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SECTION 4  
 
EXAMPLES of TRACEABILITY SYSTEMS 
 
There are a number of different systems that can be used for traceability 
within an organisation or throughout a supply chain, each having advantages 
and disadvantages. Examples are: 
 

·  Paper based 
·  Computer Based 
·  Bar Code 
·  Radio Frequency Identification 
·  DNA 
·  Biometrics 

 
  
A difficultly with traceability reporting at present within the aquaculture sector 
is standardisation and harmonisation. There are companies with their own in-
house software and systems that provide the information they need, 
commercial companies trying to make software for everyone and individuals 
doing it their own way.   
 
For traceability to be truly effective its needs to be standardised throughout 
the chain.  
 
The following sections look at the Strength, Weakness, Opportunities and 
Threats (SWOT) of the above traceability systems being used in the 
Aquaculture sector at present: 
 
 

·  Paper Based Systems 
 

This is the simplest form of recording information and tends to be at least part 
of most traceability systems. Paper based systems with limited or standard 
computer software can be appropriate for simple processes. 
 
The paper system relies on the on the user to formulate effective recording 
templates that can be used to record the vital parameters associated with the 
product. 
 
The paper system can appear to be the most straightforward and least cost 
option for a small operation, however the operator must consider the time 
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needed to record and maintain paper records and the ability to cross 
reference through records if a problem occurs. It is important that all the 
relevant information is recorded. 
 
For example: In a Hatchery / Nursery Pond it is important to provide enough 
information for an auditor to verify origin and ownership of all shipments of 
fry/fingerlings.  
 
The following records and activities should be included. (non-exhaustive) 
 

·  Hatching Records 
·  Brood stock records 
·  Receiving Records 
·  Purchase Records 
·  Sales Receipts 
·  Feed Bills 
·  Feeding Records 
·  Site maps 
·  Production Estimates 
·  Health Records 
·  Ownership Records 
·  Replacement Activities 

 
SWOT – Paper Based System 
 
Strengths 

·  Low direct costs 
 
Weaknesses 

·  Slow lane perception 
·  Disjointed information doesn’t allow information to be linked together 
·  Indirect cost of time needed to complete 

 
Opportunities 

·  Transfer of templates to electronic format 
 
Threats 

·  Time needed to recall information may exceed legal expectations 
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·  Computer Based Systems 
 

Anything that can be recorded on paper can be captured on an Information 
Technology System.  
 
Information systems have the added advantage of being able to correlate and 
process data as part of an overall management system. 
 
Information systems can be developed in-house or there are a number of 
commercially available programmes available. 
 
SWOT  
 
Strengths 
Information can be correlated to identify efficiencies 
Fast Lane Perception 
 
Weakness 
Enhanced costs due to IT purchase 
 
Opportunities 
Interlinking traceability information with sales / production / accounts etc 
Interlinking software with external partners (suppliers / customers) 
 
Threats 
Developing / purchasing systems which cannot communicate with other 
systems and software 
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·  Use of Bar-Codes 
 
Bar coding is a relatively mature technology that has been used extensively in 
the fish sector. Essentially a bar code utilises a numeric or alphanumeric code 
as a means of identification. This code is applied to a label and is read with a 
contact reader. 
 
In order to support international trade, a recent effort has been completed 
which defines a standard (EAN/UCC) for assigning bar code identifiers. This 
standard is based on merging the EAN (European Article Number) and the 
UCC (Uniform Council Code) standards which were the two most widely 
known and applied standards. 
 
The main purpose of bar codes is to identify items and eliminate/reduce 
human error by providing an electronic method to interface with enterprise 
and other corporate computer systems. 
 
Three main types of bar coding are relevant to the food and food products 
industries. 
 
One-Dimensional Bar Code 
The most widely used form of bar coding is referred to as a one-dimensional 
bar code. These bar codes usually include the identification number, and can 
include other information such as sell-by (best before) dates, and price. 
 
Two-Dimensional Bar Code 
This form of bar coding allows information to be coded as either a matrix 
(image), or stacked (multi-line). The key advantage over one-dimensional bar 
codes is that it allows for the recording of much more information, and that 
information can be added at any point in the supply chain. Another significant 
advantage is that in terms of readability and damage, two-dimensional bar 
codes are much more robust than one-dimensional barcodes. 
 
