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A B S T R A C T   

Determination of halal food is essential in ensuring the tranquillity of consumers, especially Muslims. Halal products mean they are free from 
prohibited ingredients according to Islamic law. One ingredient that is prohibited is food products containing pork and its derivatives. An accurate 
verification method with a fast result is necessary to meet this requirement for halal food. DNA quantification of pork is now believed to be able to 
make accurate and quick decisions, as DNA acts as a reservoir or biological characterization of all living things, including pigs, according to specific 
characteristics of molecular and connection settings. Various DNA-based methods developed include PCR, biosensor and CRISPR methods. This 
review discussed various DNA-based Keywords: biosensor, CRISPR, detection, DNA, pork, PCR methods, including PCR, biosensor and CRISPR, to 
detect pork content in food. Among these methods, CRISPR is considered the easiest, fastest and most accurate. Therefore, it is important to develop 
this method further in the future. In this article, we provide a short review on DNA-based methods for detection of pork content in food products.   

1. Introduction 

Pigs or pork are livestock widely diffused worldwide because of their various advantages. Almost all parts of the pig’s body can be 
used for multiple human needs, ranging from fur, skin, meat, bones, and offal to blood. One pig can produce more than 185 derivatives 
for food and non-food products. Pork skin, for example, can be a source of gelatin which can be applied to various food, drug and 
cosmetic products [1]. 

Advancements in food science and technology and the era of globalization have made the fast spread of people and materials. 
Meeting the supply of raw materials for the food industry not only relies on a local scale but it can also be completed from other 
countries in a relatively short time. This fact is certainly a serious concern for people aware of animal food sources, for religious 
reasons, health, vegetarianism and food counterfeiting [2,3]. 

Diverse technologies in food processing and increasingly complex cooking methods lead to difficulties in monitoring ingredients of 
animal origin, especially pork, in food products. Like most meats, pork is mainly composed of protein, accounting for 26% of the total 
net weight. In dry conditions, the protein content of minimal fat flesh even reaches 89%. Therefore, the detection of protein content 
compared to other contents in pigs is very well known, based on nucleic acids. 

Several protein-based analytical techniques, such as dielectric properties [2], spectroscopy [3,4], chromatography [5], and im
munoassays [6,7] are used to identify animal products present in foodstuffs. However, the limitation about these methods is when 
testing heat-processed materials due to dissolved protein denaturation during the treatment. In addition, immunoassays analyses that 
rely on antibodies raised against specific proteins, are often hampered by cross-reactions occurring between closely related species [8]. 
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The use of analytical methods based on nucleic acid can overcome this limitation due to the very stable nature of DNA and its 
long-lived biological molecule found in all organisms tissues [9]. 

The rapid development of molecular biology technology in recent years has made DNA-based approaches increasingly superior in 
detection, specificity, and good stability [7,10]. This review discussed the various DNA-based methods capable of detecting pork 
present in food as well as the strengths and drawbacks of those methods. This overview can be used as a reference for developing new 
methods for detecting pork in foods by researchers and scientists. 

2. DNA-based pork content detection method 

2.1. Polymerase chain reaction (PCR) method 

PCR is the method most commonly used to detect the presence of species-specific materials in food products due to its high 
sensitivity and specificity. This method becomes a useful technique for animal-derived product detection in foods. Several PCR-based 
methods have been proposed to identify species-specific materials in food, including conventional PCR (singleplex or multiplex), 
random amplified polymorphic DNA (RAPD), restriction fragment length polymorphisms (RFLP) and real-time PCR/qPCR. 

2.1.1. Singleplex-multiplex PCR 
Singleplex and multiplex PCR is a molecular biology technique, an adaptation of the PCR technique that allows the simultaneous 

amplification of various gene sequences. Singleplex PCR is used to detect single target sequences and does not require a special probe. 
Therefore, singleplex PCR is inherently simpler in its design, implementation, and optimization. This can be quick and easy to do with 
minimal requirements for optimization. Several studies used species-specific markers against Dloop mt DNA for the pork identification; 
thus, varying the length of the amplicon from 712 base pairs [11–13]. The PCR identification system based on genetic similarity also 
found a high rate of labeling error among meat products [14]. 

In multiplex assays, more than one target sequence can be amplified by using multiple primer pairs in the reaction mixture. The 
multiplex PCR method can amplify two or more target sequences (multi-target) simultaneously with one PCR reaction to save on tools, 
costs, processing time, and reagents. Multiplex PCR is widely used for various purposes, the most common [15] is for detecting pork 
content in food samples. 

Since its initiation in 1988, multiplex PCR has been successfully exploited in numeous areas of DNA testing, with two or more DNA 
loci simultaneously enhanced in the same reaction [16]. The multiple and unique primer sets utilization in a mixture of single PCR 
enables the fragments production of different sizes that are specific for different sequences of DNA. Further information can be ob
tained by setting a target of multiple genes simultaneously via a single trial which requires the use of reagents which take a lot of time 
to complete [17]. 

For the simultaneous and fast identification of meat species, at least to detect contamination in complex meat products, it is 
required to develop multiplex PCR [17]. Akar and Abasiyanik [17] applied PCR assay to identify the most processed and raw meat 
species used in foodstuffs, such as ingredients derived from ruminants, poultry, fish, and pork. Some researchers proposed an accurate 
analytical method for adulteration detection of meat using conventional multiplex PCR analysis of the cytochrome b gene of animal 
mtDNA [11,18,19]. The method is applied to identify and track meat adulteration and distinguish the species present in meat mixtures. 
The method can also be used for quality control and monitoring in laboratories, industrial experimental verification of meat products, 
such as halal authentication and origin of certification raw materials. In addition, for accurate identification, there was research 
investigating the method of a multiplex PCR assay for determining five types of meat species, such as cat, dog, pork, monkey, and rat 
prohibited in the Islamic diet in a single test platform [20]. Research on capsule shells to determine the content of pork gelatin was also 
carried out by Shabani et al., [21]. Direct detection of food suspected of containing pork has also been successfully carried out with this 
PCR technique [22–25]. The presence of dietary supplements can also be found [26]. Detection of bread for the presence of porcine 
DNA can also be carried out by PCR techniques [27]. 

