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Meatballs are processed meat products that are susceptible to adulteration. Indonesia enforces a halal product guarantee regulation so that all products in circulation are free from non-halal ingredients. This study aimed to detect with the PCR method the contamination by pork and chicken of commercial beef meatballs. The samples of commercial meatballs were obtained from 36 meatball shops in Bojonegoro Regency, East Java, and Boyolali Regency, Central Java Province, Indonesia. Reference meatballs as a positive control were prepared in the laboratory. DNA isolation was performed on commercial sample meatballs, reference meatballs, and 13 species of fresh meat for specificity tests. DNA concentrations were measured using a spectrophotometer, and visualization of the isolation and PCR results was conducted using agarose gel electrophoresis and a UV transilluminator. DNA isolates were amplified by PCR using gene targets 1.711B bovine repeat for identifying bovine species, CR1 SINE repeat element for identifying chicken species, and mitochondrial gene subunit ND1 for identifying pork species. The results showed that there was contamination by chicken meat in meatballs labeled as beef meatballs in 30 of 36 samples in Bojonegoro Regency and 33 of 36 samples in Boyolali Regency. The results also showed that 22 samples of commercial beef meatballs in the Boyolali Regency contained pork. The implementation of the PCR method using the three specific primers proved the presence of meat contamination that did not match the label on the meatballs circulating in the Indonesian market. The contamination by pork if beef meatballs has violated the regulation on halal product guarantees.
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INTRODUCTION

Currently, there is an increase in public awareness of the need for healthy, halal, and nutritious food, especially for Muslims. Recently, there has been an increase in awareness and interest on the part of consumers, researchers, and the food industry in properly labeling the content from animal species in meat products and their derivatives (Sakaridis et al., 2013). Authentication of food products of animal origin is very important because it is directly related to public health, religion, and culture (Bottero and Dalmasso, 2011). This fact encourages the public, especially consumers in Indonesia, to prefer food that has a halal label, as determined by the Indonesian Ulama Council (MUI). This process shows how important it is to authenticate and verify food products regularly and periodically, especially processed meat products. The presence of pork-derived products in food products is a serious problem from a religious point of view. Some religions, such as Islam and Judaism, forbid their followers from consuming any food containing pork and its derivatives, while Hinduism forbids its followers from consuming beef (Ali et al., 2012).

Meatballs are among the processed meat food products from livestock that are very popular worldwide. They can be formulated from beef, chicken, pork, and/or fish meat, but beef meatballs are the most popular and widely available product on the market (Rohman et al., 2011). Halal product certification is rarely applied to meatball products sold in meatball stalls in the Indonesian market. Halal codes or labels are mostly applied to packaged meatball products marketed in supermarkets. Although the meatballs circulating on the market are mostly claimed to be beef meatballs, it is often found that the meat is counterfeited using other meats that are not desired by consumers. Hossain et al. (2017) reported that beef meatballs contained 80% buffalo meat, and as much as 20% had been completely replaced by buffalo meat. In 2013, 4.6% of beef was replaced with horse meat in European countries in 2013 (D'Amato et al., 2013). In addition to food products, counterfeiting also occurs in drug capsules. Sahilah et al. (2012) found that 37.3% or 42 of 113 samples of drug capsules had been identified as containing pork, which was not mentioned in the packaging. The FDA (2009) assumes that incorrect labeling is part of economically motivated adulteration (EMA), which is the intentional counterfeiting of products to gain more profit. The halal food certification process in Indonesia, based on Law of The Republic of Indonesia Number 33 (2014 year), requires a halal auditing process by a certified halal auditor. The halal auditor examines and reviews the materials used, product processing process, slaughter system, location of the products, research equipment, production room, and storage and examines the distribution and presentation of products. During the auditing process, if the auditor doubts the status of the ingredients or products, the auditor can recommend the Halal Agency Office for confirmatory laboratory analysis. Another study by Erwanto et al. (2014) also showed through the PCR-RFLP method that there were nine cases of positive pork contamination of meatball stalls around Yogyakarta Province. In addition to contamination with pork, there is a high possibility that beef meatballs can be adulterated using chicken meat. Kim and Kim (2019) found that the mixing of processed meat foods often occurs by mixing them with chicken meat because the price is lower than that of beef. Therefore, to detect contamination by pork of beef meatballs, it is also necessary to conduct research on contamination with chicken meat.

