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ABSTRACT 

Pork adulteration is a pervasive global issue with significant implications for public 

health, economic stability, and cultural sensitivities. The methods currently employed 

to detect pork adulteration are often intricate, time-consuming, and financially 

burdensome, necessitating the development of more efficient solutions. This research 

addresses these challenges by introducing an innovative electrochemical immunosensor 

platform designed specifically for the detection of porcine serum albumin (PSA), a 

reliable biomarker for pork adulteration in raw meats. The proposed platform integrates 

a nanoporous alumina (NPA) millirod as the biorecognition surface and a self-standing 

nanohybrid composed of multi-walled carbon nanotubes, polyelectrolytes, and gold 

nanoparticles (MWCNT/PE/AuNP) as an enhanced signaling probe. The NPA millirod 

fabrication was optimized at 80 V for 6 h to achieve ideal pore structure for antibody 

immobilization, while surface functionalization with 2% (v/v) APTES for 4 h ensured 

stable bioconjugation. Optimization of the MWCNT/PE/AuNP nanohybrid focused on 

maximizing AuNP adsorption by tailoring the polyelectrolyte (PE) layer configuration 

via a layer-by-layer assembly. The optimal configuration was identified as a triple-layer 

structure (PAH–PSS–PAH), which significantly enhanced AuNP adsorption through 

electrostatic and coordination interactions, with no further improvement beyond this 

configuration due to steric hindrance and binding site saturation. For electrochemical 

quantification of AuNPs, differential pulse anodic stripping voltammetry (DPASV) 

parameters were optimized. The highest signal response and reproducibility were 

achieved at an electrodeposition potential of –0.55 V, a deposition time of 390 s, and a 

scan rate of 0.05 V/s. These parameters enabled sensitive detection of dissolved AuNPs 

at +0.68 V. Furthermore, the MWCNT/PE/AuNP signaling probe demonstrated 

outstanding stability under refrigerated conditions (4 °C) for 30 days, maintaining 

electrochemical performance without degradation. The nanohybrid also showed 

excellent dispersion in deionized water for over a month, overcoming the sedimentation 

limitations observed in pristine MWCNTs. Under these optimized conditions, the 

immunosensor achieved a detection limit of 0.5 pg/mL and a linear response range of 

0-1 × 10³ pg/mL for purified PSA. It also exhibited high specificity, with no cross-

reactivity to non-target animal meats. Importantly, the sensor successfully detected pork 

adulteration as low as 0.01% in beef matrices. These results establish the immunosensor 

as a robust, sensitive, and selective tool for meat authentication, supporting improved 

food safety, consumer protection, and regulatory compliance. 
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CHAPTER 1 

INTRODUCTION 

 

 

1.1 Background of Study 

 

Meat plays a vital role in the global food supply as a primary source of protein 

and essential nutrients [1]. However, the safety and authenticity of meat products are 

increasingly challenged by food adulteration practices, particularly the substitution or 

inclusion of undeclared animal species like pork in higher-value meats such as beef or 

lamb [2], [3]. Pork adulteration is primarily motivated by economic gains due to its 

lower cost and similar texture and color, enabling fraudulent substitution without easy 

detection. Beyond ethical concerns, this practice poses serious implications for 

consumers with pork allergies and for those who adhere to dietary restrictions rooted in 

religious beliefs. Individuals with pork allergies may experience harmful immune 

reactions triggered by porcine proteins, including gastrointestinal symptoms, urticaria, 

and anaphylaxis. Additionally, pork is prohibited in religious practices such as Islam 

and Judaism, which together represent nearly one-third of the global population [4]. The 

ability to reliably detect pork adulteration in raw meat is therefore critical to ensuring 

food safety, consumer protection, and religious compliance. 

Among the various pork-derived proteins, porcine serum albumin (PSA) has 

emerged as a reliable biomarker for pork detection. PSA is a 66 kDa protein abundant 

in pork serum, with a well-defined and highly stable structure, including nine disulfide-

bonded loops and a negative charge at physiological pH. Its structural specificity and 

abundance in pork make PSA a suitable target for analytical techniques aimed at 

identifying pork adulteration in raw meats. 

Conventional methods used to detect pork adulteration include high-

performance liquid chromatography (HPLC), enzyme-linked immunosorbent assay 

(ELISA), Fourier transform infrared spectroscopy (FTIR), and polymerase chain 

reaction (PCR). While effective, these techniques typically require costly equipment, 

time-consuming protocols, and skilled personnel, which limits their accessibility for 

routine screening. Simpler alternatives, such as lateral-flow dipstick assays, have been 

developed to facilitate rapid on-site testing. However, these methods are often limited 




