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Abstract 
 
 

Determination of food traceability is important in quality control and safety of food. The dramatic increase in 
the volume of global trade and complexity of supply chains has caused a number of issues concerning food 
authenticity and safety. Commodities that attract premium prices are subject to fraud such as adulteration and 
counterfeit. This poses serious health risks due to unknown origin of the counterfeit. In addition to safety 
concern, the capability to certify food origin is becoming significant economic importance. In several countries, 
the use of geographical indications allows producers to obtain market recognition and often a premium price. In 
addressing food safety issues in Malaysia, the Food Hygiene Regulations (2009) has provision for traceability 
but mechanism on how traceability can be achieved is not prescribed. Present mechanism is mainly paper-based 
system that passes information along with the commodity. However, such system is subject to failure either 
inadvertently or deliberately (fraud). Thus there is a need to establish a science-based traceability system to 
support the food safety surveillance program in Malaysia. This paper presents the concept and use of nuclear 
and related techniques involving isotopic and elemental fingerprinting in determining the geographical origin of 
various food products and its potential application for traceability of Malaysian agricultural produce. 
 
 
 

Abstrak 
 
 

Penentuan kebolehkesanan makanan adalah penting dalam kawalan kualiti dan keselamatan makanan. 
Peningkatan mendadak jumlah dagangan global dan rantaian bekalan yang kompleks telah menimbulkan 
banyak isu berkaitan ketulenan dan keselamatan makanan. Komoditi yang bernilai tinggi terdedah kepada 
amalan pencemaran dan penipuan. Ini menyebabkan risiko kesihatan yang serius kerana sumber penipuan tidak 
diketahui. Di samping kebimbangan terhadap keselamatan, keupayaan menentusahkan sumber asal makanan 
menjadi penting dari aspek ekonomi. Di beberapa negara, penggunaan indikator geografi membolehkan 
pengeluar makanan mendapat pengiktirafan pasaran dan memperoleh harga premium. Untuk menangani isu 
keselamatan makanan di Malaysia, Peraturan Makanan Bersih (2009) mempunyai peruntukan untuk 
kebolehkesanan, namun mekanisma tidak dinyatakan. Mekanisma semasa kebanyakannya berdasarkan sistem 
kertas/rekod yang memberi maklumat bersama komoditi. Walau bagaimanapun, sistem ini terdedahkan kepada 
kegagalan secara tidak sengaja atau disengajakan (penipuan maklumat). Oleh itu, terdapat keperluan untuk 
membangunkan satu teknik saintifik untuk sistem kebolehkesanan bagi menyokong program pemantauan 
keselamatan makanan di Malaysia. Kertaskerja ini akan merangkumi konsep dan penggunaan teknik nuklear 
serta teknik berkaitan yang melibatkan pencapjarian isotop dan unsur surih dalam menentukan sumber tempat 
asal pelbagai makanan dan potensi aplikasi untuk kebolehkesanan hasil pertanian Malaysia.. 
 
Keywords/Kata kunci: Food traceability, nuclear and related techniques, geographical origin, isotopic and 
elemental fingerprinting. 

 
 
 

INTRODUCTION 
 
Food traceability is defined as  as the ability to follow the movement of a food through specified stage(s) of 
production, processing and distribution (CAC 2006).   Basically, traceability measures the journey of a product, 
point-to-point, from its origin to its consumption  Determination of food traceability is important in quality 
control and safety of food. The food supply is vulnerable to a range of food hazards (microbiological, chemical, 
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physical) that may arise at any stage of the food supply chain. The dramatic increase in the volume of global 
trade and complexity of supply chains over recent decades has caused a number of issues concerning food 
authenticity and safety. The outbreak of diseases related to foodstuffs and scares around the world have raised 
consumer awareness about the quality and safety of food. Commodities that attract premium prices are subject to 
fraud such as adulteration or counterfeit. This poses serious health risks due to the unknown origin of the 
counterfeit.  
 
The need for methods to monitor and verify food safety and quality is evidenced by the ever growing list of food 
product recalls and incidents such as melamine, antibiotic and dioxin contamination. Food fraud (e.g. the 
adulteration of beef products with horse meat), the introduction of new technologies with potential food safety 
implications (e.g.nanotechnology) and environmental factors (e.g. climate change) further highlight the 
importance of technological innovation to trace food consistently and efficiently from the point of origin to the 
point of consumption to improve food control measures. 
 