Various methods have been developed to detect species contamination of food products of animal origin, including protein-based methods, including high-performance liquid chromatography (HPLC) (Toorop et al., 1997), electrophoretic chromatographic techniques (Arun and Ugur, 2000), enzyme-linked immunosorbent assay (ELISA) (Doi et al., 2009), and Fourier transform infrared (FTIR) spectroscopy (Hashim et al., 2010). However, the protein-based method has a number of drawbacks, including having a detection limit, especially in identifying food that has undergone processing in the form of heat and pressure. In response to the limitations of protein-based methods for the identification of processed foods, DNA-based methods have been developed. The DNA molecule is relatively stable, allowing for the analysis of processed food products that have undergone heat processing (Karabasanavar et al., 2014).

Rahman et al. (2014) reported in a study that the conventional PCR method is an easy and reliable method for routine analysis of food products of animal origin. Because not all laboratories have the latest real-time PCR equipment, conventional PCR can be relied on for routine analysis, in line with the opinion of Karabasanavar et al. (2014) that, although real-time PCR is more sensitive than conventional PCR, in routine practice, it does not require very high sensitivity because the aggregation of several pig cells in a sample is sufficient to detect their presence. Therefore, conventional PCR using species specificity could be a choice for detecting species in meat products. Real-time PCR is more sensitive than conventional PCR, but it has a higher cost. Real-time PCR uses a more advanced tool, so using conventional PCR, which is already available in the laboratory, must be optimized for use. Previously, conventional PCR using restriction fragment length polymorphism (RFLP) and multiplex PCR were developed. Erwanto et al. (2014) reported that using PCR RFLP is an appropriate method to detect certain species in cooked meat. PCR RFLP requires the BseDI restriction enzyme in the process, which means that two steps are necessary to determine contamination. Multiplex PCR is one of the chance methods for the detection of multiple species targets in one PCR tube, but finding the optimal temperature among the primers requires many annealing optimizations with gradient temperatures. It seems that application in various commercial markets requires new optimization of the annealing temperature. A recent report showed that species-specific conventional PCR is appropriate to detect species in cooked meat (Abdel-Rahman et al., 2009; Karabasanavar et al., 2011) and gelatin products (Shabani et al., 2015). A reliable method of conventional PCR using species specificity could be a choice for detecting species in meat products. Real-time PCR is more sensitive than conventional PCR, but it has a higher cost. Real-time PCR uses a more advanced tool, so using conventional PCR that is already available in the laboratory is an effective and efficient option. The development of non-halal detection methods based on DNA technology has been previously reported in many scientific journals, but its application in the real market, such as meatball stalls, has not yet been performed for many commercial market samples, especially in Indonesia, which has a halal guarantee law. Therefore, to guarantee that the commercial meatball market has no mislabeling, this study focused on the detection of meat species adulteration using conventional PCR.



MATERIALS AND METHODS


Preparation of Samples

Meatball sampling was conducted in Bojonegoro Regency, East Java Province, and Boyolali, Central Java Province, Indonesia. Meatballs were purchased randomly from approximately 10 percent of the population of meatball stalls that have permanent or semipermanent sales locations and that appeared crowded with visitors based on the observations of the researchers when obtaining meatball samples. Meatball samples were obtained as ready eat food which already heated around 90–100°C for 30–60 min. Each sample then was placed in thick plastic to avoid cross contamination. The total sample of meatballs taken was 36 samples from Bojonegoro Regency and 36 samples from Boyolali Regency. All of the samples were then stored at −20°C until analysis. Reference meatballs were made as a positive control in the laboratory. Positive control meatballs consisted of three types of meatballs: pork, chicken, and beef, prepared based on (Rohman et al., 2011) and containing ground beef at as much as 90% and the remaining 10% consisting of tapioca flour, table salt, garlic, and other necessary seasonings. For specificity testing, 13 types of fresh meat species used were native chicken (Gallus gallus domesticus); broiler chicken (Gallus gallus); layer chicken (Gallus gallus); Brahman cattle (Bos taurus); ongole crossbreed cattle (Bos indicus); pork (Sus sucrofa domesticus), quail (Cortunix cortunix); Manila duck (Cairina moschata); duck (Anas platyrhynchos domesticus); sheep (Ovis aries); goat (Capra aegagrus hircus); red tilapia (Oreochromis niloticus); and catfish (Clarias gariepinus).



