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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Doctor of Philosophy 

 

 

SENSITIVE AND RAPID MODELS OF PCR-BASED METHODOLOGIES FOR 

ADMIXTURE DETECTION AND QUANTIFICATION OF DOMESTIC 

MEATS 

 

 

By 

 

UMMI KALTHUM HANAPI 

 

 

February 2016 

 

 

Chair :  Mohd Nasir Mohd Desa, PhD   

Faculty :  Halal Products Research Institute 

 

 

This research project was undertaken to develop cost-effective, fast and sensitive PCR-

based methods for fraud identification of meat-based products. Meats and meat-based 

product samples included in the analyses were pig, ruminant, avian and rabbit. Two 

methods were established for qualitative and quantitative evaluation of animal group 

contamination/ admixture in meat-based products. In this study, NADH-dehyrogenase 

subunit 4 (Nad 4) gene of mitochondrial was used. Nad 4 gene holds great potential for 

identifying meat type due to high interspecies variability of the gene sequence. To date, 

very little attention was given in meat identification using Nad 4 gene. To further 

recognize the potentially important of Nad 4 gene, the sequence variability has been 

explored in identifying differences in the designated meat types. 

 

For qualitative analysis, a common primer multiplex PCR (CP-M-PCR) was developed 

by using a common forward primer, species-specific adapter reverse primers and a 

common adapter reverse primer.The designed primers were analyzed in silico and 

tested against pure meat DNAs. The primers successfully generated specific fragments 

of 267, 370, 504, and 548 bp lengths for pig, ruminant, avian and rabbit meats, 

respectively. A serial dilution of each reverse primer was used to determine and 

compare the sensitivity of CP-M-PCR to conventional multiplex PCR system. The 

detection limit of CP-M-PCR was evaluated with 10-fold serial dilutions of DNA 

concentration. The use of adapter sequence at the 5’-end of the species-specific reverse 

primers was shown to increase the efficiency of the PCR amplification and the 

application of a single forward primer reduced the complexity in multiplex PCR 

system. Bands of specific amplification can be detected from the PCR assays 

containing as low as 10-6 µM of adapter reverse primer. The CP-M-PCR limit of 

detection was as low as 0.01 ng of DNA for the four groups of meat which was deemed 

to be sufficient to qualitatively detecting accidental or intended contamination in meat 

products. The developed system was applied to 42 commercial meat-products and 

showed the presence of avian meat in analyzed ruminant (3/14), rabbit (2/2) and pig 

(1/11) samples.  
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In the subsequent work, a quantitative competitive PCR (QC-PCR) was developed to 

determine the percentage of contamination. Based on the CP-M-PCR results, six avian 

contaminated commercial meat-based products were quantitatively analysed using the 

calibrated QC-PCR. Prior to quantitative analysis, a competitor DNA of each animal 

meat group was constructed via site directed-mutagenesis processes. Site directed-

mutagenesis was used to introduce a 40 bp fragment comprising a 30 bp insert and 10 

bp repeated sequence. The constructed DNA competitors were coamplified with the 

target DNA at different ratios of concentration and results were analyzed using 

UVIgeltec imaging software version 12.1. The results of QC-PCR showed that the 

percentage of contamination was in the range of 0.27 to 5.08% in the collected 

samples. The developed methods in this study are considered practical and valid 

alternatives in the context of a routine diagnostic laboratory where they are cost-

effective, efficient, and sensitive enough for qualitative and quantitative investigation 

of contamination or adulteration in meat products. The developed approaches are cost-

effective because theydo not require expensive equipment, consumable and reagent, 

and high level of technical expertise to perform the analyses. Thus, the models may 

serve as templates for any screening system such typing of transgenic organisms, 

analyzing of forensic materials, detection of pathogens to cancer research, studying 

metagenomics, analyzing gene expression and monitoring environment. 
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KAEDAH PCR UNTUK PENGESANAN DAN PENGKUANTITIAN 

CAMPURAN PALSU DI DALAM DAGING TEMPATAN 

 

 
Oleh 

 

UMMI KALTHUM HANAPI 

 

Februari 2016 

 

 

Pengerusi :  Mohd Nasir Mohd Desa, PhD   

Fakulti :  Institut Penyelidikan Produk Halal 

 

 

Projek penyelidikan ini dijalankan untuk membina kaedah-kaedah yang menjimatkan, 

cepat dan sensitive untuk mengenal pasti kandungan daging tidak asli di dalam produk 

berasaskan daging. Sampel daging dan produk berasaskan daging yang digunakan di 

dalam analisis ini adalah terdiri daripada babi, ruminant, avian dan arnab. Dua kaedah 

telah dibangunkan untuk evaluasi kontaminasi/ percampuran secara kualitatif dan 

kuantitatif oleh kumpulan haiwan tersebut di dalam produk berasaskan daging. Di 

dalam kajian ini, gen mitokondria NADH dehidrogenase subunit 4 (Nad 4) telah 

digunakan. Gen Nad 4 mempunyai potensi yang besar untuk pengecaman jenis daging 

berikutan variasi interspesis yang terdapat di dalam jujukan gennya. Sehingga kini, 

tidak banyak perhatian yang diberikan terhadap gen Nad 4. Untuk lebih 

memperlihatkankepentingan potensi gen Nad 4, variasi jujukannya diterokai untuk 

mengenal pasti perbezaan-perbezaan yang terdapat di kalangan jenis daging.  

