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Executive summary 

 
The meat sector has been chosen as one of the three sectors being studied in details 
within the FoodMicroSystems project. The major issue is the capability of the micro-
systems industry to bring new measuring or monitoring tools that will compensate 
the invest effort by bringing cost cutting or creating novel added value.  
 
The roadmap addresses the development of micro-systems for (1) fresh meat sold by 
butchers or in packaged meat, (2) cold chain and (3) processed meat, analysing 
example taken in the beef, pork and poultry meats. The major and surprising 
outcome is that regulation and standards are needed along with financial support to 
reduce economical risk and accompany the increase in company and customer 
acceptance.  
 
The most advanced deployment in food and food related industries is the use of 
RFID tags in processing lines and tracking of containers or pallets within a network of 
actors working for a given corporation. The lack of stable worldwide communication 
standards slows down the deployment of these technically mature solutions due to a 
too high risk to invest out of the future regulation or standard rules.  
 
Smart phones and other connected cells are deeply modifying the consumer’s 
acceptance. For example, recently a microwave oven being connected to a 
smartphone by a hacker induced two types of comments; one type being the well-
known confrontation between the lazy techno-pros against the conservative techno-
cons, the second type is the acceptance of a tool for blind or elderly people.  
 
The spreading of connected tools at the end-user side can boost new emerging 
hand-held equipment and bring a valuable benefit at professional side by sharing the 
development cost. Smarter robots are also expected to develop helping preserving 
employment in EU. 
 
Once a possible return on invest is proven thanks to safe investment accompanied 
by a financial support and thanks to lower threat on the already existing production 
lines, the meat sector will turn their innovation effort toward the use of new 
microsystems e.g. molecular or biodegradable markers, electronic on flexible foils, 
smart skins…  
 
Beyond H2020 bioresorbable electronics will bring technologies that will allow a 
much more massive use of low cost micro-systems while preserving environment. 
Due to high economical and environmental pressure, smart devices integrated in 
packages should rely on cheap markers e.g ink printed systems, battery-less and 
biodegradable electronics, biomarkers.  
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1 Introduction 

This FoodMicroSystems report intends to combine the needs of the meat sector with 
the opportunities that microsystems technologies will be able to offer for this sector 
within a timeframe of about three to ten years. 
 
This “microsystems for meat roadmap” is one of a series of three “application driven 
technology roadmaps” that will lay the foundation for future collaboration between 
the food and microsystems sectors, support strategy decisions of research 
organizations and companies, and supply investors and funding bodies with 
guidelines to support their investment decisions. The roadmaps are application 
driven, whereby trends for future application areas and products are identified and 
their “in-service” dates forecasted. In this context, the underlying microsystems 
technologies provide the basis of the secondary layers constituting the roadmaps. In 
essence the roadmaps aim at addressing the following questions: 

1. Where are we now? (in terms of microsystems technologies available/used 
in a specific area of the food sector) 
2. Where do we want to go? (to get the most benefits of microsystems 
technologies for this sector) 
3. What are the barriers/constraints to get there? 
4. How can we overcome these barriers? 

 
The meat sector is the most important food market in Europe and the largest 
agricultural production: it represents approximately 27 % of the total agricultural 
output. The EU is a major player in the world pig-meat production with around 20% 
of the worldwide production. The main producers are Germany, Spain, France, 
Poland, Denmark, Italy and The Netherlands: they represent more than 85% of the 
EU production. The biggest meat production in Europe is pig (37%), and then cattle 
(32%), poultry (21%) and finally sheep and goats (6%). In addition, the meat sector is 
less concentrated than the dairy sector but it is still a concentrated market: the top 
15 producers represent around 35% of the production1 and the top 100 producers 
represent around 55% of the total EU production. The largest players are VION (NL), 
Danish Crown (Denmark), Tönnies (Germany) and Bigard Group (France). The supply 
chain includes farmers who breed animal, slaughterhouses (transport, slaughter and 
deboning operations), traders and processors. Many players engage with long-term 
partnership with farmers and integrate the slaughter, deboning and transformation 
operations. 
 
In regard to several scandals appeared in the meat sector those last years, we know 
for sure that consumers are very concerned about the quality and above all safety 
aspects of the products. In parallel, industry priorities, conducted by financial issues, 
are focused on the reduction of waste and the better use of raw materials. For all 
those aspects, there is a need for technological assistance and microsystems have 
the potential to address this need. 
 

                                                      
1 http://ec.europa.eu/dgs/health_consumer/information_sources/docs/ahw/pres_24102012_opening_4_richard_brown_en.pdf  

http://ec.europa.eu/dgs/health_consumer/information_sources/docs/ahw/pres_24102012_opening_4_richard_brown_en.pdf
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Meat generally refers to the skeletal muscle from the carcasses of animals. It is made 
approximately of (e.g. mean value considered for beef meat): 

 Water                70% 

 Protein               21% 

 Fat                       8% 

 Ash (mineral)    1% 
 
The three main meat industries: 
Poultry industries are concerned with high throughput (a few thousand animals per 
hour) of rather well calibrated meat but with a low added value at least for chicken. 
The beef meat supply chain (see Fig. 1.1.) is characterized in one hand by a low 
throughput and a lower level of automation where human complex expertise is a key 
factor and in the other hand by the variability of the products: size, form, 
conformation of the carcasses and also tenderness of the meat, which depends on 
maturation duration and from a set of physiological parameters. Finally, pork-
processing industries are concerned with middle level throughput characterized by 
specific deboning needs and by a panel of meat processing recipes.     
 
Requirements on food products from consumer2: 

 Authenticity 

 Tracking 

 Safe products (e.g. freshness,…) 

 High quality products 

 Affordable prices 

 Differentiated products/ broad assortment 

 Innovative packages 

 Animal welfare 

 Low ecological food print 

 Origins of the meat 
Requirements on food products from government: 

 Assurance of safe food and public health 

 Control of livestock diseases (outbreaks) 

 Conservation of public goods like local environment, nature and soil 

 Assurance of low ecological food prints 

 Adequate consumer information (labelling) about authenticity of food 

 Provision of adequate societal information 
Requirements on food products from industry: 

 Compliance to legislation 

 High added value and high margins 

 Low processing costs 

 Market segmentation and internationalization 

                                                      
2 Consumers really would like to know where the animal grew up, what it has eaten, how it was housed and how it 

was treated. They also want to know for sure that it is beef if they pay for beef. 
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 Product and packaging innovations 

 Traceability and fast recalls 

 Low ecological food print 

 Good relationships with NGOs 
 
Microsystems are also known as ICT/MST or MST or MEMS or integrated systems or 
lab-on-a-chip systems according to countries of use and to physical sensing versus 
fluidics related main applications. They provide information about the food products 
content or their change of properties. The systems involve at least one component 
built by micro-technologies (Fig. 1.1) or nanotechnologies. Additives in food are not 
in the scope of micro-systems.  
 

 
Fig. 1.1 An overview of micro-technology batch processing of micro-systems before 
they are packaged according to a final application. MEMS are commercial products 
used in many industrial sectors.  
 
The benefits of ICT/MST based smart miniaturized systems will be discussed for the 
fresh meat packing and for the transformation of beef, pork and poultry meats since 
each of these three sectors is representative of a given set of production constraints. 
 

1.1 Relevance of the Meat sector to the EU food supply chain 

1.1.1 Economical relevance 

Europe is an area that produces and consumes processed meat, for example: burger 
patties, frankfurter-type sausages, cooked ham and so on. In other areas like Asia or 
Africa, many consumers still reject processed meat products because of the 
composing or the lack of information. Meat mincing to produce burgers or prepared 
food induces less constraint on meat deboning than meat slicing. When minced the 
key parameter is a fast meat deboning to save production cost while in the latter 
case the key parameter is the added value linked to expert deboning, especially for 
beef meat.  
 
Eating quality (taste and texture) has to be distinguished from health quality 
(nutritional value, wholesomeness and leanness), mirroring the distinction between 
parameters which can be experienced during consumption (experience qualities) 
and those which cannot (credence qualities). So we can make a difference with 
parameters that can be addressed by sensors and laboratory testing all related to 
health and food safety and those which can hardly be evaluated and can be related 
to eating pleasure. Not surprisingly micro-systems arise first in the logistics of retail 
big companies where a lot of improvements are still expected by users.  
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Concerning applied research most of recent laboratory developments have failed to 
become industrial solution [Grunert et al., 2004], partly due to cost pressure on 
potential customers and due to a conservative way of working3.  
 
The divergent demand according the different actors are summarized in table 1.1.1.1 

Actor Attributes valued 

Feed producer Value added feed mixtures, conversion rate 

Breeder Growth rate, feed conversion, muscle structure, carcass characteristics 

Farmer (farrowing and fattening) Growth rate, feed conversion, slaughter weight, meat percentage, muscle structure 

Slaughterhouse 
Water holding capacity, intra muscular fat, pH, tenderness, 

Additional inputs can be found in the 5th annex of the D.3.1.2 report 

Processing 

Water holding capacity, intra muscular fat, exudates and juices, control of microbial flora 

of dry sausage, cooking efficiency for meat pate, cooking dynamics, meat body or 

processed preparation inner temperature, scrap trimming efficiency, 

Additional inputs can be found in the 5th annex of the D.3.1.2 report 

Retail Colour, shelf life, freshness, tenderness, juiciness, marbling, 

Consumer Taste, tenderness, colour, juiciness, marbling, convenience 

Table 1.1.1.1 Production attributes of interest at different pork chain links. 
 
Processed meat products have a prominent role in our food and are different from 
fresh meat (specific flavour, taste, colour or texture components). There are 
economic, dietary and sensory aspects that make meat processing one of the most 
valuable mechanisms for adequately supplying animal protein to human 
populations. Unlike fresh meat, many processed meat products can be made shelf-
stable thanks to packaging and preservation aspects. For instance they can be stored 
and transported without refrigeration. In many cases such treatments make 
products even more expensive than lean meat but they offer diversity to the meat 
food sector. The introduction of microsystems based solutions still faces the 
question of finding a right way to address very low cost and highly reliable 
measurement of complex mixtures in harsh environment. 

1.1.2 Relevance to health 

It is generally accepted that balanced diets of meat and plant food are most effective 
for human nutrition. Despite the growing preference in some circles for meatless 
diets, the majority of us will continue eating meat. 
 
Quantitatively and qualitatively, meat and other animal foods are better sources of 
protein than plant foods (except for soy bean products). In meat, the essential amino 
acids – the organic acids that are integral components of proteins and which cannot 
be synthesized in the human organism – are made available in well-balanced 
proportions and concentrations. Plant foods have no Vitamin B12 and animal food is 
indispensable for children to establish B12 deposits. Meat is also rich in iron, which is 
of utmost importance to prevent anaemia, especially for children and pregnant 
women.  

                                                      
3 The failure rate of new products launched on the food consumer market is somewhere between 60 and 80% 
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Microsystems might make it possible for individuals to evaluate at home their intake 
of minerals and vitamin, providing a system that is able to analyse a representative 
sample of each kind of food they eat. Although not mature enough to directly enter 
a mass market such novel equipment might help some categories of people to follow 
highly important parameters of their own. Target market is competitors, nursing 
assistants and health aides who could use new user-friendly tools to interact with 
frail or elderly people, individuals who suffer from severe allergy troubles, people 
with a severe chronic illness, researchers looking for better understanding of the 
efficiency of vitamins and minerals according to intake level and food preparation.   
 
In addition, the food industry is currently under pressure from governmental 
agencies to deliver reductions in the sodium intake of the population through the 
introduction of lower salt levels in processed foods4. Studies indicate that the meat 
sector is the second largest contributor to dietary salt after cereal products 
[Matthews et al., 2005]. Although carcass meat is naturally low in sodium, salt is 
added to meat products for a variety of technical reasons, including microbiological 
safety. In addition to salt, sodium phosphate also increases the sodium content of 
meat products pushing companies to replace sodium phosphate with potassium 
phosphate. Currently applied approaches are resulting in sodium reduction between 
20-30%5. The accurate and reproducible determination of sodium in foods with low 
sodium content (<140 mg/serving) is challenging due to laboratory contamination. 
The comparative evaluation, in laboratory, of the performance of different methods 
lead to statistically significant differences and some methods do not perform well in 
fatty foods or at very low Na concentrations. Analysis of chloride content does not 
give reliable Na estimates in low-sodium foods, even when added sodium chloride is 
present [Ehling et al., 2010]. It should be considered how emerging lab-on-chip 
microsystems could bring to both laboratory and meat processing companies some 
fast and reliable analysis of the sodium content. 

                                                      
4 Manufacturers' Nutrition Facts Panel sodium declarations exceed levels found by analysis (<70% of the foods). 
5 Further reduction requires new technologies and research into the physiology of taste perception and salt 

receptors, is an emerging field. 
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1.1.3 Relevance to environment 

 
Source: IFPRI international food policy research institute 
Fig.1.1.3.1 The Meat sectors challenge a complex trade-off between the health of 
the people worldwide and the preservation of the environment and water supply. 
 
As shown in Fig. 1.1.3.1 the meat sector is connected to both environment and 
people health matters. That is why the use of microsystems could be helpful for 
those issues through analysis and detection abilities for example. 
   

   
Source: FMS 

Fig.1.1.3.2 Prototype of a portable air quality analysis system including microfluidics. 
It collect ambient air or liquids and provide different kind of analysis among them 
are the detections of pathogens, toxins, residual drugs, proteins, hormones, … 
 
Slaughterhouses use a huge quantity of water at different stages either to clean the 
bleeding areas or to remove inedible parts. For instance, a fast analysis of cleanliness 
using disposable lab-on-chip system would allow to reduce the amount of detergent 
and water to a lower level while routinely checking the efficiency thanks to a 
dedicated device [Vivancos et al., 2012]. Such a new monitoring could help to 
demonstrate the respect of the sanitary rules by providing continuous and statistical 
measured data.  



 

 
12 

 
An efficient synergy can be found with the emerging development of microsystems 
that are to be implemented in experimentally controlled areas such as greenhouses. 
Then the development of new technologies for farmers, winegrowers, breeders and 
ranchers as well as for the global meat chain companies, who have their own animal 
breeding production site, can benefit from a larger business area. Obviously each 
specific need will require its own adaptation steps but everyone should benefit from 
a wide use of microsystems in environment, health and meat sectors. In this context 
there is a room for future biodegradable novel microsystems although perspective 
lies beyond H2020. 
 
A final synergy can be shortly described related to technological solution that would 
help adding value to regional meat production and in particular in remote areas 
where any other kind of agriculture is impossible. Devices owned by the farmers 
and/or by the consumers that could certify the origin and/or the nutrition quality of 
the meat would help people who afford to, to pay the right price for these products.  
 