Ethical Approval

No animals were used in the present study. Thus, there was no requirement for ethical approval.



DNA Isolation

Isolation was performed using a tissue DNA isolation kit from Favorgen Biotech Corp. Total DNA isolation was conducted by taking a 25-mg sample using a surgical blade, which was only used once for one sample to prevent cross-contamination between the collected samples. The DNA isolated solution was stored in a freezer (−20°C) until further analysis. Similarly, samples of meatballs and meat were stored at −20°C before DNA extraction, and analysis was performed on different days to prevent damage (Rahman et al., 2014).



Analysis of Isolated DNA and Consent Measurements

The results of DNA isolation were determined by agarose gel electrophoresis (qualitative) and measurement of the concentration and purity of DNA (quantitative). The agarose gel used was 0.8% (w/v). The DNA isolate was mixed with loading dye migrated from the negative pole to the positive pole using TBE 1 X buffer solution. Electrophoresis was performed with a voltage of 80 volts for 40 min. The results were visualized with a UV transluminator, and the images obtained were documented with the camera as data. The purity and concentration of the isolated DNA was measured by creating a 5-μL DNA solution (in 495 μL of ddH2O) at wavelengths of 260 and 280 nm. DNA purity was measured by comparing the values of the 260 and 280-nm wavelengths. The concentration of DNA isolation was calculated from the absorbance at a wavelength of 260 nm (λ260) multiplied by the dilution factor (100X) and the absorption constant (50 g/mL).



DNA Amplification With PCR

The mixture was prepared in a PCR microtube consisting of 10 μL of 5X Smobio PCR master mix, 37.5 μL of nuclease-free water, and 1 μL of each reverse and forward primer (primer was diluted from 10 μL of primer stock plus 90 μL of nuclease-free water). Then, 0.5 μL of DNA template were added to the solution mixture. Amplification was performed with pre-denaturation at 94°C for 2 min. Then, 35 amplification cycles were carried out as follows: 94°C for 30 s, annealing at 55°C (for chicken and beef primers); while for pig primers, it was annealing at 59°C for 30 s and extension at 72°C for 30 s and 72°C for 1 min and incubation at 4°C for 30 min. The primers used in the PCR process were chicken and beef primers, respectively: forward 5′ CTG GGT TGA AAA GGA CCA CAG T 3′ and reverse 5′ GTG ACG CAC TGA ACA GGT TG 3′ with amplification targets on repeat elements CR1 SINE and 169 bp amplicon length; and forward 5′ TTT CTT GTT ATA GCC CAC CAC AC 3′ and reverse 5′ TTT CTC TAA AGG TGG TTG GTC AG 3′ with an amplification target of 1.711B bovine repeat element and 98 bp amplicon length (Walker et al., 2003). Pork primers used the forward sequence 5′ AAA GGA CCC AAC GTT GTA GG 3′ and reverse sequence 5' TAG TGC TAG GGA TAA GGC TAG G 3′ with amplification targets on the mitochondrial ND1 subunit and 147 bp amplicon length (Hikmah et al., 2020). The species-specific primer was ordered from PT Genetics Science Indonesia, Tangerang, Banten. The results of the PCR amplicon were analyzed using agarose gel electrophoresis and were visualized by a UV transilluminator with a 100-bp DNA ladder as a marker.



PCR Optimization and Primer Specificity Testing

Optimizing of the annealing temperature was performed by testing each primer on the DNA template of cattle, chicken, and pig according to the primer used. The optimization temperature used was in the range of 54–59°C. After obtaining the optimal annealing temperature, a specificity test was applied to other species. Species used for specificity testing included Indonesian native chicken (Gallus gallus domesticus); broiler chicken (Gallus gallus); layer chicken (Gallus gallus); Brahman cattle (Boss taurus); ongole crossbreed cattle (Bos indicus); pork (Sus sucrofa domesticus); quail (Cortunix cortunix); Manila duck (Cairina moschata); duck (Anas platyrhynchos domesticus); sheep (Ovis aries); goat (Capra aegagrus hircus); red tilapia (Oreochromis niloticus); and catfish (Clarias gariepinus).



Variable and Data Analysis

The research included analysis of isolated DNA and observations of PCR amplification results with each primer. DNA analysis was performed on the results of DNA isolation from fresh meat for specificity tests, meatballs prepared as a positive control, and meatball samples from the field. Measurement of the concentration and purity of DNA, as well as observations of amplification of isolated DNA, was performed using the polymerase chain reaction (PCR) method. The data collected were analyzed descriptively and qualitatively.