 

Untuk analisis kualitatif, ‘common primer multiplex PCR’ (CP-M-PCR) telah 

dibangunkan dengan menggunakan primer forward sepunya, primer-primer reverse 

adapter spesis-spesifik dan primer reverse adapter. Primer-primer yang dicipta telah 

dianalisa secara in siliko dan diuji ke atas DNA daripada daging-daging yang asli.  

Primer-primer tersebut telah menghasilkan fragmen bersaiz 267, 370, 594 dan 548 bp 

untuk setiap kumpulan daging babi, ruminant, avian dan arnab. Pencairan bersiri primer 

telah digunakan untuk mengetahui dan membandingkan sensitiviti CP-M-PCR dengan 

sistem konvensional multiplek PCR. Had kemampuan pengesanan bagi CP-M-PCR 

telah dievaluasi melalui pencairan campuran DNA secara bersiri dalam gandaan 10. 

Aplikasi jujukan adapter pada hujung 5’ primer-primer reverse adapter spesis-spesifik 

menunjukkan peningkatan efisiensi amplifikasi PCR dan penggunaan primer forward 

sepunya telah mengurangkan kompleksiti di dalam sistem PCR multiplek. Jalur-jalur 

terhasil daripada amplifikasi yang spesifik boleh dikesan daripada esei PCR yang 

mengandungi serendah 0.01 ng DNA untuk keempat-empat kumpulan daging tersebut 

di mana ianya mencukupi untuk mengesan secara kualitatif kontaminasi di dalam 

produk daging. Sistem yang dibangunkan ini telah diaplikasikan ke atas 42 produk 
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komersil daging dan menunjukkan kehadiran daging avian di dalam sampel ruminan 

(3/14), arnab (2/3) dan babi (1/11).  

 

Kajian seterusnya, ‘quantitatif competitive PCR’ (QC-PCR) telah dibangunkan untuk 

mengesan peratus kontaminasi tersebut. Berdasarkan keputusan CP-M-PCR, enam 

produk daging yang dicemari oleh daging avian telah di analisa secara kuantitatif 

menggunakan QC-PCR yang telah dikalibrasi. Sebelum menjalankan analisis 

kuantitatif tersebut, DNA pesaing bagi setiap kumpulan daging haiwan telah dikonstruk 

melalui proses ‘site-directed mutagenesis’. Proses ini menghasilkan fragmen bersaiz 40 

bp yang terdiri daripad 30 bp jujukan tambahan dan 10 bp jujukan berulang. DNA 

pesaing yang telah dikonstruk tersebut telah di amplifikasi bersama-sama DNA target 

pada nisbah kepekatan berbeza dan hasil keputusan telah dianalisa menggunakan 

software pengimejan UVIgeltec versi 12.1. Hasil menunjukkan peratus kontaminasi 

adalah di dalam lingkungan 0.27-5.08% di dalam sampel-sampel yang diuji. Kaedah-

kaedah yang dibangunkan di dalam kajian ini dianggap sebagai alternatif yang 

praktikal dan boleh diguna pakai di dalam konteks makmal diagnosis rutin di mana 

kedua-duanya adalah cukup murah, efisien dan sensitive untuk penyiasatan 

kontaminasi atau percampuran secara kualitatif dan kuantitatif di dalam produk daging. 

Pendekatan-pendekatan yang digunakan adalah murah kerana tidak memerlukan 

kepada peralatan, bahan dan reagen yang mahal, sertakemahiran teknikal yang tinggi 

untuk menjalankan analisa. Oleh demikian, model-model ini boleh menjadi templat 

untuk lain-lain sistem pengecaman seperti di dalam pengkelasan organisma transgenic, 

analisa bahan forensic, pengesanan patogen untuk kajian kanser,  kajian metagenomik, 

analisa ekspresi gen dan pengawalan alam sekitar. 
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CHAPTER 1 

 

INTRODUCTION 

 

Meat authenticity had long been a global issue. Food fraud is committed either by cross-

contamination or intentional adulteration including economically motivated adulteration 

(EMA). Adulteration usually refers to non-compliance with health, safety standards and 

religious issues. In 2014, meat products were the most investigated foodstuffs amongst 

other cases handled by EU Food Fraud Network (Food Fraud Network Activity Report, 

European Commission, 2014). Consumers are concerned about the honesty of ingredient 

declaration because the misdescription of food contents on the product labels may affect 

their lifestyles, health or religious concerns. In 2002, European legislation (EC 

Regulation 178/2002) was adopted to provide the general principles and requirements of 
food law and thus ensure the foodstuffs are safe and authentic for human consumption 

and animal feed. Another example is halal certification has become important in many 

countries supported by the increasing number of world’s Muslim population.Halal status 

for all meat and meat-based products has been made mandatory in almost Islamic 

countries. 