1.1.4 Reference to FoodMicroSystems results from WP2 and WP3 

 
This roadmap is based on different other reports written within FoodMicroSystems 
project. 
A lot of technological opportunities for microsystems in the food sector were found. 
For example, there is a strong demand for handheld devices. They would find 
applications as contactless systems, for measurement because they will not need 
any sample, for non invasive sensors to measure parameters such as surface 
temperature, and also for authentication and classification. Examples of existing 
prototypes could be seen in annex. Microsystems devices could often be integrated 
within devices using other system components, for example for image processing 
techniques.  
For more information on the opportunities, please refer to the deliverable 2.1: 
Report on the microsystems technological opportunities for the food sector6. 
Indeed, the food industrials have several needs which could be met by 
microsystems, but the microsystems will face several constraints and will have to 
overcome them before their implementation. The food industry needs quick, online 
and non invasive sensors which will not need sample. Despite the technicality of this 
demand, the industrials want the devices developed to be cheap, user-friendly, and 
adaptable to their current plants. 
For more information on the needs and constraints of the industry, please refer to 
the deliverable 3.1.2: Final report of industrials’ needs, demands and constraints7. 
The project also looked at consumers’ acceptance of microsystems in their food. For 
meat, the consumers appreciate local and traditional meat, so they are quite 

                                                      
6 The D2.1 is available in the library of FoodMicroSystems’ website at http://www.foodmicrosystems.eu/wp-

content/uploads/FoodMicroSystems-D2.1.2013.pdf  
7 The D3.1.2 is available in the library of FoodMicroSystems’ website at 

http://www.foodmicrosystems.eu/?page_id=2763  

http://www.foodmicrosystems.eu/wp-content/uploads/FoodMicroSystems-D2.1.2013.pdf
http://www.foodmicrosystems.eu/wp-content/uploads/FoodMicroSystems-D2.1.2013.pdf
http://www.foodmicrosystems.eu/wp-content/uploads/FoodMicroSystems-D2.1.2013.pdf
http://www.foodmicrosystems.eu/?page_id=2763
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suspicious about new technologies, but they are aware and positive about the 
improvement the microsystems could bring to traceability and food safety. 
For more information on consumers’ point of view, please refer to the deliverable 
3.2.2: Report on focus group on consumers’ acceptance. The deliverable 3.2.1: 
Report on existing literature regarding consumers’ perception8 could also be of 
interest. 
 
 

1.2 Roadmap Methodology 
The FoodMicrosystems roadmap methodology is detailed in the deliverable D4.2 
”Roadmap for the dairy sector”. We introduce here a short resume and a list of the 
dedicated events that led to the present deliverable “Roadmap for the meat sector”. 
 
The roadmap processing is carried out in the successive steps described below:  

1. Identification of the needs and their related parameters to be monitored 
2. Identification of micro-technologies and micro-systems based solutions 
3. Evaluation of the adaptation effort of existing solutions to the specification 

issued within the meat chain sector. 
4. Evaluation of the system complexity and how consistent it is with the market 

 
Input data were obtained during events organized by the FoodMicrosystems project.  

 Answers to questionnaire requested / received all along 2012 and 2013 years 

 2012, February 24th Roadmap methodology, internal organisation (Grenoble) 

 2012, May 15th Project workshop including face to face interviews (Freiburg) 

 2012, June 19th Demonstration in robotics / meat sector (Clermont-Ferrand) 

 2012, August 23rd  Fairs: MesureExpo, IPA (the Global Food Factory), SIAL (the 
Global Food Marketplace) in Paris  

 2012, 2nd semester: Bibliographical review including bibliometry study 

 2013, Feb 1st  Face to face interview conducted with ADIV (Clermont-Ferrand) 

 2013, Feb 21st  Roadmap Workshop for the meat sector (Tallin) 

 2013, June 19th Interview at INRA conducted with ADIV (Clermont-Ferrand) 

 2013, April 25th Roadmap Workshop for the meat sector (Paris) 

 2013, June 28th Debriefing during project meeting (Barcelona) 

 2013, July  Debriefing through several partner internal dedicated meetings 
Roadmap debriefing were also routinely achieved via project internal phone calls 
and meetings. 
  

                                                      
8 The D3.2.1 and D3.2.2 are available in the library of FoodMicroSystems’ website at 

http://www.foodmicrosystems.eu/?page_id=2763&paged=4  

http://www.foodmicrosystems.eu/?page_id=2763&paged=4
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2 The Meat supply chain and main drivers for innovation 

 

2.1  The Meat supply chain 
 

 
Source: Vermont – food system atlas (www.vtfoodatlas.com) 
Fig. 2.1.1 Moving meat from farm to plate 
 
The meat supply chain shown in Fig. 2.1.1 covers the successive steps that bring 
meat from farm to plate, whatever the type of meat it is. Table 2.1.1 underlines the 
variety and number of requirements of consumers and government towards industry 
[Trienekens et al., 2013].   
 
Production challenges 
The food industry has to cope with various challenges. The pork supply chain is a 
good example to illustrate them. These are: 

 Fluctuations in yields at farm level (number of piglets per sow, feed 
conversion rate, etc.), due to unpredictable natural influences 

 Variations in quality of the animal. Even within one breed and one farm 
quality variation between animals can be high 

 Cross-contamination of animal diseases (e.g. salmonella) because of mixture 
of lots in transportation and slaughtering stages. Globalisation leads to an 
increase in international transports and therewith in infection routes. 

 Traceability and diverging production chains. At the slaughtering stage, 
animals are decomposed in many parts and at the processing stage these 
parts are combined with other ingredients, therefore traceability of pork is 
no longer possible to an individual animal or individual farm, but to day 
batches. Information is lost at this stage with the current tracking and tracing 
concepts. 

 Perishability of (fresh) meat products (shelf-life constraints) 
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 Special needs to storage and transportation of live animals and pork product. 
 

Chain link Factor Impact 

Breeding 

Genotype 

Duroc and Berkshire deliver more tender meat, Large White 

less. Duroc, Large White and Berkshire deliver better Water 

Holding Capacity (WHC) and pH 24h. Pietrain, Large White 

and Landrace deliver better marbling. 

Carcass 

composition 

Duroc delivers more loin and fat. Pietran delivers better hams 

but is not so good in loin, belly and fat. Large White delivers 

better shoulder but is less good in loin and fat. Landrace 

delivers better belly and fat, but is less in shoulder 

Feed company 

Diet 
High protein leads to higher Intra Muscular Fat (IMF - 

marbling) and lower tenderness 

Vitamins Vitamin E leads to better colour 

Minerals Magnesium leads to better WHC 

Pig farming 
Production 

system 

Conventional systems have relative positive impact on WHC 

and pH24 h (as opposed to animal welfare and organic systems) 

Slaughterhouse 

Fasting Fasting has positive impact on WHC and pH 24h 

Pre-

slaughter 

handling 

Stress has negative impact on colour, WHC and pH 24h 

Stunning 

CO2 stunning combined with low stress has positive impact on 

tenderness. Electrical stunning of high stressed pigs has 

negative impact on WHC and pH 24h 

Chilling 
Accelerated chilling has positive effect on colour and on drip 

loss 

Source: adapted from Biermann, [Trienekens et al., 2013] 
Table 2.1.1 Impact of various chain links on intrinsic meat quality  
 
Quality challenges 
. Quality is one of the most important criteria for meat. For example, for beef, 
quality grades are assigned on the basis of: 

 Marbling-fat flecks or streaks in the lean 

 Colour and texture of the lean 

 Maturity – determined by colour, size and texture of the cartilage bones 
This grading method becomes a consumer rating for beef.  
 

Fat content 
Due to consumer beliefs turning to the idea that leaner meat is more healthful 
(although fat makes the meat juicy, tender and adds flavour) the demand for select 
grade meat is increasing. Thus to determine the monetary value of the carcasses it 
become important to develop objective measurement systems able to evaluate the 
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proportion of useable meat to bone and fat in conjunction with quality grading of 
the meat. From processing meat industry fat allows to reduce formulation costs 
(regulation prevent them to reach a too high level content in processed food).  
 

Tenderness 
After slaughter many biological changes take place in the muscle that converts it to 
meat. Chilling is used to prevent spoilage but when the muscle is chilled to less than 
15°C before rigor mortis is complete the process leads to “cold shortening” and if 
frozen before rigor mortis is complete the result is extremely tough meat. Rigor 
mortis change very tender muscles at slaughtering time into progressively less 
tender muscles due to contraction and stiffening. It takes 1 to 6 hours for pork, 6 to 
12 hours for beef and 6 to 24 hours for poultry, and during that time the handling 
method will favour the quality of given muscles against other ones. A tenderness 
increase occurs while keeping beef in cooler or refrigerator just above 0° C during a 
few days to up to two or three weeks. Changes are linked to enzymatic changes 
taking place in muscles. Holding maturation stage at a higher temperature can speed 
up the ageing but meat may spoil or develop off flavours. Lamb and pork meat are 
rarely aged. Electrical stimulation at high voltage and lasting one minute applied to 
the beef carcasses improves the tenderness of many cuts of the carcass, and post-
slaughter electrical stimulation reduces poultry aging time to 2 hours. 
Beef maturation is thus a major issue where micro-systems based monitoring tools 
would be a valuable offer.  
 
Challenges from the market trends 
Trends tend to lead to more and more convenient food packaging. 
For beef a recent trend in packaging is to sell “boxed beef” (nothing to compare with 
corned beef) to reduce spoilage and shrinkage or chemical and microbiological 
evolution of the meat surface due to contact with the gas enclosed within the 
packaging or to ambient air. These “boxed beef” are prepared at the packing plant 
by removing more bones and fat and cutting it into smaller pieces. Boxes are easier 
to ship and handle with reduced shipping and labour costs on one hand and 
improved value of the fat and bones on the packer-side.  
Poultry parts and increasing number of skinless and/or boneless products are 
meeting consumer demand for convenient, lower-fat, portion controlled items. This 
shift away from whole carcass birds creates new challenges for buyers and sellers 
whether they are producers or processors, wholesalers, food manufacturers, food 
service operators, food retailers or consumers 
 
Mechanization challenges 
Poultry chain supply is characterized by a much higher level of integration than any 
other meat, therefore it can be taken as an example for the challenges in this sector. 

 Breeding mechanization within the growing houses:  
o Modern facilities control air entering the sides of the building 
o Feed is moved on conveyors (conveyors could carry micro-systems) 
o Water is supplied by bird activated nipples attached to water pipes 

running along the length of the building (basis of a sensor network?) 
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 Process mechanization:  
o inspecting, classifying, grading  
o mechanically separated poultry meat which is ground to a fine mix for 

curing, seasoning, smoking and processing 
 
Non food uses of carcasses 
We can shortly mention that meats are used for domestic animals feed. It must be 
pointed out that regulation is even more severe because this feed is often exposed 
to higher degradation conditions than food. 
 
We can also shortly mention that by-products of the meat industry are used in other 
manufactured goods and that some demands concerning quality control or content 
analysis can be issued by these end-users. 

 Cosmetics 

 Glues 

 Gelatins 

 Tallow 

 Variety meats 

 Meat and bone meal   
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2.2 Motivation for using new technologies in the meat sector 
 
One of the main concerns of the agri-food industry and particularly the meat sector 
is the food safety. Indeed, the European food sector has been hit by a number of 
serious consumers’ scares over the past decades. The companies involved have 
often failed to give appropriate information to consumers [Lindgreen 2003].  
This has increased the need of traceability of food companies. Tesco for example has 
chosen to set up effective guidelines for managing its relationships with meat 
suppliers. It can thus inform consumers about serious food scares and address 
consumers’ concerns over animal welfare and environmental issues. Such formal 
guidelines could provide a description of the technical parameters to be measured 
by microsystems.  
 
The boosting demand for micro-systems based solution for authentication and safety 
matters will help to define the driver needs worthy of investing more into 
innovation-based development, as described in Fig. 2.2.1 for the meat main chain 
suppliers. 

 
Source: ADIV 
Figure 2.2.1: Drivers and Product needs summarized for the meat sector. 
 
 
Because of food safety and traceability concerns, integrated chain quality 
management systems have   raised more and more attention the last two decades. 
Information system designers are trying to build systems that connect various stages 
in the chain, in order to improve communication quality and safety data collection, 
but also for the sake of traceability of the food products as well as for logistic 
optimization of processes. In addition, new technologies encourage companies to 
pay more attention to the environmental load of their businesses. New technologies 
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and among them micro-systems also enable companies to better differentiate their 
products from the market. 
 
In the pork supply chain, the challenges faced by the meat sector have leaded to a 
more intensive collaboration through the tuning of quality management systems of 
the different actors, supported by integrated information systems for food safety. 
New quality measurement approaches were developed, thanks to new technologies 
such as advanced in-line measurement of meat quality and related logistics 
concepts.  
 
Summary of the main drivers 
The large diversity of need drivers in the meat sectors are summarized in Fig. 2.2.2 

 
Fig. 2.2.2 Summary of the main drivers along the meat chain supply 
 
 To meet consumers and society demands and to guarantee the integrity of the 
processes, important steps still have to be made: 

 development of management systems  
o for chain-wide quality in order to reduce risks in the areas of food 

safety and animal health, and to inform the consumer about specific 
attributes of the product,  

o new technologies for quality and logistics management,  
o new concepts for logistics and distribution, 

 development of transparency and information exchange thanks to new 
supporting systems, 

 design of balanced supply/ demand contracts throughout chains to lower 
transaction risks and to enhance overall performance, 

 new measurement technologies and use of biological markers for meat 
quality,  

Micro-system devices will bring valuable measured new data flows to the systems.  
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2.3 The need for testing & measuring 
 
Microsystems are already used in the meat chain. The examples following are a small 
overview of what could be done. For a more complete state of the art, please refer 
to the FoodMicroSystems deliverable 1.3: Report on existing applications of 
microsystems in the food sector. 
 
To test the tenderness with a non-destructive methods able to provide the state of 
ageing, a bipolar circular probe with 20 electrodes [Damez 2008] proved to be able 
to estimate meat maturation states with a good correlation factor (R2 ≈ 0.70) 
between the electrical impedance measurement and a benchmark mechanical 
compression stress method. See annex for more details. A handheld equipment able 
to assess the state of ageing would thus make it possible to optimize the refrigerated 
storage duration and open the path towards a quality labelling of the meat 
tenderness.  
Near-infrared spectroscopy (NIRS) is expected to successfully estimate several key 
quality parameters (including water activity, moisture, dry matter, ash and protein 
content) in real time application in replacement of expensive and time consuming 
chemical analysis [Boschetti et al., 2013]. The use of NIRS was for example tested for 
the characterization of the quality parameters of a smoked and dry-cured meat 
product known as Bauernspeck (originally from Northern Italy). The method 
estimate important parameters for shelf life and sensory quality such as water 
activity and sodium chloride content. Generally speaking there is a large room of 
application for NIRS-based microsystems. 
 
