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Abstract: The €265 billion EU-27 meat market employs over 1 million people, and is composed in its 
majority of SMES dedicated to cured meats and delicatessen products. This sector characterized by 
businesses of very small size (<10 employees), is often based in rural areas where they are vital to 
employment and have great economic impact. But this traditional and vital EU sector is under enormous 
pressure due to the current scenario of economic crisis and recent decreases in exports. EU SMEs are faced 
not only with increased competition from sector consolidation, the EU-27 as a whole is losing its share of the 
world market. The US dominates the world market, with 47.9% of global exports of processed meats, 
compared to 2.9% for EU-27. In recent years, while worldwide exports of processed red meat increase, EU-
27 exports declined by 13.1%, in stark comparison to the 38.2% and 11.7% increase in North and South 
American exports respectively. In short, EU SMEs specialized in dry sausage production are losing 
competiveness, market share and income in the global market. The competitive challenge for SME sausage 
producers lies in increasing quality production, minimizing product variability, maintaining desired flavour 
and texture and ensuring product safety. According to many experts in the sector, the main issue lies in the 
lack of a reliable automatic control of the drying chambers, nowadays still highly dependent on human 
intervention. For this reason, typically 40% of the sausages simply do not reach the best maturation 
conditions, leading to losses around €80.000/year in each chamber. This paper will present the approach 
proposed for the development of an innovative, non-invasive multi-sensor tool for the quality control of the 
sausage drying process, by the EU founded project Drycheck. The sensor tool is expected to increase the 
production of high quality sausages by 20%, decrease waste by 50% and increase turnover by 15%, 
representing extra annual earnings of €45.000/chamber. The estimated cost to equip a standard drying 
chamber is of €18.000, an investment fully recoverable in 6 months of operation. With a time-to-market of 16 
months and an attractive ROI of 4.2, DRYCHECK represents a real business opportunity for the SMEs, who 
will jointly exploit the results to reach a foreseen 1% EU market penetration and an accumulated income of 
€21 million over a 5 year time frame. 
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1. Introduction  

Dry sausage production comprises an important segment 
of the European meat industry and market. This sector is 
characterised by businesses of very small size (<10 
employees), often based in rural areas where they are vital 
to employment and have great economic impact (Talon et 
al., 2007). 
According to the 2009 International Food & Drink 
Database, the total Western European fresh and 
processed meat market reached 265 billion Euros in 2008. 
Cured meats and delicatessen products represent 56% of 
this market, with dry-cured fermented and non-fermented 
sausages as main products.  
Germany, Italy and Spain account for approximately 80% 
of EU production of dry sausages (Jordana, 2000). 
EU SMEs are faced not only with increased competition 
from sector consolidation, the EU-27 as a whole is losing 
its share of the world market. The US dominates the 
world market, with 47.9% of global exports of processed 
meats, compared to 2.9% for EU-27. According to the 
Department of Commerce, U.S. Census Bureau, Foreign 

Trade Statistics, in recent years, while worldwide exports 
of processed red meat increase, EU-27 exports declined 
by 13.1%, in stark comparison to the 38.2% and 11.7% 
increase in North and South American exports 
respectively. 
In short, EU SMEs specialized in dry sausage production 
are losing competiveness, market share and income in the 
global market. The competitive challenge for SME 
sausage producers lies in increasing quality production, 
minimizing product variability, maintaining desired 
flavour and texture and ensuring product safety (Conter, 
et al., 2007). 

2. State of the art 

Standard sausage drying is achieved by simply hanging the 
fresh sausages in a trolley which is placed inside a drying 
chamber for several weeks, under specific humidity (RH: 
70-80%) and air temperature (T: 12-16ºC) conditions. 
Despite the apparent simplicity of the process, only 
dependent on T and RH, control is quite challenging and 
highly dependent on human perception. As the 
maturation process is occurring, the operator periodically 



inspects the sausages, estimates the overall maturation 
state and changes temperature and humidity inside the 
chamber according to his perception. Inevitably this leads 
to a lack of product homogeneity in each trolley, despite 
the fact that before drying each batch of sausages is 
homogeneous. In their extensive study on this subject 
Counter et al. (2005), reached the conclusions that on the 
final industrial output: only 60% of the sausages are dried 
at optimum conditions and can be sold at a higher price, 
30 % of the sausages are poorly dried reaching a lower 
value and 10% of the production is simply rejected for 
consumer safety. 