Multiplex PCR exhibits some advantages in detecting the presence of porcine DNA since the use of unique primer and multiple sets 
in mixture of a single PCR allows the production of fragments of different sizes that are specific for various DNA sequences, identify 
processed and raw meat species, accurate analytical techniques to detect adulteration of meat, and can determine pig DNA in dietary 
supplements and bread. However, there are still drawbacks to using Multiplex PCR in porcine DNA detection, including targeting 
multiple genes at once through a single trial that requires the use of reagents that is time-consuming. In addition, when testing cross- 
species specificity using the system of optimized multiplex PCR, only specific targets are amplified [10,14–19,21–23,28,29]. 

2.1.2. Random amplified polymorphic DNA (PCR-RAPD) dan restriction fragment length polymorphism (PCR-RFLP) 
Polymerase Chain Reaction (PCR) is an in vitro technique that amplifies DNA, producing several million copies of a specific DNA 

segment from a small amount of a precursor material [28]. The specificity depends on the hybridization of the primer sequence, and 
the sensitivity depends on the amplification based on the polymerase enzyme. PCR usually comprises a series of temperature cycles 
repeated 20 to 40 times. Each cycle includes denaturation of the DNA duplex, hybridization of two DNA oligonucleotides (primary) 
flanking the target sequence and lengthening of the primers by DNA Random Amplified Polymorphic DNA (PCR-RAPD) and Restriction 
Fragment Length Polymorphism (PCR-RFLP). 
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The development of molecular biology methods to obtain a genetic variation based on certain characteristics is growing so fast. 
Although many methods are new, in some cases, RAPD and RFLP are currently used in several molecular analyses and are still in great 
demand. RAPD is a method when the amplification is carried out randomly using a single primer; the results of the DNA pieces from the 
amplification process also run randomly according to the match of the nucleotide bases with the DNA template. The primers used are 
usually around 9–12 bp only. Existing DNA templates will be duplicated to produce millions of copies, and band analysis results are 
observed ranging from 100 bp - 3000 bp. The bands that appear also show different thicknesses [15]. 

RAPD has been used successfully for meat species identification [30–34]. The RAPD technique’s underlying mechanism is based on 
DNA fragments amplification using short oligonucleotide primers, which are attached to multiple locations on genomic DNA. 
Sequentially, the amplified fragments size-based separation using gel electrophoresis occurs. The sample identification is performed 
via comparison of the DNA bands on the gel. In such a way, DNA fragments amplification uses arbitrary primers in various species; 
thus, obvious and distinct patterns with a high degree of polymorphism are identifiable according to different species [11]. Arslan et al. 
(2005) successfully identified the meat based on their origins, such as goat, beef, pig, wild boar, lamb, camel, pig, cat, rabbit, horse, 

Fig. 1. PCR-RT technique for DNA detection between fluorescent and DNA probe.  
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donkey, dog, and bear by the deployment of the RAPD technique. 
The RFLP method is a DNA marker whose detection is based on DNA-DNA hybridization. Several studies targeting PCR-RFLP have 

employed mt 12 S, 18 S, and 26 S rRNA genes for characterizing and tracing the meat origin for halal products authentication [35–38] 
used RFLP PCR for pork adulteration detection in raw meat via targeting the mitochondrial cytochrome b gene [38]. Murugaiah et al. 
(2009) employed this technique via mitochondrial genes (cytochrome b) analysis of beef (Bostaurus), buffalo (Bubalus bubali), chicken 
(Gallus), pork (Sus scrofa), quail (Cotumixcoturnix), goat (Carprahicus), and rabbit (Orytolaguscuniculus) for the identification and 
tracing of the adulteration origin in halal and non-halal mixed meat samples. A PCR-RFLP with a short nucleotide amplicon (109 bp) 
used to trace and identify porcine DNA in halal meat products has been developed [33]. Research conducted by Erwanto et al. (2012, 
2014) developed an mtDNA-based PCR-RFLP method using the restriction enzyme BseDI to differentiate meat species. It determined 
the pork presence in meatballs, which could detect a 0.1% level of pork. Using the same technique, Haider et al. (2012) used the COI 
gene (mitochondrial cytochrome c oxidase subunit 1) to qualitatively identify and distinguish beef, buffalo, lamb, camel, turkey, and 
chicken “as halal meat”, and donkey and pork “as non-halal meat”. The advantage of using Random Amplified Polymorphic DNA 
(PCR-RAPD) and Restriction Fragment Length Polymorphism (PCR-RFLP) in the detection of pork DNA is that it can distinguish several 
types of meat circulating in the community, especially pork from a specific DNA identity, able to distinguish the presence of pork in 
meatballs. Meanwhile, the drawback of using PCR-RAPD and PCR-RFLP in detecting porcine DNA is that it takes a long time for two 
important analytical steps, such as PCR processing and cutting the PCR result DNA with restriction enzymes [26,27,30–35,37,41,42]. 

2.1.3. Real-time polymerase chain reaction (RT-PCR) 
The DNA template is exponentially replicated throughout the PCR procedure. This results in a quantifiable link between the 

quantity of PCR product (amplicons) accumulated in a particular cycle and the initial concentration of the DNA template used. The 
number of amplicons counted during the exponential phase serves as the standard for estimating DNA template duplication. The PCR 
reaction operates at its best during the exponential phase, and this reaction continues until it is blocked by many conditions, including 
low template and reagent concentrations and an accumulation of pyrophosphate molecules. The PCR reaction enters the plateau phase 
as a result of this barrier. As a result, it is impossible to utilize the calculation of PCR products during the plateau phase as a reliable 
reference. An essential advancement in the application of PCR [41] is depicted in Fig. 1. 

Numerous researchers have employed real-time PCR for meat authentication and specification because of its sensitivity, specificity, 
and speed. One of the most critical developments in molecular approaches is real-time PCR, particularly in identifying the source of 
adulteration in halal meat. Initially, this method was created to evaluate gene expression, recognise microbes, and measure genetically 
modified organisms [43]. It has also recently been widely applied to the identification of meat types [9,42,44] The fundamental idea 
behind this method is the real-time measurement and quantification of the rise in fluorescence light intensity for each cycle of 
amplification throughout the process. Additionally, even in the exponential phase, the reaction components of this method are never 
limited [45]. 