RESULTS

The results of DNA isolation from fresh meat and positive control meatballs showed that DNA was successfully isolated. The concentration of isolated DNA varied from 320 to 1,800 ng/μL; however, it was sufficient for amplification using a PCR machine (Siswara, 2021).

The DNA isolation bands in Figures 1, 2 showed almost smear, the similar pattern also founded from Bojonegoro Regency (figure not shown). These indicating that the smears in the figures were due to the wide range of sizes of DNA fragments that were consequently in processed foods, such as meatballs, and the DNA was isolated after frozen storage. The results of the isolation of impure DNA did not interfere with the amplification process in PCR. Therefore, the results of the isolation still proceeded to the next stage, namely PCR, in accordance with the previous research of Erwanto et al. (2014), in which the results of DNA extraction from samples of meatballs on the market showed smears on the visualization but did not interfere with the PCR process (Siswara, 2021).


[image: Figure 1]
FIGURE 1. Visualization of DNA isolated from meatball samples in Boyolali Regency and electrophoresed on a 0.8% agarose gel. The samples were numbered L1–L36. (M) DNA marker 100 bp.
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FIGURE 2. Visualization of DNA isolated from meat and control positive meatball samples, electrophoresed on 0.8% agarose gel. (M) DNA marker 100 bp. (1) Indonesia native chicken; (2) layer chicken; (3) broiler chicken; (4) Bos indicus cattle; (5) Bos taurus cattle; (6) pork; (7) quail; (8) Manila duck; (9) duck; (10) sheep; (11) goat; (12) red tilapia; (13) catfish; (P+) pork meatball; (C+) chicken meatball; (B+) beef meatball.


Prior to sample testing, each primer was optimized for annealing temperature. Based on Figure 3, there was one band of the thickest amplification results, indicating that the optimum temperature for annealing was reached. The optimum annealing temperature of bovine and chicken DNA primers was 55°C, while the optimum annealing temperature for pork DNA primers was 59°C. After determining the optimum temperature, each primer was tested for specificity on 13 types of fresh meat species. The results in Figure 4 show that the bovine primer only amplifies beef, both Bos taurus and Bos indicus. The chicken primer only amplified broiler, layer, and native chicken. Finally, the pig primer only amplified one species, namely pork.


[image: Figure 3]
FIGURE 3. Optimization of annealing temperature. (A) Bovine primer; (B) chicken primer; and (C) pork primer at various temperatures, electrophoresed on 2% agarose gel. (M) DNA marker 100 bp. (1) Temperature 54°C; (2) temperature 55°C; (3) temperature 56°C; (4) temperature 57°C; (5) temperature 58°C; (6) temperature 59°C.
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FIGURE 4. Results of primer specificity test. (A) Bovine primer; (B) chicken primer; (C) pork primer in various species, electrophoresed on 2% agarose gel. (1) Indonesia native chicken; (2) broiler chicken; (3) layer chicken; (4) Boss taurus cattle; (5) Bos indicus cattle; (6) pork; (7) quail; (8) Manila duck; (9) duck; (10) sheep; (11) goat; (12) red tilapia; (13) catfish.


The results of PCR amplification of bovine DNA from meatball samples from Bojonegoro Regency are shown in Figure 5. The results showed that there were 35 of 36 samples containing beef, while one sample did not amplify. Figure 6 shows that the results of the amplification of meatball samples from Bojonegoro Regency with chicken DNA primer showed that there were 30 of 36 samples of meatballs containing chicken meat. Figure 7 shows the results of the amplification of meatball samples from Bojonegoro Regency with pork DNA primers and showed that there was no amplification in any of the samples.


[image: Figure 5]
FIGURE 5. Results of PCR amplification of meatball samples in Bojonegoro Regency with bovine primers electrophoresed on a 2% agarose gel. (M) DNA marker 100 bp; (+) positive control meatballs; (–) negative control (no template control); samples were coded with numbers N1–N36.



[image: Figure 6]
FIGURE 6. Results of PCR amplification of meatball samples in Bojonegoro Regency with chicken primers electrophoresed on a 2% agarose gel. (M) DNA marker 100 bp; (+) positive control meatballs; (–) negative control (no template control); samples were coded with numbers N1–N36.