Raman spectroscopic methods are expected to evaluate and predict tenderness, 
juiciness and chewiness of fresh, uncooked pork loins [Wang et al., 2012a]. Although 
they request some additional data processing to predict the values of the sensory 
attributes by multivariate statistical analysis [Wang et al., 2012], they offer the 
advantage of extracting properties from the body of meat contrary to NIST methods 
that usually only examine the surfaces.  
 
Concerning meat processing a major issue is a better monitoring of the cooking steps 
since it determines part of the loss in weight and thus loss in value of the product.  

2.3.1 Where to measure in raw or fresh-cut meats? 

 
Factors Influencing raw meat quality at the farm 

 Genetics / species / age of animal 

 Breeding Systems9 

 Minimizing stress10 

 Feeding / nutrition (control of balanced feed intake)11 

                                                      
9 slow growing muscles will be less tender than an animal that grows muscles more quickly 
10 stress is associated with DFD (Dry Firm Dark) meat - long term stress result in high pH levels in the meat 
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 Diet (animal suffer from stress if improper diet – fat production and quality)12 

 Vaccination and antibiotic injections (proper withholding times) 

 Biosecurity (to avoid diseases and parasites) 
 
Factors Influencing raw meat quality at the slaughterhouse 

 Handling prior to slaughter (trauma, stress, dehydration, recover time) 

 Slaughter techniques (stress – stunning before or after bleeding) 

 Cold Chain during slaughter (control of bacterial growth)13 

 Muscle type / Handling after slaughtering / Electrical stimulation 

 Chilling rate 

 Aging / mechanical tenderizing / chemical tenderizing / freezing and thawing 

 Storage and maintenance of the cold chain during distribution 

 Storage and Display Life (bacterial growth above 4°C)14. 

 Method of display (temperature control)15. 

 Hygiene at all stages (free of pathogens (salmonella,…) and their toxins). 
 

2.3.2 Where to measure in processed meats? 

Meat processing technology comprises the steps and procedures in the manufacture 
of processed meat products which include various different types and local/regional 
variations. Animal tissues, in the first place muscle meat and fat, are the main 
ingredients, besides occasionally used other tissues such as internal organs, skins 
and blood or ingredients of plant origin. Meat processing involves a wide range of 
physical and chemical treatment methods, normally combining a variety of methods. 
Meat processing technologies include: 

 Cutting/chopping/comminuting (size reduction) 

 Mixing/tumbling 

 Salting/curing 

 Utilization of spices/non-meat additives 

 Stuffing/filling into casings or other containers 

 Fermentation and drying 

 Heat treatment (see separate chapter page 87) 

 Smoking 
Micro-systems can bring valuable new monitoring methods or objective measured 
data at any of the listed steps. The development of smart systems implies working at 
two different levels: a specification to select potential technologies able to match a 
global demand e.g. measuring the temperature in the centre of a preparation. Then 
at a lower level each technological possible branches must be furthered analysed to 

                                                                                                                                                        
11 control of color on oxidation, resulting in improved customer acceptance, to give significant commercial 

benefits 
12 animal carrying white fat is healthier and produces a better tasting meat. 
13 it is the general aim to chill the muscles to below 4degrees centigrade prior to deboning (it takes days for beef) 
14 In Europe if the meat temperature exceeds 4 degrees centigrade it is no longer allowed to be sold 
15 Preventing loss of colour and increasing shelf life by 1-2 days would save the US industry $175 million to $1 

billion (US) annually. As a result of the commercial benefits to the retailer, US Beef producers are paid a premium 

when producing beef using technology to achieve this 
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define, case by case, the performance range of the integrated system that must 
actually be reached for a particular need e.g. real-time measuring of the peak 
temperature in the centre of reconstructed ham in an oven. Cost effective and 
innovative solutions will be found by looking at both levels at the same time. The 
performance range of the future smart system have to be chosen for it will define 
the availability of generic technologies. 

2.3.3 What to measure in raw or fresh-cut meats? 

pH level in meats 

 Early detection based on pH should be improved to be efficient (pH and 
temperature are rapidly evolving and metabolic modifications occur during 
the development of rigor mortis)  

 The ultimate pH level is related to membrane modifications and changes in 
the extracellular medium (action of endogenous proteases on the structure 
of muscle fibers, increase of membrane water permeability, weakening of 
connective tissues).  

 
Water holding capacity  

 Tensiometer (tension of water held in pores of the soil), could be adapted to 
meat but particles (fat or protein) become imbedded in the pores of the 
tensiometer ceramic tip 

 
Fat content in carcass [Patent US6265882]. 

 Fat content could be measured by electrical methods because it is is a good 
electrical insulator and it plays a major role in meat tissues impedance. 

 Measurements after rigor mortis have to be improved; nowadays they are 
not consistent because of the influence of membrane modifications.  

 Ratio of impedance at low / high frequency cannot yet reliably indicate the 
state of maturation or destructuration of meat  

 Ratio of capacitive / resistive value of impedance is not reliable yet (+ one 
additional parameter – adiposity) 

 The ultrasonic speed decreases with increasing fat concentration + nonlinear 
fitting to a reference model [Park et al., 1994] 

 
Tenderness of beef (to save maturation time) 

 Tenderness associated with myofibrillar protein degradation, is assessed by 
Warner–Bratzler shear force (WBSF). Research has focused on alternative 
measurement method for on-line testing. 

 Electrical properties of muscle during ageing could be measured thanks to a 
method described in the patent [WO 2006070169] which characterise 
maturation level (see 2.3).  

 Fragmentation index is highly correlated to sensory tenderness ratings  

 Multi-parameter characterization 
o Impedance (conductivity) is better applied when the final pH is 

reached. 
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o Four variable regression (fragmentation index, lean colour, marbling, 
% red fibres) accounts for 56% of the variation in sensory tenderness. 

o Electrical anisotropy: tracking of variations in impedance according to 
the angle between the electrical field direction and the main direction 
of fibers16. 

 Sarcomere length + collagen content and solubility : not significantly related 
to shear force values or sensory tenderness ratings 

 Optimal technological process for ageing to control maturation 
 
Factors that define the quality of poultry meat 

 colour (The light colour of the poultry meat also makes colour differences 
more noticeable) 

 texture 

 flavour (production and processing parameters that influence flavours lead to 
little variation generally not noticed by consumers) 

 
Changes in color (except for poultry) 

 sensors sensitive to lipid oxidation 
 
Flavor 

 Electronic nose and tongue 

 Volatile gas sensors 
 
Novel packaging materials 
Emerging packaging materials offer opportunities to develop new micro-systems e.g. 
they can provide flexible substrate for RFID low cost tags fabricated with roll-to-roll 
printing machines. To increase the shelf life of fresh meats and of sliced cold meats, 
these new packaging films will first offer: 

 Anti-microbial active protection 

 UV protection 

 Humidity regulation 

 Oxygen depletion 

 Ethylene absorption  

 Improved barrier properties 

 Detection of volatiles 
 Detection of micro-organisms 

 Temperature/storage time monitoring 

2.3.4 What to measure in processed meats? 

Detection of ingredients 
The list of specific ingredients that is worth being detected is long enough to justify a 
founded project in which a set of experts of both meat processing and sensors fields 

                                                      
16 During the maturation phase connection proteins break down, causing structural changes, fragmentation of 

myofibrils and degradation of the cytoskeleton. These modifications produce effects on the strongly anisotropic 

character of the muscle structure that can be observed using a sensor based on the emission of a polarized wave 
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would match demand and need and then organize them according to a hierarchical 
rating based on economical features. Amongst them: 

 Detection of bovine gelatin is matched by IDBIOTECH17 (test kit ELISA) 

 Detection of APP haptoglobin hP in meat juice is matched by Sam5 biosensor 
 
Meat processing technologies, technical processes  

 Cutting, chopping, comminuting 

 Mixing, tumbling 

 Stuffing/filling of semi-fabricated meat mixes into casings, synthetic films, 
cans etc. 

 Heat treatment 
Meat processing technologies, chemical or biochemical processes 

 Salting and curing 

 Utilization of spices and additives 

 Smoking 

 Fermentation and drying 
 
New process technologies 
The major items of meat processing equipment are listed below along with some 
feature that may be important from micro-systems point of view. 

 Meat grinder / mincer. Large industrial meat grinders are equipped with a 
device for separating tendons, bone particles and cartilage; 

 Bowl cutter (bowl chopper) is commonly used and designed to produce small 
or very small (“finely comminuted”) lean meat and fat particles. The design of 
the protection lid plays a crucial role in the efficiency of the chopping process 
by routing the mixture flow. Modern large scale bowl cutters have devices to 
operate under a vacuum to improve color and texture of the meat; 

 Clipping machine place small aluminum sealing clips on the sausage ends and 
replace the manual tying of sausages; 

 Smokehouses. The smoke quantity and quality can be regulated by changing 
the speed and time of rotation. Separate smoke generators allow better 
control of the quantity and the temperature of the produced smoke; 

 Brine injector – brine is water containing dissolved salt and curing substances 
(nitrite) as well as additives such as phosphates, spices, sugar, carrageenan 
and/or soy proteins. The injection is done by introducing pointed needles 
into the muscle tissue. It is mainly used for the various types of ham, bacon 
and other whole muscle products; 

 Tumbler or Massager used for the processing of meat products such as 
whole-muscle or reconstituted hams. This mechanical process is assisted by 
the addition of salt and phosphates to achieve equal brine distribution and 
liberates muscular protein from the meat tissue (protein extraction). The 
semi-liquid protein substances join the meat pieces firmly together during 

                                                      
17 IDBiotech develop services and test kits  (RID and ELISA) for quality controls of raw material and processed 

products from animal origin in Pharmaceuticals, Agro-Food, Veterinary and Biotech research fields. 



 

 
25 

later heat treatment. It is working below 10°C to avoid excessive microbial 
growth during lengthy tumbling times (more then 4 hours or over night); 

 Vacuum packaging machine. Special ones operate with so called gas-flushing, 
where a mixture of gas is injected after evacuating the air to inhibit bacterial 
growth and stabilize the meat color. It usually contains CO2 and N2; 

 Mixer / blender used to blend meat and spices, or coarse and finely chopped 
meat. Mixing can be under vacuum; 

 Emulsifier used for the preparation of very fine meat emulsions. Compared to 
the bowl cutter the emulsifier operates at much higher speed, producing a 
finer emulsion-like mix; 

 Ice flakers. Water, added in the form of ice, is an important ingredient in 
order to enhance protein solution and to keep the temperature of the meat 
batter low; 

 Frozen meat cutter; 

 Smoking, production of useful components 
o Meat preservation through aldehydes, phenols and acids (anti-

microbial), 
o Antioxidant impact through phenols and aldehydes (retarding fat 

oxidation), 
o Smoke flavour through phenols, carbonyls and others (smoking taste) 
o Smoke colour formation through carbonyls and aldehydes (attractive 

colour), 
o Surface hardening of sausages/casings through aldehydes; 

 Smoking, avoiding undesirable effects for moderately smoked meat products 
o Risk of residues of benzopyrene in smoked products (carcinogenic if 

the intake is in high doses over long periods.   
 
 

2.4 Cost aspects 
 
Unless a specific effort promoted by the EC is done, the benefit of micro-systems 
would favour on the one hand large companies and industrialised food chains which 
have more budget for innovation than much more than smaller companies, but, on 
the other hand, large companies often have much capital invested in machines and 
equipment, making them much less flexible to adopt new technologies than SMEs. 
The effort may be meaningful to protect high quality regional production against 
non-local low cost uncertified products. It might also be useful to complement or 
replace a plethora of labels of quality that can be judged unreliable or hard to 
appreciate by consumers in terms of health or eating pleasure.  
 
One potential benefit for small scale producers could be a reduction of the cost of 
the sanitary controls requested by regulation and good practice rules. They could 
share, rent under free loan for use or even own testing equipment able to give them 
fast results18. Laboratory testing would keep focused on costly studies affordable by 

                                                      
18 the higher sensitivity of lab-on-foil or lab-on-chip can reduce cell culture duration down to hours instead of days 
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larger scale producers. The latter would also benefit from faster testing to reduce 
waste after a delayed sanitary alert and also to demonstrate good practice thanks to 
statistical data gathered through continuous controls and analyzed by veterinary and 
sanitary controllers. Such systems, now mature for medical application, can be 
adapted to meat sector requirement providing a good definition of what to detect is 
sorted out of founded collaborative projects. 
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3 Roadmaps for process, safety and quality control in the 
Meat sector 

 

3.1 Roadmap for process control 

3.1.1 Opportunities in the meat sector 

An interesting opportunity shown in Fig. 3.1.1.1 is the absence of characteristics with 
predictive value for eating quality, i.e., taste and tenderness: all characteristics in the 
upper right corner are health-related (like fat content and absence of pesticide 
residues) or process-related (animal welfare). This does not indicate that consumers 
are not interested in eating quality but that they do not believe that judgements 
about eating quality can be improved by available information. This leaves a room 
for novel micro-systems innovation to bring knowledge added-value to meat sector.  
 

 
Source: [Grunert et al., 2004] 
Fig.3.1.1.1: Those characteristics which consumers both believe they understand and 

which they regard as important are in the upper right corner of the diagram. 
High tech innovation in the food sector should also consider the educational matters 
since it is often observed that consumers misinterpret some positive physical 
parameters (e.g. the increase in (intramuscular) fat) as deterioration of quality. 
Researchers in the ICT/MST for the meat sector should give a seat to social science. 
Unprocessed fresh-cut meats 
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Fig.3.1.1.2 Technology main driving priorities related to unprocessed meats 
Processed meats 

 
Fig.3.1.1.3 Technology priorities related to processed meats 
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3.1.2 State of the art related to the meat sector 

 
About in-line imaging systems and detection of small unwanted particles 
The complete system consisting of a conveyor belt, an NIR imaging scanner (QV500, 
Tomra Sorting Solutions, Asker, Norway, Fig. 7), a flow weigher and grader and a 
host computer with synchronizing software and a sorting algorithm was developed 
and tested for the on-line sorting of meat trimmings into categories. 
 

 
Fig.3.1.2.1 QVision 500 Analyzer from TOMRA Sorting Solutions, Norway. 
 