The capability to certify food origin is also becoming significant economic importance to many stakeholders 
especially in developing countries.  For example, some food products such as wines, cheeses, oils, honey, beers, 
meats, pistachios and potatoes are marketed using labels (e.g. GI or Geographic Indication) that are based on 
standards of identity or composition related to a very specific production area. This adds value to the product in 
terms of increased export value and marketability.   In several countries, the use of geographical indications 
allows producers to obtain market recognition and often a premium price. European Union has developed a 
system which provides legal protection to regional foods, through the Protected Geographic Indication (PGI) and 
Protected Designation of Origin (PDO) labels (Gonzalvez 2009). Products protected under PGI or PDO labels 
are those produced, processed and prepared in a specific geographic area using defined materials and 
methodology. The main aim of this legislation is to ensure the safety and quality of the products protecting them 
against fraud and imitation.  

 
 

 
NEED  FOR FOOD TRACEABILITY SYSTEM 

 
Questions concerning origin are among the first to be asked when a food safety incident arises. In addition, 
consumers in key markets are increasingly concerned with the origin of their food and are willing to pay more if 
there can be assured of its origin. Thus, the development of appropriate analytical tools to ensure geographical 
origin of agricultural product  is indeed essential and plays a key role in the modern food safety control and in 
the verification system for products, preventing frauds and contributing to consumer confidence in the product 
quality. 

 
The traceability/product tracing tool should be able to identify at any specified stage of the food chain (from 
production to distribution) from where the food came (one step back) and to where the food went (one step 
forward), as appropriate to the objectives of the food inspection and certification system. There are very good 
systems available for tracing food through a supply chain but there is a significant flaw. The food is identified by 
a label attached to the package -maybe a bar code or radio frequency tag. Therefore the traceability system is 
actually tracking the packing but not the contents. However, such systems are subject to failure either 
inadvertently or deliberately (fraud). The incidence of fraud is difficult to measure but estimates from the EU 
TRACE project suggest levels of 15–20% are likely in the European market (IAEA 2015). Recent incidents, 
such as the outbreak of food poisoning from Salmonella in contaminated tomatoes and peppers from Mexico, 
which occurred in the USA in 2008, have demonstrated that paper traceability systems are not always effective.  
All such systems require an independent means of verification. This is where nuclear and isotopic techniques 
play a significant role because they provide information on the environment where the food was produced and 
hence furnish a link back to the point of origin of the food. 
 
 

 
NUCLEAR AND RELATED TECHNIQUES AS A FOOD TRACEABILITY TOOL 

 
Nuclear techniques involving isotopic and elemental fingerprinting have been shown to be very effective in 
authenticating food products (i.e. detection of adulteration or counterfeit), and in discriminating foods from 
different geographical origins. These systems have the potential to provide verification of  information-based 
traceability systems and provide information on the integrity of the food product itself. (IAEA 2015). Techniques 
such as neutron activation analysis (NAA) for determining elemental composition and isotope ratio mass 
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spectrometry (IRMS) to measure stable isotope ratio (SIR) eg. 15N/14N and 13C/12C ratios of food product can 
produce unique and representative fingerprints that make it possible to differentiate between samples of different 
origins (Gonzalvez et al. 2009). The above technique can complement other method such as inductively coupled 
plasma mass spectrometry (ICP-MS) for the quantitative determination of a range of metals and non-metals 
(inorganic elements) at trace (ppb–ppm) and ultra-trace (ppq–ppb) concentration levels and obtaining 
fingerprints of the element pattern (Ariyama et al. 2007). Other non-nuclear technologies should also be 
employed to provide complimentary information. Multivariate statistical tool/chemometric analysis will be 
applied to differentiate the sample profiles of different origin as shown in Fig.1. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  Steps in the analytical process in food traceability based on  elemental and stable isotope 
ratio profile (Gonzalvez 2009) 

 
 
It is well known that the content of selected minerals and trace elements in foods clearly reflects the soil type and 
the environmental growing conditions, thus can be used to assure the geographical origin of food samples. In 
addition, the content of hydrogen and oxygen are reliable indicators of climatic characteristics, as are the 15N/14N 
and 13C/12C ratios, which depend on local agricultural practices and animal diets. Variations in H, C, N and S 
isotopic composition and element concentrations have enabled the  authentication  and  product discrimination 
from different geographical origin such as  olive oils, honey, tea, meat and dairy products (Luykx and van Ruth 
2008; Gonzalvez et al. 2011).    Long-grain rice from USA, Europe, India, and Pakistan has been distinguished 
by boron and magnesium contents and by oxygen isotopic composition. 
 