Molecular Bar Code 
This type of bar coding has yet to be widely adopted. It allows for using DNA 
information to develop the bar code identifier. The key benefit is it allows for 
the assignment of a unique, tamper-proof identifier. 
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Current and Potential Applications 
Bar coding is used in various ways in food and food products. The primary 
purpose is to serve as a relatively low cost technology to identify items and 
electronically interface with computer systems at any particular point in the 
supply chain. 
 
 
Current applications include: 

·  Fish may have binary code tag and microchip 
·  Asset tracking (trays, totes, racks, …) 
·  Case level identification 
·  Item/unit level identification and pricing 
·  Automated checkout 
·  Bar codes are also a key element of many operational processes 

including: 
·  Inventory management 
·  Warehouse management 
·  Shipping and Receiving 
·  Shelf management 

 
Bar code applications are increasingly including the end-customer. For 
instance, EU retailers are providing ‘preferred’ shoppers with a hand held 
reader that allows the customer to scan items as they place them in their 
shopping carts. At checkout, the customer returns the reader to the cashier, 
who then downloads the data to compute the amount due. This eliminates the 
need to scan the items and the checkout, thereby speeding up checkout time. 
This has the potential to improve traceability by linking the preferred customer 
with the items purchased. 
 
Education and Training 
Bar coding has already been widely adapted throughout the food and food 
products industries. The required skills are generally known by existing 
workers rendering incremental training and education costs negligible. 
 

New Processes and Administration Costs 
Bar coding practices and related specific processes have already been 
established and widely adapted throughout the food and food products 
industries. When processes are updated to include bar coding, the associated 
impact and costs are dependent on the new process. 
 
Countries and Companies using Bar Code Technology 
Bar code technology is widely used by most companies in essentially all 
developed countries. 
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Applicability of the Technology Through the Value Chain 
Bar code technology is widely applicable throughout the value chain. Unlike 
DNA, which maintains its identity throughout the value chain, information on a 
bar code must be passed from one stage to another throughout the chain.  
 
Within an enterprise, this traceability is generally performed by associating the 
bar code with relevant data and using lot trace-track functionality found in 
enterprise systems (e.g. ERP systems). Bar coding can be used to maintain 
consistent traceability throughout the supply chain but can sustain gaps due 
to tag or information transfer or removal. To maintain traceability across 
organisational boundaries one must rely on data maintained in the separate 
enterprises and ensuring that matching of records can be done (e.g. matching 
a purchase order number with a shipping receipt). 
 
To minimise these labelling errors, most enterprise resource planning (ERP) 
systems (e.g. SAP, Oracle, PeopleSoft) have what is commonly referred to as 
lot trace-track functionality. Due to high levels of human involvement, a risk in 
the area of label accuracy potentially exists. Mislabelled items in production-
management and logistics applications are simply a financial risk.  
This potential risk of error suggests that bar coding should be used in 
conjunction with other traceability technologies (e.g. DNA) to serve as a proof 
of identity. 
 
Due to its applicability and widespread use across the value chain, 
notwithstanding a risk of human error, bar coding provides an excellent 
mechanism across all sectors for tracing the movements from the “farm net to 
the consumer’s knife”. 
 
 
SWOT: Bar Code 
 
Strengths (Current Applications) 
The strengths of bar code technology include: 

·  Standards for product codes (EAN/UCC) 
·  Mature, widely-used technology 
·  Can be used at the individual animal level (e.g. livestock and poultry) 
·  Can be used to track lots/batches 
·  Can be used to track trays and/or individual packages 
·  Can record expiry (/best before) dates 
·  Most enterprise software systems (ERP) have track/trace functionality 

based on bar code product standards 
·  Cost effective 
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Weaknesses 
Some of the key weaknesses of bar code technology include: 

·  Farm environments are very harsh on this technology, resulting in 
potential loss of data 

·  Direct line-of-sight required for reading (making high speed reading of 
individual items difficult) 

·  Bar coding is not tamper proof 
 
Opportunities 
Some of the key opportunities for bar codes include: 

·  Ability to couple with RFID technology (see next section) to provide 
“net-to-knife” traceability 

 
Threats 
Some of the key threats to bar code include: 

·  RFID functionality can theoretically completely replace bar code 
functionality 

·  Extensive focus on RFID, improving functionality, developing 
standards, and reducing costs 