About biosensors and testing of meat juice 
Using a commercial and label-free biosensor the sam®5 system (SAW instruments, 
Germany), acute phase protein (APP) haptoglobin (Hp) could be detected from non 
purified meat juice of slaughter pigs.  

 
Fig.3.1.2.1 The chip-based sam®5 system (SAW instruments, Germany) biosensor 
uses proprietary surface acoustic wave technology. www.saw-instruments.com 
 
Alternative measurements (reference data) are obtained by enzyme-linked 
immunosorbent assay (kit ELISA from IDBiotech, France). The innovation is to 
identify in-line and thus rapidly pork meats whose consumption would have an 

http://www.saw-instruments.com/
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increased risk for consumers19. The evaluation of animal health and welfare can also 
be investigated based on Hp concentrations in meat juice. 
 
A binding surface specific for porcine Hp has been developed on a standard gold chip 
and the analyte is bound to the surface by a specific ligand. The biosensor measures 
phase shifts φ and amplitude alterations of longitudinal Love waves in a piezoelectric 
crystal. Comparison with reference data is done using a commercial Hp assay20. 

3.1.3 Needs, parameters and specification 

 
Pork 
 

Intrinsic 
 

Extrinsic 
 

Sensory 

Tenderness 

Animal welfare 

Farm production system 

Colour Transportation 

Marbling Slaughter 

Health 

Safety (zoonosis) 

Ecological food print 

Farm manure and waste 

management 

Food additives Transportation 

Antibiotics Slaughter products (high and low 

value) Residues 

Convenience 

Packaging 

Origin and 

authenticity 

Production location 

Shelf life Community impact 

Preparation 

characteristics 
Farm production system 

 Processing system 

Table 3.1.3.1: Intrinsic and extrinsic pork product attributes. 
 
 
 
 
Beef 
 

Intrinsic quality cues Extrinsic quality cues 

cut: steak, roast, cubed, minced price: low, medium, high 

Colour for roast and steak: origin: no information, Denmark, Ireland 

                                                      
19 Whenever the tissue of a pig is damaged, e.g. due to inflammation or bacterial infection, the animal shows an 

unspecific immune response, the acute phase. Within 6 to 48 h, more than 30 different acute phase proteins (APP) 

are produced among them is haptoglobin (Hp) which can be used as a parameter of infection and inflammation and 

is thus an excellent not disease-specific marker for health assessment, e.g. of pigs in a screening test. 
20 RAIDASCREEN®Haptoglobin, R-Biopharm, Germany 
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light red, medium red, dark red  (in the UK: Scotland) 

Colour for for cubed and minced: 
lighter red and darker red 

information on animal production: no 
information, 

fat lumps: major, minor (for steak, roast, 
and cubed only) 

information ‘this meat is from animals 
bred and fed with due consideration to 
animal welfare and without artificial 
hormones and additives 

fat rim: yes, no (for steak and roast only)  

marbling: high, low (for steak and roast 
only) 

 

fat content: high, low (for minced only)  

Table 3.1.3.2: intrinsic versus extrinsic quality cues for packed meats 

3.1.4 Roadmap 

Meat process controls covers a wide area including the transformation of muscles 
into fresh-cut meats to cooked meat meals. Two graphs are used to depict on one 
hand the capability to improve the yield in Fig. 3.1.4.1 and on the other hand the 
quality of resulting products in Fig. 3.1.4.2. 

 
Fig. 3.1.4.1 Roadmap for the meat sector – Process control and yield  
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Fig. 3.1.4.2 Roadmap for the meat sector – Process control and quality  
 
One specific difficulty of the meat sector is the wide spread in needs. The major ones 
are summarized here: 
Slaughtering 

 Measure, verify or control animal stress and stunning efficiency. 

 Monitor the changes in the product temperature and pH (cooling phase). 
Deboning/Cutting 

 Online measurement and evaluation of the nature of tissues.  

 Measure the pH of meat and the microbiological quality 
Transversal needs 

 Understand and anticipate the oxidation process of meat after deboning. 

 Traceability of animals, products, containers: sanitary & identification. 

 Predict or control the duration of maturation (best state of tenderness). 
Detection of particles  

 formation of compounds resulting from transformation processing 

 migration of compounds between a container and the product 
Transformation 

 Measurement of the drying level of surfaces. 

 Mechanical energy transmitted to muscles (churning to produce ham). 
Cooking / sterilization  

 predict cooking outputs (loss of meat juice) 

 control the stability of emulsions 

 mixing homogeneity of ingredients and minerals in sauces, or minced meats 
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 measure pH to control the kinetic of acidification within the meat or to 
control the kinetic of lactic acid.  

 measure volatiles particles to control the smell of ham, of roasted products 
Packaging 

 control the leak of conditioning gas.  

 monitor the cold chain in terms of time and temperature. 
 
All these needs share in common the following general along with some additional 
specific requirements: 
General requirements 

 Non invasive and non destructive method for the measurements.  

 Mass production of the integrated devices to keep prices low enough 

 Transfer the solutions that are available only at a laboratory level  

 Adapted microsystem solutions to best practice of the meat sector. 

 Garanty the accuracy and the validity of the measurement 

 Use small samples (avoid waste) but high heterogeneity in meat products 

 Online sensors (embedded and wireless) + autonomy aspects. 
Specific requirements 

 measurement of stunning efficiency that show a low level of electric signal  

 Control of oxidation process requires new biochemical indicators 

 new  method of spectral signal detection and quick analysis are needed 

 volatile particles measurement (which substances among a large number are 
the most representative of a good aromatic evolution of the product ?) 

 microbiological quality of products requires a lot of time and consumables. 

 gas leak detection to be adapted to packages with high levels of O2 (red 
meats). 

 cold logistics have to deal with the reluctance of mass distribution (slow 
degradation of a marker better than threshold detection) 

 
It requires a greater effort to select relevant microsystem solutions and achieve to 
specify them. From these roadmaps it is however easy to demonstrate that generic 
handheld devices that can then be dedicated to several different parameter 
measurement offer a good market opportunity since the generic tool can also be a 
home equipment. Although more recreational the end-consumer will help designing 
efficient professional tools and absorb a significant part of the development cost.  
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3.2 Roadmap for safety and authentication 

3.2.1 Opportunities in the meat sector 

Recently, the meat industry has been facing higher demand for food safety as well as 
fiercer competition. Consequently, it is increasingly required to understand and 
provide an unprecedented high level of detailed information about meat products. 
Some companies and industries have responded by implementing food safety and 
traceability systems and building an operational systems using GS1 system21. 

3.2.2 Large scale traceability systems for beef in Japan 

After the outbreak of the BSE (Bovine Spongiform Encephalopathy) scare in 2001, 
securing the traceability of beef produced in Japan became a pressing issue. When 
the Beef Traceability Law took effect on December 1st 2003, the traceability of 
domestically raised cattle was mandated. The traceability system encompasses 
supply chain businesses such as producers, slaughterhouse operators, packers, 
distributors and retailers. Today, every one of more than 4 million cattle raised in 
Japan (cattle born in or imported live into Japan) is assigned a 10-digit individual 
cattle ID number by the National Livestock Improvement Centre, a government 
affiliated organization that manages the national cattle database. Each beef cow 
wears two ear tags marked with this ID number. Information on each beef cow 
including the gender, breed, date of birth, feeder's name, date of slaughter, is 
recorded and stored in the database.  

 
When meat packers distribute products (meat parts or sub-prime cuts) to retailers or 
wholesalers, they must include the cattle ID number on distribution label on the 
carton or shrink-wrapped package. The 10-digit cattle ID number is encoded in a 
GS1-128 barcode using AI (251) together with other information keys including GTIN 
(assigned by the packers), weight, production date, carton ID, and lot number. It is 
mandatory to display either the cattle ID number or lot number on a meat package 

                                                      
21 traceability system that records transaction data for individual ID numbers mainly of beef using GS1-128 

barcodes and GS1 keys and a food safety and traceability system that describes GTIN and relevant attributes (AIs) 

using GS1-128 or QR code 
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sold to consumers at retail establishments. Most retailers display the cattle ID on the 
meat label. Retailers produce consumer package labels that state the cattle ID 
number in human readable numeric format captured from the barcode on the 
distribution label. Consumers can trace information about the beef they have 
purchased using this ID number as a key on the website of the National Livestock 
Improvement Centre. Some consumer package labels carry a 2D QR code prepared 
for reading by mobile phone users that contains a hyperlink to the national database 
website. This gives consumers an alternative way to access information about beef 
cattle, as the QR code can be read and decoded using many types of mobile phones 
sold in Japan. 

3.2.3 Needs, parameters and specification  

Biotechnological micro-systems are widely encountered in the field of diagnostics 
and healthcare. They emerge in life science and environment. It encompasses digital 
microfluidic systems for DNA detection and identification, proteomic reactors, liquid-
liquid extraction, smart tissues [Berthier et al., 2010]. The adaptation of these 
technologies to demand issued by the meat sector is possible providing specification 
and performance range is carefully defined. 
 
Since the food is produced for human or animal consumption we need suitable 
markers to be stable and traceable all along the production chain. Specific 
biomarkers can have a function in technology and in nutrition. Such approach would 
make this development faster and more comprehensive and would make possible 
that food effect could be monitored with same set of biomarkers in consumer. This 
would help to develop and implement food safety standards that would be based on 
real physiological function of particular food component [Raspor , 2005]. 
 
To address the question of meat traceability (e.g. horse meats used in beef prepared 
meals), universal PCR-microarray assays provide new method for the identification 
of animal-derived ingredients. For example the mitochondrial DNA (mtDNA) 16S 
rRNA gene can be selected as a vertebrate molecular marker gene to detect four 
kinds of animal-derived ingredients including bovine, goat, pig and chicken. Other 
markers or other assays can be designed to cover a wider range of meat origins 
including horse meats, bird meats or game meats. The PCR amplification and 
hybridization conditions can be optimized according to the sets of species-specific 
microarray probes including pairs of quality control probes designed with universal 
primers so that the animal-derived ingredients can be checked rapidly and 
accurately. Detection limits as low as 1 pg have already been achieved.  
 
The same micro-PCR chips can also detect pathogens. The description of the micro-
PCR procedure is detailed in the section 5 of the D4.5 report. In addition to the basic 
steps it is possible to use novel lensless optical systems for fast quantification. When 
needed, a zooming area can be defined for further detailed analysis. An efficient 
optical amplification is obtained thanks to the properties of a wetting film which is a 
unique property of micro-fluidics chips. 
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3.2.4 Roadmap 

 

 
 
Fig. 3.2.4.1 Roadmap for the meat sector – Authentication  
 
 
The development of micro-systems in the next ten years to help improve safety and 
authentication tools for the meat sectors, addresses also the other food sectors. A 
more detailed study of the technological development for sensors, detectors and 
integrated systems is proposed in section 6 of the D4.5 report and more specifically 
a roadmap of the micro-PCR based technologies is proposed in the fifth section. DNA 
chips offer a more complex alternative lying between the micro-PCR fast test and the 
laboratory time consuming but reference tests. Due to cost pressure in the food 
industry it is a better opportunity to help micro-PCR arrays reach a commercial 
product state. Integrated lensless methods also help to dramatically reduce the final 
cost of the portable systems.  
 
The main challenges are summarized as followed: 

 Supply chains for meat and the free circulation of food are a major source of 
biosecurity risk, but are at the same time a significant part of food security 
and diversity policies.  

 Interface between the demands for a cost efficient, diverse meat trade and 
biosecurity.  

 Difficulties in regulating food movements.  
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 Food inspection and enforcement at critical points in the journey from farm 
to fork 

 Means through which animals and the food derived from them is coded and 
assured in a complex food industry. 

 
Microbiological tests: 
Escherichia coli 
E coli 0157:H7 
Staphylococci  
Salmonella 
Listeria monocytogenes 
Clostridium perfringens 
Sulphite-reducing anaerobes 

Chemical Tests: 
Ash 
Carbohydrate 
Fat 
Moisture 
Protein 

 
Finally microsystems may bring new tools to monitor key parameters but also to 
continuously measure and store in-line and on-line key information. A statistically 
relevant analysis would make it possible to demonstrate the usefulness of the best 
practice or to improve the fabrication protocols. The illustration in Fig.3.2.4.1 gives 
an example of a time consuming temperature verification without gathering the 
measured data for a subsequent use during the veterinary or sanitary controls. 

 
Fig.3.2.4.1 An illustration of a standard and time consuming temperature control 
that does not provide analysis data for subsequent veterinary or sanitary controls 
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3.3 Roadmap for robotics for worker assistance 
 
Exoskeletons, which can be used to increase human strength and endurance, are 
expected to be commercially available for applications in medical engineering, 
military operations. They open the paths toward future commercial co-robot 
assistance to workers in the meat sector. 

3.3.1 Opportunities in the meat sector 

Meat cutting tasks induce a high risk of work-related musculoskeletal disorder 
appearance [Pontonnier et al., 2011]. Compared to novices, healthy and experienced 
butchers show a large variability in work cycles and several kinematic variables 
[Madeleine et al., 2008]. Such a high variability protects workers from work-related 
musculoskeletal disorders but it also increase the difficulty in developing efficient 
working assistance and security tools to workers, in particular in the deboning area. 
 
Co-manipulation, i.e. manipulation of an object simultaneously held by a robot and a 
human operator is an emerging robotics field where robots named use continuously 
variable transmissions to develop high fidelity programmable constraint surfaces. In 
this domain, a major difficulty is raised by significant variations of human dynamics, 
which depend not only on the arm posture, but also on the muscular co-contraction 
and more generally on the type of task being performed: fine positioning, gross and 
rapid movements, repeated movements... 
 
An ideal comanipulation system should be able of adapting its behavior to the 
operator's functional intention, resulting in an intuitive assisting device. In the field 
of meat cutting and deboning the specification required for a generic arm cobot or 
an exoskeleton-like assistance equipment are among the more difficult to solve. 
Thus the solution proposed for handheld scanning device i.e. a diversity of optimized 
designs dedicated to a given task based on a generic solution is to be considered. 
Another development path could be to implementing new micro-systems (sensors, 
actuators, communication devices,…) on commercial assistance robot e.g. the Honda 
robot shown in Fig.3.3.1.1 or a smart lifting system. 