[image: Figure 7]
FIGURE 7. Results of PCR amplification of meatball samples in Bojonegoro Regency with pork primers electrophoresed on a 2% agarose gel. (M) DNA marker 100 bp; (+) positive control meatballs; (–) negative control (no template control); samples were coded with numbers N1–N36.


This result also showed that the three DNA-specific primers were amplified from meatball samples from the Boyolali Regency. Figure 8 shows the results of amplification of meatball samples from Boyolali Regency with bovine DNA primers. The results showed that all of the samples of meatballs contained beef. Furthermore, Figure 9 shows that there were 33 of 36 samples of meatballs from Boyolali Regency containing chicken meat. Figure 10 shows that 22 of 36 samples of meatballs from the Boyolali Regency contained pork. The results of PCR analysis of commercial meatballs from the Bojonegoro and Boyolali Regencies are summarized in Table 1.


[image: Figure 8]
FIGURE 8. Results of PCR amplification of meatball samples in Boyolali Regency with bovine primers and electrophoresis on 2% agarose gels. (M) DNA marker 100 bp; (+) positive control meatballs; (–) negative control (no template control); samples were coded with numbers L1–L36.



[image: Figure 9]
FIGURE 9. Results of PCR amplification of meatball samples in Boyolali Regency with chicken primers and electrophoresis on 2% agarose gels. (M) DNA marker 100 bp; (+) positive control meatballs; (–) negative control (no template control); samples were coded with numbers L1–L36.
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FIGURE 10. Results of PCR amplification of meatball samples in Boyolali Regency with pork primers and electrophoresis on 2% agarose gels. (M) DNA marker 100 bp; (+) positive control meatballs; (–) negative control (no template control); samples were coded with numbers L1–L36.



Table 1. Summary of meat species components in commercial meatballs from Bojonegoro and Boyolali Regencies.
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DISCUSSION

The concentrations of DNA isolated were quite different, presumably due to the different ingredients used for making meatballs from each sample. Previous research has reported that, in samples that were heat-processed (100 and 120°C), low yields of DNA were detected with almost all extraction approaches. The typical smear pattern of nucleic acid degradation of DNA extracted from heat-treated meats was observed (Piskata et al., 2019). Ghatak et al. (2013) also reported that isolation of DNA from frozen stored buccal swabs and urine samples exhibited bands with some degree of DNA degradation (low-intensity bands) and concomitant smearing in the lane. A similar performance was also found in previous research (Erwanto et al., 2012; Piskata et al., 2019). DNA extracted from processed food was assumed to be fragmented and appeared as a greatly expanded smear.

Primers designed to amplify short target DNA fragments have better sensitivity (Mendoza-romero et al., 2004). The amplicon target of 149 bp is relatively small and has little impact on the high heating process (Yin et al., 2020). Coinciding data resulted from this research; the target amplicon used in the pork DNA primer and bovine DNA primer in this study were suitable for detecting DNA in meatballs. The amplicon target in the pork DNA primer used in this study was 147 bp, and the bovine DNA primer was 98 bp. Hossain et al. (2017) stated that a small amplicon target length is more stable for heat treatment than a longer amplicon target, making it suitable for the amplification process in processed food products, such as meatballs.

Several research reports have found mixing of high-priced meat products with lower-value meat species. Adulteration of meat or its derivative products can occur by replacing higher-value meat with less expensive meat (Mohamad et al., 2013). A study of yak meat (Wang et al., 2013) reported that there had been adulteration of the meat with beef and pork to earn more profits. In addition to causing economic losses, the mixing of unlabeled animal species has a negative impact on people with allergies to certain foodstuffs (Kim et al., 2016). The content of meat species from mammals in products labeled as containing only poultry is a major problem for people with meat allergies because hives, asthma, or even anaphylactic shock can occur (Restani et al., 2009).