·  Unidentified ‘ownership’ of supply chain-wide tracing initiatives 
 
 
Evolution of the Technology 
Bar coding as a means of identifying and tracking items was first introduced 
1949 and has become increasingly widely used. The advent of two-
dimensional bar codes in 1994 dramatically increased the amount of data that 
could be effectively stored on a label (e.g. from 12 characters to several 
thousand characters) – thereby enabling the ability to store much more than 
solely an identification number. However, to date 2-D bar codes have not 
been widely adopted in the food and food products industry. 
Recent advances in RFID (see next section) have threatened the applicability 
of bar codes. In fact, many people refer to RFID as electronic bar coding. 
Essentially, cost is the only factor holding RFID back from rendering bar 
coding obsolete. However, it will be a number of years before RFID costs will 
be sufficiently competitive to totally displace bar codes. 
 
Bar code technology is evolving in the following ways: 
1. Hybrid RFID – Bar Code applications are being developed. RFID 
transponders are often housed in a bar code label. The label provides the 
ability to visually verify and provides an alternate method for reading. 
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2. The development of remote/wireless label printing. Being able to print 
labels remotely can lower the risk of mislabelling as well as improving 
efficiencies in re-labelling processes. Every barcode begins with a special 
start character and ends with a special stop character. These codes help the 
reader detect the barcode and figure out whether it is being scanned forward 
or backward. 

Universal Standards -EAN.UCC 

A Barcode ID system that applies to the trade in goods of all types is already 
in operation throughout the world, under the auspices of EAN International 
and the Uniform Code Council. This system is widely used in the food 
industry, including current trade in processed fishery products. 
 
The EAN.UCC system defines a trade unit as any item (product or service) 
upon which there is a need to retrieve pre-defined information and that may 
be priced or ordered or invoiced at any point in the supply chain, and adds 
this definition covers raw materials through to the end-user products and also 
includes services, all of them having pre-defined characteristics. 
 
Trade units are marked with a Global Trade Identification Number (GTIN) 
which incorporates a code allocated by EAN.UCC to uniquely identify the 
company and another code allocated by the company to denote the item 
(usually indicating product type). Further data can be attributed to the item 
using Application Identifiers (AI’s), commonly used to further describe the 
product (e.g. weight and date of minimum durability) and to uniquely identify 
each particular trade unit. The production batch and item serial numbers, or 
simply the date and time of production, are often used to uniquely identify 
each trade unit. A further EAN code, the Global Location Number (GLN), can 
be allocated by the company to identify particular locations (e.g. fish farms).  
 
However, goods are also transported or stored as logistic units, such as 
pallets, which contain a number of separately identified trade units. The trade 
units within a logistic unit may all be similar in type or they may be different, 
for example in a pallet of mixed products assembled by wholesaler to send to 
a retailer. Each logistic unit is marked with a Serial Shipping Container Code 
(SSCC) which uniquely identifies the company and the particular logistic unit. 
These various EAN.UCC identifiers are usually expressed as standardised 
bar code labels on the units. 
 
To achieve chain traceability, the business that creates each trade unit, 
whatever its form, must uniquely identify it with a GTIN plus a particular unit 
code (i.e. a GTIN+ in the terminology of this document). Businesses that 
transform trade units, such as processors who convert the units of raw 
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materials received into the products dispatched, create new units and must 
give them new IDs. The relevant information for the traceability of the units is 
recorded by their creator and by the businesses that subsequently trade them 
physically through the distribution chain. 
 
Similarly, businesses that assemble logistic units must identify each logistic 
unit with a SSCC and record the IDs of the trade units that make up each 
logistic unit. Businesses that transport, store or trade intact logistic units 
merely have to record the limited information related to those logistic units 
rather than their component trade units. However, distributors often transform 
logistic units or break them down to the separate trade units prior to dispatch. 
These businesses must also record the relationships mapping the trade units 
between the logistic units received and the units dispatched.  
 
 

·  Use of RFID – Radio Frequency Identification 
 

RFID is an identification technology that requires the fixing of a device (e.g. 
tag or label) that contains a microchip. The millimetres-thick microchip has an 
attached antenna that transmits information to a remote reader. The reader 
can be either handheld or fixed. It is not necessary that the reader have direct 
line of sight to the tag since the information is passed via radio waves. The 
read range of the chip is dependent on its frequency (more detail below). 
Tags can be either passive (transmit data only at the request of the reader), or 
active (broadcast information when desired). Passive tags are powered by the 
radio waves transmitted by the reader. Active tags generally have their own 
power supply (e.g. battery). In its most basic case, RFID is an electronic 
version of bar code technology. 
 