 
 

 
Fig. 3.3.1.1 Honda has unveiled its Bodyweight Support Assist in 1999. Toyota also 
focuses on mobility assistance for recreational use, assistance to elderly people or to 
workers subjected to excess fatigue, injuries, or musculoskeletal troubles.   
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This assistant robot could then acquire parameter values e.g. volatile gas sensing or 
colorimetric analysis or carry a system able to generate and attribute a label to the 
carcass or to copy and attribute the same label to parts that are cut out of the same 
carcass. It might also transfer some parameters to a cobot wore by a nearby worker 
e.g. the weight of a carcass or its grade. The assistant lift or the bodyweight assistant 
robot could also adjust the optimum working height according to e.g. the size of the 
worker or other condition. 
Other opportunities 

 
Fig.3.1.1.2 Technology priorities related to transverse opportunities in meat sector. 
 

3.3.2 State of the art related to the meat sector 

Standard workspace parameters can be analyzed thanks to an instrumented knife 
used to record the cutting force in 3D and a motion capture system assesses trunk 
and arm motion in 3D [Pontonnier et al., 2011]. There exists software (e.g. AnyBody) 
able to run inverse dynamics analysis. Muscle forces and EMG records can then be 
set up on most of the relevant superficial muscles of e.g. the shoulder-neck area, in 
order to validate the risk of developing musculoskeletal disorders. From these 
databases the specification for assistance equipment and robots can be set-up. 
 
Cobots [US 5923139, 1999] consume very little electrical power even when providing 
high output forces, and their transmissions are highly efficient across a broad range 
of transmission ratios. Cobotic transmissions also have the ability to act either as a 
brake or to become entirely free. We can cite:  
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 the G-Force line22 with force sensing, developed by Gorbel Inc. of New York, 
develops lifting speed and precision that other lifting devices can’t provide. 

 the Cobotics line23 from Stanley Engineered Fastening feature digital, 
electronic control, and servo drives similar to those used in the robotics 
industry to lift and manipulate bulky or heavy items.  

 the Intelift Control System developed by Ingersoll-Rand24 Co incorporates 
electronic control, which relies on pneumatic lift systems. The digital 
controller based system uses algorithms and sensors to transmit an 
operator's intent to the motor that performs the lifting function.  

Despite interesting preliminary results, there is still a number of issues (apparent 
inertia limitation, passivity constraints, force transient optimization) to be fixed for 
efficient implementation e.g. in the force amplification case. 

3.3.3 Needs, parameters and specification 

The everyday use of robots as collaborative assistance to human workers (cobots) 
will not be possible until the operator safety in the robot workspace is guaranteed. 
Because of their strength and stiffness, efficient security of industrial robots can only 
be obtained thanks to robotic skin technology. Such a skin must have an optimized 
response time, cover curved shape and large surface of robot segments, be reliable, 
simple to build and cost effective. In addition for the meat sector the skin must fit 
the sanitary safety regulation and the Good Practices. The emerging development of 
micro-systems on a variety of flexible substrates such as tissues, biodegradable films, 
biocompatible polymers, papers (see section 3.6.2), will offer the opportunity to add 
properties to the robot skin for safety control or meat tracing or worker security. 
 
Finally, security gloves with embedded smart function could reduce the hardness of 
the production tasks especially in the packing and cutting/deboning areas while 
assistant robot with closed loops including micro-sensors could provide part of the 
cutting strength of deboning workers while keeping the expert optical analysis and 
optimized gesture (it takes three years to train an expert deboning worker).  

  
Fig. 3.3.3.1 some examples of assistant robots that could be adapted to relevant task 
e.g. in meat packing area or turned into efficient cobots thanks to integrated sensors.  

                                                      
22 https://www.gorbel.com/Products/intelligent-assist-devices/gforce-iQ.aspx 
23 With CoboticsTM products Stanley Assemblies Technologies leads the growing global market for Intelligent 

Assist Devices (IADs). http://www.emhart.com/brands/Stanley-assemblies-technologies 
24 http://www.ingersollrandproducts.com/am-en/products/lifting/air-electric-and-mechanical-balancers/intelligent-

lifting-devices 

https://www.gorbel.com/Products/intelligent-assist-devices/gforce-iQ.aspx
http://www.emhart.com/brands/Stanley-assemblies-technologies
http://www.ingersollrandproducts.com/am-en/products/lifting/air-electric-and-mechanical-balancers/intelligent-lifting-devices
http://www.ingersollrandproducts.com/am-en/products/lifting/air-electric-and-mechanical-balancers/intelligent-lifting-devices
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3.3.4 Roadmap 

 
Fig. 3.3.4.1 Roadmap for the meat sector – Robotics for worker assistance  
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3.4 Roadmap for home cooking devices 
 

3.4.1 Opportunities in the meat sector 

Concerning meat processing a major issue is a better monitoring of the cooking steps 
since it determines part of the loss in weight and thus loss in value of the product. 
 
Among the emerging technologies that might apply to monitoring heating devices 
and cooking ovens, let’s emphasize on the interest of complex systems where data 
processing extracts high level information from a multitude of sensors that measure 
only low level or partial information. This property is a characteristic of what kind of 
innovative approach microsystems can bring to applied research.  
 
Recently [Rinaldi et al., 2012] gave one interesting example with an innovative 
procedure for real-time heat transfer modelling and dimensional change estimation 
during meat cooking. By using a multipoint temperature probe, a punctual 
calculation of slowest heating point (SHP) temperature was obtained at each time 
from the radial temperature distribution inside the product. Experimental 
temperature data from the multipoint probe was combined with a mathematical 
algorithm previously validated to perform a real-time estimation of SHP temperature 
and residual cooking time on the basis of the data stored at each instant. The 
developed procedure and algorithm were validated by cooking pork loin and roast 
beef samples at 180 and 200 °C both under natural and forced convection regimes. 
Real-time predicted cooking time and SHP endpoint temperature values were said to 
be close to those experimentally obtained: at the 85% of the cooking process, the 
maximum percentage errors for SHP endpoint temperature and cooking time 
prediction were 1.72 and 1.67%, respectively. In addition, SHP location inside the 
meat samples was also obtained at each time instant and used to estimate 
dimensional changes during cooking: calculated final characteristic dimensions were 
very similar to those experimentally obtained for all cooking trials. The developed 
approach could be useful for the automatic cooking operations planning in food-
service with microbial safety assurance and open the paths toward valuable tool for 
professional ovens. 
 
 
Consumer benefit 
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Fig.3.4.1.1 Technology priorities related to consumer benefit in the meat sector. 

3.4.2 Smart microwave ovens, one being connected to a smart phone 

The Beyond25 WBYMW1 850-Watt Microwave oven includes a UPC/barcode 
scanning wand. Scanning the UPC on the food’s package and the microwave will 
automatically program the exact cooking time and power-level based on its database 
of over 4000 UPC codes. A learning function allows to enter items not included in its 
database. 
 

 

 
Fig. 3.4.2.1 The Beyond microwave oven with barcode scanner. 

                                                      
25 Beyond is a leading international media and content business which is listed on the Australian Stock Exchange 
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The iWave system developed by Telepen26 for RH Hall27 is a range of microwave 
ovens that read a barcode on a food item label. The barcode contains data such as 
product number, and the time and microwave power required to cook the food. The 
front panel incorporates a barcode reader that will read only a recognised iWave 
barcode. The food item id is logged into the microwave memory along with a date 
and time stamp for later retrieval. The system will meet any food service demands 
from the smallest of operators to the largest of chain outlets, restaurants and 
hospitals. 

 

 

Fig. 3.4.2.2 The RH Hall microwave oven with barcode scanner developed by Telepen 
 

3.4.3 Needs, parameters and specification 

 
A microwave oven connected to a smart phone 
A developer Nathan Broadbent has hacked away at his microwave to add stuff that 
any microwave manufacturers could have probably added themselves28. 
What does the microwave mashed up with a Raspberry Pi can do? 

 Clock sets/updates itself across the Internet 

 A barcode scanner pulls cooking instructions from an online database. 

 Voice Commands, like “Microwave, Twenty seconds, Low.” 

 Control the microwave from the phone. 
This project is truly representative of an emerging development of communicating 
and internet connected objects that merge innovation in software, connection 

                                                      
26 SB Electronics Systems (now Telepen) founded in 1971 developed the Telepen barcode symbology as well as a 

wide range of barcode scanners http://www.telepen.co.uk/barcode_ovens.htm 
27 RH Hall is the UK’s largest independent catering equipment supplier. They are sole distributors of given brands 

among them is the iWave brand. www.rhhall.com  
28 http://techcrunch.com/2013/07/11/raspberry-pi-microwave-hack/ 

http://www.telepen.co.uk/barcode_ovens.htm
http://www.rhhall.com/
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means and big data databases with the emergence of handheld QR code optical 
readers or RFID tags electromagnetic readers. In addition the integration of mature 
micro-sensors (temperature, humidity level, volatile gas…) according to the meat 
sector environmental constraints will open the path to new lifestyles.  
 
Some interesting comments were gathered from this experiment: 

 “I know a blind person that would love this as all his food is bar coded in the 
freezer. This could let him know how old his food is...  What kind of food it 
is...  Keep him from overcooking food in the Microwave.” 

 “why isn't there some unified QR code system for foods and appliances?” 

 Finger Reader is a finger-mounted barcode scanner paired with an earpiece29 
that helps visually impaired people shop at stores by identifying items audibly 

 
Fig. 3.4.2.3 The miniaturized Finger Reader barcode scanner 

 There is a true interest for collectivities or when heating up frozen dishes  

 Beyond 2020 (science fiction): “Let me know when you can download 
food....NOW THAT would be awesome! With the current 3D printing going on 
now, you could probably have it produce the food and then cook it!” 

 
Comparable development in the professional cooking area requires the development 
of highly reliable sensors.  Domestic ovens as well as professional equipment still 
lack solution to measure the inner food or meat temperature and the humidity 
condition inside the oven that would allow to truly monitoring a cooking process. 
Micro-systems are expected to bring solution without using a contact temperature 
sensor with a (metallic) needle. 
 

                                                      
29 http://www.yankodesign.com 
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3.4.4 Roadmap 

 

 
Fig. 3.4.4.1 Roadmap for the meat sector – Home cooking devices  
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3.5 Packaging, Tracing and Tracking 
 
Changes in the butchery profession and in customer behavior have induced a large 
increase of self-service counters in supermarkets and of meat trays produced by 
industrial companies. These pre-packed meats must have long shelf lives to allow 
transport and retail to the stores and to provide enough storage for customers. 
Longer shelf lives are obtained by advanced technologies, e.g. modified atmosphere 
packaging and vacuum packaging. New technologies also induce new constraints for 
companies, especially more sanitary and technological restraints [Picgirard, 2008].  
 
Inter-firm coordination of quality management systems is increasingly important to 
meet end-customer demand in agri-food chains and needs efficient and well aligned 
inter-firm governance structures. Misalignment may lead to inefficiencies in quality 
management (e.g. high transaction-costs) and reduce the final quality of products. 
 
Biotraceability is the ability to use downstream information to point to processes or 
to a particular food chain that can be identified as the source of undesirable agents. 

3.5.1 Opportunities offered by the meat sector 

Traceability process throughout the food chain: scale-up, implementation and 
validation of methods in whole food chains, assurance of authenticity, validity of 
labelling and application of HACCP (hazard analysis and critical control point) to the 
entire food chain. Tracing and tracking (traceability) of foods are complex processes 
due to the (bio)markers, technical solutions and different circumstances in different 
technologies which produces various foods (processed, semi-processed, or raw) 
[Raspor , 2005].  
 
To prevent the development and spread of spoilage and pathogenic microorganisms 
via meat foodstuffs, antimicrobial packaging materials offer an alternative solution. 
Instead of mixing antimicrobial compounds directly with food, incorporating them in 
films allows the functional effect at the food surface - where the microbial growth is 
mostly found - to be localized [Coma, 2008].  
 
Antimicrobial packaging include systems such as adding a sachet into the package, 
dispersing bioactive agents in the packaging, coating bioactive agents on the surface 
of the packaging material, or utilizing antimicrobial macromolecules with film 
forming properties or edible matrices. New developments are also expected for 
meat packaging such as active packaging, use of new gas mixture as well as a good 
respect of new environmental restraints  
 
Fraud in the cold chain must be prevented by government regulation and control 
methods. The use of time and/or temperature stickers could offer an opportunity for 
non-delicate chain actors to actively commit new kind of frauds e.g. by placing the 
stickers on the products long time after the true harvesting or slaughtering date. 
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Fig.3.5.1 Technology priorities related to authentication matters in the meat sector. 
 

3.5.2 State of the art related to the meat sector 

 
Apart from authentication, the state of the art for the meat sector in tracing and 
tracking products can be described through the example of the traceability system 
for beef in Japan (see section 3.2.2). New methods to producing barcodes may be 
issued from the use of micro-system solution. For example binary barcodes could be 
issued by post-analyzed Raman spectroscopic characteristics of e.g. pork loins 
including multivariate statistical discriminating analysis to differentiate and classify 
them into quality grades “good” and “bad” in terms of tenderness and chewiness. 
 
Concerning tracing or tracking, there is a room left for numerous methods that could 
be adapted from e.g. pharmaceutical or other fields to the meat sector demand. For 
example the optical reading of a chromogenic array data could be based on the 
preparation of e.g. 16 pigments prepared by incorporation of different dyes (pH 
indicators, Lewis acids, hydrogen-bonding derivatives, selective probes and natural 
dyes) into inorganic materials (UVM-7, silica and alumina). The colour of the sensor 
array changes would be characteristic of e.g. chicken ageing in a modified packaging 
atmosphere (30% CO(2)-70% N(2)) [Salinas et al., 2012]. 
 
Another emerging field relates to lensless optical scanning systems. Its miniaturized 
version, the “lensless on-chip” imaging system, is a promising technique to count 
and monitor cells and micro-objects in liquid sample [Gurkan et al. 2011].  
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Fig.3.5.2.2 Time lapse pictures acquired by 
lensless imaging during the evaporation of 
a 1µl droplet containing ~1000 E.coli DS-red 
(Cy3)/μl leading to the formation of a thin 
wetting film. 

Fig.3.5.2.1  Schematic of the wetting 
film lensless imaging setup  
This technique allows the observation of µL sample containing bacteria. It makes a 
standard CMOS sensor able to detect micro-objects as small as few μm, e.g. E.coli 
and Bacillus subtilis bacteria [Allier et al., 2010]. The technique is improved in terms 
of signal to noise ratio, by evaporating the liquid until the remaining thin wetting 
film creates a micro-lens on top of each bacteria [Allier et al., 2010]. This novel 
technique can be used as a pre-positioning tool prior to other optical identification 
methods, e.g. Raman spectroscopy [Strola et al., 2013]. 
 