Most often, pork substitutes other types of meat in food products. Ali et al. (2012) established a pork-specific real-time PCR assay 
for authentication of halal products with the detection limit of 0.001 ng of porcine DNA. In this context, this technique will be useful in 
detecting pork DNA in meat products. In addition, Edris et al. (2012) employed a similar approach for the halal and non-halal 
authenticity of meat products by aiming at the partial length cytochrome b gene from mtDNA. Targeting the same gene, some re
searchers combined species-specific primers and a TaqMan probe for specific amplification and detection of porcine mtDNA by real- 
time PCR to investigate pork adulteration in meatballs [46–48]. This method provides efficient detection to identify and quantitatively 
identify the pork presence in various processed meat products. Another study also compared the SYBR Green method and the Hy
drolysis Probe method in the analysis of bovine gelatin DNA and pork gelatin DNA using Real-Time PCR [49–53]. Detection of 
contaminants from DNA fragments encoding pig cyt b in softgelly candy samples not labeled halal can also be carried out [54]. Another 
technique used to authenticate raw, processed and adulterated pork is done by Demirhan et al. (2012). The following research is to 
detect processed food samples that are positive for pig DNA [52,55]. In addition to food, detection can also be carried out on animal 
feed which is feared to affect the meat consumed [48]. 

The advantage of using RT-PCR in pork DNA detection is that it is an efficient method for pork detection, identification, and 
quantification in different types of products derived from meats. RT-PCR also combines species-specific primers and TaqMan probes for 
specific amplification. In addition, the detection of contaminants from DNA fragments encoding cyt b pigs in jelly candy samples not 
labeled halal can also be done. Detection can also be carried out on animal feed which is feared to affect the meat consumed. The 
disadvantage of using real-time polymerase chain reaction (RT-PCR) in detecting porcine DNA is that in the exponential phase the PCR 
reaction takes place optimally; this reaction continues until the PCR reaction is inhibited by several factors such as reduced levels of 
templates, reagents, and accumulation of pyrophosphate molecules. Therefore, the use of PCR is an introduction to the monitoring of 
DNA amplification in real time, requiring other supporting tools for maximum performance, for example, fluorescence techniques [6, 
40,43–50,53,56–59]. 

2.2. DNA barcoding method 

The molecular approach through DNA Barcoding technology is a fast and appropriate alternative choice to identify plant and 
animal species that have or have not been described. DNA barcode generally consists of a central variable moiety that distinguishes 
species of interest and specific regions and allows for loading of long primer pairs amplified by barcode sequences in different species 
which for most animal species is the ~650 bp region of the mitochondrial COI gene [60]. 

The application of DNA barcoding in pork detection has been applied, including the determination of uncooked pork sausage and 
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chorizo products and then identified by mini-barcoding [61]; minor DNA components are also reported to be strong enough to detect 
minor components up to 1% of the total DNA [62]. Another study carried out simulations of DNA sequence and sequencing data on 
sausages (35% cattle, 1% horses, 9% pigs, and 55% sheep), resulting in species quantification that could be achieved at a discrimi
nation level of 1% [63]. The method of DNA metabarcoding was developed on the MiSeq® platform that targets the 16 S rDNA region, 
and it was deployed to analyze DNA extracts from muscle meat and DNA mixtures from sausages [64,65]. Sequencing of the targeted 
mt-DNA region using the DNA barcode method yielded a total of 1,363,351 sequence reads. They identified pork adulteration in the 
kebab that is normally not present [66]. 

The advantage of using the DNA barcoding method is the capability of detecting multiple DNA sources in one analysis; the DNA 
barcodes combination with NGS, allowing multiplexing; so that it is stronger than traditional DNA barcodes. By employing short 
oligonucleotide sequences for DNA indexation, different sample amplicons can be in the simultaneous collection and sequence in a 
single loop [60]. Disadvantages of using the DNA Barcoding method are not being able to identify many species in the same product, 
and the requirement for high-quality DNA extracts from the meat matrix to enable genomic fragments amplification and sequencing of 
at least 500 base pairs. This method also requires a long analytical time span from DNA extraction to analyzing final bioinformatics, 
requires skilled personnel and specialized laboratories (Demirhan et al., 2012; Al-Kahtani et al., 2017; Zia et al., 2020; Kane & 
Hellberg, 2016; Tillmar et al., 2013; Ripp et al., 2014). 

2.3. Loop-mediated isothermal amplification (LAMP) 

LAMP is a specific, sensitive, and fast amplification method that can be utilized to identify species. This method uses four to six 
primers and specific DNA polymerases capable of inducing DNA through automatic cyclical strand switching in a relatively short time. 
The reaction takes place under isothermal conditions at a temperature of 63 ◦C. The LAMP method can amplify up to 109 copies in an 
hour because multiple primers are used to recognise different DNA target sequences. 

A recent research review focused on the LAMP application in species identification of a variety of meat products [68]. The primer 
sets of Bos taurus, Sus scrofa domesticus and Equus caballus (BSE)-LAP to target species-specific mt-DNA to differentiate raw and cooked 
meat species have also been investigated [69]. The four pig-specific primers in the LAMP assay were designed according to the mt-ND1 
gene sequence to clearly show pig DNA in meat products [70]. Another study using a special D-loop-based pig primer designed for the 
LAMP assay detected 1 pg of raw pork DNA and 0.1% pork in a beef mixture within 30 min [71]. A new method based on LAMP in 
combination with LFD was developed for mammalian DNA, offering a detection limit of 10 pg isolated porcine DNA and 0.01% DNA in 
additives [72]. Similarly, a LAMP and DNA strips combination was developed to detect a mixture of 0.01% pork in beef meatballs in 
about 1 h [73]. In a recent study using LAMP, researchers used the Alkaline Lysis method to extract porcine DNA before amplifying the 
mt-D loop, and heated meat samples at 121 ◦C for 30 min. The results showed that pork in beef could be detected up to a mixed level of 
0.1%, and the DNA detection limit was at 0.5 ng/ÿL [74]. 

The advantage of using the LAMP method in porcine DNA detection is its high amplification efficiency and without requiring skilled 
personnel and sophisticated equipment. Meanwhile, the disadvantage of using the LAMP method to detect porcine DNA is due to the 
lack of sensitivity compared with PCR to inhibition of complex sample cases such as blood, possibly due to the use of Bst DNA po
lymerase from Taq polymerase as in PCR. In addition, the multiplexing approach for LAMP is less developed than for PCR. The greater 
number of primers per target in LAMP leads to an increase in the primer-primer interaction [60,63,65,68,70,71]. 