The tag or label in which an RFID chip is housed can take on many different 
forms, making it a versatile technology. The housing is often customer 
developed to protect the chip from specific environmental conditions (e.g. 
protection from heat, cold, water, impact …)  
ISO standards which exist for animal identification (ISO 11784-5) imply an 
open standard for readability. 
 
RFID Categories by Frequency Level 
RFID technology falls into one of four categories, based on the frequency of 
radio waves employed. The categories are: 

·  LF - Low frequency (125 kHz – 134.2 kHz) 
·  HF - High Frequency (13.56 MHz) 
·  UHF – Ultra High Frequency (860 MHz – 956MHz) 
·  uW – Microwave (2.45 GHz & 5.8 GHz) 
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Each category has particular strengths and weakness, making them preferred 
for particular types of applications. 
 

LF – Low Frequency 
The particular strength of low frequency technologies as it applies to the food 
sector is that LF radio waves travel well through water and body tissue 
making it particularly well suited to food and agricultural applications. 
Relatively speaking, LF is less impacted by metal surroundings. 
Due to low frequencies, most readers are only capable of reading a single tag 
at a time. 
As of July 2004, costs are in the range of €3.00 - €30.00.  Lower-cost 
applications are ID cards, typified by pass-cards for entry into parking lots and 
buildings; “wand-card” applications, such as those used for credit/debit 
transactions in “Easypass” and car-key identification are typical of mid-range 
products. Transponders such as those used for highway toll systems are 
typical of higher-price applications. 
Read ranges can be from a few centimetres to a few meters. 
 
 
HF – High Frequency 
High frequency technologies also travel well around water and body tissues 
making it also well suited to food and agricultural applications. However they 
can be impacted by metal surroundings (e.g. tin cans, metal equipment, etc). 
Due to the higher frequency, a single reader can read up to 50 tags 
simultaneously. This makes it practical to use HF tags to perform rapid scans 
of many tags to locate individual tags (e.g. to find a stored DNA sample to 
match a sample from the field) 
HF is also smaller and cheaper than LF and lends itself to being embedded in 
labels. As of July 2004, costs are in the €1 - €2.00 range  
Read ranges are generally less than one meter. 
 
UHF – Ultra High Frequency 
Ultra high frequency technologies do not work well around water and are 
impacted by metal surroundings (e.g. tin cans, metal equipment, etc). 
Due to the higher frequency, a single reader can read up to 200 tags 
simultaneously. 
UHF is also cheaper to produce than HF. 
Read ranges are generally in the 3 – 6 meter range. 
UHF does not have global applicability due to differences in allowable 
frequencies (e.g. North America: 902 - 928 MHz, Europe: 860 - 868 MHz, 
Japan: 950 - 956 MHz) 
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uW – Microwave 
Microwave tags are smaller than UHF, have poorer performance around 
water and metal, and yet have higher read rates. The read range is also 
shorter than UHF, normally being in the less than 1 meter range. 
 
 
Current and Potential Applications 
RFID technology has a wide range of current applications in the food and food 
products industries. Most of these applications are in the early stages of 
development and will continue to mature as the technology becomes more 
widely accepted. Examples of these developments are contained in ensuing 
sections of this document, and include: 
 

·  Pallet identification for shipment tracking 
·  Identification of trays of prepared fresh foods from processor to retailer 
·  Tracking batches of processed product, identified in totes, racks and 

other containers. 
 
Most current applications are the result of directly replacing bar code 
technology with RFID technology (e.g. using RFID as an electronic bar code). 
Perhaps the greatest in-roads have been in the area of livestock identification 
– embedding RFID technology in ear tags, bolus and implants. 
 
At the processor and retail level, RFID is also being used to replace bar code 
technology to track assets (e.g. totes, trays, racks) as product moves through 
the various processes. The primary benefit of using RFID over bar codes is 
that it is much quicker to read the data using RFID. For example, Marks & 
Spencer, a major retailer in the United Kingdom, has replaced bar coding at 
the tray level to track chilled foods. They expect that over 10 years the cost of 
the system will be 10% of the comparable bar code system. The savings are 
expected to come from the elimination of labour required to manually scan the 
bar codes on their inventory of 3.5 million trays. 
 
