data compared 

to the variation caused by random errors, and the p-value indicates the importance of 

each variable in the model. Overall, these values indicate whether the observed 

relationships in the model are statistically significant or coincidental. The ANOVA 

results are shown in Table 5. The ultrasound method significantly influenced the crude 

DNA pellets, as indicated by the p-value of the linear model <0.05. 

 
Table 5. Two-way ANOVA 

Source DF Adj SS Adj MS F-Value P-Value 

Model 4 4,387,966 1,096,991 11.92 0.000 

  Linear 4 4,387,966 1,096,991 11.92 0.000 

Sample type 2 4,288,090 2,144,045 23.29 0.000 

Power (Watt) 1 43,780 43,780 0.48 0.499 

Extraction time (min) 1 56,096 56,096 0.61 0.445 

Error 19 1,749,006 92,053     

Lack-of-Fit 7 206,444 29,492 0.23 0.970 

Pure Error 12 1,542,562 128,547     

Total 23 6,136,971       

 

4 Conclusions 

The maximum crude DNA pellets can be obtained by ultrasound method with a power 

of 450 watts and a time of 40 min for pork sausage, detusitrol drugs, and cosmetics, 

reaching 25.13 %, 1, 444.42 %, and 138.49 % compared to extraction results with 

commercial kits, respectively. It can be concluded that a higher cavitation intensity can 

optimally lyse cells. However, it should also be noted that high power over a long time 

can cause DNA degradation if not adequately controlled or adjusted to the sample used. 

Thus, ultrasound can be an efficient, fast, and environmentally friendly alternative for 

DNA isolation, especially for detecting non-halal materials. 
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