Fast monitoring of peptide biomarkers can be based on the use of accelerated in-
solution trypsin digestions under an ultrasonic field provided by high-intensity 
focused ultrasound (HIFU) followed by the monitoring of several peptides by 
selected MS/MS ion monitoring in a linear ion trap mass spectrometer [Carrera et 
al., 2011]. This strategy constitutes the fastest method for peptide biomarker 
monitoring. Its application for food quality control would provide to the authorities 
an effective and rapid method of food authentication and traceability to guarantee 
the quality and safety to the consumers. 
 
Another sensing mechanism involves a dissolvable membrane separating a liquid 
sample chamber from an interdigitated electrode. The dissolution of the membrane 
in the presence of a specific target allows the target solution to flow into contact 
with the electrode [Sridharamurthy et al., 2006]. Thus a biochemical event is 
transduced into an electrical signal. The concentration of the target is estimated by 
monitoring the difference in dissolution times of two juxtaposed sensing membranes 
having different dissolution characteristics. No dc power is consumed by the sensor 
until detection of the target. It is suitable for sensing targets such as toxins, which 
exhibit enzymatic activity. On-chip micro-capacitor can be used to generate a large 
output voltage sufficient to directly drive a microcontroller operating at 3.6964 MHz, 
without complex electronics. 
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Another method could be the use of Protoporphyrins which are potential indicators 
for meat ageing. The increase of ZnPP fluorescence due to temperature related 
changes of physiological meat properties is capable of serving as a quality indicator 
with regards to inadequate conditioning (e.g. during transportation and/or storage) 
of pork meat [Schneider et al., 2008]. During the ageing process of fresh pork meat, 
the intensity of the fluorescence signal due to ZnPP increased and the emission 
correlated with both storage time and temperature and can therefore be used as 
indicator of ageing. Best suitability for consumption can probably be derived from a 
threshold value with a clearly different intensity compared to the initial signal 
determined in the first days after slaughter. Consequently, measuring these matrix 
related fluorescence signals using an optical handheld detector may result in a new 
method to determine quality parameters of fresh intact meat. The optical signal 
together with the separately recorded temperature should result in determination of 
the actual quality status of the meat and consequently suggest specific processing 
steps in subsequent handling. The next step on the way to a commercial application 
would be the design and construction of a miniaturised handheld detector suitable 
for monitoring the meat along the entire distribution chain or a network of 
dedicated handheld detectors each one being optimized for a dedicated task.  
 
Single-cross microchip electrophoresis design has been used for food analysis with 
electrochemical and laser-induced fluorescence detection. The recent developments 
cover: (i) the exploration of new analytes such as heavy metals, nitrite, micotoxins, 
microorganisms, and allergens; (ii) the development of electrokinetic microfluidic 
bio-sensors into microchip format for the detection of toxins; and interestingly (iii) 
dealing with complicated food samples. Potential applications in the meat sector are 
authentication of foods, detection of frauds, toxics, and allergens. It is a great 
promise for the development of new generations of microchip electrophoresis for 
food analysis [Martin et al., 2012]. 
 
Electrografting refers to the electrochemical reaction that permits organic layers to 
be attached to solid conducting substrates. These methods are interesting as they 
provide a real bond between the surface and the organic layer. Electrografting 
applies to a variety of substrates including carbon, metals and their oxides, but also 
dielectrics such as polymers [Bélanger et al., 2011].  
 
Biosensors meat limitations such as overall cost, lack of an automatic mode, low 
performance e.g. sensitivity, accuracy and quantitative precision. Micro-technologies 
coupled with organic/inorganic interfaces guarantee an exceptional sensitivity and 
specificity of the sensor and the lab-on-a-chip platform reduces assay duration and 
limits sampling and sample preparation. Antibody-immobilized microcantilevers, a 
novel class of mass sensors, can thus overcome the described limitations [Ricciardi et 
al., 2011]. Online analysis, in the lab-on-chip fluid environment, is possible as well as 
the detection of the vibrating in vacuum environment. The device can potentiality 
detect the presence or absence of a single cell such as E. Coli. 
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3.5.3 Needs, parameters and specification 

 
The discoloration differences between muscles are related to the amount of 
reducing activity relative to the oxygen consumption rate. 
 
Electrochemical microfluidic device with good sensing performance, operational 
characteristics, ease of fabrication, and low cost bode well. The device makes use of 
a one-step synthesis of nanocomposites of chitosan-reduced graphene oxide-nickel 
nanoparticles (CS-RGO-NiNPs) onto a screen-printed electrode (SPE). The as-
prepared CS-RGO-NiNPs-modified SPE sensor exhibited outstanding performance for 
enzymeless glucose (Glc) sensing in alkaline media (such as urine) with high 
sensitivity (318.4μAmM-1cm-2), wide linear range (up to 9mM), low detection limit 
(4.1μM), acceptable selectivity against common interferents in physiological fluids, 
and excellent stability [Yang et al., 2013]. 
 
Post-mortem evolution of biomarkers (µ-calpain activity and proteolytic profile) of 
meat tenderisation in bovine longissimus dorsi (LD) muscle: muscular hypertrophy 
produce a faster rate of pH decline, a faster exhaustion of µ-calpain activity and an 
earlier occurrence of proteolysis changes. Changes in the electrophoretic pattern of 
some peptides from sarcoplasmic (glyceraldehyde-3-phosphate dehydrogenase) and 
myofibrillar (troponin T and troponin I) muscle extracts within the first 24 h 
significantly correlated with meat toughness and allowed accurate discrimination of 
meat products into two groups: fast ageing meat and slow ageingmeat. Early 
monitoring (within 24 h after slaughter) of selected biomarkers in LD muscle allow a 
prediction of ultimate meat toughness and could be used in the meat industry as a 
tool for early classification of beef into fast and late ageing meat [Sierra et al., 2012]. 
 
Pathogen detection (one example among a long list) 
The aim is to evaluate the impact of four processing steps (plucking, evisceration, 
washing and chilling) on the total viable counts (TVC), counts of Escherichia coli, 
Salmonella spp. and Listeria spp. on broiler carcasses. A study brings new valuable 
information on the dynamics of microflora during modern poultry processing 
[Svobodova et al., 2012]: both TVC and E. coli counts decreases during processing 
from 4.6 log cfu/square cm and 3.5 log cfu/square cm to 3.7 log cfu/square cm and 
1.8 log cfu/square cm, respectively, with a major impact of washing on TVC and 
washing and chilling on E. coli decrease (P less than 0.001). Both Salmonella spp. (6 
strains) and Listeria spp. (12 strains, none of L. monocytogenes) were found 
sporadically in all processing steps followed. However, a decreasing trend was 
observed in Salmonella counts and Listeria spp. incidence during the processing.  
 
The antibody-conjugated nanoparticles can readily and specifically identify a variety 
of bacterium, such as Escherichia coli O157:H7, through antibody-antigen interaction 
and recognition with an extremely high fluorescent signal for bioanalysis and can be 
easily incorporated with biorecognition molecules, such as antibody. There is a 
potential for a broad application of bioconjugated nanoparticles in biodetection 
systems [Zhao et al., 2004]. The ultimate effort of integrating bionanotechnology 
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into complex biological systems will emerge as a revolutionary tool for ultrasensitive 
detection of disease markers and infectious agents. 
 
Determination of sulfonamide residues in milk and chicken muscle samples by 
microchip electrophoresis with laser-induced fluorescence detection. By optimizing 
conditions, the separation of four sulfonamides, sulfamethazine, sulfamethoxazole, 
sulfaquinoxaline, and sulfanilamide, can be achieved within 1 min with limits of 
detection (S/N = 3) of 0.2-2.3 μg/L, which are well below the maximum residue limit. 
Separation of fluorescamine-labeled sulfonamides was accomplished by using a 
buffer containing 5 mmol/L boric acid and 1% (w/v) polyvinyl alcohol (PVA). The pH, 
amount of PVA, and concentration of boric acid in the running buffer were found to 
have great influence on the separation [Wang et al., 2012b]. 
 

3.5.4 Roadmap 

 
Electrochemical detection can supplement existing immunochemical and molecular 
biological methods. A method based on high-performance liquid chromatography 
with electrochemical detection can be routinely used to differentiate among meat 
products from fifteen food animal species (cattle, pigs, goats, deer, horses, chickens, 
ducks, ostriches, salmon, cod, shrimp, crabs, scallops, bullfrogs and alligators). Each 
sample exhibits unique electrochemical profiles [Chou et al., 2007]. The method is 
simple, rapid and reliable. It requires no extraction steps and may be applicable to 
fresh or cooked meats. Incubation of fresh beef, pork or chicken at room 
temperature for 24h or repeated freezing and thawing changed the intensity but not 
the pattern of species-specific peaks. 
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Fig. 3.5.4.1 Roadmap for the meat sector – Packaging, tracing and tracking  
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3.6 Vision beyond 2020 

3.6.1 Opportunities offered by the meat sector 

Traceability in the meat sector plays an increasingly important role for consumer 
protection and confidence building. This is reflected by the introduction of legislation 
and rules covering traceability on national and international levels. Although 
traceability through labeling is well established and supported by respective 
regulations, monitoring and enforcement of these rules are still hampered by the 
lack of efficient diagnostic tools. 

3.6.2 State of the art related to the meat sector 

Biotracing is tracing (backward) / tracking (forward) biological contamination in the 
food chain based on improvements in molecular marker identification and better 
understanding of the transmission of pathogens in food chains [Hoorfar et al., 2011]. 
This concept was the core activity of BIOTRACER an Integrated Project (2007-2011) 
funded by the EU 6th Framework Programme. Novel techniques for the surveillance 
and study of pathogens include protein-based analysis, ribotyping and comparative 
genomics. A complete overview is found in [Brul, Fratamico, McMeekin, 2010]: 

 key aspects of the surveillance, analysis and spread of foodborne pathogens  

 an overview of method validation and quality assurance  

 tracing of pathogens in food chains, such as game and red meats and dairy  

 phenoytypic subtyping of foodborne pathogens 

 pulsed-field gel electrophoresis  
 
Conductive optically transparent electrodes for spectro-electrochemical devices to 
be used to detect toxins or pathogens can be processed by ultra-thin deposition of 
Au or Pt (5-10 nm) on commercial ITO (indium tin oxide) coated glass substrate 
[Grigore et al., 2013]. 
 
Portable bio-sensing devices based on genetically engineered bioluminescent cells 
are emerging slowly. Cells can be immobilized on a multiwell cartridge using a new 
biocompatible matrix that preserve their vitality. A fiber optic taper can be used to 
connect the cartridge in direct contact with a cooled CCD sensor. Yeast and bacterial 
cells can be engineered to express recognition elements, whose interaction with the 
analyte leads to luciferase expression [Roda et al., 2011a]. Data are post-processed 
from the measured images of the luminescence signal levels. A lensless optical 
imaging system can also be used to highly reduce the size of the image files and to 
get rid of small focus volumes [Roda et al., 2011b], [Balsam  et al., 2011].  

3.6.3 Needs, parameters and specification 

Beyond 2020, technological development are research innovation driven. The major 
issue is the development of low-cost micro-systems. It meets the same goal than all 
other industry sectors seeking for disposable testing sets. Thus research innovation 
will further develop solutions compatible with the needs of the meat sector. 
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3.6.4 Roadmap 

 

 
 
Fig. 3.6.4.1 Microsystems roadmap for the meat sector – Beyond 2020 
 
 
Environmentally safe electronics that dissolve under humid condition 
New biocompatible electronic devices, encapsulated e.g. in silk, will dissolve into 
their surroundings after a precise amount of time. These "transient electronics" 
promise medical implants that never need surgical removal, environmental monitors 
and consumer electronics that can become compost rather than trash. Such 
emerging technologies would fit well the needs for low cost, disposable and highly 
flexible sensing and RF communication devices. Fig. 3.6.4.2 shows a biodegradable 
integrated circuit -- including transistors, diodes, inductors and capacitors-- partially 
dissolved by a droplet of water. Such devices would obviously not be allowed to 
contact with food but if used e.g. on meat packaging they could dissolve after use in 
an environment friendly manner. By now it is not yet a question of performance. It 
gives confidence toward long term development of environmental friendly, mass 
product, low cost microsystems together with their 1st stage electronic modules. 
 
Based on ultra-thin highly flexible or biodegradable substrate Pf. Roger proposes the 
following diverse research exploratory systems: 

 High-performance, stretchable, and foldable integrated circuits. The systems 
integrate inorganic electronic materials, including aligned arrays of nano-
ribbons of single crystalline silicon, with ultrathin plastic and elastomeric 
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substrates. The designs combine multilayer neutral mechanical plane layouts 
and "wavy" structural configurations to perform basic electronic 
components: complementary logic gates, ring oscillators, differential 
amplifiers [Kim et al., 2008]. 

 Electronic systems that achieve thicknesses, effective elastic moduli, bending 
stiffnesses, and areal mass densities matched to the epidermis [Kim et al., 
2011]. Laminating such devices onto the skin leads to conformal contact and 
adequate adhesion based on van der Waals interactions alone, in a manner 
that is mechanically invisible to the user: systems incorporating 
electrophysiological, temperature, and strain sensors, as well as transistors, 
light-emitting diodes, photodetectors, radio frequency inductors, capacitors, 
oscillators, and rectifying diodes.  

 Electronics capable of integration onto the inner and outer surfaces of thin, 
elastomeric sheets in closed-tube geometry specially formed for mounting on 
the fingertips [Ying et al., 2012]. Multifunctional systems of this type allow 
electrotactile stimulation with electrode arrays multiplexed using silicon 
nanomembrane (Si NM) diodes, high-sensitivity strain monitoring with Si NM 
gauges, and tactile sensing with elastomeric capacitors.  

 Thin-film transistors and mechanical energy harvesters that are soluble in 
water and biofluids using combined ZnO, Mg, MgO, and silk [Dagdeviren et 
al., 2013]. 

 RF electronic components that is capable of complete dissolution in water or 
biofluids. All individual passive/active components as well as system-level 
examples such as wireless RF energy harvesting circuits exploit active 
materials that are biocompatible [Hwang  et al., 2013]. 

 

Pf. Rogers develops a new silicon-based 
complementary metal oxide semiconductor 
(CMOS) technology. The substrate and the 
soluble conductors and dielectrics, based on 
magnesium and magnesium oxide, have a 
short lifetime and exhibit a complete 
dissolution in a humid environment. The 
CMOS are coupled to integrated sensors, 
actuators, power supply systems, and 
wireless control means [Hwang et al., 2012]. 
The structure of the silk encapsulation 
determines the rate of dissolution – from 
minutes, to days or weeks. 
 