Costs 
The costs associated with RFID vary significantly between the various 
applications of the technology (e.g. ear tags, bolus, labels, pallet tracking, 
Etc.) The key cost elements of an RFID implementation are: 
 
1. Transponder (e.g. tags, bolus, labels, etc.) 
2. Electronic Reader 
3. Data Accumulator (e.g. personal computer) 
4. Software 
5. Labour 
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In general the reader, data accumulator, and software are treated as fixed 
costs, whereas the electronic tags and labour are treated as variable costs. 
The general trend is that technical costs associated with RFID applications 
are declining over time. This means that RFID will continue to become more 
widely affordable as time goes on.  
 
Education and Training 
 

RFID technology tends to need the same operational expertise regardless of 
the position in the supply chain. Fluency in the operation of most RFID 
instruments is acquired in a relatively short period of time. 
 
New Processes and Administration Costs 
Due to its ability to automatically capture data without human intervention 
RFID has the potential to eliminate or simplify processes. This functionality 
also enables the development or refinement of existing processes (e.g. 
automated check-out), and may have the additional impact of reducing in-
process inventories. However, these need to be considered and analyzed on 
an individual basis. 
 
RFID may reduce administration costs through improved, more accurate, and 
timely data capture. 
 
Countries and Companies using RFID Technology 
RFID technology is being used throughout the world. 
 
 
 

 
SWOT: RFID 
 
Strengths (Current Applicable Application) 
The strengths of RFID technology include: 

·  No physical “line of sight” required to read devices 
·  Mature core technology (e.g. ear tags) 
·  Tags can be reusable – allowing for repeated use. This is applicable in 

the case of using RFID to track processing or transporting equipment 
(e.g. trays, racks …) – where one can use this for improved recording 
of production processes and lot control. Further, this could allow for 
information to be written to the same tag as it crosses enterprise 
boundaries along the supply chain. 

·  Specialty tags are robust to specific environments (e.g. wet, dirty, cold, 
…) 
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·  Can be used at the individual animal level (e.g. livestock and poultry) 
·  Can be used to track trays and/or individual packages 
·  Can record expiry (/best before) dates 
·  ISO standards for animal identification code – ISO 11784-5 
·  Can be embedded in various forms making it virtually tamper-proof 
·  Rapidly expanding market, significant hype in the market 

 
Weaknesses 
Some of the key weaknesses of RFID technology include: 

·  Requires affixing the technology to the item to be traced (e.g. a tag or a 
label) – so is not applicable to tracking individual small items at the ‘unit 
level’ 

·  Device cannot be used from ‘net to knife’ due to either disassembly or 
blending 

·  Cost is prohibitive for low value items (e.g. tags/labels cost many cents 
each) 

·  Reliability of reading is uncertain with missed reads being common. 
This is especially true when trying to read individual cases that are 
packed on a pallet. Tags that are near the middle of the pallet are often 
not read, or read incorrectly. 

·  Potential to lose the transponder (e.g. ear tag falls off, bolus is 
regurgitated, label destroyed, ….) 

·  Difficulty reading items near metal (interference) 
·  Lack of interoperability between tags and readers of different vendors 
·  Lack of international standards for allowable frequencies (in particular 

with UHF frequencies) 
·  Market is young, fast paced, and growing rapidly, resulting in many 

vendors and products, which is making the buying decision somewhat 
confusing. 

·  High costs at retail level 
 
 
Opportunities 
Some of the key opportunities for RFID include: 

·  Devices can be written/re-written 
·  Devices can monitor and record changes to environmental conditions 

(e.g. temperature, moisture, and exposure to light) 

·  Significant interest and development in generic RFID technology on a 
worldwide basis 

·  Costs are decreasing and are expected to continue decreasing over 
the medium term 

·  Efforts to establish standards (EPC – Electronic Product Code) 
·  Wal-Mart has established an RFID mandate to its suppliers 
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·  RFID has been identified by several countries as a key technology for 
tracking and tracing livestock (Canada, United States, Australia, …) 

·  Need to develop appropriate business processes and software 
applications/databases to facilitate cross-industry national/international 
tracking 

 
Threats 
Some of the key threats to RFID include: 

·  Lack of established business processes and inter-enterprise software 
systems 

·  Lack of technology standards 
·  Unidentified ‘ownership’ of supply chain wide tracing initiatives 
·  High cost of devices, including readers, tags and labels 
·  Proprietary nature of tags and readers 
·  Lack of understanding of the differences between RFID and traditional 

bar code technology 
·  Privacy concerns (especially at the retail-consumer interface) 

 
 

Use of DNA Based Technology 
 
DNA is a unique identifier, which is found in all living organisms. DNA is used 
in traceability by matching the sequences of two samples, taken from blood, 
or tissue in fish.  
 