  

Figure 1a: good sausage  
drying process 

Figure 1b: poor sausage  
drying process 

In a well balanced conditions for drying, the sausages are 
gradually drying from inside out and the moisture 
removed from the surface is replaced by the moisture 
coming from the inside of the sausage; In a defective 
drying, the surface hardening can occur in the first stages 
of the process and the inside moisture may be 
permanently trapped and bacteria will multiply spoiling 
the sausage. 
For the above reasons, strategies to bring a homogeneous 
high final quality and safety to dry sausage products are in 
demand in this industry. 
Currently the methods available can be divided in:  

• Off-line laboratory analysis (measure of acidity in 
sausages, with specific commercial pH-meters in 
accordance to norm ISO 2917; water activity 
measured with capacitance or dew point 
hygrometers for determining the shelf life and 
safety of foods; proximate composition 
destructive analyses for measuring chemical 
composition, moisture, ash, fat, and protein 
contents; microbiological analysis performed to 
check hygienic conditions; sensory analysis 
performed by trained tasters); 

• At-line traditional methods (the most ancient 
methods consist of tactile/visual inspection and 
weighing of sausages by an experienced operator 
who inspects evolution during the maturation 
process. This operation strongly depends on the 
know-how of an operator with knowledge of the 
interactions between process and product. The 
expert evaluates different product characteristics, 
such as weight, surface humidity, extremity 
humidity, colour, aspect and texture, as well as 
the occurrence of the dry-edge effect. 
Measurements of weight loss in sausages can be 
an indication of the evolution of the water 
content along the maturation process, which can 

vary from 20% to 50% 19,20. Nevertheless, 
these measurements miss the important 
information of water distribution along the 
sausage. Curt, 2002; Bolumar, 2001; Erkkilä, 
2001). 

Some researches has been carried out oriented to real 
automated control of sausage drying through closed-loop 
control strategies (Stiebing and Rödel, 1992).  
Other groups designed a fuzzy controller to control air 
conditions (T and RH) in an experimental dryer, although 
it did not focus on controlling product quality (Stawczyk 
et al., 2004). Finally, sensory properties have also been 
used to develop a fuzzy controller to control product 
quality in sausage ripening (Innou et al., 2002) These 
studies, mainly in small pilot plants, lead to increased rates 
in batch sausage quality homogeneity about 15-20% and a 
decrease in scrap production down to 2-5%. Nevertheless, 
most of these controllers were not planned to work in a 
fully autonomous way or on-line, being conceived to assist 
the experts responsible for the process. Recent works 
were geared towards demonstrating the automation of 
process control through on-line control strategies (Muñoz, 
I. et al. 2007; Stawczyk, et al. 2009; Arnau, J. et al.2009) 
However, until now none of these referenced works has 
generated a feasible commercial solution; hence, the need 
for new sensors that can provide additional information 
regarding the drying process, emulating the know-how of 
the manufacturers is still a requirement and a business 
opportunity. 

3. The Drycheck system  

The Drycheck project aims at developing and 
implementing  a non-invasive multi-sensor based system 
to monitor and control the sausage drying process, 
through local measurements of water content and its 
distribution in drying sausages, their weight loss evolution 
and the control of environmental conditions. The 
maturation stage (ripening and drying) is of particular 
importance for the final quality of the product. 
Differences in temperature and relative humidity 
conditions in the chamber will affect the diffusion of 
water and solutes in sausages, as well as the optimum 
drying of the product for controlled microbial growth of 
moulds, yeast and lactic acid bacteria that are actively 
involved in the development of sausage texture, colour 
and flavour while inhibiting pathogenic and spoilage flora 
by acidification and natural antibiotic effects. 
The Drycheck solution is based on independent self-
powered nodes capable of performing Electrical 
Impedance Tomography (EIT) that will permit obtaining 
a representation of a transversal cylindrical section of the 
sausage, with the profiles of the dielectric properties of 
the sample (conductivity and permittivity). Those profiles 
will be indicative of different sausage compounds, such 
as water content and its distribution, being good 
indicators of the maturation/drying process.  
A multi-electrode system for EIT will surround the 
sausage sample at one or multiple points, component (7) 
in the scheme of figure 2. The multiple electrodes will be 
placed in elastic and transpiring mechanical system to be 



easily installed around sausages with different diameters 
(e.g. the cuff electrodes systems used in nerve-
stimulation/monitoring). This system will not perturb the 
water migration from the sausage and will adapt to the 
volume changes due to the weight loss. The 
multielectrode system will be connected to an integrated 
EIT instrumentation unit placed close to the sausage 
being monitored, hung at the trolley. Moreover, each 
Drycheck unit will also include temperature (T) and 
relative humidity (RH) sensors, to monitor these 
parameters in close proximity to the sausages, providing 
localized information regarding environmental conditions 
along the drying chamber. In addition, load / weight 
sensors (W) will be incorporated in the hanging system to 
monitor the weight loss until the 30-40% of weight loss is 
achieved. The different multisensor units (nodes) will 
include a wireless communication system (ZigBee), which 
will allow the units to send data to a central unit where the 
results can be stored, managed and monitored through the 
user-interface software. Without the need to use cables 
and with energetic autonomy, the Drycheck nodes 
provide the liberty the operators require to easily install 
them, independently of the type of sausage, trolley or 
drying chamber, and adopting different sampling 
topologies if required. 
The overall scheme of the system is shown in Figure 2. 
The main elements are : (1) cold air; (2) fan; (3) electrical 
resistances for air heating; (4) air distribution; (5) 
Drycheck multisensor node; (6) sausage.  
The Multisensor node elements are composed by: (7) EIT 
electrodes and mechanical support; (8) load sensor; (9) T 
and RH sensors; and (10) instrumentation, battery and 
wireless COM unit. 