Fig. 3.6.4.2 a biodegradable integrated circuit 
-- including a transistor, a diode and inductors 
and capacitors-- partially dissolved by a 
biofluid.  Credit: F. Omenetto/Tufts Univ. 
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4 Synthesis 

4.1.1 Joint aspects in above roadmaps 

The use of Information Technology and technology is inevitable for any business in 
the food industry. As consumers find it so much easier to get any information just 
about anything and become more tech-savvy, they become more and more 
demanding. They expect the best, quickest service but also expect a superior quality 
at a decent and attractive price. Technology and IT is expected for better quality 
products and services. 
 
RFID for the meat sector implies the use of passive tags to keep low cost solution 
and to prevent from recycling small systems with batteries and/or too complex 
electronics. 

4.1.2 Reference to ethical issues and results from WP2 and WP3 

Nowadays micro-systems are mostly perceived through higher level of automation 
and miniaturization incremental steps in production lines. A revolutionary property 
of an innovative technology that is unknown to people feeds lot of risk perceptions. 
Surprisingly micro-systems are expected to improve more meat safety than quality. 
Thus the way micro-systems could help promoting regional meat is not perceived. 
 
Concerning meat, RFID-based sensors, detectors and other smart systems may 
improve product safety but a major concern about the use of RFID is the perception 
that it allows post purchase tracking of the consumers leading to undetectable 
privacy violation. The recent increase in using remote applications through smart 
phones is minimizing this fear. 
 
Apart logistics another key market are the smart packages with embedded micro-
systems. It raises a major concern that it could reduce the capacity of consumers to 
judge the food quality by themselves leading to even more food waste or could 
potentially increase fraud or create additional chemicals to be released into the 
environment with discarding the packaging.  
 
The integration of smart devices in packages is not much a question of fully 
automated solution but of a network of batteryless and cheap markers on which 
individuals can rely to build their judgment. Major issues are related to trust, to who 
should be handling smart systems in the food chain, to regulation that should be set 
up, to uncertainties and lack of technological understanding, to standard needed to 
secure companies investment. 
 
Consumers usually base their judgment about meat quality upon visual and non-
objective criteria and they therefore often misjudge it.  
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4.1.3 References to the European meat sector and other roadmaps in 

the meat area 

The European meat sector can benefit from the development of micro-systems and 
can bring valuable input to it in the sector.  
 
As shown in Fig. 4.1.3.1, the meat sector is less involved than other food sectors in 
using or developing innovative micro-technology based or sensor based solutions. 
 

 
Fig. 4.1.3.1 This result of a bibliometrical study lead by Celise (Cea) illustrates the 
dynamics of innovation within food sectors. Innovation is less active in meat sectors. 
 
Thus the stakeholders of meat sector would certainly benefit from dissemination 
issued by the FoodMicroSystems project.   
 
The input expected from the European meat sector includes the detailed 
specification of sensing systems that is required to upscale the integrated solutions 
that will best match the needs of the industry. Among the close to market 
prototypes, handheld equipment that have been developed for in-line analysis of 
carcasses would benefit from such inputs as well as from business market studies. It 
is indeed important to understand if the meat sector can itself support the effort of 
industrializing innovative research or if they need to identify synergies with other 
markets. It would obviously impact the specification of final equipments. Another 
valuable input from Food4Life covers the further definition of standards and 
regulation when it concerns the whole chain supply. In particular it is mandatory 
when authentication and safety are concerned. Food suppliers would then select 
more safely a solution among the large RFID offer and invest into such innovation 
area. The large Food4Life network including European suppliers e.g. of the meat 
sector constitutes a team able to define regulation and interact with representatives 
of the future UHF RFID (Ultra High Frequency) offer. Beyond 2020 such a network 
would have to help providing safe worldwide regulation. It will impact the business 



 

 
59 

in RFID by pushing this sector in developing lower cost RFID based micro-systems 
since the meat sector can mostly not afford today’s active RFID commercial 
solutions.  

4.1.4 Cost aspects and strategy for the introduction of micro-systems 

Most of recent laboratory developments have failed to become industrial solution, 
partly due to cost pressure on potential customers and due to a conservative way of 
working driven by the need to prevent any risk of a large sanitary risk or health alert 
or consumer dissatisfaction.  
 
Handheld and contactless devices are a key technology to be used by farmers, by 
workers and employees within the supply chain, by the customers and finally by the 
consumers: some examples of recent pre-industrial development of handheld and 
contactless measurement or authentication tools have already opened the path to 
the development of micro-systems in the meat sector. Since the last five years, 
smart devices began to investigate their potential viable usage in the industries of 
fresh meats. Interestingly some prototypes have demonstrated that optimization of 
their working range according to one only given application makes it possible to 
reach an in-line performance comparable with at-line commercial tools, the latter 
addressing a much wider range of application. Cost is hard to compare since 
handheld equipment will be lower cost but might be duplicated to be used by a 
variable number of workers at the same time. Thus a demand for handheld devices 
each dedicated to a given elementary task is probably a viable issue.  
 
Concerning smart packaging, the consumer feeling is that the benefits will go to 
retailers with an additional packaging price being paid by them. Due to such 
economical and environmental pressure micro-systems should make use of ink 
printed systems, biodegradable substrates, biomarkers.  
 
Meat consumption in developing countries has been continuously increasing from a 
modest average annual per capita consumption of 10 kg in the 1960s to 26 kg in 
2000 and will reach 37 kg around the year 2030 according to FAO projections. In 
terms of global meat production, the annual production will increase from 267 
million tons in 2006 to nearly 320 million tons by 2016. This enormous target places 
an immense challenge on the livestock production systems. 
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5 Conclusion 

 
The global food (and related) industry is huge and facing big challenges. Increasing 
raw material prices and a fast increasing world population require more efficient and 
process controlled production systems. Food processing and packaging are 
becoming increasingly important in order to reduce wastage and to feed the world 
population in a sustainable way. Innovation and technology improvements are key 
to manage the challenges of tomorrow. Cross-industry alliances and innovation can 
help the European countries to maintain enough dominant export position, both in 
agro & food products as well as in technology. There are new opportunities for high 
tech companies and their technology in a stable and fast changing food industry. 
Demands for automation, new sensor technologies, tracking and tracing software 
and process control systems offer new markets. 
 
Fresh meat has a considerably lower degree of differentiation than many other food 
products. Imagine a producer trying to improve the eating quality of beef. The only 
way consumers could identify this improved product, at the moment, is by its visual 
appearance. Only looking at meat, consumers have difficulty in evaluating its quality, 
resulting in uncertainty and dissatisfaction and the improved quality will thus not be 
recognized by consumers in the shop. 
 
There is ample room for the development of differentiated products, both in terms 
of improved eating quality, positive health effects, added convenience and desirable 
process characteristics. Process characteristics still have, objectively speaking, little 
or unclear effects on those quality dimensions of the product which are accessible to 
consumer experience. Part of this may be due to the paucity of extrinsic cues in 
evaluating meat quality, but even with branded products there is widespread 
evidence that consumers overestimate the predictive nature of such characteristics. 
 
The roadmap “packaging, tracing and tracking” covers a wide area concerning both 
data acquisition methods and communication solutions.  It is worth explore these 
fields in more details. This is done in the separate D4.5 report since this roadmap 
meets a panel of technological solutions being relevant for the entire food sector. 
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Annex  

 

A-1 Expert Workshop 1 in Tallin 
 

 
 
 
Executive program 
09:30 Registration, Coffee and Networking 
10:00 Welcome & project overview, Ch. Cotillon, ACTIA 
10:15 Opportunities for Microsystems in the Meat Sector, E. Delevoye, CEA  
10:45 Round the table introduction of all participants and their background 
11:30 Coffee Break and Networking 
11:50 Plenary session: innovative processes & the needs of the Meat Industry 
12:30 Lunch Break and Networking 
13:40 Roadmap methodology & the Meat Supply Chain, P. Salomon, enablingMNT 
14:20 Coffee Break and Networking 
14:50 Plenary session: analysis and quality control & the needs of the Meat Industry  
15:30 Summary and Conclusions 
16:30 End of Workshop 
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List of participants 
 

First name Last name Organism email 

Andrus Raudsepp  Rakvere Lihakombinaat AS   meelis.pihlak@rlk.ee 

Eve  Klettenberg Olustvere  TMK  eveklettenberg@gmail.com 

Maarek  Jõhve  Rakvere Lihakombinaat AS   maarek.johve@rlk.ee  

Meelis Pihlak  Rakvere Lihakombinaat AS   andrus.raudsepp@rlk.ee 

Toomas  Paalme  
Tallinn Univ. of 
Technology tpaalme@staff.ttu.ee  

 
Short summary 
The workshop has allowed us figuring out the needs, constaints and preliminary 
specification for the three main kind of meats: pork, beef and poultry. Please refer to 
the introduction of the Rakvere company below. 
 
Visit of a modern poultry meat facility – Rakvere Lihakombinaat 
http://www.rlk.ee/The primary activity of the company is processing and 
distribution of meat products.  
Rakvere Meat Processing Plant is the biggest manufacturer of meat products in the 
Baltic states and is a member of the Association of Estonian Food Industry. It is also a 
market leader in the fields of both meat and meat products. The company's exports 
form approximately 30% of turnover. In 2008, Rakvere had a turnover of €134 
million with a profit of €4.6 million. The range of products includes fresh meats, 
convenience goods for cooking, and also products for making sandwiches. In 
addition to pork, the company uses beef and poultry meat. 100% of pork and beef 
used in the company's meat cutting is from the Estonian origin. 50% of Estonian beef 
cattle are transformed in Rakvere. 

 Meat products: luncheon meats, wieners, frankfurters, minced meat 
products, smoked meats, smoked sausages, pates, jellied products, deep-
frozen products, blood products (sausages and pudding), grill sausages, 
natural grill sausages 

 Meat: kebab, meats in marinade, ribs in marinade, refrigerated minced meat, 
frozen minced meat, refrigerated cuts of meat, breaded meats 

 
The company possesses the biggest pig-breeding farm in the Baltics, Ekseko, that is 
situated not far from Viljandi, ensuring solid backup in raw material supply line. 
Ekseko is the biggest pig-breeding farm in the Baltic and Nordic countries with about 
100 000 pigs being bred at any moment. 65% of Estonian pigs are transformed in 
Rakvere and 50% of these pigs have been bred in Ekseko. 
 
We were kindly invited to visiting the ultra-modern poultry meat facility located in 
Tallin area.  

mailto:maarek.johve@rlk.ee
mailto:andrus.raudsepp@rlk.ee
mailto:tpaalme@staff.ttu.ee
http://www.rlk.ee/
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A-2 Expert Workshop 2 in Paris 
 

 
 
Executive program 
09:30 Registration, Coffee and Networking 
10:00 Welcome & Project overview, Ch. Cotillon, ACTIA 
10:15 Opportunities for Microsystems in the Meat Sector, Ph. Liatard, CEA 
10:45 Round the table introduction of all participants and their background 
11:50 Roadmap for meat processing domain – plenary, animation Ph. Liatard, CEA 
13:00 Lunch Break and Networking 
14:30 Roadmap for meat processing domain – subgroups, animation Ph. Liatard, CEA 
16:00 Summary from the two roadmap sessions 
16:30 End of the roadmap workshop 
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List of participants 
 

Name Last name Company/Organisation E-mail 

Samuel Heenan RIKILT Wageningen UR  samuel.heenan@wur.nl   

Marianne  Ramaz LNE marianne.ramaz@lne.fr   

Simonetta  Capone  
Institute of Microelectronics 
and Microsystems (CNR-IMM) simona.capone@le.imm.cnr.it   

Isabelle   Gattegno RIA i.gattegno@gfa.fr  

Jérome Le Bigot Prone Systems contact@pronesystems.com  

Sébastien  Volatier  SEB SAS  svolatier@seb.fr   

Katrin  Schmitt Fraunhofer IPM katrin.schmitt@ipm.fraunhofer.de  

Mariann  Nõlvak Tartu Biotech Park mariann@biopark.ee  

Olivier  Chartier Euroquality olivier.chartier@euroquality.fr  

Catherine  Loriot  LNE catherine.sauvageot-loriot@lne.fr   

Carles Cane CNM- CSIC carles.cane@imb-cnm.csic.es   

Christophe  Cotillon Actia c.cotillon@actia-asso.eu 

Elisabeth  Gabor Actia e.gabor@actia-asso.eu 

Anne-
Clothilde  Guyot Actia a.guyot@actia-asso.eu 

Hélène Bourgade Euroquality helene.bourgade@euroquality.fr  

Philippe  Liatard  CEA Leti philippe.liatard@cea.fr   

Marianne  Ramaz LNE marianne.ramaz@lne.fr   

Matthieu  Alric Adiv matthieu.alric@adiv.fr   

Patric  Salomon enablingMNT GmbH  patric@enablingmnt.com   

Elodie Cluzel Euroquality elodie.cluzel@euroquality.fr  

   
 

  

mailto:simona.capone@le.imm.cnr.it
mailto:olivier.chartier@euroquality.fr
mailto:c.cotillon@actia-asso.eu
mailto:e.gabor@actia-asso.eu
mailto:a.guyot@actia-asso.eu
mailto:helene.bourgade@euroquality.fr
mailto:elodie.cluzel@euroquality.fr
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Poster session held in Paris workshop for the roadmap in the meat sector: empty 
posters have been provided and stickers were used to fill in each case study. Final 
posters were then written including also face to face interviews and outputs from 
other deliverable reports. Final roadmaps were deduced from this raw material. 
 
 

A-3 Existing prototypes of devices using microsystems – 
references to other FoodMicroSystems deliverable 

 
About handheld, contactless measurement systems with no need of sample meats 
Handheld and Contactless equipment based on miniaturized sensing and detection 
systems are a major issue for the meat sector. Emerging prototypes now open the 
path toward micro-systems based solution for the meat sector. 
  
A promising and already emerged prototype is shown in Fig. A-3.1. It illustrates the 
way micro-systems (here, a micro-system laser diode) can be integrated into a much 
more complex measurement system. Moreover the system doesn’t need to use any 
samples, which is highly valuable to reduce the cost of the testing. A prototype 
handheld Raman system is proposed as a rapid non-invasive optical device to 
characterize raw meat [Schmidt et al., 2013].  
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Fig. A-3.1 Prototype hand-held Raman device based on the emission of a micro-
system diode laser (e.g. wavelength 671 nm) focused on the meat sample by means 
of an in-house manufactured Raman probe which collect the backscattered 
radiation. The wavelength-shifted light is transported with an optical fibre to a 
custom-made miniature spectrograph with TE-cooled CCD camera for recording of 
the Raman spectra. Acquisition and storage of spectra were performed by a net 
book using commercial. [Schmidt et al., 2013]. 
 