A DNA sample is taken from a female fish entering its breeding stage, and 
recorded with that animal’s identification information, including location. All 
offspring are recorded and linked to that female; future samples of DNA from 
the offspring, or products created from that offspring, can be identified with 
that unique dam. This system does provide end-to-end traceability, from birth 
to finished/semi-finished product, but is not currently intended to be used 
within processing operations. 
 
DNA tracing has been used in the Oyster industry for Identification of content 
and/or species, 
 
As a traceability technology, DNA is most commonly identified with livestock, 
due to its historical use in identity confirmation and heredity applications, and, 
more recently, due to a high-profile initiative in supporting traceability of 
Canadian pork for sale in Japanese markets.  
 
Its use is most characteristically applied to other larger, more valuable units of 
product than fish, employing relatively infrequent points of sampling. Cattle 
are believed to be a future market for broad application of DNA identification, 
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but only when costs can be reduced to accommodate the fact that individual 
animals need to be tested and recorded, and that they are likely to move 
frequently, and over considerable distances during their life. 
 
However, DNA is being studied for use in other sectors. Genotypes have 
been isolated for application to several other valuable food commodities, 
including oysters.  
 
Higher-speed, remote DNA sampling is seen to be the key in using the 
technology more extensively throughout the supply chain, and some 
developments are underway which are intended to provide this capability at 
an acceptable cost. 
 
DNA is probably the most active area of investigation and development in 
food and feed traceability at the current time. This is attributable to a number 
of possible causes: 
 
 
 

·  The fact that DNA travels, without any intervention by supply chain 
participants, as an integral part of the product, is convenient and 
secure. 

·  Experience with one product is apparently readily transferable to other 
similar products – from cattle or hogs to sheep, bison, cervids and 
goats, for example 

·  DNA sampling can identify multiple-sourced products in a combined 
processed product 

·  DNA sampling can persist through partial or full cooking and other 
preparation steps. 

·  A single typing test, of the female parent organism, provides reference 
for all of its offspring; development of high-volume, relatively fast-
response testing / matching capacity provides suitable response when 
required. 

 
 
 
DNA technology is also being combined with RFID and EID methodologies, to 
establish supply-chain-wide traceability systems optimised for cost, data 
capture and availability, and specific requirements at each stage of the chain. 
In these applications, the individual technologies are used where they are 
most able and affordable, and the information they contain are cross-
referenced through common or linked data storage/access facilities. Specific 
requirements for information at any point in the chain, including cross-border 
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documentation, can be accommodated, and traceability validation, with prior 
agreement, can be provided through this mechanism. 
 
Current and Potential Applications 
DNA is used in two ways in food and food products. One is to look for specific 
markers in products, such as genetically-modified organisms (“GMOs”) or for 
species-specific characteristics. The other purpose is to obtain a match 
between two samples, either samples of the same organism, or between 
parent and offspring. 
 
DNA is often referred to as a “genetic bar code” when inbred characteristics, 
or treatment / management practices, are identified with a specific DNA code. 
Micro-satellites, or regions of DNA with repeated sequences of one to five 
bases, are ideal for use as genetic markers; once identified, these are 
relatively simple to match. 
 
A range of applications of DNA technology is currently in use. 
 
With the substantially retailer-led concern about GMO-containing food 
products in Europe, and subsequent legislation requiring disclosure of GMO 
content, DNA sampling has been used to establish the existence or absence 
of genetically-modified organisms in raw and processed foods and feeds. This 
rather public use of DNA technology, especially in Europe, and especially in 
grains and their derivatives and in produce, has established a level of 
familiarity with the technology in feed and food applications on that continent. 
This may explain the earlier adoption of DNA technology for food identification 
and traceability in Europe. Exporters to European markets are also very 
familiar with these sampling requirements. 
 