 
Figure 2: Scheme of the Drycheck system in trolley inside 
a drying chamber 

The number of  nodes necessary to effectively control the 
sausages in one trolley has been evaluated according to 
previous research (Allai et al., 2007) and to the reported 
experience of the sausage manufacturers; it has been 
defined that the optimal amount of check points is 10, 
with a recommended topology of 8 nodes at the edges of 
the trolley and 2 at the centre. For food safety reasons, the 
10 sausages used as control nodes can be rejected at the 
end of the drying process, since its loss is included in the 
5% of waste per trolley. 
The Drycheck system also includes a control software to 
apply corrective actions from the monitoring of the drying 
process evolution. The control strategy proposed is based 
on a closed-loop control system, whose functional 

structure is shown in Figure 3. The inputs of the control 
system are the data from the Drycheck multisensor nodes 
(i.e. EIT, W, T and RH). The output will basically consist 
on the automatic readjustment of temperature and relative 
humidity, using the very same actuators originally installed 
in the drying chambers. The control system will consist in 
two structures: 

a) The state model that evaluates the status of 
the product from the multisensor node response 
in a given measuring time. The weight losses 
evolution and EIT image reconstructions 
obtained during the drying process will be 
compared with profiles obtained from model 
cases of correct sausage drying process. 

b) The control rules, which provide corrective 
actions, establishing the suitable temperature and 
relative humidity set points in the drying 
chamber. The system will use a rule-based 
strategy, which specifies a set of actions to be 
performed for a given situation. When deviations 
from given set points and pattern profiles occur, 
the system will make a decision to correct the 
divergences. 

The control of the T and RH in the drying chamber can 
be achieved by controlling the air heating and air injection 
into the chamber. 

 

Figure 3: Scheme of the functional structure of the 
Drycheck drying process control 

4. Feasibility analysis  

With an estimated number of 28 thousand SMEs dry 
fermented sausage manufacture is an important segment 
of the EU meat industry. In the EU the production of dry 
fermented sausages is of about 750,000 tonnes (Fernández 
et al. 2001), produced and consumed mostly in Germany, 
Spain, Italy, France and the UK. In Germany, for 
example, sausage is by far the leader in consumed meat 
products, representing 70% of total sales. The largest 
plant in Germany produces 13,000 tonnes of sausage per 
year, and has revenues of €66 million per annum. In 
Germany, Switzerland and Austria combined, processed 
meat consumption is of almost 29 kilograms per person 
per annum. Other European industry leaders include 
Spain and the UK. Spain's production of dry sausage 
products has grown by 36% in the past decade, up to 
193,000 tonnes. The Spanish dry sausage production 
sector is a competitive industry with significant export 
potential. In the last ten years, Spain's export of dry 



sausage products increased from 15,2  to 22,110 tonnes 
per year. The sausage market in the UK is also significant. 
In 2007, the UK consumed 189,000 tonnes of sausages, 
with retail sales valued at £530 million, which is equivalent 
to a 23% increase in value and a 17% increase in volume 
since 2000 (ElAmin A., 2007). In addition, consumers in 
new member states such as Romania are now filling their 
shopping baskets with “novelty” items such as processed 
meats. While in many of these countries meat 
consumption is low compared to Western Europe, 
processed meat products are becoming more popular. Dry 
cured products such as salami are also extremely popular 
in the rest of the Mediterranean, and are an important 
Italian export commodity. Italy has recorded increased 
output, with salami production coming in at 1,128 tonnes 
for a value of €7.82 million, equivalent to a growth of 
6.1%.  
European SMEs are facing increased competition in the 
processed meat sector from multinational corporate 
consolidation. Large processed meat companies mass 
produce near artisan-style sausage at more competitive 
prices. In addition, sausage processing technology has 
changed significantly over the past several years, and 
sausage manufacturer SMEs are facing a growing 
technological gap. 
Since these products utilize both low-value trimmings and 
by-products53, they are cheaper to produce, and the final 
product is consistent in quality due to high end processing 
technology. Overall, the EU-27 is losing market share to 
the United States in the processed meat industry, who 
dominates the world market with 47.9% of global exports, 
compared to 2.9% for the EU-27. 
The average productivity of a medium-scale standard 
drying chamber (with a capacity for two trolleys, each of 
which can handle up to 500 sausages) is of 2 tonnes per 
drying process (i.e. average sausage weight of 2 kilograms), 
with an average of 6 weeks per drying process, totaling 
almost 18 tonnes per year and drying chamber.  
The average commercial price of dry sausage can vary 
according to its final quality after the drying process. 
Results from a survey conducted by Conter et al. (2005),  
among the Italian sausage sector, corroborated by sauges 
producers, concluded that in any given sausage batch:  