Mono-elemental and multi-elemental techniques were combined with several chemometric procedures for the 
determination of trace elements in order to classify the origins of potato samples from USA, Spain and Italy. By 
using ICP-OES in the determination of several elements (Ba, Be, Ca, Cu, Cr, K, Mg, Mn, Na, V, Fe, Co, Ni, Cu, 
Zn, Sr, Ti, Cd, and P) in combination with multivariate methods, 400 pistachio samples were analyzed from the 
three major pistachio-growing regions i.e. Turkey, Iran, and California, USA with classification data sets being 
obtained with 95% accuracy.  The concentration of 13C, 18O and D was used to  determine the origin of 42 oil 
samples from Greece, Morocco, Spain, Italy, Tunisia and Turkey (Gonzalvez 2009). 
   
Stable isotope technique makes use of the measurements of the chemistry of food itself – inherent properties that 
cannot be counterfeited. During food production, the components of the food undergo a complex series of 
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biochemical reactions. The isotopes most commonly measured in assessments of origin are ratios of the light 
element isotopes 2H/1H, 13C/12C,15N/14N, 18O/16O and 34S/32S, and the heavy element isotopes  87Sr/86Sr. The ratio 
of these isotopes in the food is dependent on the environmental conditions at the time the food was produced. 
For the light elements, a range of factors, including latitude, climate and agricultural practices, determine the 
degree of fractionation. Accordingly, the degree of stable isotope fractionation tends to be a function of 
geographical region. This isotopic fingerprint of a sample can be read using isotope ratio mass spectrometers. 
The fingerprint of the sample can be compared with specifications previously established for food from that 
origin to either verify that it matches, or to indicate that there is likely to be a problem with the declared origin if 
the isotopic fingerprint in the sample does not match the expected fingerprint in authentic samples from that 
origin (IAEA 2015).   
 
 

 
FOOD TRACEABILITY SYSTEM IN MALAYSIA 

 
In Malaysia, the Food Safety and Quality Division (FSQD) of the Ministry of Health is the competent authority 
for food safety along the supply chain in Malaysia. Food control is regulated under the Food Act 1983 and its 
regulations.  In addressing food safety issues in Malaysia, the Ministry of Health formulated a National Food 
Safety Policy to provide direction to all stakeholders in establishing and implementing food safety measures. 
Key elements of the food safety action plan include strengthening food safety infrastructure and product 
traceability.  The Food Hygiene Regulations 2009 has provision for traceability but mechanism on how 
traceability can be achieved is not prescribed.  Present mechanism is mainly paper-based system which is subject 
to failure either inadvertently or deliberately (fraud). Thus there is a need for an independent system to verify the 
origin of food and hence audit the traceability control systems.  
 
To date, there is limited report on implementation of  food traceability system in Malaysia.  In 2010,    tracking 
system based on radio frequency identification device (RFID) for Halal food from Malaysia to China during the 
Asian Games 2010 was successfully implemented.  The  Department of Veterinary Services  (DVS) and the 
Malaysian Communications and Multimedia Commission and  Federation of Malaysian Bird’s Nest Merchants 
Association also  developed a tracking/traceability  system using RFID and GPS to ensure genuine product for 
consumer usage and maintain integrity and competitive edge for local producers in the global market especially 
in China. However, continuous application has been limited due to cost factor. 
 