2.4. Biosensor method 

The basic components of a common biosensor are shown in Fig. 2 wherein, biomolecules can be enzymes, DNA, proteins, whole 
cells, antibodies etc [75] (. The sensor platform, where chemical reactions between the analyte and biomolecules occur, is the 
transducer surface [76]. The transducer converts one type of energy into another such as chemical energy into electrical signals. 
Furthermore, the electronic circuit processes the signal, to obtain the signal in a useable form [77,78]. 

2.4.1. Optical biosensor method 
In optical sensors, direct measurements are made through a process of color recognition or cause a change in optical properties (for 

instance, an antibody-antigen complex formation), an optical signal (fluorescence, chemiluminescence, color), and environment. The 
resulting optical signal can be observed directly or measured with a photodetector, which can convert optical signals into measured 
electrical signals. The signals are classified based on thermal (i.e., thermopiles) or photon detectors (i.e., photodiodes or photo
multipliers) [79,80]. 

There is an increased use of optical methods for single-use sensors, particularly in incorporation with smartphones. In addition, 
optical detection principles such as surface plasmon resonance (SPR) [81] or localized SPR [82,82], and surface-enhanced Raman 
spectroscopy (SERS) [83] also provide the label of free from chemical and biological methods sensing [84]. 

SPR is a sensing technique in which the incident light stimulates the resonant oscillation of electrons at the inter-face between 
positive and negative material [85]. Wavelength-dependent SERS sensing was highlighted in the current research with the morphology 
of the developed sensor [86]. The detection involved visual (fluorescence) observation of the colloidal solution color shift due to the 
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salt-induced aggregation of nanoparticles, which could be prevented by the presence of single-stranded DNA (the probe only) [87]. The 
most essential functional materials for optical sensing are dyes, silver, gold, graphene nanoparticles, quantum dots, and photonic 
crystals. 

Several optical method studies have been carried out to detect the quality of meat containing pork. The optical thin film microarray 
method on silicon-based surfaces to identify venison, rabbit, duck, chicken, beef, horse, lamb and pork, resulting in optical biosensor 
chips, has also been developed [88]. The study targeting the porcine mitochondrial genome was designed by Emanuel et al. with a 
chemiluminescent fiber optic biosensor [89]. Covalent integration of pig probes into gold nanoparticles successfully detected and 
quantified the presence of porcine DNA [36,90,91] Sensitive and specific paper-based methods have also been developed to detect 
DNA from chickens and pigs using magnetic beads (MB) [92]. They could incorporate the loop-mediated isothermal amplification 
(LAMP) with ECL technique to detect and quantify porcine DNA. Developed surface enhanced Raman spectroscopy (SERS) using silver 
nanopartikel (AgNPs) on Si matrix to identify the pork DNA in a rapid way and sensitive to ultra-low molarity detection [86]. 

The optical biosensor method allows for the detection and quantification of potential targets in samples that have undergone 
considerable degradation or high levels of processing, making them suitable for direct detection. The optical biosensor approach can be 
used as a portable biosensor for on-site monitoring because it is an isothermal method that does not require a thermal cycle process. 
The optical biosensor approach for detecting pig DNA has some drawbacks, including the need for a lengthy autoclave process and 
inaccurate results with 100% pork when used in large amounts, reflecting saturation. With non-target flesh, specific primers only 
generate short DNA strands; in the stain test, these short strands do not aggregate to form dark blotches on the paper. There will be less 
ECL signal strength than the original due to the presence of DNA [84,89,90,93–95]. 

2.4.2. Electrochemical biosensor method 
In the electrochemical sensing-based method, the indirect of direct generation of electric signal, with electroactive species, or via 

biorecognition events or enzyme-mediated electrodes [96] that are proportional to its concentration. One of the most critical factors 
when applying electrochemical sensors is material selection for the electrodes since they have to be suitable for the specific application 
(e.g., chemical resistance to the sample) and conform to specifications, such as selectivity, sensitivity, or long-term stability. Common 
electrode materials used for the manufacture of disposable sensors include inert metals 1,806,739 [97]. The most vital electrochemical 
techniques include amperometry, potentiometry, voltammetry, impedance spectroscopy and conductometry [97,98]. While electro
chemical chemo-chemistry and biosensors primarily require high conductivity liquid electrolytes containing ions, solid electrolytes, 
such as yttria stabilized zirconia, can be used in gas (potentiometric) sensors. 

Fig. 2. Schematic of DNA biosensor based on AuNP-DNA probe bioconjugate on SPCE-Gold surface  
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Potentiometry determines the change in potential of an open circuit between two electrodes, i.e., working and reference electrodes 
at equilibrium without current flow, caused by the analyte that depends on the concentration. However, amperometry and voltam
metry typically use a third or additional electrode in a potentiostatic system to set the desired voltage at the sensing (working elec
trode) that does not depend on the drop of voltage within the solution. In amperometry, current that arises from the reduction or 
oxidation process of electroactive molecules, is determined at a constant or single potential amperometry; or time gradual potential 
(chronoamperometry). Voltamic metrics involve the measurement of the current when a possible sweep occurs. It can be linear, cyclic, 
or combined with pulses, for instance, differential pulse or square wave voltammetry. When the impedance spectroscopy technique is 
used, a sinusoidal potential over a frequency range is applied to an electrochemical cell. By applying the current response measure
ment, the system capacitance and resistance can be measured, enabling the investigation of the properties of surface and material. In 
conductometry, the electrolyte resistance is measured using an alternating potential [99]. A novel electrochemical biosensor strategy 
has been used to detect isothermal amplicons of pork species as a model system, in which picogram levels of starting materials were 
used as template DNA. ELISA/immunosensor was developed for sensitive detection of adulteration of pork in meat [6]. In Fig. 2, an 
electrochemical DNA biosensor based on the AuNP–DNA probe bioconjugate was able to differentiate DNA samples from pork, 
chicken, and beef [100,101]. Another study suggested that the formed short-length DNA-linked dual platform SERS biosensor were 
able to substitute the traditional method of porcine DNA detection that was the less sensitive. It could be adopted as an approach for the 
universal quantitative and qualitative DNA detection from various sources [101]. 