Unwanted contamination of meat products by other species can occur intentionally or unintentionally (Hertanto et al., 2017). Contaminated meat products can occur due to cross-contamination during processing using the same equipment on different species. Various amplified bands are formed, and there are thick and thin bands. A thin band indicates a relatively small amount of pork contamination, while a thick band indicates relatively large contamination of meatball samples (Okuma and Hellberg, 2015). In order to profit consideration, the presence of pork in meat products that is relatively small or <0.1% can be said to be unintentional contamination during the production process because, at very low levels, it is not very profitable for producers (Al-Kahtani et al., 2017). The location for grinding meatballs is usually in a traditional market, so several traders grind meatballs in the same location. The bands formed tend to be in samples with locations that are close to each other, thus strengthening the suspicion that contamination might occur in milling machines used together. In addition, the high pig population in the Boyolali Regency is a factor in the distribution of pork in that regency. This fact could make it easier for meatball traders to obtain pork, and the possibility of pork contamination is high when there is a large amount of pork circulating on the market or many pork traders in the Boyolali district. Based on data from the Statistical Central Bureau, Republic of Indonesia, Bojonegoro Regency had no pig population, and Boyolali Regency had a pig population of 6,767 in 2019.

Based on the Law (UU) of the Republic of Indonesia, Number 33 (2014), all food and beverage products distributed in the area of the Republic of Indonesia are mandatory to be halal by 2024. Therefore, a halal product guarantee is needed, namely legal certainty about the halalness of a product as evidenced by a halal certificate. However, to date, there are still limited meatball stalls in Indonesia that have halal certificates. Based on the Regulation of the Minister of Religion of the Republic of Indonesia Number 26 (2019), Chapter 25, paragraph 2, pork is classified as haram food. Haram food ingredients are those that are prohibited from being included in halal food. In addition, pork is designated as a forbidden food ingredient, as also stated in Law Number 33 (2014) on Halal Products Guarantee in Chapter 18, paragraph 1. Laws and government regulations about halal foods in Indonesia have clear statements that pork is a type of unallowed ingredient. Although the rules are clear, adulteration of commercial meatballs has been found in Boyolali Regency. Chicken is a halal food, but chicken found in beef meatballs is also a type of mislabeling that is not in accordance with consumer rights. The adulteration of meat raises concerns in terms of religion and the economy (Ballin, 2010). Contamination with pork, either in small or large quantities, is not justified in foodstuffs, especially meatballs. Ali et al. (2015) stated that cows and pigs are species that are important to religious issues. In 139 samples of processed food, 37% contained pork, and 23% contained chicken, neither of which was mentioned on the label. In addition, 57% errors in food labeling in the Italian meat market have been reported (Di Pinto et al., 2014). In Indonesia, there has also been reported contamination of meatballs with pork. Erwanto et al. (2014) reported that nine samples of meatballs contaminated with pork were collected from around Yogyakarta.

The contamination of food of animal origin with unspecified meat species also has an impact on health. The USDA (2015) stated that 75% of the emergence of infectious diseases in humans comes from animals. There are several animal species that are capable of transmitting disease (zoonosis) to humans, in line with the case of the global pandemic due to the 2019 coronavirus disease (COVID-19). Apart from zoonotic cases, pork contamination can cause some health problems for consumers. Based on research reports, people who consumed larger amounts of processed meat and pork had a higher risk of high-stage prostate cancer (Michaud et al., 2001; Rohrmann et al., 2007). Pork meat and bacon are associated with the risk of oral cancer because these foods are rich in fat content (Toporcov et al., 2004). Continuous intake of pork at 25 g/d elevated the risk for rectal cancer (Aykan, 2015). Research from Yuan et al. (1995) reported that Chinese women who have a diet with high pork intake and low vegetable intake have a propensity to develop breast cancer. A high risk of various types of cancer has a positive association with fat intake from pork.

Based on the study of research results and references, a fast, sensitive, effective, and simple method for identifying meat species is urgently needed (Abbas et al., 2018). The study used the PCR method, which was considered to meet these requirements. PCR has proved to be an adequate technique for detecting small amounts of DNA and can be successfully performed using species-specific primers for highly processed meat products, even gelatin from beef and pork (Shabani et al., 2015). Species-specific PCR has the greatest advantages of all DNA-based methods in terms of speed and specificity, and it is a new method for species identification (Yin et al., 2020). The small size of the target amplicon also has advantages for the primer used. By performing proper detection, the content of ingredients in food of animal origin can be determined. The meat used in food of animal origin must be correctly declared in accordance with its origin so as not to violate government regulations and laws related to halal quality assurance, food, and consumer protection.



CONCLUSIONS

The contamination by chicken and pork of beef meatballs circulating on the Indonesian market has violated the provisions of laws and government regulations related to halal quality assurance in Indonesia. The PCR method proved to be a robust and reliable method to confirm the contamination of mislabeled commercial food products.
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