Use of DNA in this manner is also reported for the identification of diseased or 
disease-free organisms. Diseases or contaminants are identifiable in DNA 
patterns or due to the existence of a marker gene, Scrapie and BSE being the 
most familiar currently, are eligible for this approach. Both individual animals 
and multiple-animal sampling are being used in this effort. 
The same approach has been reviewed for seeds and grains, but the DNA 
technology has proven (to date) to be slower and more expensive than 
protein-based profiling. This science is known as proteomics, in which 
proteins are extracted from food product, and mass spectrometry is used to 
provide a unique profile of the extracted proteins. 

 
This single-point sampling has also been used to identify or confirm desired 
traits or characteristics in food and food product samples, especially to 
segregate higher-value products. 
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Applications of DNA sampling have been developed for a rather broad range 
of products, in both of the use types described above. Here are some 
examples: 
 

·  Detection of or confirmation of absence of GMOs 
·  Varietal identification and bred-characteristic tracking 
·  Combined use with patterns of storage proteins for quality identification 
·  Varietal identification, although confounded by a large proportion of 

wild cross-breeding in some types 
·  Methodology to sample DNA at various stages of roasting 
 

With relatively many mature and recent applications of the use of DNA 
technology in place in the food and feed industry, in many major market 
areas, the question is what advances are anticipated, and will they bring DNA 
into use for more complete traceability application? 
DNA technology for food and feed appears to be developing on three fronts: 
genotyping of more organisms; new identification methodologies; and faster, 
lower-cost and on-site sampling and matching (initially for primary and 
secondary meat processing locations).  
 
Education and Training  

It appears that standardised methodologies and simplified sampling and 
testing techniques are allowing DNA to be used in food and feed traceability 
without the need for significant education or training among operators. The 
need to make sample collection and matching as automated as possible for 
use in abattoirs and processing facilities is leading to development of methods 
which are simple and routine. 
Also, existing commercial labs have the equipment and skills to perform the 
tests, following basic training in the specifics of the target gene locations and 
the techniques to carry out licensed processes. 
However, as new developments continue to be developed, new skills and 
knowledge may be required. 
 
 
Break-Even and Comparative Costs 
Information on individual and comparative costs has only been available on a 
fragmented basis to date. 
However, our analysis identifies that there are at least seven cost centres 
relevant to the application of DNA technology in food: 
1. Costs of development of methods to identify genotypes and to match 
samples. 
2. Costs to identify specific genotypes or other DNA-related source data. 
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3. Costs to secure and identify samples. These include the development of 
equipment to secure samples, training in collection methods, and the labour 
costs to collect samples. Automation is beginning to address the reduction of 
these costs in processing applications. 
4. Costs to store physical samples, either for later analysis, or as a back-up to 
sample results. 
5. Costs to analyse samples. These are generally commercial laboratory 
charges, but may be replaced in some applications by on-site (in-plant) 
technology. 
6. Costs to transport samples and results. These are courier and other 
physical costs and the costs to deliver results back to the recording location. 
7. Costs to record, maintain and provide access to records of samples taken 
throughout the supply chain. These costs include the development of software 
products to enable specific applications, and the software, system and 
hardware costs to store and deliver data. 
  
 
 
Applicability of the Technology through the Value Chain 
DNA is unique among traceability technologies, because the identifier travels 
with the product, as an intrinsic, almost indestructible part of the product, 
through the value chain. However, in current practice, DNA is generally more 
applicable from Primary Producer to Processor, as a traceability aid.  
 
Generally, again, it is currently believed to be best combined with other 
technologies, usually RFID, for full-value-chain traceability. 
 
 

 
Information across the Value Chain: 
DNA can be secured and analysed at any point along the value chain. In most 
cases, it does not change, and is not destroyed, even through processing and 
heating. Therefore, the essential information source, representing the identity 
of the product, is constant. 
DNA information is easily digitised, and technology for identifying and 
matching samples is said to be relatively standard. Notwithstanding this, any 
of the DNA information, and any information which is to be linked to the DNA 
records, needs to be recorded and made available throughout the value 
chain.  
All that is required, therefore, is suitable on-line computer system(s) to allow 
access to the DNA-referenced files, to deliver the fact of a match and the 
reference to linked information, anywhere along the value chain. 
This is the essence of the “Trace-Back” system employed for label verification 
in European stores. Finished products are selected in stores, and DNA 
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samples are taken. The bar-code record of the DNA at source (producer) is 
recorded. The retail-level DNA samples are then matched with the records of 
source products to confirm the match of the product with its origin. A match 
confirms the label. A mismatch identifies a mistake in the traceability process 
during production and processing, and initiates an investigation to determine 
and rectify the cause of the mistake.  
 