With samples containing 10% pork, the electrochemical biosensor approach for identifying pork DNA can be used as an alternative 
to differentiate between raw meat and processed meat. Based on isothermal target gene amplification and electrochemical detection 
using square wave voltammetry, the electrochemical biosensor approach could distinguish between different meat species. There is no 
process necessary for ferrocene labeling, which is the chemical bonding of ferrocene molecules to DNA. This technique uses a low-cost 
dielectric analyzer to discriminate between complementary and non-complementary target DNA detection. The performance of DNA 
biosensors depends on the DNA probe’s length, the platform’s makeup, the presence and placement of Raman tags, and the sensing 
strategy chosen, which is a drawback of electrochemical biosensor methods used to detect porcine DNA. Additionally, mixing or 
interference with both specific and generic DNA should be impossible. The probe DNA, AuNP, and SiNS from the electrode all degrade 
in this approach. The biosensor response and the amount of immobilized probe DNA are both decreased by the degrading effect. 
Additionally, the device’s resistance was reduced as a result of complementary target hybridization [3,57,58,101]. 

2.4.3. CRISPR method (clustered regularly interspaced short palindromic repeats) 
CRISPR is a method of genome editing that edits internal DNA/RNA in a reprogrammable and sequence-specific way; In a process 

known as gene editing, the CRISPR-associated Cas endonuclease protein has been employed in a variety of ways. It has been suc
cessfully utilized in bioenergy, medicines for infectious diseases, and agriculture [102]. 

CRISPR-Cas12 is the newest method for detection. This detection platform has been applied to detect pig DNA combined with the 
fluorescence technique. This technique enables the detection of target genes that are amplification-free and mix-to-read, thereby 
enabling fast detection of porcine DNA in complex samples and presenting excellent selectivity in authenticating halal food to other 
processed meat products. All detection processes can be achieved in one test tube at 37 ◦C. 

The regularly clustered short palindromic repeat system (CRISPR) is recognized for its strong function in gene editing. In recent 
years, the highly specific recognition capability of sequence of the CRISPR system has been proven to be a quick and highly sensitive 
detection tool for target nucleic acid analysis [103,104]. In particular, the proteins associated with CRISPR type II (such as Cas12a, 
Cas13a) are revealed with the activity of indiscriminate cleavage in single-stranded DNA (ssDNA) that can rapidly magnify the 
detection signal and significantly improve the detection [105,106]. Incorporating the technology of isothermal amplification has 
proven that nucleic acid detection has some advantages in a multitude of specificities, ensuring the detection results accuracy, and 
making more convenient and faster detection [107,108]. A previous study has demonstrated the method possible application in meat 
authentication [109]. However, it did not provide a complete detection process in detail, nor its verification and application in the 
ulterated foods identification. 

The rapid and particular visual RPA-CRISPR/Cas12a assay created in this study to identify ingredients derived from pork in meat 
products is particularly appropriate for first-line promotion and application of analysis of low-resource meat adulteration, particularly 
for detection on-site [110]. In food detection, it has been reported that a nucleic acid analysis strategy based on amplification-free 
CRISPR-Cas12 and readable mixtures has been reported, which allows rapid identification and analysis of pork components [111], 
as shown in Fig. 3. 

Fig. 3. The working principle illustration of halal food authentication via CRISPR-Cas12-based nucleic acid test.  
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The advantage of the CRISPR method in detecting swine DNA is that it can test processed meat products such as sausages and dried 
pork slices. A CRISPR-Cas12-based nucleic acid assay strategy holds promise for fast food authentication. Combined with a simple 
biosensor method to obtain DNA samples for fast and accurate identification of pork-derived components in meat products within 1 h. 
Incorporated with a simple biosensor method to obtain DNA samples, pork-derived components in meat products can be identified 
quickly and accurately within an hour. The method can be incorporated with the CTAB technique to derive high purity DNA samples to 
satisfy the meat products detection requirements with lower LOD. The CRISPR/Cas12a can be performed in a single tube under 37 ◦C, 
and the results can be easily assessed directly under a portable mini blue light transilluminator. The CRISPR method is associated with 
disadvantages in the detection of porcine DNA with limitations by off-target effects, and chromosomal translocations due to off-target 
cleavage. These problems persist and are complicated when editing complex genomes [109–112]. 

3. Conclusions and future prospects 

Large laboratories can test the majority of food products. However, at least four drawbacks exist about utilization of centralized 
quality control, i.e., i) because there are so many different analytes, even a centralized laboratory might only focus on one or two 
pollutants. Each sample must therefore be sent simultaneously to various laboratories. ii) In order to prevent potential change, samples 
must be sent under extremely controlled circumstances, which may call for low temperatures. Costs for shipment are consequently 
increased. iii) Transportation delays can lower food quality by delaying distribution to customers or retailers. iv) Consumers pay 
higher prices for food due to centralized testing and the associated costs. For this reason, it would be more effective if food testing is 
conducted where they are required (homes, packaging centers, manufacturing premises, etc.) using single-use sensors [99]. Likewise, 
food containing pork should be detected easily, quickly and precisely. DNA-based detection has answered this challenge where the 
introduction of heat-stable DNA and its presence in all cells of the target organism has made DNA-based methods widely used as a 
reference for researchers. The types of DNA studied were quite diverse, but the mitochondrial gene was most widely used for detecting 
pork content (cytochrome b). This is because the cytochrome b gene has been regarded as one of the most meaningful genes for works 
related to phylogenetic and is the most well-known mitochondrial gene regarding the function and structure of its protein products 
[113]. In addition, the mitochondrial Cyt b gene was selected as the target gene that can be replicated multiple times within the cell. A 
great amount of Cyt b gene DNA can be derived regardless of severely damaged DNA under harsh processing conditions [114]. 

Each method (PCR, DNA Barcode, LAMP, Biosensor and CRISPR) has advantages and disadvantages (Table 1) that can be chosen 
according to the conditions of the researcher, both in terms of the ability to use tools and the availability of existing materials. The most 
important thing is how the detection can provide the right results and can be done directly on the spot to make it easier to make 
consumption safety decisions regarding religion and dietary habits (see Table 2). 

Table 1 
Advantages and disadvantages of DNA-based pig detection method.  

DNA-based 
detection 

Advantages Disadvantages Reference 

PCR Method PCR mixture allows the production of fragments of 
different sizes that are specific for various DNA sequences, 
identify processed and raw meat species, accurate 
analytical techniques for detecting adulteration of meat, 
and can determine pork DNA in dietary supplements and 
breads. . 

Targeting multiple genes at once through a single trial 
requires the use of reagents that take a lot of time to do and 
when cross-species specificity is tested using the multiplex 
PCR system developed only the specific targets are 
amplified. 

[10,14–23,28, 
29] Singleplex- 

Multiplex 

RAPD and PC- 
RFLP 

To distinguish several types of meat circulating in the 
community, especially pork from a specific DNA identity, 
able to distinguish the presence of pork in meatballs. 