(i) 60% reach the expected top sensory 
characteristics and can be sold as delicatessen 
product at 20 €/Kg;  
(ii) 30% present medium quality with a 
commercial price of 10 €/Kg;  
(iii) a full 10% of the production does not reach 
the minimum satisfactory levels and has to be 
rejected (scrap production). 

The figures of this case study lead to an actual average 
annual turnover per drying chamber of about €270,000. 
By implementing the Drycheck system, an optimization of 
the drying process can be achieved, with a better 
homogenization in the final sensory characteristics of the 
sausages (with 80% of the production reaching top 
quality) and a decrease in the amount of rejected product 
to 5% of the total production (Curt et al., 2002; Ionnou et 
al., 2004). This forecast can lead the sausages producers to 
increase their annual turnover by 15 % with an annual 
income of €315,000 per chamber. 

 

Table 1: annual turnover per drying chamber in the 
standard drying process 

 

Table 2: annual turnover per drying chamber in the drying 
process with drycheck system 

4.1 The Market 

The main potential markets have been identified as 
sausage producing companies and dry chamber 
manufacturers and distributors. The product addresses all 
these potential markets, as a branded product to be 
incorporated into existing drying chambers that the 
sausage manufacturers already have, or as working directly 
with Original Equipment Manufacturers (OEMs) to 
increase the features of their own drying chambers and 
generate more added value. 
A standard Drycheck system is conceived to be a part of 
drying chambers with a capacity for 2 trolleys. It was 
determined that end user SMEs can have from 2 up to 10 
drying chambers, therefore, each end-user will need at 
least 4 trolleys equipped with Drycheck nodes to control 
their production.  
The costs for producing the sensors are detailed in table 3. 

 
Table 3: Costs for producing the Drycheck system 
 
Regarding the potential market, some sources, such as 
EUROSTAT estimates a figure of about 50,000 SMEs 
within the EU involved in the production of processed 
meat, 56% of them (i.e. about 28,000 companies) being 
dry sausages manufacturers. A conservative projection of 
the market potential (with an estimate penetration of 1 %) 
and market share for a 5-year period is summarized in the 
following table 4. 



Potential Market 2014 2015 2016 2017 2018 Tot 5 
years 

Total market 
(#companies) 

28 
x103 

28 
x103 

28 
x103 

28 
x103 

28 
x103 

- 

Rate of market 
penetration 

0.05% 0.1% 0.25% 0.5% 1% - 

Accessible market 
(#companies) 

14 28 70 140 280 532 

Drying chamber 
equipped with 

Drycheck 
28 56 140 280 560 1064 

Income 

(€/chamber) 

504 
x103 

1008 
x103 

2520 
x103 

5040 
x103 

1008 
x104 

1915 
x104 

Income  
(system maint.) 

50.4 
x103 

100.8 
x103 

252 
x103 

504 
x103 

1008 
x103 

1915 
x103 

Total Income 
554.4
x103 

1108 
x103 

2772 
x103 

5544 
x103 

1108 
x104 

2107 
x104 

Total profit at 40% 
gross margin 

222 
x103 

443 
x103 

1109 
x103 

2217 
x103 

4435 
x103 

8427 
x103 

Table 4: Potential market and total profit 

5. Conclusions  

The Drycheck project will contribute to the continued 
growth of the European sausage-making sector by 
improving sausage quality, and by extension, consumer 
appeal and satisfaction. European sausage-producing 
SMEs face increased competition, both within Europe 
from large enterprises, and from outside of the 
community. Ensuring the quality of their product is vital 
to their ability to compete in this ever-changing, more 
competitive market. The project will contribute to 
building the trust of European consumers by providing a 
system that systematically and accurately measures the 
drying process of sausage, resulting in not only a better 
final product with regard to its sensory features, but a 
safer one. Drying causes the sausage to lose much of its 
moisture and up to 40 % of its original weight, and the 
reduced availability of water prevents growth of microbial 
spoilage and pathogens. As inconsistencies throughout the 
production process and in the final product are decreased, 
consumers will perceive the product as being of better 
quality, and potentially better tasting. Increased consumer 
attraction will lead to a larger market share for European 
SMEs, and ensuring their continued success will be 
beneficial to the European processed meat sector overall. 
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