Meat has become the most targeted for species substitution in food products due to the 

high market price. For example, Cawthorn et al. (2013) reported that processed meats 

substituted with pork, chicken and also unconventional species such as donkey, goat and 

water buffalo were discovered and has become commonplace in South Africa; and the 

substitution of beef with rat meat in Indonesian market (Rohman et al., 2011). Nowadays, 

more concern about meat authenticity has increased from the public and the governments 

in many countries especially after the incident of horse meat scandal in February 2013 

(ZhongMeng et al., 2015).  

Malaysia has set to become a global halal hub in 2020. In relation to this, numerous 

methods were developed to identify species origin in meat mixtures and meat products 

including the employment of FTIR spectroscopy (Rahmania et.al, 2015; Rohman et al., 

2011), electronic nose and gas chromatography mass spectrometer (Nurjuliana et al., 

2011; Kurniawati et, al, 2014); polymerase chain reaction assay (Rahmanet al., 2014a, 

Rahmanet al., 2014b; Man et al., 2007); PCR-RFLP (Murugiahet al., 2009); and real-
time polymerase chain reaction (Ali et al., 2014). At the same time, rapid on-site 

detection kits (PORKline MEAT, Olipro® Meat ID gene chip, USM Porcine DNA 

Detection Kit) and portable detection machine (HafysTM) with high sensitivity and 

rapidity for sample screening had been developed for meat authenticity identification. 

Presentlya, an effort for the establishment of DNA barcoding for identification of meat 

species through microbial content (Faculty of Biotechnology and Cell Molecular 

Biology, Universiti Putra Malaysia) and the development of One-Minute Halal Detection 

kits (IAB Halal Quality Assurance Research Laboratory, Universiti Selangor) are 

underway to assist halal food monitoring.However, some of the testing methods are 

costly to be used commercially and do not suit for processed meat analysis. Adoption of 

cost-effective and suitable analyses for processed meat products as well as rapid, specific 

and robust, have important purpose towards health, religious and economic implications 
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for consumers, the food industries, quality control laboratories and regulatory agencies. 

As PCR-based technique provides a rapid and high throughput procedure even at a very 

small amount of sample, it was selected for the development of sensitive, simple and 

much cost effective (no need for sophisticated equipment or expensive reagents) methods 

for qualitative and quantitative analyses. The analytical framework designed in this study 

focused on the methods of identification and quantifying food adulteration or admixed 

with specific emphasis on controlling the cost of analyses. 

Since multiplex PCR has been introduced in 1988 by Chamberlain, the identification of 

meat species in food and animal feed has become very popular until today (e.g. Ali et al., 

2015; Iwobi et al., 2015, Safdar et al., 2015; Kitpipit et al., 2014). However, the 
application of common primer multiplex PCR (CP-M-PCR) system in food especially in 

meat identification is still very little. It may be that this technique requires detail 

knowledge of primer selection criteriacoupled with a working knowledge of primer 

reaction chemistry in the PCR assay.  

There is also a requirement to indicate on the food labelthe quantity (in percentage) of 

each ingredient contained in the food, known as the Qualitative Ingredient Declaration 

(QUID) labelling.QUID is important because the nutrition label alone cannot provide the 

significant information to the health benefit.As a result, in this study a quantitative 

competitive PCR (QC-PCR) method was developed to determine the percentage of 

contamination in meat products. 

Nowadays, real-time quantitative PCR (qPCR) and free-flow isoelectric focusing 

become common practices in DNA quantification. But financial cost is a major 

contributing factor to these types of analysis because the equipment, reagents and 

consumables are expensive in which many laboratories are still unaffordable. Therefore, 

this method relying only mainly on normal thermocycler, is deliberated as an economic 

alternative to quantification method. As meat-based companies are growing, this method 

can be applied for meat-based food screening in any laboratory including in the rural area 

with minimal equipment. 

Main objective: 

To protect consumers from meat fraud and misdeclaration by developing 

sensitive, cost-effective and rapid qualitative and quantitative methods for 

monitoringmeat contents of complex food products. 

Specific objectives: 

1) To develop a highly sensitive common-multiplex-PCR method for the rapid 

identification of meat in meat-based products by the application of common 

primers for routine analysis. 

2) To validate the common-multiplex-PCR system for sensitive and accurate 

identification of meat species. 

3) To develop a simple quantitative method for quantitative monitoring of meat-

based product mixtures with a synthetic gene as a control template. 

4) To determine the percentage of foreign DNA content in meat products as a direct 

reflection of meat contamination using competitive DNA. 
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Hypotheses of the study: 

1) The common primerand adapter primer increase the amplification efficiently in 

CP-M-PCR assay. 

2) The QC-PCR method enables detection of other fraudulent constitutions at 

minimal amount and reducing the existing inter-laboratory differences by using 

DNA competitor as an internal control. 
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