It takes a long time for two important analytical steps, such 
as PCR processing and cutting the PCR result DNA with 
restriction enzymes 

[26,27,30–35, 
37,41,42] 

Real Time RT-PCR also combines species-specific primers and 
TaqMan probes for specific amplification. In addition, the 
detection of contaminants from DNA fragments encoding 
cyt b pigs in jelly candy samples not labeled halal can also 
be done. Detection can also be carried out on animal feed 
which is feared to affect the meat consumed. 

In the exponential phase the PCR reaction takes place 
optimally, this reaction continues until the PCR reaction is 
inhibited by several factors such as reduced levels of 
templates, reagents, and accumulation of pyrophosphate 
molecules. DNA amplification in real time, requiring other 
supporting tools for maximum performance, for example 
by using fluorescence techniques. 

[6,40,43–50, 
53,56–59] 

DNA Barcoding Flexible use, high sensitivity and selectivity with one-step 
DNA sequencing and quantification 

It is necessary to use high quality DNA with a long period of 
bioinformatics analysis, complex library preparation 
protocols, the number of extraneous DNA traces and in 
computer programs are often biased. Requires specialized 
laboratories and skilled personnel. 

[55,60–63, 
67] 

(continued on next page) 
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Table 1 (continued ) 

DNA-based 
detection 

Advantages Disadvantages Reference 

LAMP Method Fast detection, high selectivity and efficiency. No thermal 
cycle required. 

Sometimes the method is considered to be less versatile 
and less sensitive to inhibitors with little or no 
multiplexing plus less availability of reagents. There is a 
large number of primers per target will increase the 
interaction. 

[63,65,68,70, 
71] 

Biosensor 
Method 

This method offers detection and quantitation of potential 
targets in highly processed meat products or extensively 
degraded samples where PCR-based identification 
techniques may not work making them suitable for direct 
detection. The optical biosensor method is an isothermal 
method that does not require a thermal cycle process, this 
method can be implemented in a portable biosensor format 
for on-site monitoring. 

Requires a relatively long autoclave process, inaccuracies 
were also observed in 100% pork when used in large 
quantities, reflecting saturation. Specific primers that 
produce only short DNA strands with non-target flesh, and 
these short strands will not produce aggregates (dark 
spots) on paper in the stain test. The presence of DNA will 
indeed result in a lower ECL signal intensity than the 
original 

[84,89,90, 
93–95] 

Optic 

Electrochemistry Can be distinguish between raw meat and processed meat, 
namely in samples with 10% pork content. The 
electrochemical biosensor method was able to identify 
different meat species based on isothermal amplification of 
the target gene followed by electrochemical detection with 
square wave voltammetry. It does not require any 
procedure for ferrocene labeling, namely the chemical 
attachment of ferrocene compounds to DNA. This method is 
capable of distinguishing complementary and non- 
complementary target DNA detection using a low-cost 
dielectric analyzer 

The performance of the DNA biosensor depends on the 
length of the DNA probe, the composition of the platform, 
the presence and position of the Raman tag, and the 
sensing strategy chosen. There should also be no possibility 
of mixing or interfering with specific and nonspecific DNA. 
In this method, there is also degradation of the probe DNA, 
AuNP and SiNS from the electrode. The degradation effect 
reduces the amount of immobilized probe DNA and 
reduces the biosensor response. In addition, 
complementary target hybridization resulted in a decrease 
in the resistivity of the device. 

[3,57,58,101] 

CRISPR Method Can test processed meat products such as sausages and 
dried pork slices. The CRISPR-Cas12-based nucleic acid 
assay strategy holds promise for fast food authentication. 
Combined with a simple biosensor method to obtain DNA 
samples for identification of pork-derived components in 
meat products quickly and accurately within an hour. The 
technique can be run with the CTAB method with lower 
LOD. CRISPR/Cas12a can be performed in a single tube 
under 37 ◦C, and the results can be easily assessed directly 
under a portable mini blue light transilluminator. 

Limited by off-target effects and chromosomal 
translocations due to off-target cleavage and these 
problems persist and are complex when editing complex 
genomes 

[109–112]  
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Table 2 
Variety of DNA-based pork content detection.  

Method Type Specialization Analytical data Reference 

PCR RAPD and RFLP using mt 12 S, 18 S, and 26 S rRNA genes to detect and trace the meat origin of hala 
products 

PCR products of pork and lard were digested with RE BsaJI, which resulted 
in the expected fragments of 131 and 228 bp 

[31,32] 

detect pork adulteration in raw meat short ifragment (109 bp) pork cytochrome b gene This assay is sensitive enough to detect 0.0001 ng of pork DNA in pure 
format and 0.01% (w/w) pork 

[33] 

Gene of mitochondrial (cytochrome b) beef (Bostaurus), buffalo (Bubalusbubali), goat 
(Carprahicus), chicken (Gallus), rabbit, quail (Cotumixcoturnix), pork (Sus scrofa) 

Pork produced better banding intensity when present in 1%, 3% or 5% in 
the mix mixture, compared to the other meat species tested. 

[30] 

trace and determine 25-nucleotide (nt) single-stranded (ss) DNA annealing probes with 
denatured DNA from meatballs 

Twenty nm GNP changed color from pink-red to purple-gray, and its 
absorption peak at 525 nm was redshifted by 30–50 nm in 3 mM phosphate 
buffer saline (PBS). 

[34] 

cytochrome b gene to identify the contamination of pork in meatballs into 2 fragments (i. 
e., 131 and 228 bp) 

can detect 0.1% pork content. [35] 

identify and differentiate beef, buffalo, lamb, camel, turkey, and chicken. Amplicons were 
digested with seven restriction endonucleases (Hind II, AvaII, RsaI, TaqI, HpaII, Tru1I and 
XbaI) selected based on preliminary in silico analysis. 

The resulting PCR product was electrophoresed on 1.8% ethidium bromide 
(Fluka)-stained agarose (EuroClone, Italy) gel in 0.5X Tris Borate EDTA 
(TBE). 