 

 
ESTABLISHING FOOD TRACEABILITY USING NUCLEAR AND RELATED                           

TECHNIQUES IN MALAYSIA 
 
Although nuclear techniques have been shown to be very effective in authenticating food products and in 
discriminating food from different geographical origin, it has never been applied in Malaysia due to several 
reasons such as: 

(i) lack of awareness and knowledge on capability of technique for food traceability among food 
scientists, regulators, food producers  leading to no application yet, 

(ii) limited availability of analytical instruments which are costly to purchase and operate  to 
implement the system 

(iii) lack of technical capability and expertise among the national food laboratories to implement the 
system - eg. collection of databases, analytical techniques,  proficiency testing, statistical data 
analysis for chemical profiling. 

 
However, the interest to apply nuclear techniques was generated  when Malaysia participated in the IAEA RAS 
5062 project titled  'Building Technological Capability for Food Traceability and Food Safety Control Systems 
Through the Use of Nuclear Analytical Techniques’ (2012-2015).  The objective of project is to establish robust 
analytical techniques for determining provenance of food through the assessment of the isotopic and elemental 
composition of foodstuff. The regional project is supported by the MOSTI Science fund project titled 
“Development of Food Traceability Using Nuclear Analytical Technique Using Rice as A Model System. It is 
envisaged that the rice traceability model established will be used as a template for future application to other 
commodity.   
 
A national team comprising scientists/food analysts/regulators from Department of Chemistry, Ministry of 
Health (Enforcement and Laboratory Division), University Science Malaysia (USM) and University Malaysia 
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Sarawak participated in this project with Nuclear Malaysia as the project leader. Availability of relevant 
equipment and expertise was also surveyed to determine the status of competency in the collaborating food 
laboratories.  
 
The critical components in establishing traceability system are identified as follows: 
 
(i) accessibility to large quantity of samples of known origin to establish the database. Require correct 

sampling strategy to ensure validity of database. 
(ii) development of validated analytical protocols for determination of food traceability parameters 
(iii) expertise in interpretation of database and profiling  of samples based on origin by applying appropriate 

multivariate statistical tools. 
 
Malaysia needs to strengthen the capacity building in the above areas in order to implement the nuclear 
techniques for food traceability. During project duration, a total of 12 Malaysian scientists participated in 3 
regional training courses conducted by IAEA to increase the knowledge and technical capacity in the application 
of nuclear techniques for food traceability.  Presently, most of the collaborating food laboratories has established  
the capacity in trace element analysis using ICP-MS or/and NAA.   However, only Nuclear Malaysia and USM 
have the capacity to analyse stable isotope composition  using IRMS.  Nevertheless, the expertise acquired in 
elemental and isotopic analysis of environmental samples by researchers in Nuclear Malaysia can contribute 
towards establishing food traceability system.  

In addition to rice, we are also  proposing traceability profiling of edible bird’s nest (EBN) which is a high value 
commodity of Malaysia. The EBN industry has been identified as one of the National Key Economic Area 
(NKEA) for agricultural sector under the Economic Transformation Programme (ETP) of Malaysia. Issues 
facing the EBN industry include unknown source of origin (due to over 70,000 swiftlet nest house) with various 
quality grades, thus affecting export market. Production is often subjected to high counterfeiting, reaching as 
high as 65% due to its premium market price, fetching over USD10,000 a kilogram for the highest quality nests 
Presently, for export to China, swiftlet farmers use any of the three traceability systems recognised by the 
government, which are the Radio Frequency Identification Device (RFID), barcode and QR (quick response) 
code to help consumers determine the authenticity of the bird's nest by tracking it to its relevant source (Borneo 
Post, 2012). However these techniques depend on information input rather than inherent characteristics of the 
product. Thus, a scientific traceability method based on the evaluation of the trace element and stable isotope 
profiles as geochemical markers will strengthen control of EBN trade. 
 
 

 
CONCLUSION 

 
Malaysia recognises  the need to establish  a food traceability system using science-based approach   to help 
combat food fraud and  protect public health.  Nuclear techniques have the potential to be used in conjunction 
with food safety surveillance programmes to provide independent verification of the present information-based 
food traceability systems. However, Malaysia still needs to strengthen the knowledge and capacity building to 
implement nuclear techniques among food control laboratories.  Networking of food laboratories using these 
techniqes and support from the regulatory authority as the main stakeholder will facilitate successful 
implementation of nuclear and complementary techniques for verifying the origin of food in Malaysia.  
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