 
SWOT: DNA 
 
Strengths 

·  Unique, constant and immutable identifier, incorporated in the product 
·  Sampling is simple and relatively non-invasive 
·  Technical knowledge is transferable between similar products 
·  Available in all organisms 
·  Survives most processing steps, including cooking 
·  Sampling need only be done when/where a need exists 
·  Single sampling/testing practice can be used for several purposes – 

e.g. food safety/recall, quality management, species/varietal tracking 
 
Weaknesses 

·  Testing is performed at a distance, away from the product 
·  Relatively high cost of testing compared to other methods of 

identification 
·  Proprietary methods for typing may limit access for mass markets 
·  No visual ID on the animals 

 
Opportunities 

·  Development of new high-volume, fast-turnaround testing/matching 
capacity 

·  Public disclosure/sharing of methods and experience within and 
between sector participants 

·  Simple, blood-based sampling method in abattoirs can provide local, 
real-time source of DNA, ready for response to a traceability need 

·  Development of methods to employ DNA-based technology for 
horticulture products in processing operations, and for products of 
mixed type and origin 

·  Combination of DNA with other technologies/methodologies (e.g. 
RFID/EID) for optimal supply-chain-wide traceability system 

 
Threats 

·  Applicability in smaller facilities may be limited in the near-term, due to 
cost and knowledge base 
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·  Roll-out for traceability will require extremely large data storage and 
retrieval capacity, and common/interoperable data standards 

·  Exclusive participation by large players may develop traceability into a 
competitive barrier (for smaller players) 

 
Evolution of the Technology 
DNA technology is beginning to mature in its application to traceability. It is a 
technology that works reliably, in multiple species and in repeated use. It is 
also deployed in a productive traceability application – to identify specific 
organisms by specific gene-based characteristics, and to allow matching 
between identical or related samples, in food and feed value chains. And it is 
beginning to satisfy actual business cases with its application in traceability – 
for example, the matching of pork products with their dam sow, in a value-
added, traceability-sensitive market in Japan; and the proofing of identity 
labels in retail beef products in the UK. 
 
The technology is evolving in five main ways: 

·  The continuing addition of new genotypes which can be used in 
traceability of additional foods and feeds. 

·  The development of additional methodologies for genotyping, to speed 
up the process, and to establish particular methodologies which match 
specific in-use requirements. 

·  The development of faster, higher-volume, less expensive and less 
intrusive sample collection procedures and tools. 

·  The development of equipment and procedures to allow near-real-time, 
remote identification and matching capability. 

·  Further integration with other traceability technologies and the 
implementation of suitable cross-technology information management 
systems. 
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·  Biometrics 
 

The need to uniquely identify living organisms first arose from the field of law 
enforcement and political intelligence, to track the actions of specific people  
 
The first biometric used successfully was the fingerprint, which is easily 
recorded with ink and paper. With the advent of computer technology, and 
electronic imaging, the ability to use mathematical algorithms to compare one 
fingerprint to another became much more precise, and much easier. Although 
fingerprints are unique, they can be mutated, or fingers amputated to avoid 
identification. 
As a result, a biometric was required which was not alterable, or separable 
from the individual, and as a result the following biometrics in humans are 
available today: 

·  Finger print Patterns 
·  Finger Image 
·  Face Recognition 
·  Iris/Retina Patterns and Colour 
·  Signature/Sign Image 
·  Hand Geometry 

 
To support these physical characteristics, an electronic data exchange format 
has been established, one for each characteristic, to allow identifying 
information about one individual to be exchanged between police forces and 
government agencies. 
 
Although there are parallels in the transition of biometrics from human to 
animals, the application to livestock is only an emerging technology. There is 
presently research actively taking place at Purdue University where they are 
looking into both retina imaging as well as nose prints of cattle. The literature 
has identified retinal imaging as being the superior biometric, as opposed to 
iris scans, since the retina is less susceptible to scarring from physical corneal 
damage, and disease such as glaucoma. 
 
At present, Biometrics is not being used in the Fish industry for the purposes 
of livestock identification and traceability. 
 