[38] 

meat species identification design primer A:ACGACCCACG and primer B:CACCACGCCT PCR was performed at 100 microL containing 50 ng genomic DNA, 2.5 mM 
MgCl, 

[37] 

200 ng primer, 2 units SUPER TAQ (HT Biotechnology), 200 p.m.. Each 
dATP, dGTP, dCTP and dTTP (Promega) in 10 mM Tris-HCl, pH 8 0.3.50 
mM 

primer 60-01 dan primer 60–03. Lanes: M, lOO-bp DNA markers GC content varies from 50 to 80% [27] 
amplify the 359 bp region in the cytochrome b gene and digest the amplified product using 
HaeIII and Hinf I 

Pigs dominate all tested species, even at the 1% level [42] 

Mitochondrial DNA (mt DNA) 439, 322, 274, 271, 225, 212, and 157 bp for horses, dogs, 
cats, cattle, sheep, pigs, and goats, respectively, were amplified. 

PCR was performed at 30 cycles for the mixture at the level of 5%, 2.5%, 
1%, and 0.5%, while at 35 cycles for the mixture at the level of 0.1%. 

[36] 

10-base primers: OPL-01 (50 GGC ATG ACC T30), OPL-02 (50 TGG GCG TCA A30), OPL- 
04 (50 GAC TGC ACA C30) and OPL-05 (50 ACG CAG GCA C30) 

The profiles obtained with OPL-04 primers contain from 5 to 8 DNA bands 
with molecular sizes between 2.0 and 0.5 kbp. 

[39,40] 

region (D-loop) resulting in a unique 712 base pair (bp) amplicon. The pork detection sensitivity in other species meat employing a unique 
pork-specific PCR was made at 0.1%; detection limit (LOD) of pig DNA is 
10 pg (pico gram). 

[56]  

Singelplex- 
Multiplex 

pig mitochondrial displacement region (DI-loop) generating a unique 712 base pair (bp) 
amplicon. 

The detection sensitivity of pork in meat of other species using unique pig- 
specific PCR was set at 0.1%; limit of detection (LOD) pig DNA is 10 pg 
(pico gram). 

[11]   

mitochondrial (mt) DNA h 83-bp and 531-bp 1% pork detected in heat treatment [12]   
gen sitokrom b (cyt-b) Detected 0.01% (w/w) contamination of pork [13]   
gen sitokrom b (cyt-b) revealed a high labeling error rate of about 57% [14]   
conservative region of 16 S rRNA. The primers produced specific DNA fragments with 
lengths of 183, 224, 290 and 374 bp for poultry, fish, pigs, and ruminants, respectively. 

40% of commercially labeled products carry a different meat species that is 
not indicated on the label 

[17] 

n mitochondrial genes ND5, ATPase 6, and cytochrome b to amplify 172, 163, 141, 129 
and 108 bp DNA fragments from cat, dog, pork, monkey and mouse meat 

The assay was analyzed to trace 0.01–0.02 ng of DNA in the raw condition 
and 1% suspected meat in the formulation of meatball. 

[18] 

VPH-PF 50 -AAT TTT TGG GGA TGC TTA GAC T-30 (22mer Tm 52.5 C) and reverse VPH- 
PR 50 -TAT TTT GGG AGG TTA TTG TGT A-30 (25mer Tm 52.6 C). 

Specific detection of pigs at 0.1%; detection limit (LOD) 10 pg (pico grams) [11] 

mitochondrial cytb, ND5, and 16s rRNA genes In pure state, DNA detection limit at 0.01–0.001 ng and in meatball 
product is 0.5% meat in 32 

[19] 

mitochondrial ND5, ATPase 6, dan gen cytochrome b Detection limit 0.01–0.02 ng in pure state and 1% suspected pork content 
in meatballs 

[20] 

mitochondrial DNA region (cytochrome b gene) The method sensitivity was investigated on binary gelatin mixtures that 
contain 0.1%, 1%, 10%, and 100% (w/w) pork gelatin in gelatin derived 
from beef and vice versa. 

[21] 

targeted at mitochondrial DNA (mtDNA) cytochrome b (cyt b) gene sequences [22] 

(continued on next page) 
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Table 2 (continued ) 

Method Type Specialization Analytical data Reference 

The PCR-southern hybridization primer sensitivity to trace each meat from 
species is 0.1 ng.   

e cytochrome b (cyt b) produced two fragments, namely 274 bp for cattle and 389 bp for pigs [23]   
Cytochrome B (CytB) gene in chicken and -actin (ActB) gene in pork. Sensitive to 16 pg DNA per reaction and detection limit of 0.01% (w/w) for 

each type 
[24]   

The 294-bp mitochondrial DNA D-loop. Region Detected 1% pig content [25]   
mitochondrial cytb genes, and the 16 S rRNA gene Detection limit 0.005 ng/μL. [26]   
Gen mitochondrial cytochrome b (mt-Cytb) Detection was found (1%, w/w) in bread samples [27]  

Real time The PCR product of 359-bp was successfully obtained from the cyt b. Gene pork produced better banding intensity when present in 1%, 3% or 5% in 
the mix mixture, compared to the other meat species tested. 

[42] 

test for S. scrofa-specific probe stains, To standardize the method with maximum sensitivity in mixed samples, 
the probe concentration was set at 20 M and Total DNA for PCR 
amplification at 10 ng. 

[9] 

the COI gene at least 5 pg of tested DNA [44] 
from nuclear DNA (nDNA) or mitochondrial DNA (mtDNA) The incorporation of highly sensitive and specific probes can greatly 

improve the specificity and sensitivity of the test 
[45] 

Sus scrofa cytb 567 LOD (4 μgmL− 1). [36] 
Gen cytochrome b or cyt b dari mitochondrial DNA (mtDNA) Successfully detects at least 0.05 pg (5%) adulterated meat [18] 
Primers and probes used for endogenous control were previously designed targeting the 
conserved 141-bp fragment in the 18 S rRNA gene. 

Detection limit of 0.1 pg heat -treated pork and 0.1% (w/w) pork in a 
mixture of beef and chicken. 