The prototype aims at estimating cooked meat tenderness and cooking loss. The 
Raman data correlated with shear force and cooking loss data demonstrate the 
potential use of Raman spectra which can be recorded during meat processing for 
the prediction of quality traits such as tenderness and cooking loss. 
 
About handheld authentication/classification testing methods 
Iberian pig products are gourmet foods highly appreciated at international markets, 
reaching high prices, because of its exquisite flavours. No practical and affordable 
analytical methods can authenticate every single piece put on the market. A 
prototype handheld micro-electro-mechanical system (MEMS)-based spectrometer 
(1600–2400 nm) is proposed for authentication–classification of individual carcasses 
into different commercial categories [Zamora et al., 2012] as shown in Fig. A-3.2. 
Advantages over at-line high-resolution monochromators are linked to cost, speed 
and sample presentation. 
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Fig. A-3.2 Prototype hand-held including a MEMS-based spectrometer 
 
The performance of the instrument is comparable to that of high-resolution NIRS 
monochromator (400–2500 nm) and confirms the suitability of the handheld device 
for individual, fast, non-destructive, low-cost analysis of Iberian pig carcasses on the 
slaughterhouse line. Another application of the same device is an in-situ and non-
destructive prediction of main fatty acids in Iberian pig carcasses. [Zamora et al., 
2013].  The wavelength range, spectral resolution and sampling area size have been 
specifically optimized for this kind of application and the accuracy appears to be 
comparable to the reference method. The handheld MEMS-NIRS spectrometer can 
meet the needs of the Iberian pig industry for an in-situ, fast, simple, individual and 
cost-efficient screening analysis for quantitative fatty acid analysis of Iberian pig 
carcasses directly on the process line.  
 
About Handheld and non-invasive, surface temperature measurement 
The method proposed here is highly innovative because the intrinsic limitation of a 
measurement method is turned into an efficient testing tool. Micro-systems using 
Infrared or Near Infrared optical methods characterize surface or skin properties. In 
the meat sector, parameters of interest are mostly inner body rather than surface 
measurement. Here Infrared thermography (IRT) is used as a non-invasive technique 
to record the body temperature without touching the animal: the body temperature 
of cattle animals is scanned through their eyes [Weschenfelder et al., 2013] using the 
commercial scanner shown in Fig. A-3.3. 



 

 
68 

 

 

Fig. A-3.3 A handheld infrared camera30 operated by a trained technician, was used 
to collect eye images of each pig just prior to slaughter  
 
The preliminary results suggest that ocular IRT is capable of detecting temperature 
changes associated with the physiological condition of pigs prior to slaughtering and 
may represent a potential tool to predict pork quality variation under commercial 
conditions. Although significant, the magnitude of the correlations between ocular 
IRT and blood lactate or meat quality traits found is rather low. A possible reason can 
be the small range of variation in the quality of the tested pigs. Researchers still have 
to improve the accuracy of the IRT device by further development of image capture 
technique and to conduct a new study under more variable conditions at the 
slaughterhouse to ensure a larger pork quality variation. The integration of novel 
micro-systems devices might be mandatory to reach a commercially efficient tool. 
 
When used by consumers at supermarkets handheld scanners can also offer Internet 
links via cell and smart phones such as the FreshScan initiative shown in Fig. A-3.4. 

 
 

 
Fig. A-3.4 FreshScan initiative is conducted in Germany by Fraunhofer institute IZM. 
 
About other emerging technologies 
Microsystems devices often have to be integrated with other system component 
among them are the image processing techniques. It is worth describing here two in-
line analysis systems that have been developed for beef and pork on one hand and 
for poultry on the other hand.  

                                                      
30 ThermaCan i60, Flir Systems USA, Boston, MA 
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Source: NormaClass  
Fig. A-3.5 In-line visual inspection of 
beef. The deformation of the shadow 
lines imaged on the carcass is analyzed 
before the next cutting/deboning step. 

Source: e+v Technology GmbH & Co 
Fig. A-3.6 In-line visual inspection of poultry 
associated with RFID allows to 
automatically redirect chicken according to 
the meat predefined quality parameters 

Because variability is lower in chicken than in pork and beef31 and visual inspection 
turns into useful parameters, the visual inspection for poultry is already a 
commercial and widely used system (Fig. A-3.6) while it is yet in a development state 
for beef and pork32 (Fig. A-3.5). 
 
The current EUROP beef carcass classification scheme is still largely dependent on 
visually assessed fatness and conformation and its purpose is to provide a common 
basis for the description of carcasses for use in trade, price reporting and 
intervention. The meat industry, however, aims for accurately predicted saleable 
meat yield (SMY%) to which Video image analysis (VIA) technology is capable of 
improving the precision and accuracy of SMY% prediction even for specific carcass 
joints and simultaneously mimics the visual assessment to comply with EU 
regulations on carcass classification. This review summarizes the development and 
use of VIA for evaluation of beef carcasses and discusses the advantages and 
shortfalls of the technology and its application. 
 
Reference of the Meat sector to the D3.1 Industrial needs 
Food supply chains are confronted with increased consumer demands on food 
quality and sustainability. Usually, the underlying assumption is that product quality 
is not influenced by or does not influence chain design. Clearly this is not true for 
food supply chains and more specifically for meat supply chains since a high level of 
logistic uncertainties, product variability and quality change is intrinsic to this sector. 
Simulation tools can be used for supporting decision-making on supply chain [van 
der Vorst 2009]. It should take into account the environmental load of scenarios (e.g. 
carbon taxes) and embed food quality change models and sustainability indicators in 

                                                      
31 the EUROP carcass classification shows highly variable correlations due in part to the variable distribution of fat 

throughout the carcass as affected by breed, sex, diet, and the level of fat trimming. 
32 The accuracy of commercial whole-side NormaclassVIA systems has been investigated a number of times but 

an overall assessment of accuracy is lacking. 
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discrete event simulation models. It should also be fed continuously by fresh data. If 
any the food supply chain request on one hand worldwide standards and regulation 
and on the other hand tools to measure parameters with the constraints of being 
very fast, low cost, non invasive, contactless and fed to databases.  
 
At each step of a food supply chain the added value is low. Thus small farms or 
slaughterhouses or retailer tend to disappear if not bringing high enough added 
value to the global supply chain. Then it becomes clear that industrial companies 
owning a complete supply chain as well as distributors and retailers are key actors 
able to introduce micro-systems and develop smarter logistics. The main motor of 
development is RFID-based solutions. Although not much seen yet in the meat 
sector (except the use in high throughput production lines such as in poultry 
industries) it shall spread through the demand of retailers. It is then a major 
industrial issue to add sensing and smart function to RFID-tags when keeping it a low 
cost passive solution has been a key factor for it being introduced in the food chain 
supply. Since November 2011 the French supermarket Auchan employs EPC Gen 2 
tags and readers to track 1.8 million plastic reusable containers moving through the 
supply chain33. 
 
We will see in this report how handheld devices become another key technology 
both to be used by farmers, workers and employees within the supply chain and by 
the customer and finally the consumer: some examples of recent pre-industrial 
development of handheld and contactless measurement or authentication tools will 
be given that open the path to the development of Microsystems in the meat sector. 
 
Finally, some available technologies are not looked for, because potential users don’t 
have the habit or the time to look for them. Except for pioneers the actors in the 
meat sector are not yet used to request mid-term and long-term solution to their 
logistics problems and moreover the habit not to have them be disseminated is 
preventing them from even looking ahead to solve them. Let give one example 
linked with the regulation for poultry. On a production line it might ease the sanitary 
controls to be able to prove by measured statistics that the temperature of meat 
never rose above a given value. Before being packed the meat is stored at different 
stage of the slaughtering/cutting/deboning/packing line and even in a highly 
automated and RFID-equipped modern line the intermediate storage duration 
makes it uneasy to prove that the regulation is under control. From a technological 
point of view it is not a deal. Biocompatible temperature sensors could be stored 
with the meat in a package and a remote reading + battery recharging + package 
cleaning can already bring the valuable data. When dealing with optical control the 
economical parameter is the key limitation parameter. X-ray scanners could be used 
in-line at different stage of the meat processing if their cost were at least 10 times 
lower. Some of them already exists that are used for automatic deboning or to 
detect small unwanted particles (please refer to Annex 5 for more information). 
 

                                                      
33 http://www.rfidjournal.com/articles/view?8933#sthash.NTNS6a7u.dpuf  
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Reference of the Meat sector to the D3.2.2 Consumer acceptance: why not buy 
meat from farmers? 
Farmers’ markets can be a valuable direct marketing channel: market shoppers are 
often willing to pay more than supermarket prices because they value the freshness 
of the food and the connection with producers. Vegetables, fruit, flowers, and value-
added products such as wine, baked goods, pickles and jam dominate market sales 
but meat and poultry represent a very small proportion of market sales (<10%). The 
three main reasons are (1) price, (2) inconvenience, and (3) food safety concerns. 
Farmers’ market prices are often substantially above supermarket prices for 
conventional or even “niche” meats. Shoppers are willing to pay more for “local” 
meat and poultry at the market than for “non-local” at the supermarket but the 
extra price they would accept to pay may not be enough for vendors to cover costs 
and make even a minimal profit, given more costly production practices, small 
volumes, and supply chain challenges. Regarding inconvenience, shoppers feel 
unprepared to buy meat: “If you don’t bring a cooler with ice, you can’t buy meat 
because it will spoil.” Concerns about food safety reflected unwillingness to buy 
meat and poultry at an open air market. Microsystems could here bring valuable 
information helping farmers to build a professional relationship with the shoppers. 
 
Reference of the Meat sector to the D3.2.1 Consumer perception: is it done yet? 
Consumers empirically base the evaluation of cooking point of meat on their own 
judgment or, alternatively, by cooking times reported on labels. But the change of 
colour in beef meat may happen before the safety temperature is reached in the 
product slowest heating point (SHP) leaving a hazard for consumer health. The 
European Commission, after a survey on consumers concerning safety of foodstuff in 
1997, launched the “2000–2001 food safety education campaign” in which 
coordinators decided to give consumers advice on food hygiene on cleanliness in the 
kitchen, uninterrupted refrigeration, correct use of microwave ovens and, in 
particular, cooking temperature and cooking time for certain types of meat. We will 
show the potential development of micro-systems in home cooking and kitchen 
equipment. 
 
The way in which consumers perceive meat quality, drawing mainly on European 
studies involving beef and pork and form expectations about quality at the point of 
purchase, based on their own experience and informational cues available in the 
shopping environment, is described in [Grunert et al., 2004]. The article also 
addresses the way in which quality is experienced in the home during and after meal 
preparation and the relationship between quality expectations and quality 
experience and its implications for consumer satisfaction and repeats purchase 
intent. 
 
 
Tenderness 
Concerning raw meat, one frequent criticism from consumers is the variability in the 
quality, particularly its tenderness, and more especially in beef meat, making it one 
of the major issues faced by the meat industry. The tenderness and other 
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mechanical properties mainly depend on intramuscular connective tissues and 
skeletal muscle fibres, and their interactions: connective tissues, and their principal 
component collagen - the background toughness of the meat- play a major role in 
meat tenderness and the optimal tenderness of a given meat ultimately depends 
primarily on maturation. State of ageing can be evaluated by a destructive 
mechanical stress measurement at 20% of deformation. There is a need to develop 
non-destructive methods able to provide the same information. One potential path 
is shown Fig.A-3.7 and explanation below: 
 

 
Fig. A-3.7 A prototype for electrical evaluation of the maturation level of beef meat 
The electrical properties of meat evolve during ageing in the same way as the 
mechanical resistance of muscle fibres [Lepetit et al., 2002]. A bipolar circular probe 
with 20 electrodes [Damez 2008] proved to be able to estimate meat maturation 
states with a good correlation factor (R2 ≈ 0.70) between the electrical impedance 
measurement and a benchmark mechanical compression stress method.  Beef aged 
muscles and not aged muscles were sorted with a success rate close to 90%. Sorting 
the muscles according to three classes of ageing is acceptable at a production level. 
It would avoid an unnecessary ageing of the fast-maturing carcasses or muscles and 
improve the sorting of poorly aged products.  A handheld equipment able to assess 
the state of ageing would thus make it possible to optimize the refrigerated storage 
duration and open the path towards a quality labelling of the meat tenderness. 
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A-4 X-Ray scanners applied to the meat sector  
 
Contaminants in meat can lead to disruption further up the supply chain if detected 
and consumer injury if not, and so processors are investing in technology that 
provides a second pair of eyes and allows processing lines to operate faster. 
 
Metal objects as small as 0.3mm in diameter can be detected as well as other 
contaminants including bone, shell, stone, rubber, and plastic. Small pieces of soft 
plastics are still hard to detect with the state of the art equipment. 
 

 

 
 

 

DETECTRONIC X-ray systems34 is used in 
many different industries e.g. meat, 
poultry, fish, bread, dairy, confectionary 
and so forth. X-ray technology can also 
by applied on both packed, unpacked, 
bulk and liquid food products. 
  
An X-ray inspection system will typically 
find much smaller metal pieces than a 
traditional metal detector and will also 
be able to detect bones, stones, rubber, 
some types of plastic, glas, and other 
unwanted foreign objects alike. 

Mayekawa, a robotic company based out 
of japan, developed an ultra-high speed 
pork thigh deboning machine capable of 
deboning 500 porks thighs in one hour. 
The machine is capable of withstanding 
the freezing temperature that prevail in 
the meat processing units. Hamdas-R 
takes the help of X-rays to scrutinise the 
structure of each ham placed on the 
production line. By using X-rays to detect 
the joint structure, the control system is 
able to identify eight markers to cut with 
high accuracy, close to the bone.  

 

                                                      
34 http://www.detectronic.dk/?id=691&c=X-Ray%20Systems 

http://www.detectronic.dk/?id=691&c=X-Ray%20Systems
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The Meatmaster X-ray system35 can scan up to 38 tons per hour of fresh, frozen or 
packed meat and determine fat content and weight with a high accuracy, while also 
spotting foreign objects. 
 
Attec Danmark A/S offers a X-ray grading system36 for optimizing outcome and 
safety in meat production. The latest in X-ray technology enables you to identify a 
wide range of foreign bodies in almost all foods. Now it is even possible to spot 
foreign bodies in aluminium-packed products. Large differences in temperature have 
no influence on the measuring results. Moreover, products can be checked for 
completeness, damage and fat % on the process line.  
  

                                                      
35 http://www.foss.dk/industry-solution/products/meatmaster 
36 http://attec.co.uk/x-ray-system-safety-meat-production.php 

http://www.foss.dk/industry-solution/products/meatmaster
http://attec.co.uk/x-ray-system-safety-meat-production.php
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