[46] 

mtDNA babi detection of 1% pig contamination [47] 
Sus-ACTB-97bp-F CGTAGGTGCACAGTAGGTCTGAC Beta-Actin gene Sus-ACTB-97bp-R 
GGCCAGACTGGGGACATG DQ452569 Sus-ACTB-97bp-P VIC-CCAGGTCGGGGAGTC- 
MGB Gallus-TGFB3-129bp-F GGCTGCAAGTCACCGTGGTA TGFB3 gene Gallus-TGFB3- 
129bp-R CCGCTAGCCAGAAGCTCAGC AY685072 Gallus-TGFB3-129bp-P FAM- 
CAGGAGCCACGTGAGCAGCACAG-BHQ [18] 

Obtained weight of chicken = 0.04 μL - 4, and pig = 0.2 μL + 2.5 [48] 

The isolates of beef gelatin DNA and pork gelatin DNA were obtained as much as 19.38 
ng/μl and 13.63 ng/μl with a purity of 1.566 and 1.573 respectively. 

bovine gelatin DNA and pork gelatin DNA [49] 

Gene selection and DNA extraction Limit of detection (LOD) from 0.1 to 1 pg/μL and LODs of gelatin from 
0.1% to 5% (w/w) 

[50] 

18 S rRNA gene Successful identification of 100%–0.01% in meat products [51] 
12 S rRNA-tRNA Found 1% contamination of gelatin samples [52] 
(Prk-F: CTG CCC TGA GGA CAA ATA TCA TTC and Prk-R: AAG CCC CCT CAG ATT CAT 
TCT ACG 

Rate of tracing and quantification less than 0.0001% and 0.01% (w/w) of 
pork 

[53] 

Sus Fw (50 –CTACATAAGAATATC CACCAC–30) and Sus Rv (50 
–ACATTGTGGGATCTTCTAGGT–30) and Pg Fv (50 –CTA CATAAGAATATCCACCAC–30) 
and Pg Rv (50 –AGCCTACACCACAGCCA CAG–30) 

Detection limits 0.22, 0.047, 0.048, 0.0000037, 0.015 ng/ll [55] 

DNA at 22nd-197th basal orders with an amplification of 176 bp. Coefficient of variation (CV) for repetition is 16.28%, and when mixed with 
meat produces 7.46% 

[54] 

cytochrome b (cyt b) Detection limit 1.0% w/w for marsmelo and candy [67] 
DNA 

Barcoding  
n ~650 bp from COI gene Meat samples purchased from online specialty meat distributors had a 

higher label error rate (35%) than samples purchased from local butchers 
(18%) and samples purchased at supermarkets (5.8%). 

[61]   

mitochondrial 16 S rRNA gene The results distinguish over 99.9% of mammalian species and also detect 
small components up to 1% of mixed samples. 

[62]   

short mtDNA able to measure the material correctly at 1% discrimination level [63]   
Mitochondrial 16 S rDNA. Gene region The results showed that there were 61 species that could be identified, 

differentiated and detected up to 0.1% proportion. 
[64]   

mitochondrial DNA fragment 120 bp gene given 1% (w/w) pork, the NGS technique sensitivity is near to 1% [65]   
mitochondrial DNA (mtDNA) gene [66] 

(continued on next page) 
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Table 2 (continued ) 

Method Type Specialization Analytical data Reference 

the presence of one species of two of the three targeted mtDNA fragments 
350 accounted for at least 0.2% of the aligned reads on the corresponding 
species-specific reference 351 sequences. This 0.2% threshold determined 
in the case studies evaluated 354 should be further validated in the process. 
Other NGS. 

Metode LAMP  mt-DNA spesifik LOD 10 pg/ÿL-100 fg/ÿL on raw and cooked meat, and LOD of 0.01%– 
0.0001% on raw meat and cooked meat mixture 

[69]   

mt-ND1 gene The sensitivity of analysis of the LAMP assay equals to 0.5 pg [70]   
18 S rRNA gene 0.1% pork in mixed beef [71]   
Glucagon gene chromosome (Gcg) Limit of detection of 10 pg (that is equivalent to 4 copies) porcine DNA 

isolated and 0.01% DNA in additives 
[72]   

A special primer for swine detection is designed by attaching a unique oligonucleotide as a 
modified tag on the 5-terminal primary in the front. In addition, the 5-terminal inner 
primary terminal which is retarded has been modified 

can detect a mixture of 0.01% pork in beef meatballs in it about 1 h [73]   

mitochondrial D loop gene The test was able to detect pork in 0.1% mixed beef and the DNA detection 
limit was at 0.5 ng/ÿL 

[74] 

Biosensor Optic Controlling positive biotin-dA20 (5ÿ-ALD AAAAAAAAAAAAAAAAAAAAA-3ÿ-biotin) The absolute detection limit of this method is 0.5 pg deer/bovine DNA, and 
the practical detection limit is 0.001%. 

[88] 

genom mitokondria Sus Scrofa. The sensitivity obtained from the optical fiber and the short time required 
for results (about 2.5 h) demonstrate the usefulness of the system 

[89] 

Sus scrofa (pig) mt-genome 16, 613 bp, This hybrid probe detects up to 1% of pork in the pork-beef binary [115] 
pig cytochrome b (cytb) gene to detect 1% pork in raw and cooked meatball [90] 
5ÿ-CTG ATA GTA GAT TTG TGA CCG TAG AAA-C6 spacerSH/-3ÿ biosensor sensitivity up to ~59%. L [91] 
An example of an oligonucleotide Detection limits for chicken and pork are low at 1 pg mL and 100 pg mL [95] 
Cytochrome b gene and rpoB gene the detection limit was determined to be 1 pg/μL (3.43 × 10–1 copies/μL), [95]  

Electrochemical dsDNA target DNA detection limits were 1 pg/mL and 100 pg/mL for chicken and 
pig species, respectively. 

[58] 

The mtDNA samples from various raw and processed meats were isolated and cut with the 
restriction enzyme Sal1. 

selective against 10% of pig DNA content in the mixture. [100] 

The directly extracted IgG was immobilized in microplates Standard: detection of 0.1% adulterated pork in 45 min. [6] 
Competitive: 0.01% adulteration of pork in 20 min. 

The porcine 24-mer DNA probe sequence was selected from the cyto chrome b (cytb) gene. pork with a limit of detection (LOD) of 100 aM validated with DNA 
extracted from pork samples (LOD 1 fM) 

[101] 

CRISPR  Preparation of CrRNA and ssDNA The entire system completes the full process within 40 min, providing fast 
and high-sensitivity detection. 

[109] 

mtDNA sequence homology analysis in both intraspecies and interspecies, finally, primer 
pairs P16–F and P21-R are screened from 25 primer pairs in mitochondrial gene of porcine 
(AY337045.1, nt 12,911–13,306) as the best pig species-specific RPA oligo. 

The detection limit can reach 10-3 ng for porcine DNA and is completed 
within 30 min. 

[110] 

Guide RNA (gRNA) targeting the pig cytochrome b (Cyt b) gene n detection limit 2.7 ng/ÿL total DNA from pork. [111]  
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